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Background
Cancer cells require outside supply of some non-essential amino acids
(NEAAs) to survive. Dietary deprivation of select (NEAAs) can slow down
the growth of multiple solid tumors in mice, creating a new non-drug strat-
egy in cancer treatment. However, deprivation of NEAAs could negatively
impact the immune activation, an essential process for immunotherapy, be-
cause fast cell proliferation poses a higher demand for building blocks such
as NEAAs. It is not clear whether dietary NEAA deprivation could be com-
bined with immunotherapy for better safety-efficacy profiles.
Methods
In this study, we tested the effects of NEAA-deprived diets and checkpoint
inhibitor anti-PD-1 and anti-PD-L1 in colon cancer using syngeneic mouse
model (Balb/c) bearing tumors of mouse colorectal cancer cell line CT-26.
Three diets were tested, including a natural rodent diet Teklad ENVIGO Glo-
bal 16% Protein Rodent Diet (control 1), a formulated NEAA-complete diet
COMPLETE (control 2, using amino acid mix in place of protein), and a for-
mulated NEAA-deprived diet FTN203 (treatment, using amino acid mix in
place of protein). Both COMPLETE and FTN203 have the same nutritional
structures, contain 17% w/w protein equivalent, and are isocaloric. After
tumor size-based randomization, these diets were provided to mice ad libi-
tum throughout the whole test. Each of these diets was used alone or com-
bined with anti-PD-1 antibody (i.p., twice per week for 2 weeks) or anti-PD-
L1 antibody (i.v., twice per week for 2 weeks).
Results
We found 1) On day 24 post tumor implantation, NEAA-deprived
diet FTN203 significantly reduced tumor growth when used
alone, compared to the group fed with Teklad ENVIGO (by 81%,
P=0.0054, unpaired t-test after Welch correction) and COMPLETE
(by 81%, P=0.013), respectively; 2) The efficacy of FTN203 is com-
parable with that of anti-PD-1 or anti-PD-L1 in tumor growth and
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median survival; 3) FTN203 did not negate the efficacy of anti-
PD-1 or anti-PD-L1 immunotherapy antibody when combined; 4)
FTN203 significantly improved the efficacy of anti-PD-1 by further
reducing the tumor growth (by 80% on day 26, P=0.046) and in-
creasing the median survival (by 5 days or 14%, Log-rank test P=
0.031), against the combo of COMPLETE and anti-PD-1; 5) None
of the mono or combo treatments caused body weight loss.
Conclusions
Our data supports the use of dietary NEAA deprivation to improve
the efficacy of anti-PD-1 or anti-PD-L1 immunotherapy for colorectal
cancer without noticeable side effects. With further development,
dietary NEAA deprivation may become the promising foundation for
a broad spectrum of cancer therapies.
Ethics Approval
The study CA-XLI-6 was approved by the CRO's Ethics Board under
IACUC approval number 19-015.9.
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Background
In the Phase 3 CORRECT study, which led to the approval of the
multi-kinase inhibitor, Regorafenib, in 3rd/4th line metastatic colo-
rectal cancer, the OS was 6.4 months and the PFS was 1.9
months compared to an OS of 5.0 months and a PFS of 1.7
months for placebo. However, Regorafenib is very poorly toler-
ated with a Grade 3/4 drug related adverse event rate of 54%,
mostly due to hand-foot skin reactions, fatigue and diarrhea,
resulting in frequent dose reductions and discontinuations and a
general reluctance among GI oncologists to administer it. RRx-001
is a minimally toxic macrophage repolarizing agent in Phase 3
clinical trials that is associated with a reduced side effect profile
from these chemotherapy agents. Recent studies have demon-
strated the inhibitory impact of M2 macrophages on the activity
of tyrosine kinases suggesting that the repolarization of macro-
phages by RRx-001 may enhance the activity of TKIs.
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Methods
These experiments determined whether combination therapy with
RRx-001 and regorafenib not only enhanced anticancer activity
in vitro with HCT-116 and HCT-15 colorectal cell lines and in vivo
with HCT 116 and HCT 15 xenografts but also attenuated the toxicity
of regorafenib in these two xenografts.
Results
The results from these experiments demonstrate that 1) RRx-001 + regoraf-
enib is more effective than either agent alone both in vitro and in vivo and
that 2) the addition of RRx-001 to regorafenib attenuates the toxicity of re-
gorafenib in vivo.
Conclusions
A clinical trial is planned to investigate the translational potential
of the RRx-001 + regorafenib combination. Future experiments
will determine whether RRx-001 also enhances the activity and
decreases the toxicity of other tyrosine kinase inhibitors such as
sorafenib, sunitinib, dasatinib, imatinib, lapatinib, and cabozanti-
nib, all of which possess similar efficacy and safety profiles, not
only in colorectal cancer but also other tumor types.
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Background
Treatment of metastatic solid tumors remains a challenge in on-
cology, especially in the context of locally given therapies. Some
responses in non-treated metastases were described in the mid-
dle of the last century after using local radiotherapy in breast
cancer patients. This phenomenon was named abscopal effect[1].
Nowadays, this effect is known to be elicited by systemic adap-
tive immune responses against tumor cells, following local treat-
ment. Of note, abscopal effect remains somewhat limited in the
clinic mainly due to the suppressive microenvironment surround-
ing cancer cells. The systemic use of immune checkpoint inhibi-
tors, such as anti-CTLA-4 (anti cytotoxic T-lymphocyte-associated
protein 4) and anti-PD-1 (anti programmed cell-death protein 1),
has shown promise in the treatment of various tumor types but
only a minority of patients respond[2]. Oncolytic virotherapy is an
interesting strategy that has re-emerged in the last few decades.
It is able to prime the host immune system against tumor epi-
topes, generating anti-tumor immunity and thus theoretically
complementing anti-PD-1 and anti-PDL-1 therapy in an appealing
manner[3,4]. The challenge with oncolytic immunotherapy is that
not all metastases can usually be injected. Therefore, it is of im-
portance to study if local treatment can induce distant responses.
While our previous work has shown synergy between oncolytic
adenovirus and anti-PD-1, here we sought to establish if local
adenovirus injection can impact also non-injected tumors in pre-
clinical models in the context of systemic anti-PD-1 therapy.
Methods
We utilized a murine melanoma model (B16.OVA) where each mouse
had bilateral tumors. All mice received anti-PD-1 systemically, but
only one tumor received local virotherapy with the non-replicative
adenovirus. Both tumors were then studied and compared for pos-
sible systemic effects following local treatment, including immune re-
sponses and anti-tumor efficacy.
Results
Improvement in the overall survival was seen in the group receiv-
ing both therapies (anti-PD-1 plus virus) compared to the mono-
therapy groups. In particular, treatment with anti-PD-1 plus virus
was the only group that presented a complete tumor regression
of both tumors. Likewise, this therapeutic group presented signifi-
cantly better tumors control in non-injected tumors than the
other treatment groups. Further information, including full tumor
growth and immunological mechanism-of-action data will be
presented.
Conclusions
These two cancer immunotherapies seem to be a promising ap-
proach that could increase survival upon clinical translation. It is of
importance that systemic anti-tumor effects result from local injec-
tion of adenovirus coding TNF- α and IL-2, even in the absence of
virus replication.
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Background
Metabolic dysregulation is a hallmark of cancer; as such, many tu-
mors exhibit auxotrophy for various nutrients as they are unable
to meet the demand for these metabolites through endogenous
production. Arginine auxotrophic tumors, for instance, are highly
sensitive to depletion of systemic arginine. Pegzilarginase, a hu-
man arginase 1 enzyme engineered to have superior stability and
enzymatic activity relative to the native human arginase 1 en-
zyme, depletes systemic arginine by converting it to ornithine
and urea. Therapeutic administration of pegzilarginase in the set-
ting of arginine auxotrophic tumors exerts direct anti-tumor activ-
ity by starving the tumor of exogenous arginine. Pegzilarginase
monotherapy has shown significant anti-tumor activity in various
arginine auxotrophic human and murine tumor models [1]. We
hypothesized that in addition to direct effects, pegzilarginase
treatment indirectly augments anti-tumor immunity through in-
creased antigen presentation, thus making pegzilarginase a prime

akseli.hemminki@helsinki.fi
William.Redmond@providence.org


Fig. 1 (abstract P505). Survival of single primary tumor model

Journal for ImmunoTherapy of Cancer Page 3 of 2372019, 7(Suppl 1):283
candidate for combination therapy with immuno-oncology (I-O)
agents.
Methods
Tumor-bearing mice (CT26; MC38; MCA-205) received pegzilarginase (3
mg/kg; 1x/wk; ip) in combination with aPD-L1 (10mg/kg; 2x/wk; ip),
aCTLA-4 (10mg/kg; 2x/wk; ip), or agonist aOX40 mAb (250ug, 2x; ip). The
activation status of CD4+, CD8+, and NK cells in the tumor (7, 10, and 17
days post-treatment) was evaluated by flow cytometry. Effects on im-
mune subsets were evaluated by flow cytometry and single cell RNA se-
quencing of sorted CD45+ cells from tumors 3 days post-treatment. Data
represents the result of 2-3 independent experiments (n=9-18/group).
Statistical significance was determined using a 1-way ANOVA with a p-
value cut-off of 0.05.
Results
Pegzilarginase monotherapy increased MHC expression on antigen pre-
senting cells (APCs) and the frequency of intratumoral CD8+ T cells
relative to controls (p<0.01). Further, administration of pegzilarginase in
combination with I-O agents, including aPD-L1 (p<0.01) and aOX40 (p<
0.05), resulted in increased therapeutic benefit compared to I-O agents
alone, including an increase in complete tumor regression. Combin-
ation therapy evinced the greatest number of activated intratumoral
CD8+ T cells and elevated systemic levels of IFN-gamma.
Conclusions
Combination pegzilarginase/immunotherapy induces robust anti-tumor im-
munity characterized by increased intratumoral CD8+ T cells and M1-
polarized macrophages. Our data suggests two potential mechanisms of
synergy between pegzilarginase and I-O agents: 1) Increased intratumoral
MHC expression on APCs and tumor antigen presentation; and 2) Increased
presence of M1-like anti-tumor macrophages. These data support the clin-
ical evaluation of T cell agonists and/or checkpoint inhibitors in conjunction
with pegzilarginase for the treatment of patients with cancer.
Ethics Approval
All mice were maintained under specific pathogen-free conditions in
the Providence Portland Medical Center animal facility. Experimental
procedures were performed according to the National Institutes of
Health Guide for the Care and Use of Laboratory Animals and in ac-
cordance with the Earle A. Chiles Research Institute Institutional Animal
Care and Use Committee (Animal Welfare Assurance No. A3913–01).

References
1. Agnello G et al. Depleting blood arginine with AEB1102 (Pegzilarginase)

exerts additive anti-tumor and synergistic survival benefits when com-
bined with immunomodulators of the PD-1 pathway. SITC Annual Meet-
ing, 2017, #275.

P505
Abscopal immunity achieved via in situ vaccination using a novel
combination of cryoablation and Interleukin-12
Maura Vrabel, Francis Gillam, PhD, Jared Hopkins, Khue Nguyen, PhD,
David Zaharoff, PhD
NC State University, Raleigh, NC, United States
Correspondence: David Zaharoff (dazaharo@ncsu.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P505

Background
Clinically, cryoablation is used to treat various types of cancers in-
cluding certain prostate, liver and kidney tumors. Because it liberates
massive amounts of tumor antigen, cryoablation can potentially
serve as an in situ vaccine that is patient- and tumor-specific. How-
ever, numerous studies report that cryoablation alone rarely provides
abscopal immunity [1]. Therefore, we hypothesized that direct injec-
tion of an immunomodulator (IM) following cryoablation (cryo) can
induce tumor-specific immunity, controlling both treated and un-
treated tumors.
Methods
MB49 cells were purchased from ATCC. Female C57BL/6 mice
were purchased from Jackson Laboratory. Primary tumor
implantation, 3x105 cells were injected subcutaneously (s.c.) in
the right flank. Rechallenge, 3x105 cells (s.c.) were implanted in
the left flank of cured mice. Bilateral model, 3x105 and 1.5x105
cells were s.c. injected in the right and left flanks respectively on
the same day. Tumor volume calculation, 0.5*a*b2 given perpen-
dicular long (a) and short (b) dimensions. Tumors, 200-500 mm3
,were cryoablated with three cycles of freeze/thaw using Visual-
ICETM Cryoablation System (Galil Medical/BTG). Unless noted
otherwise, an IM was directly injected into the tumor bed two
days post cryo. R848 (Resiquimod) 10 μg/mouse, DMXAA 500 μg/
mouse, and Interleukin-12 (IL-12) 1 μg/mouse in 1.5% (w/v) chito-
san acetate (CS) dissolved in dPBS.
Results
Cryoablation of a single primary tumor resulted in a tumor-free
survival rate of 40%. The addition of R848 or DMXAA did not sig-
nificantly enhance survival, while adding CS/IL-12 resulted in a
90% survival rate (Figure 1). Cured mice were rechallenged with
live MB49 cells and then given no further treatment. As of day
70 post rechallenge, the number of tumor free mice out of total
survivors were cryo alone (3/4), cryo + CS/IL-12 (5/7), cryo + R848
(2/5), and cryo + DMXAA (1/4). In the bilateral model, the median
survival of the cryo + CS/IL-12 group was significantly longer (p
= 0.0016) at 49.5 days compared to 26 days for cryo alone
(Figure 2). Furthermore, one mouse treated with cryo + CS/IL-12
experienced a complete response up to 90 days post tumor
implantation.
Conclusions
IL-12 formulated with chitosan and delivered after cryoablation is
superior in treating not only a primary tumor, but also in indu-
cing an abscopal effect on a distant, untreated tumor. Of note,
neither DMXAA nor R848 was formulated in a delivery vehicle, as
we have yet to optimize these agonists. This work supports fur-
ther study of cryoablation and IL-12 for in situ vaccination and
cancer immunotherapy.
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Background
The presence of tumor infiltrating lymphocytes in breast cancer (BC) is
associated with improved survival. More recently a study found that in-
creased CD8 cells and Th17 cells are specifically associated with triple
negative breast cancer (TNBC) patients, a highly aggressive subclass of
breast cancer. However, they undergo functional reprogramming in the
tumor micro-environment (TME) evident from decreased IFN-γ and
granzyme B. These immune escape mechanisms contribute to inability
of the immune system to control tumor progression. Thus modulation
of TME is necessary to effectively target the tumor.
Radiation therapy (RT) is commonly used in cancer patients including
BC. Focal radiation limits systemic side effects and acts as immune
modulator. Currently there is no approved immunotherapy available
for BC patients, early data from several ongoing clinical trials show
activity in various subclasses of BC including TNBC. It is reported that
PD-L1 is high in 20% of TNBCs and COX2 may be involved in its
regulation in tumor-infiltrating myeloid cells. This led us to
hypothesize that modulation of inflammation associated biomarkers
in the TME would increase the efficacy of RT and immunotherapy by
amplifying anti-tumor immunity.
Methods
We investigated the effect of nitric oxide synthase2 (NOS2) or cycloxy-
genase2 (COX2) inhibition using commercially available inhibitor on radi-
ation and αPD-L1 induced tumor growth delay and lung metastases in
murine model of TNBC using 4T1 cell line implanted in flank of Balbc
mice. Change in immune cell populations in the TME was investigated
using confocal microscopy, CO-Detection by indEXing (CODEX) technol-
ogy and flow-cytometry. TME associated metabolic changes was investi-
gated using seahorse bioanalyzer and LC-MS/MS. We also measured the
levels of inflammation associated cytokines in serum using LEGENDplex.
Results
We found that RT induced inflammation associated biomarkers NOS2
and COX2 in the TME, specifically in the tumor cells. We have shown
that co-expression of pro-inflammatory enzymes NOS2 and COX2 is a
powerful prognostic indicator of poor outcome (HR=21) among ER–
patients which in turn drive major oncogenic pathways. We demon-
strated that co-treatment with COX2 inhibitor led to tumor growth
delay and reduced metastases. COX2 inhibition along with RT
induced proliferation of cytotoxic CD8, dendritic cells and pro-
inflammatory macrophages while Treg activity was reduced. Further-
more, CODEX showed correlation between decreased macrophage
population and increased CD8 infiltration suggesting role of macro-
phages in inhibiting CD8 infiltration.
Conclusions
We demonstrated that co-treatment of COX2 inhibitor with radiation
and immunotherapy effectively activated the immune system by
changing the TME to support tumor clearance.
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Background
We have shown in both murine tumor models and patients that focal
tumor radiotherapy synergizes with CTLA-4 blockade to induce sys-
temically effective anti-tumor immunity in otherwise resistant tumors
[1,2,3]. Mechanistically, radiation-induced viral mimicry is critical for
priming of anti-tumor CD8+ T cells, and is triggered by cytosolic DNA
that stimulates cancer-cell intrinsic interferon type I release [2,3]. The
exonuclease TREX1 abrogates this response by clearing cytosolic
DNA thus acting as a central regulator of RT-induced anti-tumor im-
munity and we demonstrated that Trex1 gene expression is upregu-
lated by radiation doses of >12Gy per fractions in most carcinoma
cells [2]. Thus, we investigated the mechanisms responsible for indu-
cing Trex1 expression in irradiated cancer cells.
Methods
The mouse mammary carcinoma TSA cells were irradiated in vitro
with 8 or 20 Gy, followed by chromatin immunoprecipitation (ChIP)
assay to determine if the transcription factor cFos was bound to
Trex1 promoter region 4 hours after irradiation. A doxycycline-
inducible shRNA was used to knockdown cFos expression in TSA
cells.
Results
The transcription factor c-Fos was found to be phosphorylated in
TSA cells treated with a radiation dose that induces TREX1 upregula-
tion (20Gy), but not in 8Gy-treated cells. c-Fos has been previously
implicated in the induction of Trex1 in response to UV irradiation [4].
Therefore, it was a good candidate as a regulator of Trex1 in 20 Gy-
treated TSA cells. Consistently, a ChIP assay demonstrated that 20 Gy
but not 8Gy irradiation induced cFos binding to Trex1 promoter.
shRNA-mediated c-Fos knockdown abrogated Trex1 upregulation in-
duced by after 20 Gy and restored cytosolic DNA accumulation and
type I interferon pathway activation.
Conclusions
Overall, these data identify cFos as the transcription factor that regu-
lates Trex1 gene expression in a radiation dose-dependent way. We
are currently investigating the signals upstream of cFos. Results of
this work will identify potential actionable targets to increase
radiation-induced anti-tumor immunity.
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Background
Radiotherapy has been routinely used to treat lung cancer alone or
in combination with chemotherapy or surgery. Despite the tremen-
dous benefits of radiotherapy in localized tumor control, it is not very
effective for treating metastasized lung cancers. In addition, the ap-
plication of radiotherapy is limited by its damage to the surrounding
healthy tissues.
Methods
In this study, we combined radiotherapy with checkpoint inhibitor immuno-
therapy and a radio-enhancing nanoparticle NBTXR3 (R3) to extend the appli-
cation of radiotherapy to treating metastasized lung cancer in mice.
Results
In both the 344SQ-anti-PD-1 sensitive and 344SQ-anti-PD-1 resistant
lung cancer models, we found that the combination of anti-PD1 and
radiotherapy-induced robust immune responses, which resulted in
significantly better control of both the local tumor (implanted on the
right leg of the mice) and the metastasis (implanted on the left leg
of the mice) than either immunotherapy or radiotherapy alone. In
addition, we found that R3 significantly enhanced the efficacy of
combined radiotherapy and immunotherapy in the two lung tumor
models to control the local tumor and metastasis. The results also
showed that with the supplement of R3, radiation plus anti-PD-1
achieved similar control of the metastasis under 3x8Gy compared to
3X12Gy, indicating that the treatment benefits acquired at a high
dosage of radiation can now be achieved at lower dosages with the
presence of R3. We also found that the triple combination of R3,
radiotherapy, and anti-PD-1 significantly reduced the number of me-
tastases in lungs compared to other combinations of these therapies.
The immunoprofiling of the tumors after treatment showed that
triple combination therapy reduced the population of regulatory T
cells and M2 macrophages, resulting in favorable conditions for
immune-mediated cancer cell killing.
Conclusions
In conclusion, R3 considerably enhances the the ability of the com-
bination of radiotherapy and immunotherapy to control both the
local tumor and the metastasis in both the 344SQ-anti-PD-1 sensitive
and 344SQ-anti-PD-1 resistant lung cancer models. In addition, R3 al-
lows a lower dosage of radiation to achieve similar treatment out-
come compared to a higher dosage of radiation.
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Background
Therapeutic and immunogenic effects of radiation therapy (RT) are often
constrained by tolerogenic activity of the tumor microenvironment. We
recently found that combined modality therapy (CMT), using RT with
concurrent cisplatin or cetuximab treatment, triggers potentially tolero-
genic STAT3 signaling in circulating myeloid immune cells in patients
with stage III-IV head and neck squamous cell carcinoma (HNSCC). Here,
we extended these studies to tumor-containing lymph nodes biopsies
collected from the same patients before and after two-week CMT. The
clinical observations were later verified in feasibility studies testing the ef-
fect of STAT3 targeting on sensitivity to radiation therapy in HPV-positive
and HPV-negative HNSCC tumor models in mice.
Methods
The STAT3 activity in immune populations infiltrating HNSCC tumors
was analyzed in patients' derived fixed or frozen fine-needle biopsies.
We used the multicolor immunofluorescent analysis and also gene
expression analysis using Nanostring assay. To assess the effect of
targeting STAT3 in the identified tolerogenic myeloid cell popula-
tions, we used TLR9-targeted STAT3 antisense oligonucleotides (CpG-
STAT3ASO) in combination with local tumor irradiation.
Results
Using the multicolor immunofluorescent analysis, we found a signifi-
cant increase in the percentage of CD163+ M2 macrophages with acti-
vated STAT3 and a concurrent reduction in a number of CD8+ T-cells in
tumors post-treatment. Similarly, the Nanostring analysis of frozen
tumor-containing lymph nodes biopsies detected significant increase in
the percentage M2 macrophages (CD163, CD206), with the upregula-
tion of Th2 (IL4, IL5) and immunosuppressive regulators (ARG1, IL10,
LIF, TGFB1). These results suggested that STAT3 activation in tumor-
associated myeloid cells can dampen immunogenic effects of CMT. To
test this hypothesis, we combined single-dose localized RT with intratu-
moral injections of myeloid cell-specific STAT3 antisense oligonucleo-
tide (CpG-STAT3ASO) against three mouse models of HPV-positive
(mEERL) or HPV-negative (MOC2 and mEERL/sh) head and neck can-
cers. The combination of both strategies resulted in a strong synergistic
effect with frequent eradication of mEERL and MOC2 tumors in at least
half of treated mice. Regardless of the HPV status, effects of RT/CpG-
STAT3ASO therapy were associated with reduced numbers of tumor-
associated M2 macrophages and increased percentage of CD8+ T-cells
and/or CD8:Treg ratio in MOC2 and mEERL tumors. In addition, we ob-
served recruitment of M1 macrophages with enhanced expression of
MHC class II and costimulatory molecules in tumor-draining lymph
nodes after RT/CpG-STAT3ASO treatments.
Conclusions
Our clinical observations and animal study results suggest that mye-
loid cell-targeted inhibition of STAT3 together with CpG-mediated
immunostimulation dramatically augment the outcome of radiation
therapy against HPV-positive and HPV-negative HNSCC.
Ethics Approval
The clinical protocol including the relevant informed consent form was
approved by the institutional review board at City of Hope (IRB-14255)
and the study was conducted in accordance with the amended Declar-
ation of Helsinki and the International Conference on Harmonization
Guidelines.
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Background
Despite the success of immune checkpoint blockade in treating many
types of cancers, there remain many that are insensitive to these treat-
ments. We have previously shown that focal radiation can sensitize the
immunologically “cold” 4T1 tumor model to immune checkpoint inhib-
ition. Combination treatment with radiation and anti-CTLA4 antibody re-
sulted in decreased numbers of infiltrating regulatory T cells as well as B
cells in the tumors. While numbers of CD8+ T cells were not increased in
tumors that received combination treatment, the cells displayed a more
activated phenotype. We hypothesized that combination treatment de-
creased numbers of regulatory cell types and led to increased cytotoxic
activity of CD8+ T cells, Natural Killer (NK) cells, and Natural Killer T (NKT)
cells in the tumor microenvironment.
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Fig. 1 (abstract P511). TRT + ICI turns an immunological “cold”
tumor “hot”
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Methods
We orthotopically implanted 4T1 mammary carcinoma cells into BALB/
c mice and treated with anti-mCTLA4 antibody, focal radiation, or both.
Tumors were analyzed by flow cytometry, utilizing the MI-
CompLeukocyte™ panels with absolute cell counting, as well as the MI-
T Effector/Memory™ panel and a custom intracellular cytokine panel.
Results
The 4T1 tumor model is typically unresponsive to immune checkpoint in-
hibition. As expected, we saw a synergistic effect of combination treat-
ment on tumor burden compared with radiation alone (77.1% vs. 42.3%
TGI, respectively), suggesting that radiation primes the tumors to be
more responsive to checkpoint inhibition. Our analysis showed that there
was a 2.4-fold increase in the percentage of CD8+ T effector memory
cells with a corresponding 9.4-fold decrease in CD8+ T central memory
cells. The percentage of T effector memory cells was inversely correlated
with tumor volume in the combination group, suggesting that this cell
type could be directly responsible for the decreased tumor burden. Con-
sistent with the increased effector memory phenotype, the percentage of
CD8+ T cells secreting Granzyme B was increased 2-fold with combin-
ation treatment compared to radiation alone. Combination treatment
also increased the percentage of NKT cells that secreted Interferon-γ, sug-
gesting that the increased inflammatory cell phenotype is a broader
phenomenon and not specific to CD8+ T cells.
Conclusions
Taken together, these data suggest that synergistic treatment with anti-
mCTLA4 and focal radiation can induce the tumor immune microenviron-
ment to change to a more inflammatory, and less suppressive, state than
either treatment alone. Reduction in numbers of regulatory T cells and B
cells resulted in increased percentages CD8+ T cells and NKT cells with a
phenotype consistent with improved anti-tumor activity.
Ethics Approval
This study was approved by the IACUC at MI Bioresearch under Proto-
col MI05 - Subcutaneous Tumor Models for Evaluation of Test Agents.
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Background
Radiation therapy (RT) to enhances the efficacy of immune checkpoint
inhibition (ICI) in multiple immunologically “cold” preclinical tumor
models[1,2]. However, the optimal approach to delivering immunosti-
mulatory RT has not been established. We have developed a novel
strategy to deliver immunostimulatory low dose (LD) RT to all tumor
sites in the setting of metastatic disease by using targeted radionuclide
therapy (TRT), with a tumor-selective alkyl-phosphocholine (90Y-
NM600). Here we evaluate the mechanistic basis for an observed co-
operative interaction between LDTRT and ICI in an immunologically
cold murine melanoma model that does not respond to ICI alone.

Methods
Mice were engrafted with B78 melanoma tumors, 80-90 mm3, and were
randomized to the following treatment groups: vehicle only (VO), anti-
CTLA4 (C4), 90Y-NM600 TRT (2.5 Gy tumor dose), external beam RT (EBRT,
2.5 or 12 Gy), or combination TRT+C4. To compare LDRT delivered via
EBRT or TRT or to high dose EBRT, tumors were harvested 1, 7, and 14
days after RT. We performed flow cytometry (FC) and qPCR on these
specimens to evaluate immune cell infiltrates and gene expression. To
determine treatment effects, tumors treated with VO, C4, TRT, or TRT+C4
were harvested on Day 25 after initiation of therapy. Immune infiltrates
were quantified by FC in these samples, cytokine levels via multiplex
ELISA, and T cell clonal analysis via T cell receptor (TCR) sequencing.
Results
Comparison of RT dose effects demonstrated increased ratios of CD8+ T
cells to CD4+FoxP3+ regulatory T cells in the TRT group, compared to the
EBRT groups at Day 1, as well as increased myeloid cell (CD11b+) and NK
cell infiltrate with TRT. Gene expression analysis showed peak apoptosis
markers on Day 1, peak type I interferon signaling (ISG) and chemokine ex-
pression on Day 7. High dose EBRT had significantly greater ISG expression
than LD-RT (p <0.05). Following combined treatment with TRT + C4, tumors
showed significantly greater CD8+ T cells and γδ T cells, compared to single
agent or untreated control groups. Multiplex ELISA showed increased con-
centrations of multiple cytokines with the notable exception of IL-10 in tu-
mors from mice receiving TRT+C4 (Figure 1). In contrast to prior studies
with high dose EBRT, LDTRT stimulated increased TCR clonal expansion but
did not increase TCR diversity when combined with C4 ICI.
Conclusions
Our results demonstrate a cooperative therapeutic interaction between
TRT+ICI in a murine tumor model that is functionally immunologically
cold and does not respond to ICI alone.
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Background
Combination of radiation with immuno-therapy had shown prom-
ising results in preclinical experiments as well as in clinical trials.
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Information on clinical efficacy of immune checkpoint inhibitors
(ICI) combined with radiotherapy (RT) is available from numerous
retrospective analyses, mainly focused on the treatment of brain
metastases. The interpretation of retrospective clinical meta data,
however, may be complicated due to variability in the design of
studies and confounding factors. The aim of the present research
was to systematically review and perform a meta-analysis com-
paring efficacy profiles of mono-RT vs ICI-RT combination in the
treatment of brain metastases. The analysis also aimed at identi-
fying factors affecting treatment outcomes.
Methods
The meta-analysis was performed using the Preferred Reporting
Items for Systematic Review and Meta-Analyses (PRISMA) guideline.
Studies with at least one ICI-RT arm and including patients with brain
metastases were curated via a systematic literature search. Informa-
tion on 1-year overall survival (OS) and 1-year local control (LC) was
extracted and analyzed; additionally, if studies included mono-RT
arms, risk ratios (RR) for the aforementioned endpoints were calcu-
lated and analyzed given mono-RT as an active control. Random-
effects meta-regression models were tested to evaluate the impact
of different factors, such as combination treatment sequencing or
type of ICI and RT on outcomes.
Results
In total, information on OS and LC was reported in, respectively,
26 and 6 studies, with 50 and 13 arms, featuring 2528 and 525
patients. The corresponding information for mono-RT arms was
available from, respectively, 12 and 4 studies with 2021 and 463
patients enrolled. Higher 1-year was observed in ICI-RT treatments
vs mono-RT, with corresponding incidence rates were 59% [95%
CI: 54-64%] vs 32% [95% CI: 25-40%] (P
Concurrent treatment was associated with higher 1-year OS compar-
ing to sequential regimen with incidence rates 69% [95% CI: 60-78%]
vs 52% [95% CI: 45-58%] (P=0.039); efficacy of ICI-RT treatment was
not affected by ICI and RT type.
Conclusions
RT and ICI combinations were associated with improved 1-year OS vs
mono-RT. The highest benefit in outcomes was determined for co-
horts with concurrent ICI-RT treatment regimen.
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Background
Hormone receptor+ (HR+) breast cancer (BC) is the most frequent
cause of BC death [1], and immunotherapy with immune check-
point blockers (ICBs) in HR+ BC patients has been disappointing
[2]. Conversely, recent results from MONALEESA 7 trial demon-
strate a robust survival advantage for the combination of cyclin
dependent kinase 4 (CDK4)/CDK6 inhibitors and hormonotherapy
over hormonotherapy alone [3]. However, not all patients benefit
from hormonotherapy + CDK4/CDK6 inhibition [4]. This implies
that additional strategies are needed to improve disease outcome
in this patient population. In this context, focal radiation therapy
(RT) stands out as a promising therapeutic partner for several rea-
sons, including (1) both RT and CDK4/CDK6 inhibitors have cyto-
static/cytotoxic effects; and (2) both RT and CDK4/CDK6 inhibitors
can have immunostimulatory effects [5,6]. We therefore decided
to investigate the potential synergy between RT, and CDK4/CDK6
inhibitors, with a particular focus on administration schedule, ul-
timately aiming to inform the design of a clinical trial testing the
combination of these therapeutic agents in patients with
HR+HER2- BC.
Methods
The synergy between RT and palbociclib (a highly selective CDK4/
CDK6 inhibitor approved for the treatment of BC in humans) was
tested: (1) in vitro, in 2 human BC cell lines with differential sensitiv-
ity to palbociclib and RT (MCF7 and MBA-MD-231 cells), to evaluate
the effects on cell cycle distribution, cell death, cell senescence and
IFN secretion; (2) in vivo, in a unique endogenous model of mam-
mary carcinogenesis that recapitulate multiple immunobiological fea-
tures of human HR+HER2- BC.
Results
We identified the lowest doses of RT and palbociclib that mediate ro-
bust short-term cytostatic/cytotoxic effects in MDA-MB-231 and MCF7
cells. Optimized dose combinations and sequencing experiments
pointed to RT followed by palbociclib as the approach with superior
therapeutic potential. This largely reflect the ability of palbociclib to
block in G1 cells escaping the G2/M arrest mediated by RT. Both RT
and palbociclib were active in endogenous carcinomas driven in mice
by slow-release progesterone pellets combined with an oral carcino-
gen, but failed to mediate disease eradication. Ongoing experiments
are elucidating the impact of combination and sequencing in vivo.
Conclusions
Our preliminary results suggest that RT should precede CDK4/6 inhib-
ition to achieve superior disease control. Altogether, these experi-
ments will determine an optimal approach to combine CDK4/CDK6
inhibitors with RT in the context of endocrine therapy that has an el-
evated potential for clinical translation.
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Background
Prostate cancer responds poorly to checkpoint blockade due to its im-
munologically “cold”microenvironment with low CD8+ T cell infiltration
along with relatively high numbers of myeloid-derived suppressor cells
(MDSCs) and regulatory CD4+ T cells (Tregs) [1–3]. Our lab has studied
DNA vaccines as a simple method of increasing antigen-specific CD8+
T cell infiltration [4,5]. To further increase CD8+ T cell infiltration and de-
plete suppressive populations, external beam radiation (EBRT) can be
used [6]. However, it is often infeasible to irradiate all metastases using
EBRT. Molecularly targeted radionuclide therapy (MTRT) is a method of
delivering radioisotopes radiation selectively to all sites of disease [7].
The effects of MTRT’s effects on the tumor immune microenvironment
are not yet well described. In this study, we examined the effect of
90Y-NM600 MTRT on immune populations within murine prostate tu-
mors and assessed whether MTRT combined with antigen-specific vac-
cination can improve anti-tumor response.
Methods
6-week old male FVB mice (n=3 per group) were implanted with sub-
cutaneous (s.c.) MyC-CaP murine prostate tumors then given a single
intravenous injection of either 50 (3.1 Gy) or 250 (15.5 Gy) μCi of
90Y-NM600. Mice were euthanized at day 0, 1, 4, 7, 14, and 21 post
MTRT administration. Tumors were harvested and examined by mul-
tiparametric flow cytometry and immunohistochemistry for effects
on immune populations. In a second study, mice (n=5 per group)
were implanted with s.c. MyC-CaP tumors then given five weekly
treatments of either DNA vaccine or vehicle as well as a single ad-
ministration of 125 μCi (7.8 Gy) of 90Y-NM600. These mice were
followed for tumor growth.
Results
CD8+ T cell tumor infiltration increased by 13% at Day 14 compared
to Day 0 (p=.039) following MTRT administration in both dose groups
while GR-1+ cells (including MDSCs) transiently decreased by 31% at
Day 4 (p=.007). Recovering CD8+ T cells showed high expression of
the checkpoints PD-1, CTLA-4, and LAG-3. CD4+ T cells were de-
pleted following MTRT administration and did not recover by Day 21.
MTRT combined with vaccination resulted in decreased tumor
growth compared to MTRT alone.
Conclusions
Our data indicates that MTRT disrupts the suppressive tumor micro-
environment of prostate tumors by depleting suppressive popula-
tions and increasing CD8+ T cell infiltration. High expression of
exhaustion markers on CD8+ T cells suggests that combination of
MTRT and vaccination with checkpoint blockade may further improve
anti-tumor response.
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Background
Focal radiotherapy (RT) in combination with CTLA-4 blockade acti-
vates T-cells that reject tumors in both mice and patients unrespon-
sive to CTLA-4 blockade alone [1, 2]. In metastatic non-small cell lung
cancer patients dynamic changes in the blood TCR repertoire were
strongly associated with response [1]. In the 4T1 mouse model of
triple negative breast cancer we found higher intratumoral CD8+/
CD4+ ratio and CD8+ T cell clonality in tumors of mice treated with
RT+CTLA-4 blockade compared to each treatment alone [3]. How-
ever, the functional state of expanded intratumoral T cells remained
unknown. The purpose of this study was to identify the intratumoral
T cell landscape associated with response to RT+CTLA-4 blockade [4].
Methods
For single cell sequencing (SC-seq) and bulk TCR sequencing (TCR-
seq) experiments, mice were inoculated in one or both flanks with
50,000 4T1 cells, respectively. To obtain pre-treatment samples in
each individual mouse, when applicable, one tumor was removed 2
days before treatment with RT (3x8 Gy) and/or anti-CTLA-4 antibody
(9H10 Ab, 3x200 μg i.p.), and the treated tumor was resected 1 day
after last antibody administration. TCR-seq was performed using the
iRepertoire platform, and 5’ gene expression, VDJ, and feature bar-
coding SC-seq was performed on sorted CD3+CD4+ and CD3+CD8+
T cells using the 10X Genomics chromium system.
Results
In tumors treated with RT alone or in combination with anti-
CTLA-4, both the TCRα and TCRβ repertoires increased in clonal-
ity, whereas a smaller increase in TCRβ clonality was found after
anti-CTLA-4 monotherapy. Increased divergence between pre- and
post-treatment samples was found after RT alone or in combin-
ation with anti-CTLA-4 but only correlated with treatment effect
in mice treated with the combination (Pearson correlation coeffi-
cients: TCRα = 0.85, TCRβ = 0.93). Compared to untreated tumors,
tumors treated with RT+anti-CTLA-4 were enriched with an oligo-
clonal population of Ifng+Cd69+Tnf+Cd8+ and Ifng+Cd4+ T cells,
and had decreased proportions of both Foxp3+Ox40+Cd25+Cd4+
(Tregs) and Pd1+Gzmb+Cd8+ (likely terminally differentiated/
exhausted) T cells. In contrast, tumors treated with RT alone were
enriched with T cells exhibiting the terminally differentiated/
exhausted phenotype, which may explain why the TCR repertoire
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divergence between baseline and post-treatment tumors corre-
lated with treatment effect only for mice treated with RT+anti-
CTLA-4.
Conclusions
Overall, these results suggest that RT promotes the differentiation of
the intratumoral TCR repertoire but in the absence of CTLA-4 block-
ade it does not drive the expansion and functional differentiation of
T cell phenotypes necessary for immune-mediated tumor rejection.
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Background
Radiation therapy (RT) used at immunogenic doses (8GyX3) leads to
cytosolic DNA accumulation which activates interferon type I (IFN-I)
production via cGAS/STING pathway in cancer cells [1-3]. RT-induced
IFN-I is critical for activation of systemically effective anti-tumor im-
mune responses in combination with immune-checkpoint blockade
therapy [1]. We have recently demonstrated that tumor-derived exo-
somes (TEX) produced by irradiated (8GyX3) TSA murine carcinoma
cells (RT-TEX) contain more dsDNA compared to TEX derived from
untreated cancer cells (UT-TEX). Interestingly, the dsDNA transferred
by RT-TEX but not UT-TEX induces upregulation of costimulatory
molecules CD40, CD80 and CD86, and STING-dependent IFN-I path-
way activation in recipient dendritic cells. Furthermore, in vivo, RT-
TEX elicit tumor-specific CD8+T-cell responses and protect mice from
tumor development [4]. Here, we tested the hypothesis that not only
quantitative but also qualitative differences may exist between the
dsDNA cargo of RT-TEX and UT-TEX.
Methods
TEX were isolated 48 hours after last dose of radiation or mock treat-
ment using ultracentrifugation. Internal DNA from TEX and from the
parent TSA cells cytosolic fraction was analyzed by (1) semi-
quantitative PCR using primers for mitochondrial 12S and 16S riboso-
mal subunits, NADH dehydrogenase subunit 1 (ND1) and genomic
18S ribosomal subunit genes; (2) DNA length was determined using
Agilent Bioanalyzer; (3) DNA sequencing was performed using the
Illumina HiSeq4000 system (paired end 50).
Results
Genomic and mitochondrial DNA were identified in both TEX and
TSA cytosolic fraction regardless of RT. DNA length analysis demon-
strated an enrichment of DNA fragments between 60 and 250 bp in
RT-TEX compared to UT-TEX, and in the cytosolic fraction of irradi-
ated TSA cells. These results are especially intriguing in light of the
recent report that cGAS is optimally activated by dsDNA in this
length range [5]. Whole-genome sequencing is ongoing to determine
the genomic versus mitochondrial origin of the differentially repre-
sented DNA fragments.
Conclusions
Our data suggest that the immunostimulatory DNA cargo of RT-TEX
has unique features that reflect molecular changes occurring in
radiation-treated cells. The impact of these differences on the DNA-
mediated activation of IFN-I pathway in innate immune cells that up-
take TEX is under investigation. Identification of a “DNA signature”
associated with TEX ability to activate cGAS could provide a blood-
based biomarker for the immunogenic tumor response to
radiotherapy.
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Background
TLR7 agonists are potent immune activators that are highly attractive
for anti-cancer immunotherapy with potential to act synergistically
with other cancer treatments such as vaccines, radiotherapy, and
chemotherapy. The limited tolerability of systemically administered
TLR7 agonists makes administration problematic at therapeutically
active concentrations. Drug delivery systems may increase tolerability
by optimizing biodistribution and cellular uptake thereby allowing
for administration of doses that are therapeutic at the target site.
The current study investigated lipid nanoparticles containing a TLR7
agonist (1V270) in combination with local radiotherapy (to induce
antigen release) for an in situ vaccination effect in murine cancer
models.
Methods
Biophysical properties of the nanoparticles were characterized and
anti-tumor efficacy was investigated in three murine syngeneic sub-
cutaneous cancer models (CT26, MC38, and B16-F10). Treatments
were initiated when tumors reached a mean size of ~100 mm3.
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Nanoparticles were given intravenously as multiple doses in combin-
ation with fractionated radiotherapy of the tumor region. The opti-
mal formulation and dosing schedule were based on in vivo efficacy
studies. Tolerability of the treatment was evaluated based on body
weight, hematology, and blood biochemistry as well as cytokine
levels in plasma measured 2h and 6h post injection. Antibody re-
sponses against the nanoparticles were also investigated. The effect
on the tumor microenvironment was evaluated by flow cytometry.
Results
Nanoparticles containing 1V270 displayed a synergistic effect with
local radiotherapy and all (8/8) mice carrying CT26 tumors displayed
complete tumor rejection. In the MC38 model, tumor growth delay
was observed and 3/9 mice demonstrated complete tumor rejection.
No anti-tumor effect was observed in the poorly immunogenic B16-
F10 model. Immunologic memory against tumor antigens was con-
firmed by tumor-rechallenge with 80-100% tumor-rejection rate in
both CT26 and MC38. Improved tolerability, compared to other lipid
nanoparticles, was demonstrated. The tumor microenvironment ana-
lysis demonstrated that the TLR7 agonist formulation induced infiltra-
tion of a large number of innate immune cells and supported the
formation of activated tumor-specific CD8 T cells.
Conclusions
The novel immunotherapeutic nanoparticle formulation induced a
potent anti-tumor immune response; resulting in very potent efficacy
in vivo against immunogenic tumors. Furthermore, we demonstrated
improved tolerability in mice, which will be further investigated in
larger animals. These results are highly encouraging for advancing
potent immune stimulating therapy into the clinic.
Ethics Approval
The study was approved by the Danish Animal Experiments
Inspectorate.
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Background
Immune checkpoint inhibition targeting PD-1/PD-L1 has shown
promise in breast cancer but is largely limited to triple negative
breast cancer (TNBC).[1] This limitation is primarily due to inherently
low levels of tumour infiltrating lymphocytes (TILs), particularly in
HR+ disease.[2] Focal radiation therapy (RT) has been shown to gen-
erate anti-tumour T cells and increase TILs using mouse models of
breast cancer (BC).[3,4] Mechanistically, radiation-induced increase in
cytosolic DNA leads to activation of cGAS/STING pathway and pro-
duction of IFN-훃, which is essential for priming of anti-tumour CD8+
T cells.[5] This process is under the control of TREX1, and dependent
on RT dose and fractionation.[5] Inter-tumor variability in optimal RT
dose for activating the IFN-I pathway and heterogeneity in immuno-
logical response amongst BC subtypes highlight the importance of
precision use of RT.[6] We are testing the hypothesis that improved
in vitro and in vivo assays allow testing of the pro-immunogenic re-
sponse to radiation in individual BC patients.
Methods
Spheroids were established from human adenocarcinoma cell lines MCF-7
(ER+,PR+,HER2-) and MDA-MB-231 (TNBC) by seeding 1,000 cells in a mix-
ture of 2% Matrigel in DMEM. Patient-derived tumour xenograft (PDTX)
was dissociated and organoids formed using 66% Matrigel in media. Single
radiation doses between 2Gy and 20Gy as well as fractionated doses of
8Gyx3 were delivered, samples harvested at 24 hours post-treatment and
RNA extracted. RT-qPCR was used to interrogate expression of key IFN-I re-
sponse genes (IFNβ1, MX1, CXCL10, IFNAR1) as well as TREX1.
Results
Spheroids and organoids were successfully established using human
cell lines and PDTX, respectively (Figure 1). IFN-I pathway activation
by single radiation doses ranging from 6 to 10Gy was detected in
MCF-7, MDA-MB-231 and in PDTX, whereas single doses of 15 to
20Gy enhanced the expression of TREX1 and dampened IFN-I activa-
tion. Similar results were obtained in an in vivo irradiated PDTX and
its in vitro-irradiated organoids. We are currently establishing and
testing additional pairs of organoids and PDTX from the same BC
tumor to determine the most time and cost-efficient platform.
Conclusions
Developing a platform that utilizes pre-treatment tumor tissue from
a patient to determine the functional response to different RT doses
and aid in the selection of the best combination treatment with anti-
PD-1/PD-L1 is a critical step towards precision use of RT to enhance
responses to immunotherapy. Our data suggest that organoids and
PDTX could both be used to test the functional response of an indi-
vidual patient tumor to various RT doses.
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Background
Polarizing the tumor microenvironment (TME) towards an in-
flamed and immunosupportive type is highly attractive for anti-
cancer therapies. However, critical challenges are recognized for
optimally modulating the TME. Firstly, immune activating drugs
are poorly tolerated and secondly, the plastic and reactive TME
must be continuously manipulated. Moreover, multiple pathways
must be stimulated to recruit and activate immune cells. Here we
present a well-tolerated multi-drug intratumoral delivery technol-
ogy (Immunogel), which has the potential to transform the TME
and support immunological anti-cancer activity by ensuring a
local sustained drug release. The Immunogel can easily be
injected with small gauge needle technology, which has been
demonstrated in clinical cancer patients using advanced high-
precision image-guided technologies.
Methods
The Immunogel was formulated to provide sustained release of a
TLR7/8 agonist (NT03-gel) and combined sustained release of a TLR7/
8 agonist and TGFβ-inhibitor (NT04C-gel). Therapeutic efficacy and
immune-modulating properties were evaluated in syngeneic cancer
models. Drug release kinetics and tolerability was demonstrated in
preclinical rodents and laboratory canines.
Results
The NT03-gel demonstrated a sustained intratumoral drug release
of 31% after 24 hours and 81% after 7 days. Combination of
NT03-gel and immunogenic cell death inducing chemo- or radio-
therapy in the CT26 cancer model induced tumor rejection in
>60% compared to 0% of treatment controls. TME analysis dem-
onstrated that NT03-gel in combination with chemotherapy re-
duced intratumoral levels of immunosuppressive myeloid subsets
and improved the cytotoxic T cell (cT) to regulatory T cell ratio
more than nine-fold compared to controls. Additionally, a high
increase of strongly activated CD137+ cTs and intratumoral infil-
tration of central memory cTs was identified. NT03-gel and radio-
therapy increased intratumoral levels of T cell attracting cytokines
and chemokines. Encouragingly, NT03-gel significantly enhanced
anti-PD-1 therapy, indicating that the immune modulating proper-
ties of NT03-gel are attractive for improving immune-checkpoint
therapy. The potential of multitarget therapy was demonstrated
for NT04C-gel, which in combination with radiotherapy induced
100% tumor rejection. Furthermore, 18FDG PET/CT and lung me-
tastasis scoring demonstrated that NT04C-gel in combination with
low-dose radiotherapy of the primary tumor significantly reduced
lung metastasis in the metastatic 4T1 cancer model. Importantly,
the NT03-gel and NT04C-gel were well tolerated in laboratory
beagles during a three-week evaluation period.
Conclusions
By enabling intratumoral sustained drug release, the Immunogel has
the ability to polarize the TME towards an inflamed immunosuppor-
tive state, which is key for improving anti-cancer immunotherapies.
Ethics Approval
All experimental procedures involving animals were approved by The
Danish Animal Experiments Inspectorate.
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Background
To date, pembrolizumab plus axitinib (P+A) and nivolumab plus ipili-
mumab (N+I) are the only immunotherapy combination therapies
demonstrating superior overall survival (OS) compared to sunitinib in
Phase III clinical trials in subjects diagnosed with advanced/meta-
static renal cell carcinoma (mRCC). No head-to-head trial has com-
pared the efficacy of P+A versus N+I in mRCC.
Methods
An anchored matching-adjusted indirect comparison (MAIC) was con-
ducted using individual patient-level data (IPD) from KEYNOTE-426
and pseudo-IPD (digitized KM curves) in the published data from
CHECKMATE-214. To adjust for differences in baseline potential effect
modifiers between these trials, data for subjects from the KEYNOTE-
426 were re-weighted to match the baseline characteristics reported
in CHECKMATE-214. Progression-free survival (PFS) and OS were com-
pared. The analyses were conducted in the intention-to-treat (ITT)
populations and repeated in subjects with intermediate and poor risk
disease (by International Metastatic Renal Cell Carcinoma Database
Consortium [IMDC] criteria).
Results
After matching, P+A resulted in a lower hazard of disease progres-
sion or death than N+I (HR=0.81; 95% CI 0.63, 1.03; p-value = 0.090),
and a lower hazard of death (HR=0.71; 95% CI 0.49, 1.03; p-value =
0.069) than N+I in the ITT populations. In the intermediate and poor
risk populations, P+A resulted in a lower hazard of disease progres-
sion or death (HR=0.84; 95% CI 0.63, 1.12; p-value = 0.238) and a
lower hazard of death (HR=0.75; 95% CI 0.50, 1.11; p-value = 0.148)
than N+I.
Conclusions
Following the adjustment of cross-trial differences, P+A demon-
strated lower hazards in the PFS and OS compared to N+I in both
the ITT, and intermediate and poor risk populations. In the absence
of direct comparison and sufficiently powered studies, these analyses
provide valuable insights on the relative efficacy of P+A versus N+I
for patients, physicians, and payers.
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Background
Talimogene laherparepvec (T-VEC) is an oncolytic HSV-1 approved for the
treatment of melanoma. We previously showed MEK inhibition enhances
T-VEC-mediated immunogenic cell death in human melanoma cell lines in
a BRAF mutation-independent manner. In this study we sought to under-
stand how MEK inhibition and T-VEC promote host anti-tumor immunity.
Methods
Immunocompetent C57/BL6 mice bearing D4M3A melanoma tumors
were treated with an adapted T-VEC encoding murine GM-CSF (mT-
VEC;106 PFU) given by intra-tumoral administration biweekly with or
without MEK inhibitor trametinib (0.1 mg/kg) by oral gavage for 2
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weeks. Tumor growth was measured by calipers and, in some experi-
ments, animals were monitored for survival or collection of tumor
specimens for biomarker assessment. In independent experiments,
treatment was evaluated in mice following depletion of specific im-
mune cell subsets (CD8+ T cells, CD4+ T cells, macrophages and
Batf3+ DCs). Flow cytometry analysis was performed on tumor-
infiltrating lymphocytes using various markers of immune activation
and analyzed by FloJo software (v 10.4). RNA was collected from tu-
mors and subjected to Nanostring gene expression analysis. Statis-
tical comparisons between groups were determined using Student’s
t test and Kaplan-Meier method was used to estimate survival. P
Results
In an immunocompetent murine HSV-1-sensitive D4M3A melanoma
model we observed a significant decrease in tumor growth and in-
creased survival following the addition of trametinib to T-VEC therapy.
Therapeutic activity was associated with recruitment of CD8+ T cells into
the tumor microenvironment and was dependent on both CD8+ T cells
and Batf3+ DCs, as anti-tumor activity was lost when CD8+ T cells, but
not CD4+ T cells or macrophages were depleted, and in treated Batf3-/-
mice. Characterization of the CD8+ T cells revealed early recruitment of
HSV-specific CD8+ T cells followed by melanoma antigen-specific (gp100
and TRP2) CD8+ T cell responses. Gene expression analysis demonstrated
that combination therapy induced an immune-inflamed signature sup-
portive of lymphocyte recruitment and activation within the local tumor
microenvironment. Combination therapy enhanced PD-L1 expression
providing rationale for addition of PD-1 blockade in vivo. In this murine
model, triple combination therapy with trametinib, T-VEC and anti-PD-1
was associated with significant improvement in therapeutic effectiveness
and resulted in 80% overall survival. Finally, re-challenge with D4M3A in
surviving mice demonstrated complete protection suggesting develop-
ment of long-term anti-tumor memory.
Conclusions
Oncolytic virus immunotherapy is improved by MEK inhibition and ap-
pears to sensitize tumors to immune checkpoint blockade. These studies
support clinical translation of this combination approach into the clinic.
Ethics Approval
The study was approved by Rutgers University IACUC.
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Background
Indoleamine 2,3-dioxygenase (IDO1) and tryptophan 2,3-dioxygenase
(TDO2) are key immunoregulatory enzymes that catabolize the essen-
tial amino acid tryptophan (Trp) to kynurenine (Kyn), an immunosup-
pressive metabolite. Kyn accumulation exerts immunosuppressive
effects by preventing effector T-cell differentiation and enhancing regu-
latory T-cell (Treg) activity, thereby creating and sustaining a hostile
tumor microenvironment and providing a mechanism of tumor escape
from anti–PD-1/PD-L1 blockade. Preclinical data show IDO1 inhibitors
have single-agent antitumor activity. In human cancers, tumor expres-
sion of IDO1 and TDO2 is distinct and does not completely overlap.
Therefore, dual inhibition of IDO1 and TDO2 could provide a broader
antitumor effect in a wider range of tumors. The preclinical rationale
and testing of M4112, a highly selective, dual inhibitor of IDO1/TDO2 is
presented and shows enhancement of immune function and antitumor
activity in various in vitro and in vivo models.
Methods
One-way, mixed lymphocyte reaction (MLR) assays were performed
on human peripheral blood mononuclear cells and mature dendritic
cells treated with different concentrations of M4112 in combination
with avelumab, a fully human anti–PD-L1 IgG1 antibody, to measure
interferon-gamma (IFN-gamma) levels [1]. Naive mice or CT26-KSA
and MC38 colon carcinoma mouse models were used for pharmaco-
kinetic and pharmacodynamic and antitumor activity studies. Mea-
surements of M4112, Kyn, and Trp levels in the plasma, liver, and
tumor were performed after treatment with M4112 alone or in com-
bination with avelumab. The CANScript tumor explant platform,
which predicts potential antitumor effects using an M score [2], was
used on 20 fresh human head and neck squamous cell carcinoma
(HNSCC) tumor samples. Supernatants were measured for Kyn, Trp,
and cytokine levels after 72 hours of M4112 or avelumab treatment
alone and in combination.
Results
In combination with avelumab, M4112 treatment increased IFN-gamma
production, indicating enhanced T-cell activation. Kyn levels and the Kyn/
Trp ratio were also reduced in mouse and human tumor explant models.
Treatment with M4112 in combination with avelumab led to reduced
tumor volumes in syngeneic tumor models. In addition, M4112 exhibited
antitumor effects in 4 (20%) and 7 (35%) of 20 HNSCC tumor explants as
a single agent and in combination with avelumab, respectively.
Conclusions
The dual-selective IDO1/TDO2 inhibitor, M4112, in combination with
avelumab enhanced antitumor activity in mouse and human tumor
models and normalized systemic Kyn/Trp levels. Thus, M4112 repre-
sents a promising therapeutic agent targeting both the IDO1 and
TDO2 immunosuppressive pathways.
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Background
Glioblastomas are among the most lethal of cancers [1], and antibodies
against the programmed cell death protein 1 (anti-PD-1) represent a prom-
ising immunotherapeutic strategy. However, significant numbers of glio-
blastoma patients fail to respond to anti-PD-1 [2,3]. Recent studies suggest
that p53 participates in immune regulation [4,5], and we have shown that
SGT-53, a novel nanomedicine for TP53 gene therapy, can enhance both
innate and adaptive immune responses against a variety of tumor types
[6,7]. SGT-53 is a liposome encapsulating the normal TP53 gene that targets
tumors via an antibody fragment recognizing the transferrin receptor. SGT-
53 has completed Phase I & Ib trials [8.9] is now in Phase II clinical trials.
Not only does systemically administered SGT-53 target cancer cells with
specificity, but it can also actively ferry its payload across the endothelial
cells that constitute the blood-brain barrier (BBB) [10]. We therefore hypoth-
esized that adding SGT-53 to anti-PD-1 would be more effective against
glioblastomas than checkpoint blockade monotherapy .
Methods
We evaluated whether SGT-53 could augment anti-PD-1 therapy for
murine glioblastomas (GL261) grown subcutaneously or intracranially
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in syngeneic mice. We examined a number of biological markers of
immune responses and monitored expression of immune-relevant
genes after mice bearing glioblastomas were treated with SGT-53 or
anti-PD-1 or the combination of these therapeutic agents.
Results
Adding SGT-53 to anti-PD-1 immunotherapy resulted in increased intratu-
moral infiltration of immune effector cells and altered expression of a
number of genes related to immune responses. SGT-53 triggered
changes in both innate and adaptive immune responses and caused im-
munogenic changes that included elevated tumor expression of CRT,
FAS, PD-L1, ICAM1 and MHC I. SGT-53 also markedly modified the previ-
ously immunosuppressive microenvironment of tumors. Importantly, the
combination treatment restored T-cell effector function and increased
CTLs within tumor (Figure 1), which was correlated with inhibition of sub-
cutaneous and intracranial tumor growth (Figures 2 & 3, respectively) as
well as a survival benefit in mice bearing intracranial glioblastomas.
Conclusions
Tumor-targeted p53 gene therapy via SGT-53 was able to augment
anti-PD-1 immune checkpoint blockade and convert mouse syngeneic
glioblastoma tumors that were unresponsive (immunologically “cold”
tumors) into tumors that were more responsive to anti-PD-1 immuno-
therapy. These findings suggest that SGT-53 has potential to enhance
the efficacy of checkpoint blockade and thereby provide for improved
outcomes for patients with glioblastomas. Our observations provide
compelling motivation to test the combination of SGT-53 and a check-
point inhibitor in the context of a clinical trial for glioblastoma.
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Background
Around 10% of breast cancer cases are attributed to genetic disor-
ders like mutations in BRCA-1/2 genes. Targeted therapy of BRCA-
deficient cancers has been achieved using poly(ADP-ribose) polymer-
ase (PARP) inhibitors, which block BRCA-independent DNA repair.
Methods
To study the effect of this common mutation on tumor biology in
general and specifically the immunological landscape of the tumor
microenvironment, we knocked out the BRCA1 gene in the murine
EMT6 breast cancer cell line. Subsequently, we analyzed the tumor
infiltrating lymphocyte (TIL) population and the cytokine profiles in
serum of tumor bearing animals.
Results
The percentage of TILs (=CD45+ cells) was similar in both lines
(33.0% vs 29.6%, BRCA1-/- vs BRCA1wt ). Nevertheless, a more de-
tailed analysis of the TIL subpopulations revealed higher percentages
for gMDSC and M2 macrophages in the EMT6/BRCA1-/- line. The ana-
lysis of 23 cytokines showed a significant down regulation of 22 cyto-
kines in the EMT6/BRCA1-/- bearing animals. Solely, G-CSF was
significantly upregulated in the mutated cell line (multiple t-test, p<
0.001). With the objective to elucidate more in detail the biology be-
hind the differences in cytokine levels and TIL distribution, we inves-
tigated the influence of different PARP and checkpoint (CP) inhibitors
on both parameters. Both lines showed distinct TIL and cytokine pro-
files under treatment. In the EMT6/BRCA1-/- the TIL population de-
creased under PARP inhibitor monotherapy (Talazoparib) but
increased significantly under treatment with CP inhibitors anti CTLA-
4 and anti PD-1 in monotherapy as well as in combination with Tala-
zoparib (Kruskall-Wallis test, p< 0.005). In contrast, the TIL frequency
in the EMT6/BRCA1wt model was similar in all treatment arms. Differ-
ences in the TIL composition were mainly detected in the NK and
gMDSC cell fraction which were upregulated under treatment includ-
ing Talazoparib specifically in the EMT6/BRCA1-/- model. The TIL ana-
lysis in the EMT6/BRCA1wt tumors showed no differences in the
individual subpopulations although the observed antitumoral activity
of anti CTLA-4 as well as anti PD-1 in this model (tumor reduction of
>60% as compared to untreated control). In line with the enhanced
NK cell numbers under therapy was the fact that serum levels of
RANTES and IL-2 were enhanced under treatment in EMT6/BRCA1-/-
bearing animals.
Conclusions
Further studies using microdialysis as read-out will give additional in-
formation on the influence of the BRCA1 gene knockout and the
resulting modulation of the tumor microenvironment and will help
to elucidate the tumor biology and clinical relevance behind these
findings.
Ethics Approval
The study was approved by the local authorities (Regierungspräsi-
dium Freiburg; Germany) approval number G17-78
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Background
Cancer immunotherapy using immune checkpoint inhibitors has sig-
nificantly improved the clinical outcomes of patients with multiple
aggressive and advanced-stage cancers. Despite its enormous suc-
cesses, the overall response rates of immune checkpoint inhibitor as
a monotherapy remain suboptimal, especially in treating breast can-
cers. In order to improve the efficacy of cancer immunotherapies,
there is an increased interest in combining immune checkpoint in-
hibitors with targeted agents to enhance antitumor effects. Previous
studies have shown that anti-angiogenic drugs that suppress tumor
vasculatures can improve the therapeutic effect of immune check-
point blockades in preclinical models of human cancer. However, the
exact mechanism of action of such synergism is unclear and how the
two treatment modalities should be administered in terms of dosing
and sequencing to produce the optimal response remains unknown.
In the present study, we investigate the antitumor effect of com-
bined blockade of vascular endothelial growth factor receptors 2
(anti-VEGFR2) and programmed death (PD-1) in murine breast cancer
models as well as in a phase II trial.
Methods
We tested the combination of anti-PD-1 with different dose of
VEGFR2-targeting antibody in syngeneic breast cancer mouse
models. Tumor infiltrated immune cell subsets were profiled by flow
cytometry. A cytokine array was carried out to identify mechanism of
the synergy between the two modalities. The efficacy of this combin-
ation was further evaluated in advanced triple-negative breast cancer
(TNBC) patients.
Results
Antibody targeting VEGFR2 sensitizes breast tumors to PD-1 block-
ade in a dose-dependent manner. Although both conventional and
low-dose anti-VEGFR2 antibody treatments normalize tumor vessels,
low-dose VEGFR2 blockade results in more robust immune cells infil-
tration and activation, and promotes the secretion of osteopontin
(OPN) by CD8+ T cells. OPN subsequently induces tumor cell produc-
tion of TGF-ß, which in turn upregulates PD-1 expression on immune
cells. In advanced TNBC patients, combined low-dose anti-VEGFR2
and anti-PD-1 treamtnets demonstrated excellent tolerability and effi-
cacy with a doubling of progression free survival as compared to his-
torical anti-PD-1 trials. Tissue analyses further revealed that higher
OPN and TGF-β expressions were correlated with improved clinical
responses in patients.
Conclusions
Taken together, these results demonstrate that a dose-dependent
synergism exists between anti-angiogenic therapy and immune
checkpoint blockade, thus providing important insights into identify-
ing the optimal strategies to combine immunotherapy with molecu-
lar targeted agents.
Trial Registration
NCT03394287
Ethics Approval
All patient-related procedures were performed with the approval of
the Internal Review and the Ethics Boards of the Sun Yat-sen Memor-
ial Hospital. All animal studies were reviewed and approved by the
Institutional Animal Care and Use Committee of UT Southwestern
Medical Center and Sun Yat-sen University.
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Background
The treatment landscape has drastically changed in mRCC, moving
from anti-VEGF therapies to an immunotherapeutic approach in the
first line setting for IMDC intermediate or poor risk mRCC. Combining
anti-VEGF and anti-PD-1 or anti-PDL-1 therapies have shown survival
improvements in mRCC, leading to approvals for first-line axitinib-
pembrolizumab and axitinib-avelumab [1,2]. Cabozantinib and nivo-
lumab (cabo/nivo) is also a safe option in phase 1 trials with some
durable responses [3]. We evaluated the outcomes of patients who
received cabo/nivo for mRCC refractory to immunotherapy alone.
Methods
A retrospective analysis was performed of patients with mRCC
treated with ipilimumab and nivolumab (ipi/nivo) and subsequently
with cabo/nivo at Duke Cancer Center between September 2017 and
February 2019. Patient outcomes were collected including demo-
graphic information, treatment details, responses, and frequency of
adverse events. The cohort of patients treated with the cabo/nivo
combination is presented here.
Results
Eighty-six patients were treated with ipi/nivo for mRCC and of
these patients, 34 patients also received cabozantinib, either
alone or in combination with nivolumab. Nine patients received
cabozantinib prior to ipi/nivo, and 14 patients received cabozanti-
nib after ipi/nivo, and 10 patients received combination therapy
with cabo/nivo. Of the ten patients who received combination
cabo/nivo, 2 were favorable risk, 6 were intermediate risk, and 2
were poor risk. One patient had progressive disease, 2 patients
had stable disease, 3 patients had a partial response (50% re-
sponses), and 4 patients were unevaluable due to insufficient fol-
low up. Eight of 10 patients had treatment ongoing at the time
of data collection.
Conclusions
Progression on immunotherapy alone did not appear to confer resist-
ance to cabo/nivo treatment for five of the six patients who had a dis-
ease response assessment. Phase III studies COSMIC-313 and Alliance
A031704 (PDIGREE) are ongoing to evaluate cabozantinib in combin-
ation or in sequence to ipilimumab immunotherapy.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is a lethal disease, ac-
counting for 338,000 new cases worldwide with a 5-year survival rate
of less than 10%. Despite progress with new treatments, PDAC re-
mains indomitable. New therapeutic strategies that are tumor-
specific, relieve tumor-associated immunosuppression and modulate
tumor stroma for the efficient delivery of chemotherapeutics are ur-
gently required. Abundant evidence suggests a reciprocal relation-
ship between allergies and pancreatic cancer. Distinct immune
surveillance in allergic individuals might enhance immune protection
against cancer [1-2]. We investigated a novel immunotherapeutic
strategy to trigger a tumor antigen-specific allergic phenotype in a
pre-clinical model of pancreatic cancer.
Methods
Using a combination of humanized anti-MUC1.IgE, anti-PD-L1, and
PolyICLC, we investigated the efficacy of this unique triple com-
bination in a pre-clinical model of pancreatic cancer using trans-
genic mice expressing human MUC1 and FcεRI (hMUC1/hFcεRI).
IgE antibody against prostate-specific antigen (anti-PSA.IgE) and
anti-MUC1.IgG was employed as controls. In parallel, transgenic
mice for only hMUC1 or hFcεRIα were utilized as additional con-
trols. We also performed immuno-depletion studies and analysis
of tumor-infiltrating lymphocyte (TIL) from treated mice to inves-
tigate the role of innate (NK cells) and adaptive immune players
(CD8 T cells) in providing protective benefits of derived from the
combination therapy. In parallel, we performed a phospho-
proteomic screen to elucidate the mechanism through which our
proposed therapy harnesses NK cell-mediated anti-tumor immune
response against pancreatic tumors.
Results
We noted that combined immunotherapy with a humanized IgE di-
rected towards a tumor antigen expressed on pancreatic adenocar-
cinoma (MUC1), PolyICLC, and anti-PD-L1 induces antigen-specific
cellular immune responses that mediate rejection of tumor cells in a
pre-clinical model of pancreatic cancer. Our initial mechanistic stud-
ies suggest that effector mechanisms for anti-MUC1.IgE includes in-
duction of ADCC by NK cells and activation of antigen-specific CD8
cytotoxic T lymphocytes (CTLs). Furthermore, we noted that the anti-
MUC1. IgE-combination treatment promotes intra-tumoral NK cell ac-
tivation and increased CD103+ DCs proportions inside the tumor,
which were reversed upon NK cell depletion. Also, we noted the acti-
vation of SMAD1, but not SMAD3, pathways in NK cells post-
treatment with anti-MUC1.IgE-based combination.
Conclusions
Taken together, this is the first study to show that specific stimula-
tion of the IgE/FcεRIα axis in combination with PolyICLC and anti-PD-
L1 can activate CD8 T cell and NK cell effector pathways and provide
long-lasting tumor-protective benefits against pancreatic cancer. Our
study provides preliminary evidence for the clinical applicability and
rapid translation of an anti-MUC1.IgE based combination therapy
against pancreatic cancer.
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Background
The role of B cells in tumor immunity is poorly understood due to their
conflicting roles that augment and suppress anti-tumor responses. For
example, B cells can augment T-cell responses against tumor challenge
as antigen presenting cells, while B cells can also blunt anti-tumor re-
sponses by developing neutralizing antibodies against therapeutic anti-
bodies. In the context of targeted immunotherapy using antibody-
based therapeutics, an important question arises as to whether B cells
are necessary for eliciting an anti-tumor immune response.
Methods
We use two different clones of anti-PD-L1 antibody, 10F9G2 and
MIH5, which are rat IgG2b and rat IgG2a, respectively, in conjunction
with a mouse anti-mouse 4-1BB antibody. CT26 tumors were im-
planted subcutaneously in BALB/c mice or genetically B-cell deficient
JH-/- mice. Binding affinity measurements were performed on BIA-
Core. For flow cytometry, tumor, spleen and lymph nodes were har-
vested at different times after the last dose, dissociated and assayed
for different immune cell markers. For single-cell RNASeq, mouse
PBMCs were isolated and analyzed using the 10x Genomics platform.
Results
In vivo and in vitro pharmacokinetic studies revealed that MIH5 clone
had better bioavailability than the 10F9G2 clone which is attributed
to its higher binding affinity to FcRn. Combination treatment with
the MIH5 clone resulted in superior antitumor efficacy when com-
pared to using the 10F9G2 clone in wild type and JH-/- mice. How-
ever, for a given combination, JH-/- mice showed consistently poorer
efficacy than wild type mice. More specifically, in the absence of B
cells CD8+ T-cell expansion in the tumor was diminished and mem-
ory T-cell development was systemically impaired. We also report
that B cells are required for reciprocal crosstalk activation between 4-
1BB and PD-L1 signaling pathways which could augment the syner-
gistic response of combination therapy. Results from single cell RNA-
Seq suggest that B cells promote T-cell mediated tumor immunity
through the production of cytokines that increase antigen processing
and presentation, and support T-cell activation, proliferation and
differentiation.
Conclusions
Our results reveal an underappreciated role of B cells in T-cell targeted
cancer immunotherapy. They also underscore the importance of serum
persistence of therapeutic antibodies in mediating anti-tumor immunity.
Ethics Approval
All experimental animal procedures complied with the Guide for
the Care and Use of Laboratory Animals (Institute for Laboratory
Animal Research, 2011) and were approved by the Pfizer Global
Research and Development Institutional Animal Care and Use
Committee (IACUC)
P529
A tumor microenvironment-recognizable polymeric conjugate for
antigen delivery and cancer immunotherapy
Jung Min Shin, Seok Ho Song, Jae Ah Lee, Jae Hyung Park, PhD
Sungkyunkwan University, Suwon-si, Korea
Correspondence: Jae Hyung Park (jhpark1@skku.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P529

Background
Cytotoxicity T cells play central roles in destroying cancer cells in can-
cer immunotherapy, which is similar to immunological rejection [1].
However, in many cancer types, cancer cells are able to avoid recog-
nition of cytotoxic T cells because they present self-antigen on the
cell surface [2]. In this study, we designed polymeric conjugate which
can cause foreign-antigen presentation by delivering foreign antigen
to the cancer cells for recognition of cancer cell by cytotoxic T cells.
Methods
We conjugated ovalbumin (OVA), a model foreign antigen, to bio-
compatible hyaluronic acid (HA) via simple reductive amination
method. The surface of HA was coated with polyethylene glycol
(PEG) containing tumor microenvironment-sensitive linker. The poly-
meric conjugate was then used to demonstrate in vitro and in vivo
foreign antigen presentation and cancer cell death by cytotoxic T
cells.
Results
The OVA contents in the polymeric conjugate were 13.2 wt.% deter-
mined by BCA assay. Cellular uptake study revealed that the polymeric
conjugate can deliver antigen into the cancer cells and cause antigen
presentation as well. In the tumor-bearing mice model, the polymeric
conjugate has been shown to accumulate at significant levels in tumor
tissue, thus leading to effective in vivo antigen presentation.
Conclusions
In this study, we synthesized model foreign antigen-bearing poly-
meric conjugate. The polymeric conjugate showed a significant anti-
cancer effect in tumor-bearing mice model. Therefore, it is suggested
that the foreign antigen delivery system might be an alternative for
cancer immunotherapy.
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Background
Although immune checkpoint blockade (ICB) may result in clinical
benefit for a subset of cancer patients, multiple mechanisms of resist-
ance can impair optimal response. The catabolism of Tryptophan
(Trp) by the enzymes IDO or TDO is a frequent phenomenon that
plays a suppressive role in tumor immunity. Accumulation of the Trp
metabolite L-Kynurenine (Kyn) was shown to act as agonist of the
aryl hydrocarbon receptor (AHR) and that its activation promotes im-
munological tolerance.
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Methods
Here by using pre-clinical models of melanoma and analysis of clin-
ical samples we sought to characterize the mechanisms of immune
suppression associated with the AHR pathway and to evaluate its po-
tential as therapeutic target.
Results
RNAseq analysis of human cancers revealed an up-regulation of Kyn-
degrading enzymes in patients responsive to PD-1 blockade. Also,
we observed a correlation between the expressions of Kyn-AHR path-
way genes with a TGF-β immune signature and markers associated
with immunotherapy resistance (PD-1, FOXP3, CD206). We found that
the overexpression of IDO or TDO in a pre-clinical model of melan-
oma (B16-F10) promoted CD8+ T cell dysfunction and accumulation
of M2-TAMs and Tregs with an activation of the AHR pathway and
enhanced suppressive function. Moreover, IDO-Kyn-AHR-mediated
tumor progression was dependent on an interplay between Tregs
and TAMs, which could be reversed by selective inhibition of the
AHR. Treatment of IDO/TDO-expressing but not wild-type tumor
models with a selective AHR antagonist delayed tumor growth, and
its efficacy was further improved with PD-1 blockadeRNAseq analysis
of human cancers revealed an up-regulation of Kyn-degrading en-
zymes in patients responsive to PD-1 blockade. Also, we observed a
correlation between the expressions of Kyn-AHR pathway genes with
a TGF-β immune signature and markers associated with immunother-
apy resistance (PD-1, FOXP3, CD206). We found that the overexpres-
sion of IDO or TDO in a pre-clinical model of melanoma (B16-F10)
promoted CD8+ T cell dysfunction and accumulation of M2-TAMs
and Tregs with an activation of the AHR pathway and enhanced sup-
pressive function. Moreover, IDO-Kyn-AHR-mediated tumor progres-
sion was dependent on an interplay between Tregs and TAMs, which
could be reversed by selective inhibition of the AHR. Treatment of
IDO/TDO-expressing but not wild-type tumor models with a selective
AHR antagonist delayed tumor growth, and its efficacy was further
improved with PD-1 blockade
Conclusions
In summary, our findings demonstrate that targeting the Kyn path-
way through AHR inhibition could overcome key suppressive mecha-
nisms and sensitize otherwise immune resistant tumors to PD-1
blockade.
Ethics Approval
All mice were maintained in microisolator cages and treated in ac-
cordance with the NIH and American Association of Laboratory Ani-
mal Care regulations. All mouse procedures and experiments for this
study were approved by the MSKCC Institutional Animal Care and
Use Committee.
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Background
An in-depth understanding of immune escape mechanisms in cancer
are likely to lead to innovative advances in immunotherapeutic strat-
egies. However, our understanding of these mechanisms driving both
primary and secondary immunotherapy resistance remains incomplete.
While many groups have described the role of NOD-, LRR- and pyrin
domain-containing protein-3 (NLRP3) as a sensor for pathogen-derived
danger signals by antigen-presenting cells in the innate immune sys-
tem, relatively little is known about the contribution of NLRP3 to
tumorigenesis and its role in modulating tumor responses to immuno-
therapy has not been explored
Methods
Several pre-clinical syngeneic and transgenic tumor models, an au-
tologous humanized mouse tumor model, and clinical plasma and
tumor specimens derived from advanced melanoma patients were
utilized to investigate the genetic and cellular alterations of tumors
escaping anti-PD-1 antibody immunotherapy.
Results
Using several pre-clinical tumor models, we have determined that
granulocytic myeloid-derived suppressor cells (PMN-MDSCs) accumu-
late within progressing tumors undergoing treatment with anti-PD-1
antibody (ab) immunotherapy. This PMN-MDSC recruitment effect
was found to be due to an autocrine Wnt5a-dependent upregulation
of CXCR2 chemokines in tumor tissues. After additional study, we de-
termined that this pathway was induced by HSP70-TLR4 stimulation
and occurred in response to cytolytic CD8+ T cell activation. Using
genetic and pharmacologic approaches we have found that this
tumor-intrinsic signaling cascade is triggered by a PD-L1-dependent
activation of the NLRP3 inflammasome via a STAT3-PKR signaling
axis. This mechanism requires CD8+ T cell activation and IFN-gamma
expression. However, treatment with chemotherapy or anti-CTLA-4
ab immunotherapy failed to induce a similar effect. Genetic ablation
and pharmacologic inhibition of NLRP3 suppresses PMN-MDSC re-
cruitment and enhances the efficacy of ant-PD-1 ab immunotherapy
in an autochthonous model of BRAF(V600E) melanoma. We then
sought to validate this pathway in clinical specimens where we
found elevations in various myeloid markers and CXCR2 chemokines
in tumor tissues as well as an increase in plasma HSP70 levels in
non-responding melanoma patients progressing through anti-PD-1
ab immunotherapy.
Conclusions
This work reveals a tumor-intrinsic PD-L1-NLRP3 inflammasome sig-
naling pathway triggered by CD8+ T cell activation that ultimately
drives adaptive resistance to anti-PD-1 immunotherapy by promoting
the recruitment of PMN-MDSCs to the tumor bed. The identification
of the key PD-L1-STAT3-PKR-NLRP3 signaling axis responsible for this
mechanism provides insight into promising strategies for augment-
ing the efficacy of checkpoint inhibitor immunotherapy as well as for
monitoring the management of cancer patients undergoing these
therapies. NLRP3 inhibitors represent promising agents for future
anti-PD-1 combination clinical trials.
Ethics Approval
This study utilized clinical specimens derived from ongoing tissue ac-
quisition protocols approved by the Institutional Review Boards at Duke
University Medical Center (IRB approval number Pro00059349) and
Vanderbilt University Medical Center (IRB approval number 100178).
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Background
Associations between modifiable factors (e.g., adiposity) and immu-
notherapeutic efficacy remain uncertain. Preclinical studies suggest
increased adiposity improves response rates to immune checkpoint
blockade; however, few studies control for diet effects between
chow-fed lean and high-fat diet-induced obese (DIO) mice. We found
previously that DIO reduces the efficacy of an immunotherapy
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consisting of replication-deficient adenovirus (Ad) encoding tumor-
necrosis factor-related apoptosis-inducing ligand (TRAIL) (AdT) plus
class B oligonucleotides (CpG1826) in renal tumor-bearing mice [1].
To eliminate the compounding effects of diet and explore if therapy
response can be improved in DIO mice, the current study evaluated
response rates to AdT/CpG combined with anti-cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) in diet-matched obese-
resistant (OBR) versus DIO mice.
Methods
BALB/c mice were administered a high-fat diet for 20-weeks. Following
diet administration, mice were characterized as either OBR or DIO, as
previously described [2]. DIO mice possess hallmarks of obesity, includ-
ing increases in systemic glucose, insulin, and leptin; whereas, OBR
mice display phenotypic characteristics similar to chow-fed, lean con-
trols. Mice were injected orthotopically with Renca-Luc renal cancer
cells into the left kidney. At day seven post-tumor challenge, mice were
randomized to receive saline or AdT/CpG injected intra-tumorally,
followed by isotype control (n=7-9/group) or anti-CTLA-4 therapy (n=
12/group). At day 21 post-tumor challenge, immunogenetic profiling of
whole-tumors was performed via nanoString and tumor-infiltrating
lymphocytes were characterized by flow cytometry.
Results
Both OBR and DIO therapy-treated mice had significant reductions in
tumor weight compared to therapy-free controls (66% reduction for
OBR; p=0.001 versus 55% reduction for DIO; p=0.007). However, ther-
apy was effective in 75% of OBR mice compared to 50% of DIO mice.
Over 30 differentially expressed genes were shared between OBR
and DIO therapy-treated responders compared to therapy-free con-
trols. A third of these “responder” genes were related to T cell func-
tion or migration (e.g., Cd8a, CD274, Icos, Icosl, Zap70, Cxcr3, Xcr1,
Il16). Cellular analyses demonstrated that OBR therapy-treated re-
sponder mice had a greater percentage of tumor-infiltrating acti-
vated (CD44+) CD8+ T cells compared to DIO therapy-treated
responder mice (p=0.004); however, CD8+ T cell IFNγ production and
PD-1 expression were comparable between these groups.
Conclusions
When controlling for diet, increased adiposity reduced the response rate
to combinatorial anti-CTLA-4 based therapy. However, both OBR and DIO
therapy-treated responder mice shared immunogenetic and T cell pro-
files independent of weight status. To improve treatment strategies, fu-
ture studies are needed to understand the mechanistic drivers of the
differential response rates to immunotherapy observed with obesity.

Acknowledgements
Research reported in this abstract was supported by The National Institutes
of Health (NIH) Grant #5R01CA181088 to LAN. WJT is supported by The
Research Training Program in Basic and Translational Oncology
(T32CA183926), The University of Alabama at Birmingham School of
Medicine Department of Medicine, Division of Hematology and Oncology,
Birmingham, AL. RMO is supported by The Cancer Prevention and Control
Program (T32CA047888), The University of Alabama at Birmingham,
Birmingham, AL. JTG is supported by The Training Program in Cell, Molecular,
and Developmental Biology (T32GM008111), The University of Alabama at
Birmingham, Birmingham, AL.

References
1. James, B.R., Tomanek-Chalkley, A., Askeland, E.J., Kucaba, T., Griffith, T.S., Norian,

L.A. Diet-Induced Obesity Alters Dendritic Cell Function in the Presence and
Absence of Tumor Growth. J Immunol. 2012; 189:1311-1321.

2. Boi, S.K., Buchta, C.M., Pearson, N.A, Francis, M.B., Meyerholz, D.K., Grobe, J.L.,
Norian, L.A. Obesity Alters Immune and Metabolic Profiles: New Insight from
Obese-Resistant Mice on High-Fat Diet. Obesity. 2016; 24(10):2140-2149.

Ethics Approval
All animal procedures were approved by the Institutional Animal Care and

Use Committee (IACUC) at the University of Alabama at Birmingham,
approval number 20233.
Combination Treatments

P533
The genomic architecture of serous carcinomas shapes the tumor
microenvironment and modulates responses to targeted and
immunotherapies
Sonia Iyer, PhD1, Shuang Zhang2, Anniina Farkkila3, David Pepin4, Raghav
Mohan4, Sean Smith5, Tian Xia1, Ferenc Reinhardt6, Tony Chavarria6,
Esmee Hoefsmit6, Shailja Pathania7, Yunlan Zhou3, Kevin Elias8, Benjamin
Neel2, Robert Weinberg, PhD1

1Whitehead Institute for Biomedical Research, Cambridge, MA, United States
; 2NYU-Langone Medical Center, New York, NY, United States ; 3Dana-
Farber Cancer Institute, Boston, MA, United States ; 4Massachusetts General
Hospital, Boston, MA, United States ; 5Massachusetts Institute of
Technology, Cambridge, MA, United States ; 6Whitehead Institute for
Biomedical Resea, Cambridge, MA, United States ; 7University of
Massachusetts, Boston, MA, United States ; 8Brigham and Women's
Hospital, Boston, MA, United States
Correspondence: Sonia Iyer (iyers@wi.mit.edu), Robert Weinberg
(weinberg@wi.mit.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P533

Background
The cornerstone of the existing treatment of high-grade serous ovarian
cancer (HGSOC) is DNA-damaging chemotherapy; however, practically all
patients eventually develop the progressive disease and the 5-year sur-
vival is only 40%. Immunotherapy would seem to be an attractive alter-
native treatment to chemotherapy, yet existing immunotherapies
perform poorly in ovarian cancer, with only ~10% of patients responding
to checkpoint-blockade. Why this is the case remains poorly understood
and there is a pressing need to understand the underlying biology of im-
mune evasion in ovarian cancer. Unfortunately, the preclinical tools re-
quired to explore the relationship between the types of DNA damage
repair deficiencies and immune evasion have been lacking. Hence, we
have modeled the biology of ovarian cancer using patient-relevant muta-
tional landscapes in an immune-proficient, syngeneic-mouse model to
help us identify the contribution of common driver mutations to the im-
mune repertoire in the tumor microenvironment, and thus to responses
of HGSOC tumors to immunotherapy.
Methods
We hypothesize that the immune composition and gene expression
signatures of the resulting tumors will vary based on the combination
of genetic alterations and the DNA repair proficiency of the trans-
formed cells. To this end, we have engineered novel syngeneic mouse
models from murine fallopian tube epithelium using CRISPR/Cas9 tech-
nology. These tumors capture the most common combinations of co-
occurring mutations observed in patients. These models can identify
the contribution of common driver mutations to the heterotypic inter-
actions between cancer and stromal/immune compartments and
examine how DNA repair proficiency contributes to immunogenicity.
Results
To validate the DNA repair proficiency of the transformed cells, we mea-
sured Rad51 nuclear focus formation after ionizing radiation (IR) and PARP-
inhibitor and DNA-damaging-agent sensitivity. The HR-deficient cell lines
had significantly fewer Rad51 nuclear foci and were more sensitive to
PARP-inhibition in comparison to HR-proficient cells. Initial immune /stromal
analysis using flow cytometry, scRNAseq transcriptomic and immunofluor-
escence analysis revealed substantial differences in the myeloid and T-cell
regulatory compartments between HR-proficient and -deficient primary
and metastatic tumors and within the ascitic fluid. Preliminary results also
suggest that inhibition of the DNA damage response, checkpoint kinase 1
in combination with immune checkpoint inhibitors, potentiates antitumor
effects and augments cytotoxic T-cell infiltration.
Conclusions
These results reveal how common mutational drivers determine the micro-
environment of the tumor and its response to treatment. Understanding
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the genetic basis of these complex cellular interactions will be critical to
better tailor combinations of existing targeted treatments and immunother-
apies in ovarian cancer to fight this devastating disease.

Data Sharing, Handling, and Access
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Background
Characterization of heme malignancies, particularly in response to therap-
ies, requires detailed monitoring and analysis of changes to patient im-
mune subsets. New high-dimensional cytometry technologies have
expanded the depth of data that can be collected, and several clustering al-
gorithms have been described to improve the consistency and efficiency
of associated data analysis. However, few studies have described a pipeline
that is user friendly to immunologists and compared such results to vali-
dated data generated with manual gating by experts in the field. Here, we
detail a flow analysis pipeline, ASAP, and demonstrate its precision and ac-
curacy on data from a published study of over 200 clinical samples [1].
Methods
ASAP was built on several existing R packages (flowCore, flowPeaks,
ggcyto, uwot) and makes use of marker enrichment modeling (MEM)
scores for cell subset classification [2]. The pipeline performs data for-
matting and manages intermediate inputs and outputs to provide a
seamless user experience. Starting with 3 input files defining panel in-
formation, preprocessing settings, and fcs files, ASAP performs prepro-
cessing which includes data transformation, applying compensation,
and removal of debris, doublets, and dead cells. Processed files are
then clustered by cell markers and assigned to subsets based on MEM
scores. ASAP automates the tabulation and visualization of user-
defined and novel cell types. Results produced by ASAP were bench-
marked with results from manual gating of a 16-color panel [1].
Results
Results produced by ASAP are highly concordant with those produced
by expert manual gating, r2=0.98 (Figure 1). This high correlation is ob-
served for major immune subsets with strong marker expression, nearly
independent of cell frequency, ranging from 1%–90%. Analytical vari-
ability from 14 repeated acquisitions of the same human peripheral
blood mononuclear cell sample on multiple days was low (interquartile
range <10% median frequencies) and within the expected inter-
experiment variability (Figure 2). The typical runtime of ASAP is less
than 30 minutes for a study of 20 samples at 200,000 events/sample,
and less than 5 hours for a large study of 150 samples at 3 million
events/sample. In comparison, the manual analysis and quality control
of the same dataset would require approximately 500 hours.
Conclusions
ASAP enables the automated analysis of flow cytometry data from large
studies with precision, accuracy, and reproducibility comparable to the
gold standard of expert manual gating. The automation of such a pipe-
line allows high consistency of gating and immune cell classification,
which facilitates objective evaluation of patient response over time.
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Background
Orbital tumour board is a multidisciplinary approach towards
ophthalmic cancer management, where relevant experts collabor-
ate to manage patients holistically. Studies corroborate the notion
that tumor boards positively affect patient outcomes. However,
there is a scarcity of literature on the influence of orbital tumor
boards globally and about tumor boards in general in Pakistan.
There is no existing literature about orbital tumor boards in
Pakistan. This study aims to assess the impact of tumor boards in
managing ophthalmic cancers.
Methods
A retrospective review of data was carried out on cases that were
presented in the orbital tumor board of Aga Khan University Hospital,
the first orbital tumour board in Pakistan, from its commencement in
August 2017 to May 2018.
Results
Out of a total of 80 patients in the study, 40%(n=32)were female
and 60%(n=48) were male. The age of the patients ranged from
4 months to 78 years, with mean of 30 years. For analysis we di-
vided the patients in three groups according to the nature of the
diagnosis. Group 1 included those who had malignant tumours
40%(n=32), group 2 were those with benign tumours 30%(n=24)
and group 3 was the non tumour group who were eventually
diagnosed with other conditions 30%(n=24). Overall, 31.25% (n=
25) patients had a change in management plan, which was re-
corded, which included 10 patients in the malignant group, 9 in
the benign group and 6 in the non tumour group.
Conclusions
A systematic review of literature has concluded that 54% of studies
stated a change in management plans of at least 10% of patients
post tumor board meetings. In our cohort, 31.25% of the patients
had their treatment modified after tumour board discussion. The
study shows that the management of ophthalmic cancers is influ-
enced positively by tumour board discussions.
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Background
Nivolumab is a fully human immunoglobulin-G4 (IgG4) monoclonal
antibody that selectively inhibits PD-1 activity, and can have various
side effects. Drug-induced subacute cutaneous lupus erythematosus
(SCLE), a unique drug-induced lupus erythematosus (DILE) syndrome,
and is rare. Here, we report a case of SCLE after adjuvant nivolumab
for resected stage IV melanoma.
Methods
A 77-year-old man with history of Stage I melanoma of the fore-
head, developed solitary pulmonary metastasis after 7 years
which was resected with free margins. He began treatment with
adjuvant nivolumab 480 mg every 28 days. Approximately two
weeks after his 4th dose, he developed a pruritic rash limited to
the trunk (Figure 1). This rash was believed to be a non-specific
dermatitis related to nivolumab, and was treated with 6-day
course of methylprednisolone. Although his symptoms initially im-
proved, the rash progressed and he developed papules on the
arms (Figure 2), along with polycyclic patches on the extensor
forearms bilaterally (Figure 3).
Results
Skin biopsies were obtained, revealing interface dermatitis with focal
epidermal pallor and necrosis, along with occasional eosinophils. The
histologic differential included drug-induced erythema multiforme or
DILE. Laboratory testing noted elevated erythrocyte sedimentation
rate, C-reactive protein, positive antinuclear antibody (ANA), elevated
anti-Ro and elevated anti-La antibody titers. Classic drug-induced
lupus and systemic lupus erythematosus markers were negative.
Conclusions
Our case illustrates the development of DILE with SCLE morphology in
a patient without previous history of autoimmune disease with nivolu-
mab. DILE includes several lupus-like syndromes that develop with cer-
tain medication use, and resolve once discontinued. Histopathologic
and autoantibody formation differ among DILE syndromes, though vir-
tually all patients will have a positive ANA. The diagnosis is clinical. Che-
motherapeutic agents are scarcely documented to cause DILE[1].
SCLE is a unique cutaneous variant of DILE. Skin lesions are generally
annular, polycyclic or papulosquamous, and typically involve the upper
trunk and upper extremity extensor surfaces[1]. Autoantibody produc-
tion in SCLE is typical, and associated with high anti-Ro antibodies ti-
ters[2]. Anti-Ro antibodies are neither specific for Sjogrens, nor SCLE,
additionally seen in malignancy and autoimmune liver injury. Symp-
toms may occur at any point during therapy. Treatment, like all DILE, is
discontinuation of offending medication. Additional supportive treat-
ments include photoprotection and topical corticosteroids. Lesions are
expected to resolve in weeks, without scarring[3].
Our patient’s diagnosis was made clinically, with support of path-
ology and autoantibody panels. Nivolumab has been documented to
cause SCLE in literature at least twice[4,5], however previous patients
developed also other immune-related side effects.
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Background
Retinoblastoma is the most common intraocular malignancy of child-
hood, accounting for 3 - 4% of all pediatric neoplasms. Mortality as-
sociated with retinoblastoma in the developed world is 3% to 5%
whereas in the developing world it is 40%–70%. There is scarcity of
research about retinoblastoma in Pakistan. We aim to study the pres-
entation of retinoblastoma and impact of multidisciplinary manage-
ment and tumor board discussions on its treatment at a tertiary care
hospital in Pakistan
Methods
Retrospective review of retinoblastoma cases from May 2016 to April
2018 at Aga Khan University Hospital.
Results
A total of 35 eyes of 26 patients were studied with 9 presenting with bi-
lateral retinoblastoma. 57.7% (n=15) of the population were males. The
age range was 1 - 84 months (median: 14.5 months). The children pre-
sented from 3 different countries with most (76.9%, n=20) belonging to
medium, upper medium or upper socioeconomic class.
The most prevalent symptom was leucocoria (38.5%, n=10) followed by
decreased visual response (15.4%, n=4), squint (15.4%, n=4) and posi-
tive family history (15.4%, n=4). Most of the eyes (57.1%, n=20) were
Group E on presentation, followed by Group D (20%, n=7) and 17.1%
(n=6) Group B. One eye each presented with Group C and A. All the
eyes that presented with Group A or B were of patients who had bilat-
eral disease with advanced stage in the other eye. 54.3% (n=19) of the
eyes were treated with a combination therapy including enucleation,
focal lasers and systemic chemotherapy, 20% (n=7) with only focal la-
sers and 17% (n=6) with only enucleation. 42.3% (n=11) of the children
presented with heritable traits. One patient (3.8%) did not survive
Conclusions
At our center we see Retinoblastoma in children with diverse back-
ground and majority presented with advanced disease. Multimodal
therapy improved outcome. Awareness needs to be created for early
detection and referral especially in the developing world.
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Background
The evolving melanoma treatment algorithm has highlighted the role
of immune checkpoint inhibitors in treating patients with this cancer.
From the first drug approval in 2011 through today, many changes
have occurred in treatment approaches. Selecting the most appropri-
ate therapy with implementation of monitoring strategies for man-
aging adverse events is vital. The goal of this study was to determine
if participation in an educational activity can improve the proficiency
of oncologists on the application of checkpoint inhibitors in adjuvant
and metastatic melanoma.
Methods
An online continuing medical education (CME)-certified interactive,
text-based activity developed by Medscape Education Oncology and
the Society for Immunotherapy of Cancer included 2 patient cases,
which served as the foundation for interactive questions. Educational
design included a “test, then teach” approach to elicit cognitive dis-
sonance, with evidence-based feedback provided following each
learner response. A repeated pairs pre-/post-assessment study design
with 3 case-based questions and 1 confidence question was used. A
chi-square test assessed differences from pre- to post-assessment. P
values .26 is extensive). The activity was launched online 2/25/19 and
data were collected through 5/8/19.

ayeshabutt21@outlook.com
kparikh@medscape.net


Fig. 4 (abstract P539). Confidence Prescribing Immunotherapy
in Melanoma

Journal for ImmunoTherapy of Cancer Page 22 of 2372019, 7(Suppl 1):283
Results
Participation in education resulted in statistically significant improvements
and an extensive educational effect for oncologists (n=62; P < .001; V
=.342). An average of 41% correctly responded to pre-assessment ques-
tions, increasing to 75% post-assessment. 40% of oncologists reported
greater confidence prescribing immunotherapy in melanoma. Significant
improvements in competency were observed in the following areas:
• Selection of an evidence-based regimen for patients with melanoma
in the adjuvant setting (24% vs 73%, P < 0.001, V = 0.484, Figure 1)
• Identification of the most appropriate regimen for patients with
metastatic melanoma following molecular testing (47% vs 74%, P
<.01, V = 0.280, Figure 2)
• Implementing team-based strategies for monitoring and managing
irAEs (52% vs 77%, P <.01, V = 0.269, Figure 3)
Conclusions
This online interactive, case-based, CME-certified educational activity re-
sulted in significant gains in oncologist competency in identifying and
selecting appropriate treatments for patients with melanoma in the adju-
vant and metastatic setting, and in implementing monitoring and manage-
ment strategies (Figure 4). These results demonstrate the effectiveness of
on-demand education in improving the translation of clinical knowledge
into practice scenarios while improving clinician confidence.
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Background
While platinum-based chemotherapy doublets were the first-line (1L)
standard of care for metastatic non-small cell lung cancer (mNSCLC),
the treatment landscape has recently shifted with the approval of im-
mune checkpoint inhibitors. With the availability of these newer
treatment options, it is important to elucidate the risk:benefit
decision-making with regards to efficacy and toxicities that underlies
oncologists’ real-world practice in mNSCLC. This study aimed to
quantify preferences for attributes associated with immunotherapy
and chemotherapy for mNSCLC among US oncologists.
Methods
Oncologists were recruited via a healthcare research panel to
complete a cross-sectional online survey. Preferences were assessed
in two separate discrete choice experiments (DCEs) where oncolo-
gists chose their preferred option in a series of tasks showing two al-
ternative treatment profiles. The profiles varied based on six
attributes identified in qualitative interviews with oncologists (Table
1). In both DCEs, the attributes were based on 1L treatment of pa-
tients with PD-L1 tumor cell (TC) >=1% and PD-L1 TC >=50% expres-
sion, respectively. A Hierarchical Bayes model was applied to
estimate preference weights for each level of the treatment profile
attributes.
Results
Oncologists (N=216) with an average of 16 years in practice partici-
pated; 69% were in community settings, and 31% were in academic
settings. Attribute preferences were similar for patients with PD-L1 TC
>=1% and PD-L1 TC >=50% (Figures 1a-1b). Improvements in OS were
more important relative to improvements in any other attributes evalu-
ated. Reducing the risk of neutropenia was second most important.
The preference data showed a willingness to make trade-offs between
efficacy and toxicity. For example, for both PD-L1 patient groups, oncol-
ogists would require an increase in OS by 5 months to accept an in-
crease in risk of neutropenia from <1% to 25% and an increase in OS
by 4 months to accept an increase in risk of pneumonitis from <1% to
5% (all grades) and <1% to 3% (Grade 3/4).
Conclusions
This study provides key insights into the trade-offs that oncologists are
willing to make between efficacy and toxicities when selecting 1L treat-
ment for patients with mNSCLC. Results suggest that improvements in
OS were highly valued by oncologists and required to offset increases
in the risk of toxicities, particularly neutropenia and pneumonitis. These
findings were observed irrespective of patient PD-L1 status, which
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supports the consistency of oncologist preferences despite the differ-
ences in OS that have been observed for patients with PD-L1 TC >=1%
or PD-L1 TC >=50% treated with immunotherapy regimens.
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Background
Providing education and support for caregivers of cancer patients im-
proves physical, psychosocial, and quality of life outcomes for both
caregivers and patients.[1-4] As the use of immunotherapy continues
to expand, it is important that caregivers have access to education
and community resources to support their loved ones in making in-
formed decisions, recognizing side effects, and getting optimal care.
This analysis explores gains from Cancer Support Community’s
Frankly Speaking about Cancer (FSAC): Immunotherapy program, a
national evidence-based educational program created for cancer pa-
tients and caregivers.
Methods
One thousand two hundred thirty-two adults attending FSAC: Im-
munotherapy psychoeducational workshops nationwide from
2014-2018 completed a post-workshop survey. Participants rated
their pre and post-workshop immunotherapy knowledge (“How
knowledgeable were/are you about immunotherapy before/after
this workshop?” 1= Not at all, 5= Very much) as well as their
level of confidence speaking to their doctor (“Before/After this
workshop I spoke with/feel more confident in speaking with my
doctor about immunotherapy:” 1=Strongly disagree, 5=Strongly
agree). 23% of respondents were non-professional caregivers; the
remainder included cancer patients (66%), health care profes-
sionals (8%), and others (3%). This analysis focuses on 282 non-
professional caregivers who self-reported background characteris-
tics and workshop-specific outcomes (81% response rate). De-
scriptive analyses and paired samples t-tests were conducted to
assess workshop outcomes.
Results
Of the 282 caregivers, 54% were spouses/partners, 31% family,
and 15% friends. Caregivers were primarily White (72%) and fe-
male (70%); average age was 55 (s.d.= 17.6 years; range: 19-85
years). 56% of caregivers reported this was their first informa-
tional workshop. While 46% reported that immunotherapy treat-
ment was an option for their loved one, only 9% reported
speaking with their doctor about immunotherapy and its poten-
tial side effects. Post- workshop, 47% caregivers reported ‘high’
or ‘very high’ immunotherapy knowledge vs. pre-workshop (11%),
a statistically significant difference in perceived knowledge
(t(210)=24.05, p<.01). Caregivers also reported an increase in con-
fidence in discussing immunotherapy and its side effects with
their doctors, with 71% reporting confidence (agree/strongly
agree) in speaking to their doctor about immunotherapy post-
workshop vs. 24% pre-workshop (t(83)=5.8, p<.01), and 64% feel-
ing more confident in talking with their doctor about immu-
notherapy’s side effects post-workshop vs. 32% pre-workshop
(t(98)=8.9, p<.01). The workshop was well-received, with 87%
recommending the workshop to others.
Conclusions
Results suggest that the FSAC: Immunotherapy program increases
caregivers’ perceived knowledge about immunotherapy and their
perceived confidence in talking to their doctor about immunother-
apy. Our results highlight the potential benefits of immunotherapy
education and support for cancer caregivers.
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Background
Microsatellite stable colorectal cancers are known to harbor low mu-
tation burden, a limited immune infiltration of the tumor and
thereby respond poorly to immunotherapy.
Methods
Here we describe a case of microsatellite stable metastatic colon cancer
with an outstanding anti-cancer response. Briefly, the patient was a 53-
year-old man with a T4bN2aM1 metastatic colon cancer diagnosed in
2012. The primary tumor was resected at time of diagnosis and the pa-
tient underwent several cycles of chemotherapy from 2012 to 2017 in an
effort to treat the multiple lesions present in the liver considered unre-
sectable at time of surgery. In 2018, the patient’s CEA levels began to rise
and he underwent a left hepatectomy to remove a slow growing mass.
Results
Analysis of the liver resection by flow cytometry revealed a large number
of immune cells infiltrating the tumor, a phenotype distinct from the
other colorectal liver metastases (CRLMs) we analyzed to date. Most im-
portantly, more than 60% of the infiltrating immune cells were CD8 T
cells, one third of which co-expressed the markers CD39 and CD103, a
phenotype characteristic of tumor-reactive T cells. Those CD39+CD103+
CD8 T cells expressed high levels of PD-1 and CTLA-4 and were highly
proliferative in vivo as demonstrated by Ki-67 staining. Using multiplex
IHC, we confirmed that this pattern was unique to the recurring CRLM as
very few CD8 T cells were found in the primary tumor. Sequencing of the
CDR3 region of the TRB genes expressed by the CD8 T cells isolated from
the CRLM supported the flow cytometry data, with the presence of one
unique clonotype accounting for one-third of all the CDR3 sequences in
the CD8 T cells, indicative of a strong local expansion. We are now per-
forming whole-exome and RNA sequencing on both tissues in order to
identify the mutations recognized by those tumor-infiltrating CD8 T cells
and determine if those mutations were already present in the primary
tumor or emerged during the metastatic transformation process.
Conclusions
This case shows that even cancers with low tumor mutation burden
can lead to strong immune responses overtime and this knowledge
should be considered to establish patient’s treatment plans in the
future.
Ethics Approval
All subjects signed written informed consent approved by the Provi-
dence Portland Medical Center Institutional Review Board (IRB proto-
col no. 06-108A).
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Consent was obtained for publication of this abstract.
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Background
Estrogen receptor positive (ER+) breast cancer tumors are generally
poorly immune infiltrated tumors as compared to triple negative
breast cancer (TNBC). In TNBC the presence of tumor infiltrating lym-
phocytes (TILs) is predictive of response to chemotherapy and associ-
ates favorably with patient survival. However, in ER+ breast cancer
the relationship between T cell infiltration and disease is less clear.
Exhausted CD8+ T cells has been described in murine models of
chronic disease and recently several human carcinomas. Here we
profile human breast tumors for the functional, phenotypic, and tran-
scriptional profile of exhausted CD8+ T cells and their correlation
with survival in patients.
Methods
Fresh surgical tumor specimens were obtained from consented pa-
tients. Single cell suspensions were analyzed by flow cytometry for
immune phenotyping and functional assessment of cytokine produc-
tion by T cells. Single cell sorted T cells were subjected for whole
transcriptome RNA sequencing and bulk sorted T cells were submit-
ted for T cell receptor repertoire sequencing by Adaptive Biotech-
nologies. Transcriptional profiles generated from single cell
sequencing were utilized for signature score analysis of outcomes in
public TCGA and Metabric data sets.
Results
Exhausted CD8+ T cells were identified in both ER+ and TNBC. Func-
tional and phenotypic analysis identified T cells to have a reduced
capacity for IFNγ, TNFα, and IL-2 production. Further phenotyping of
exhausted CD8+ T cells revealed a loss of expression of both the IL-7
receptor alpha (CD127) and KLRG1, suggesting terminal differenti-
ation of these cells. Single cell and T cell receptor sequencing re-
vealed distinct transcriptional and clonal signatures of exhausted
CD8+ T cells. T cell receptor analysis demonstrated increased oligo-
clonality of exhausted CD8+ T cells as compared to other CD8+ TILs.
Finally we demonstrate that a transcriptional signature of exhausted
CD8+ denotes relapse-free survival in ER+ breast cancer patients.
Conclusions
This work is the first to demonstrate a T cell subset beneficial to sur-
vival outcomes of ER+ breast cancer patients. Immunotherapeutic in-
terventions to expand exhausted CD8+ T cell populations may offer
improved overall survival in breast cancer patients.
Ethics Approval
Fresh tissues were obtained from patients who gave institutional re-
view board (IRB)-approved written informed consent prior to inclu-
sion in the study (City of Hope IRB 05091, IRB 07047, and IRB 14346).
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Background
Background: CD8 T cells are a critical component of anti-tumor immunity
and enhancing their function can promote tumor elimination. The levels
of extracellular galectin-3 (Gal-3), a carbohydrate binding protein, are in-
creased during tumor progression in many cancers and higher levels of
Gal-3 are associated with a poor prognosis. Interestingly, intracellularly,
Gal-3 functions through protein-protein interactions and is upregulated
in T cells following T cell receptor (TCR) stimulation in the presence of IL-
2. However, the function and mechanisms by which intracellular Gal-3
regulates CD8 T cell responses are poorly understood.
Methods
Wild type (WT) or Gal-3-/- OT-I CD8 T cells were adoptively trans-
ferred into WT mice and then stimulated with soluble ovalbumin pro-
tein along with an agonist anti-OX40 mAb or rIL-2/IL-2 mAb
complexes (IL-2c). The frequency, phenotype, and effector/memory
status of the adoptively transferred CD8 T cells was determined in
the peripheral blood (days 7 and 14) and spleen (day 29) by flow
cytometry.
Results
In the current study, we demonstrate that Gal-3-deficient CD8 T cells
exhibited no defects in early (36 hrs) activation or proliferation. In
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contrast, Gal-3-/- CD8 T cells exhibited decreased survival and a re-
duced capacity to develop into memory cells following stimulation
with cognate antigen plus agonist anti-OX40 mAb or IL-2 in vivo. De-
creased survival of Gal-3-/- T cells was associated with increased
apoptosis (Annexin V) and occurred in a cell-intrinsic manner. Add-
itional studies are underway to evaluate the extent to which Gal-3
regulates T cell-mediated anti-tumor immunity.
Conclusions
Together, these data implicate intracellular Gal-3 as a critical medi-
ator of OX40-mediated CD8 T cell survival and memory formation fol-
lowing antigen exposure.
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Background
T-cell retention in epithelial tumors is mediated by transmembrane
proteins (CD49a, CD49b, CD103) known as retention integrins (RI)[1].
Expression of RI correlates with cytotoxicity of CD8+ T-cells in human
epithelial tumors [2-3] and with immunosuppression by regulatory T-
cells in murine models [4]. Recently, we reported that RI expression
by CD8+ cells was modified by exposure to IL2, IL4, IL10, and TGFβ,
as well as by T-cell receptor (TCR) stimulation [5]. TGFβ has also been
shown to upregulate CD103 in human CD4+ memory cells [6] but in-
vestigation into RI expression by CD4+ cells has otherwise been
sparse. We hypothesized that expression of RI by human CD4+ cells
would be modulated by cytokines and TGFβ in a pattern similar to
CD8+ cells.
Methods
Peripheral blood mononuclear cells isolated from five human donors
were stimulated with mouse anti-CD3 and anti-CD28 for 24 hours.
Cells were then cultured with TGBβ (5 ng/mL), IL2 (1000 CU/mL), IL4
(20 ng/mL), or IL10 (100 ng/ml) for six days. Integrin expression was
quantified by flow cytometry. Data generated by flow cytometry was
analyzed using FlowJo software (Tree Star), and results were com-
pared using Student’s two-tailed T test.
Results
As shown in Table 1, TGFβ upregulated expression of CD49a and
CD103 in TCR stimulated (TCR+) CD4+ cells relative to TCR+ controls
(p = 0.02,
Conclusions
When comparing the expression of RI by CD4+ cells to our prior find-
ings in CD8+ cells[5], we noted both common themes and significant
differences. TGFβ upregulates CD49a and CD103 on both TCR+CD8+
and TCR+CD4+ cells. In contrast, the effects of IL2 and IL4 differ
based on cell type. IL2 upregulates CD49a in TCRnegCD8+ cells but
downregulates CD49a in TCR+CD4+ cells. IL4 decreased CD49a ex-
pression by TCR+ CD8+ cells, but decreased CD49a expression only
in TCRnegCD4+. This heterogenous response to cytokine stimulation
emphasizes the complexity of RI regulation and raises the question
of whether regulation of RI expression is CD4+ subtype specific. This
data supports the need for further investigation into the regulation
of RI expression by CD4+Th1, CD4+Th2, and CD4+T regulatory cell
populations.
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Background
Myeloid-derived suppressor cells (MDSCs) are a heterogeneous popu-
lation of cells that consists of myeloid progenitor cells and immature
granulocytes or polymorphonucleares (PMN), immature macrophages
(M), and immature dendritic cells (DCs). MDSCs play a critical role in
tumor-associated immunosuppressive function, which is important in
the effective immunotherapies for cancer. The aim of this study was
analyze of full range of MDSCs to investigate their role in the micro-
environment of non-small cell lung carcinomas (NSCLCs).
Methods
TMAs containing 247 patients with stage II/III NSCLCs (adenocarcin-
omas, ADC=162; squamous cell carcinomas, SCC=85) were analyzed
using a multiplex immunofluorescence panel contained CD68,
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CD11b, Arg-1, CD66b, CD33, CD14, and a pancytokeratin (Figure 1).
Densities of different phenotypes and neighbor distances were corre-
lated with clinicopathologic features and outcomes.
Results
Using the median density of MDSCs we identified overall higher densities
of those cells in SCC than ADC, with significant P value of total granulocytic
(CD66b+CD11b+, P=0.016) cells, PMN-MDSCs (CD11b+CD66b+CD33+, P=
0.021), and M-MDSCs (CD11b+Agr1+CD14+CD33+, P=0.009, Figure 1 and
Table 1). In ADCs the densities of M2 macrophages (CD68+Arg1+CD11b+)
were higher in solid pattern than other histologic patterns (acinar, lepidic,
papillary, P=0.038); and the total macrophages CD68+ were higher in stage
III than in stage I and II (P=0.075), Figure 2. Current smokers was showed
higher densities of PMN-MDSC than never-smokers (P=0.031). In addition,
EGFR mutant tumors had fewer M2 macrophages, total granulocytic and
M-MDSCs than WT patient tumors (P=0.009, P=0.009 and, P=0.043; respect-
ively, Figure 2). A 10μm distant radius from malignant cells compared with
the other distant analyzed showed higher densities of CD68+ and
CD68+CD11b+ myeloid cells in smaller and EGFR mutant tumors than in
larger (P=0.024 and P=0.028; respectively) and WT (P=0.039 and P=0.034;
respectively) tumors in ADC. Similarly, higher densities of PMN-MDSCs were
observed in stage II tumors than stage I and III in SCC (P=0.029) at this dis-
tant. Patients with ADC and a high number of total granulocytic cells (P=
0.081) showed worse prognosis than patients with lower total granulocytic
cells.
Conclusions
While SCCs showed the highest densities of MDSCs as compared to
ADCs, our data suggest MDSCs are related with clinicopathologic
characteristics that can increase the risk of tumor progression, such
as solid pattern, advanced stage, smoking status and prognosis. Add-
itional studies need to be done to understand much better the role
of MDSCs in lung cancer.
Ethics Approval
The study received approval from the MD Anderson Cancer Center
Institutional Ethics Review Board. Tthe Lung Cancer Moon Shot pro-
jects through the National Cancer Institute’s Cancer Center Support
Grant (P30CA016672), and a grant from the Cancer Prevention and
Research Institute of Texas (MIRA-RP160688).
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Background
Current FDA-approved immunotherapies aim to reinvigorate CD8+ T
cells, but the contribution of the humoral arm of the immune re-
sponse in human cancer remains poorly understood [1,2]. B cells can
mediate anti-tumor immunity by presenting antigen , producing
tumor-specific antibodies and immunomodulatory cytokines [3-5].
Head and neck squamous cell carcinoma (HNSCC) can be induced by
human papillomavirus (HPV+) and carcinogens (HPV-), and the im-
mune infiltrate in the two etiologies has been reported to be distinct,
in particular, more B cells in HPV+ HNSCC patients [6]. Further, the
presence of B cells in HNSCC correlates with increased patient sur-
vival [6]. Our study seeks to differentiate B cell phenotype and func-
tion in HPV+ and HPV- HNSCC and identify putative
immunotherapeutic targets.
Methods
We utilized a multi-level approach to categorize B cells in HNSCC pa-
tients. Single cell RNA sequencing (scRNAseq) was performed on
CD45+ tumor infiltrating lymphocytes (TIL) and peripheral blood leu-
kocytes (PBL) from HPV+ and HPV- HNSCC patients. Data was ana-
lyzed using the Seurat R toolkit in R studio. HNSCC TIL and PBL were
stained via multiparameter flow cytometry panel using the Cytek
Aurora to allow for unbiased analysis of B cell subsets via computa-
tional spectral unmixing. Paraffin embedded slides from HNSCC pri-
mary tumors were utilized for single parameter
immunohistochemistry of CD20 (n=25 each for HPV + and HPV - dis-
ease), and multispectral immunofluorescence was performed on
matched tumors from scRNAseq for CD20, CD4, CD8, CD68, PanCK,
DAPI and Foxp3.
Results
We demonstrated distinct trajectories for B cells in HPV+ and HPV-
disease. B cell signatures in HPV- HNSCC patients were predomin-
antly memory B cells and plasma cells, while the signatures in HPV+
HNSCC were naïve and germinal center B cells. We quantified B cells
and CD4 T cells in tertiary lymphoid structures (TLS), and the pres-
ence of germinal center-rich TLS was associated with HPV+ disease.
GC-rich TLS within the tumor bed of HPV+ patients correlated with
increased overall survival. Independent of HPV status, we have identi-
fied an atypical B cell signature increased in the HNSCC TME com-
pared to healthy and inflamed tonsil tissue with no cancer. This
atypical B cell subpopulation is also elevated in the periphery of pa-
tients with advanced, metastatic disease.
Conclusions
Characterization of B cell phenotype and function in HNSCC is im-
portant for devising new therapeutic options for patients.
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Development of therapeutics to enhance B cell responses in the TME
should be prioritized as a compliment to T-cell mediated therapies.
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Background
The interaction between the central nervous system and immune
system underscores an intricate neuro-immune network.
Methods
We were intrigued by the expression of glutamate receptors (GluRs),
particularly ionotropic GluR3 (AMPAR subtype 3, GluA3) and metabo-
tropic GluR1 on T-lymphocytes, which were upregulated following
TCR activation. We blocked group I metabotropic GluRs and AMPA
by specific antagonists during T-cell stimulation and analyzed various
parameters of T-cell functions in vitro and tumor-bearing mice.
Results
We found a delayed CD8+T-cell activation exhibited by downregu-
lated CD25, CD69 and CD44 molecules, resulting in impaired prolifer-
ation and cytolytic activity against orthotopic mammary tumors
expressing a cognate low-avidity antigen in vivo or specific peptide-
loaded target cells in vitro. While GluR+CD8+T-cell frequency ranges
about 30% of total CD8+T-cells, treatment with glutamate receptor
antagonists profoundly affects T-cell functions. These effects are me-
diated by transient reduction in phosphorylation of molecules such
as Lck/Akt as well as calcium, indicating interaction between TCR and
GluR.
Conclusions
Data suggest a costimulatory effect of GluRs on T-cell function.
Therefore, optimized glutamate agonists may overcome immunosup-
pression in tumor microenvironment and boost antitumor T-cell
therapy.
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Background
Undifferentiated Pleomorphic Sarcoma (UPS) is the most common
STS subtype in older adults. Despite advancements in systemic treat-
ment for other solid tumors, 5- and 10-survival has remained stag-
nant for advanced stage UPS. With the development of immune-
based therapeutic strategies, it is becoming increasingly clear that
the microenvironment plays a critical role in the surveillance and po-
tential elimination of nascent tumor cells [1]. In STS for example, sub-
type specific effects of checkpoint inhibition were observed in
patients with UPS, suggesting that UPS derived antigens modulate
tumor-specific adaptive immune responses [2]. While lymphocyte
subtypes have been quantified in large panels of STS patients, these
studies are hampered by the diverse heterogeneity and relatively
small numbers of UPS patients analyzed [3]. We aimed to identify
tumor infiltrating immune cell subset and tumor specific antigens in
UPS using a robust and well-validated multi-parameter flow cytome-
try platform and determine if there was any correlation between the
immune phenotype and other recognized prognostic factors such as
tumor size and depth.
Methods
All patients undergoing resection of grade 2 or 3 UPS were eligible
for inclusion. We performed single cell multi-parameter flow cytome-
try using 15 immune-based markers.
tSNE plots were used to demonstrate the relative immune landscape
within UPS tumors. The relative frequency of tumor infiltrating lym-
phocytes were then correlated with clinical outcomes data.
Results
From January 1, 2017, to July 31, 2019, 20 resected UPS specimens
were collected and successfully immunoprofiled using well-validated
multi-parameter flow based cytometry. We identified an increased
frequency of CD8+ tumor infiltrating lymphocytes in smaller tumors
(8cm) tumors representing 25.82% and 15.01% respectively (Figure
2).
Conclusions
We were able to successfully identify the tumor infiltrating im-
mune cell subsets in 20 freshly resected extremity undifferenti-
ated pleomorphic sarcoma specimens. Lymphocytes represented
a greater proportion of the immune cell population in smaller tu-
mors compared to larger tumors; specifically, CD8+ T cells were
seen at a lower frequency in the tumors greater than 8cm com-
pared to those less than 8cm. As patients with high grade tu-
mors greater than 8cm historically have had worse outcomes,
this data shows that the host immune environment may play a
role in these clinical outcomes and could be a future target for
sarcoma immunotherapy (Figure 3).
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Background
Although immunotherapy with PD-1/PD-L1 antagonists has signifi-
cantly advanced patient care, the majority of cancer patients cur-
rently do not benefit from checkpoint inhibitor therapies. To identify
novel targets for the treatment of PD-1 insensitive cancers, we devel-
oped a novel Immune-CRISPRomics platform that enabled genome-
wide CRISPR/Cas9 screens in primary T cells in an in vivo setting.
Methods
In vivo genome-wide CRISPR/Cas9 screens were conducted by introdu-
cing sgRNA libraries into Cas9-expressing TCR-Tg T cells, followed by
adoptive transfer into tumor-bearing hosts. Targets enabling enhanced
TCR-Tg T cell function in the context of the tumor microenvironment
were identified and validated by follow-on efficacy studies.
Results
Our CRISPRomics platform identified clinically active molecules, such
as PD-1, and also predicted recent clinical failures. In addition, we
identified multiple targets that enhanced anti-tumor T-cell function
similar to or better than PD-1 as a monotherapy. The anti-tumor ac-
tivity of targets was assessed across a collection of PD-1 sensitive
and PD-1 refractory syngeneic tumor models. One of the targets
identified, IO-7, was found to possess robust activity across multiple
PD-1 refractory models. We found that inhibition of IO-7 leads to
long-term T-cell memory and prevents tumor growth upon re-
challenge. Moreover, mechanistic follow-up studies demonstrate that
IO-7 inhibition leads to an expansion of central memory T-cell sub-
sets, which have been implicated in driving the durable clinical re-
sponse of checkpoint inhibitors. We then extended these findings
further with an in-vivo double CRISPR screen to examine more than
2,000 pairwise combinations of active sgRNAs in-vivo. These combin-
ation studies identified CD8 T-cell gene pairs that when inactivated
gave anti-tumor activity that exceeded any single gene inactivation
from the primary screen and greatly exceeded the efficacy of PD-1
monotherapy.
Conclusions
We describe an Immune-CRISPRomics platform which 1) identified
multiple functional targets with therapeutic promise and 2) function-
ally screened combinations of these targets to reveal the most po-
tent T-cell target combinations for the treatment of PD-1 resistant
solid tumors.
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Background
In multiple myeloma (MM), marrow infiltrating lymphocytes (MILs)
have shown increased anti-tumor reactivity and proliferative capacity
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compared to their peripheral blood counterparts. Despite the recent
identification of a core signature for tissue resident memory T cells
(TRM), a definitive bone marrow-resident T cell phenotype has yet to
be identified.
Methods
Here, we used multiparametric flow cytometry to perform single-cell
analysis on CD8+ T cells from MM patients to identify those subsets
that are enriched in the bone marrow (BM) compared to peripheral
blood (PB).
Results
The activation and tissue retention marker CD69 identified a popula-
tion of CD8+ MILs that is virtually absent in PB and displays peculiar
phenotypic and functional features compared to its CD69-negative
counterpart. Despite the virtual absence of CD103 expression, CD69+
MILs displayed increased levels of CXCR6 and variable levels of
CD101, thereby sharing resemblance with the canonical TRM pheno-
type. Interestingly, CD101 has been associated with both tissue resi-
dency and exhaustion. As such, its variable expression may depend
on MM burden. CD69+ MILs consistently displayed high levels of the
bone marrow homing chemokine receptor, CXCR4 and low/absent
expression of the follicular marker, CXCR5. The expression pattern of
these extracellular markers further characterizes the BM-resident
phenotype and suggests a unique role for the BM microenvironment
in anti-tumor immunity. Analysis of exhaustion and senescence
markers clearly separated the CD69+ MILs population from both PBL
and CD69- T cells because of intermediate expression of exhaustion
markers such as TIGIT, TIM3, and PD1, increased CD27, and markedly
reduced CD57 levels. This unique phenotype is associated with pre-
served cytotoxic activity and proliferative capacity. In human T cells,
TCF1 and T-bet have a reciprocal gradient of expression. Stem-like
features are associated with increased TCF1 and reduced T-bet levels.
Interestingly, CD69+ MILs were enriched for TCF1+ and T-bet low T
cells suggesting the presence of a stem-like subset in the BM of MM
patients. As a whole, CD69+ MILs are distinct from their PB and
CD69- counterparts as they uniformly displayed higher levels of
TCF1, CD27, CXCR6 and high CXCR4 levels and reduced expression of
both CD57 and T-bet.
Conclusions
In conclusion, we identified a subset of MILs that appears to display
a stem-like/resident phenotype. Studies are ongoing to determine
whether this population can be exploited and/or enriched to im-
prove the efficacy of adoptive T cell therapy with in MM, especially
in the post-transplant setting where activated MILs therapy has
already been proven feasible.
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Background
The tumor microenvironment (TME) is a complex network, consisting
of the tumor, blood vessels, stromal and immune cells, and soluble
factors. The immune system plays an important role in combating
tumor growth and various tractable immuno-oncology targets have
been identified. We have developed a range of primary human as-
says to model the TME in vitro, this provides a multi-cellular platform
in which to study the mode of action of novel immune-modulators
and to identify biomarkers before moving into the clinic. This plat-
form models multiple aspects of anti-tumor immune responses and
has been validated with standard of care therapeutics. The assays in-
clude: T cell or NK cell-mediated tumor killing, myeloid/macrophage
assays, exhausted T cells, Th1/Th17/iTreg differentiation and regula-
tory T cell suppression assays.
Methods
The ability of therapeutics to reverse or inhibit T cell exhaustion was
performed using primary human cells. T cell-mediated tumor killing
using Pembrolizumab and Ipilimumab (PI) as controls, or 3D tumour
cell spheroid ADCC assays (Trastuzumab control) were performed
using an IncuCyte. Myeloid/macrophage cells were differentiated
from monocytes in tumor-conditioned media (TCM), phenotyped and
tested for their phagocytic capability using anti-CD47 as a control.
The TME is associated with increased Treg numbers and low fre-
quency of Th1 or Th17 cells. Many therapeutics aim to shift the bal-
ance away from Treg, towards Th1 or Th17 cells. Naïve CD4+ T cells
were therefore differentiated into iTreg, in the presence or absence
of a USP7 inhibitor to examine if iTreg differentiation altered.
Results
PI enhanced tumour cell killing in a 2D co-culture assay. Trastuzumab
drove enhanced ADCC-mediated killing in a 3D spheroid format.
TCM drove the generation of macrophage which had a phenotype
similar to tumour associated macrophage, CD25lo, CD127lo, CD184hi,
CD80lo, CD163hi, CD68lo and MHCIIlo, produced IL-10 and VEGF and
were suppressive. Reduced iTreg generation, without significant alter-
ation in Th1/17 frequency was observed in the presence of the
benchmark compound and resulting iTreg were less suppressive
compared to non-treated cells. nTreg suppression assays were per-
formed and the USP7 inhibitor had a partial effect.
Conclusions
We present an immuno-oncology platform to model the TME in hu-
man cells which enables a rapid assessment of the immunomodula-
tory capacity of therapeutics. The 3D assays represent a more
complex system in which to support translational drug discovery, sit-
ting alongside T cell-mediated tumor killing, myeloid/macrophage as-
says, Th1/Th17/ iTreg differentiation and nTreg assays. Together
these assays help to define diverse aspects of the immune response
in the TME.
Ethics Approval
The study was approved by HRA NRES South West, Bristol (UK), ap-
proval number 15/SW/0029.
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Background
Platelets (PLTs) are well-known players during cancer progression.
For several cancers, an increased number of circulating PLTs corre-
lates with poor prognosis. Not only can these cells modulate angio-
genesis and directly bind cancer cells to facilitate the metastatic
process, but they can also protect cancer cells from immune attack
by mechanisms that are poorly understood [1,2]. Studies in the auto-
immunity field, have shown that PLTs form aggregates with T cells,
downregulating T cell activation, proliferation and interferon-ɣ pro-
duction [3,4]. Nevertheless, no similar studies have been conducted
in the context of cancer.
Methods
We investigated the presence of circulating PLT-lymphocytes aggre-
gates in solid and haematological cancers. Furthermore, we assessed
the effect of PLT binding on T cell proliferation and phenotype. To
that purpose, cryopreserved peripheral blood mononuclear cells
were analyzed by multicolor flow cytometry and fluorescent micros-
copy for PLT-T cell aggregates, as well as CD4 and CD8
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subpopulations. Lastly, to evaluate the effect PLT binding on T cell
anti-tumor reactivity, in vitro cytotoxic response was continuously
monitored for 40 hours, using the xCELLigence technology.
Results
Our preliminary results show that, compared to healthy donors, cancer
patients have an increased number of PLT-lymphocyte aggregates, spe-
cially CD8+ T cells. Furthermore, PLTs seem to bind preferentially to a
specific T cell phenotype and modulate T cell tumor reactivity. Data will
be further discussed in detail at the meeting.
Conclusions
These results suggest that binding of PLTs have an impact on T cell
activity, which could greatly influence the immune response against
tumors. However, further studies are needed to confirm our prelimin-
ary results.
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Background
We have previously demonstrated that high-affinity, leukemia-
specific CD8+ T cells are efficiently deleted in leukemia-bearing hosts
in a manner that depends on cross-presentation of the antigen by
splenic Batf3-lineage dendritic cells [1 ,2].
Methods
Here, we generated a T cell receptor transgenic mouse strain (Tg101)
that expresses TCR-α and -β chains from a CD8+ T cell clone specific
for a native H-2Kb-restricted antigen on C1498 leukemia cells.
Results
In naïve mice, Tg101 thymocytes predominantly develop along the
CD8+ lineage, and exist as naïve CD8+ T cells in peripheral lymphoid
organs. Tg101 T cells do not recognize other H-2Kb tumor lines in vitro,
suggesting that their cognate antigen may indeed be leukemia-
specific. In leukemia-bearing mice, high-affinity 2C CD8+ T cells specific
for the H-2Kb-restricted model antigen, SIYRYYGL, rapidly encounter
antigen (day 3-4) via its cross-presentation by splenic CD8alpha+ DCs,
proliferate briefly, and are largely deleted by day 14. Conversely, anti-
gen encounter by Tg101 CD8+ T cells in mice with C1498 leukemia is
delayed (day 7-8), and primarily occurs in the liver - a prominent site of
leukemia progression. Subsequently, Tg101 T cells expand, upregulate
expression of co-inhibitory receptors (PD-1, LAG-3, TIM-3 and TIGIT),
adopt a transcriptional program enriched for upregulation of known
genes associated with T cell anergy/exhaustion (Cblb, Egr2/3, Ctla4
Pcdc1, Tox) and produce effector cytokines poorly, all consistent with
the acquisition of a dysfunctional state. Antigen-experienced Tg101
cells isolated from leukemia bearing mice fail to expand upon transfer
into secondary C1498 cell-challenged mice, suggesting that the dys-
functional state induced in Tg101 T cells becomes irreversible at some
point. Surprisingly, antigen encounter by Tg101 T cells in leukemia-
bearing mice occurs independently of CD11c+ cells, suggesting that
cross-presentation of the Tg101 antigen is not required for in vivo
proliferation. Ex vivo cross-presentation assays also fail to demonstrate
detectable cross-presentation of the Tg101 antigen by DCs subsets iso-
lated from leukemia-bearing mice. Rather, in vivo Tg101 T cell prolifera-
tion is strikingly blunted in mice harboring H-2Kb-/- C1498 AML cells,
suggesting that the antigen is directly presented to Tg101 T cells.
Conclusions
Collectively, our results reveal that CD8+ T cell tolerance is effectively
generated in leukemia-bearing animals. However, the nature of the
leukemia antigen and the context in which it is presented are critical
factors in dictating the underlying mechanism of tolerance that en-
sues. A search for the Tg101 antigen and investigation of the epigen-
etic landscape of naïve versus tolerized Tg101 T cells are ongoing.
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Background
Regulatory T cells (Tregs) maintain peripheral tolerance;[1] however,
in cancer, Tregs dampen anti-tumor immunity, contributing to dis-
ease progression.[2,3] Neuropilin-1 (NRP1) is required for intratumoral
Treg stability and Treg-specific knockout of NRP1 attenuates tumor
growth.[4] Transcriptional analyses revealed that intratumoral NRP1-
deficient Foxp3+ Tregs develop an effector phenotype, characterized
by interferon-gamma (IFNγ) production and decreased suppression
of conventional T cells.[5] Whereas NRP1 is constitutively expressed
on mouse Tregs, expression on human Tregs is activation-driven and
thus may be modulated by immune processes. Furthermore, the role
of NRP1 in maintaining human Treg stability amidst proinflammatory
signals is not known. We hypothesize that (1) surface NRP1 expres-
sion marks highly suppressive human Tregs, (2) NRP1 expression is
driven by proinflammatory signals in the tumor microenvironment,
and (3) NRP1 ligation is required for maximal suppressive function.
Methods
Phenotypic profiling of peripheral blood (PBL) and tumor infiltrating lym-
phocytes (TILs) from head and neck squamous cell carcinoma (HNSCC),
melanoma, non-small cell lung, ovarian, and colorectal cancer patients
was conducted by flow cytometry. Treg function was evaluated in vitro
by a micro-scale suppression assay, which measures the ability of Tregs
to suppress CD8+ T cell proliferation. Paired with our phenotyping, we
cultured Tregs under various stimulatory conditions to query drivers of
NRP1 expression. These included numerous cytokine conditions, T cell re-
ceptor stimulation, co-culture with antigen presenting cells, as well as
blockade of specific costimulation/inhibitory receptors.
Results
NRP1+ Tregs are greatly enriched in cancer patient PBL and TIL
across numerous malignancies, and the degree of enrichment nega-
tively correlates with disease-free survival in HNSCC. NRP1+ Tregs
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upregulate a module of functional receptors that mark highly suppres-
sive intratumoral Tregs, including TIGIT, ICOS, and CCR8, as well as a
network of TNFRSF members. Correspondingly, NRP1+ Tregs suppress
cytotoxic T cell proliferation to a greater degree than their NRP1- coun-
terparts, which can be inhibited using blocking antibodies. NRP1+
Tregs are enriched in vitro in low interleukin-2 (IL-2) conditions as well
as upon T cell activation. Proinflammatory cytokine exposure, such as
IFNγ, increases NRP1 expression in a subset of cancer patient samples.
Conclusions
NRP1+ Tregs constitute a more suppressive human Treg subset based
on their enhanced regulatory phenotype and function. Given the in-
creased expression of proliferation and survival markers, especially
under destabilizing conditions, NRP1 confers a survival advantage to
these Tregs, allowing them to persist and function amidst such signals.
Therefore, destabilizing intratumoral Tregs with NRP1 blockade may
complement other T cell therapies such as anti-PD1 blockade.
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Background
We previously demonstrated that patients’ sex is a variable that influ-
ences the response to anticancer immunotherapy: in RCTs comparing
immunotherapy-containing regimens to standard treatments in sev-
eral solid tumors, men obtained larger survival benefit than women
when treated with anti-CTLA4 or anti-PD-1 drugs as monotherapy,
whereas women experienced larger benefit from anti-PD-1 or PD-L1
combined with chemotherapy.[1,2]
We hypothesized that such heterogeneity of response is due to dif-
ferences in the molecular mechanisms that govern anticancer
immune-response in men and women.
Methods
We analyzed 7 public datasets containing data on genome-wide RNA
expression analysis of NSCLC samples.[3-9]
We used gene-expression data to estimate the abundance of 64 dif-
ferent cell-types in the microenvironment of each tumor sample,
using single sample gene-set enrichment analysis (ssGSEA) according
to a previously validated computational algorithm.[10,11]
The Enrichment Scores (ES) of the gene-sets specifically associated
with each of the 64 different cell-types were first calculated in tu-
mors of men and women and then compared using a multivariable
linear model that adjusted for other covariates including patients’
age, stage at diagnosis, tumor-histotype and smoking status.
Finally, we performed a meta-analysis of the adjusted ES sex-related
differences obtained in each single dataset using a random-effects
model.
The false discovery rate (FDR) was used to correct for multiple
comparisons.
Results
2590 tumors were analyzed: 1529 tumors (60%) were from men and
1047 (40%) from women. (table1) The majority of patients (95%) had
stage I-III tumors, and did not receive immunotherapy.
Figure. 1 shows results obtained in each dataset as well as the
pooled meta-analytic results. (Figure 1)
In the pooled analysis, the immune cell-types found enriched in the
tumor microenvironment of women at a FDR cut-off
1)Dendritic cells;
2)CD4+ T-cells (including naive and central memory T-cells);
3)B-cells (including Memory and Class-switched memory B-cells),
4)Eosinophils;
5)Mast-cells;
6)Granulocyte-monocyte progenitor cells (GMP);
Immune-cells found enriched in the tumors of women at FDR cut-off
1)Regulatory T-cells;
2)Gamma-delta T-cells;
3)Natural killer T-cells;
4)Macrophages (both M1 and M2);
5) CD4+ effector memory T-cells;
The only immune cell-type found enriched in the tumor infiltrates of
men at FDR
Conclusions
We found relevant sex-based differences in the cell-type composition
of the immune-infiltrate of NSCLC.
The higher levels of immune-suppressive cells, such as GMP,
Macrophage-M2 and Regulatory T-cells observed in tumors of
women may explain lower efficacy of anti-CTLA4 or anti-PD1 given
as monotherapy, and the need to add chemotherapy to counteract
their inhibitory effects.
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Background
The tumor microenvironment (TME) generates high levels of adeno-
sine which binds to A2aR and A2bR receptors on immune cells to in-
hibit their activity. We have previously shown that AB928, a dual
A2aR/A2bR antagonist, blocks the immunosuppressive effects of ad-
enosine in human cultured cells and mouse syngeneic tumors.
Herein, we describe studies to assess the contribution of A2bR to
adenosine-mediated immunosuppression.
Methods
CD14+ monocytes were differentiated with IL-4/GM-CSF for 6 days to
generate monocyte-derived dendritic cells (moDC). Cells were taken for
NanoString analysis or placed in a mixed lymphocyte reaction (MLR) with
CD4+ T cells. PBMCs were activated with CD2/3/28 beads +/- NECA or
CGS-21680 for 24 hours and supernatants run on a CXCL5 ELISA.
Results
Using publicly-available gene expression databases, we identified
that T cells and other non-myeloid cells predominantly express the
A2a adenosine receptor. In contrast, most myeloid cells express both
A2aR and A2bR with cross-presenting CLEC9A+ dendritic cells (DCs)
having the highest levels of A2bR. This pattern of adenosine receptor
expression makes DCs a prime target for dual adenosine receptor an-
tagonism in the TME. Experiments in vitro showed that moDC have
the highest levels of A2bR expression compared to other cultured
cells such as monocytes and macrophages. As expected, adenosine-
differentiated moDC showed a decreased ability to stimulate IFN-γ
secretion in a MLR. Notably, AB928 attenuated IFN-γ suppression by
adenosine and showed significantly greater rescue than a compar-
able A2aR-specific antagonist. NanoString gene expression profiling
identified 39 genes (>2.0 fold change, p <0.05) regulated by adeno-
sine in moDC. These gene expression changes were largely rescued
with AB928 but not significantly changed with the A2aR-specific an-
tagonist. Importantly, stimulation of primary human DCs with the
dual A2aR/A2bR agonist NECA reproduced several of the adenosine-
driven gene expression changes observed in moDC.
To further highlight the importance of A2bR, NECA or the A2aR-specific
agonist CGS-21680 were added to human PBMC cultures. Both agonists
significantly upregulated the ligand CXCL5 with equivalent rescue by
AB928 and the A2aR-specific antagonist when stimulated by CGS-
21680. However, upon NECA stimulation, AB928 showed significantly
greater inhibition of CXCL5 compared to the A2aR-specific antagonist
(86% vs 72% of control, p<0.01), demonstrating that A2bR signaling in
PBMCs significantly contributes to gene expression changes.
Conclusions
Collectively, these studies demonstrate an important role for A2bR in
adenosine-mediated immunosuppression and provide a mechanistic
rationale for stimulation of anti-tumor immune responses with the
dual adenosine receptor antagonist AB928, which is currently under-
going evaluation in several Phase 1/1b trials.
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Fig. 1 (abstract P559). Pulmonary metastases have high infiltration
of immune cells
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Background
Immunotherapy has significantly advanced HNSCC treatment. How-
ever, mechanisms of resistance to immunotherapy mediated by in-
trinsic and extrinsic factors produced in the Tumor
microenvironment (TME) formed by stroma, cancer and immune cells
leads to a relatively low response rate of only 15-20%. The emerging
technology of single-cell RNA sequencing can be employed to inves-
tigate heterogeneous cell populations within the TME by interrogat-
ing the transcriptome of individual cells. This allows for
transcriptomic mapping of the HNSCC TME at the single cell level.
Methods
17 HNSCC specimens were processed for scRNAseq with matched
peripheral blood leukocytes (PBL) from treatment-naïve HPV+ and
HPV- patients. Following manual and enzymatic tumor dissociations,
cell suspensions were sorted into CD45+ (tumor infiltrating leuko-
cytes: TIL) and CD45- (tumor and associated stromal) cells. 10x Gen-
omics 3’ single cell libraries were sequenced on a NextSeq500
(Illumina). Cellular transcriptomes from all samples were aggregated
and normalized using the CellRanger pipeline. Downstream bioinfor-
matic analyses were performed using the Scanpy package.
Results
We identified 30 different TME cell clusters, with 22 clusters
formed by immune cells (PBL and TIL) while CD45- non-immune
cells formed 8 clusters. In the immune cell compartment, thera-
peutically and prognostically relevant cell types were identified
(cytotoxic T cells, NK cells, regulatory T cells). Sub-clustering re-
vealed important cell states such as activation, senescence and
exhaustion in these immune cell types. Inflamed tumors (n=8)
showed a marked increase in the number of tumor-infiltrating
CD8+ T cells (43%) versus non-inflamed tumors (17%). Immune
checkpoint receptor levels were elevated in CD8+ T cells from in-
flamed tumors. Novel gene expression signatures representing
IFNγ, IFNα and previously described allograft rejection were
uniquely associated with these CD8+ T cells, while TNF, apoptosis
and hypoxia signaling were predominant in CD8+ T cells from
non-inflamed tumors. Modeling putative interactions between im-
mune and fibroblasts, endothelial cells and cancer cells identified
potential therapeutic targets to manipulate the immune-stroma-
cancer interaction in the TME.
Conclusions
Heterogeneous cell populations of immune, stroma and cancer cells
can be found in the TME of HNSCC. Transcriptomic characterization
using single-cell RNA sequencing allows to identify diverse cell states
as well as to model putative cell-to-cell interactions.
Ethics Approval
The study was approved by the University of Pittsburgh’s Institutional
Review Board (#99-069).
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Background
Patients with metastatic osteosarcoma (OS) have 5 year overall sur-
vival <25% [1]. We aim to understand the immune architecture of
the tumor microenvironment (TME) of OS, with the goal of harnes-
sing the immune system as a major therapeutic strategy for the
treatment of patients with OS.
Methods
Immunohistochemistry (IHC) slides from 66 formalin-fixed paraffin-
embedded OS tissue blocks were digitally analyzed. Laser capture
microdissection and RNA extraction was performed on 13 OS speci-
mens, and gene expression profiles were obtained utilizing RNA seq
and analyzed. Tumor infiltrating lymphocytes (TILs) were isolated
from 25 freshly obtained OS specimens and analyzed by multiparam-
eter flow cytometry (MFC).
Results
Digital image analysis of IHC demonstrated significantly higher in-
filtrating immune infiltrating cells in the pulmonary metastases
compared to primary bone tumors, particularly at the tumor-
normal lung interface. There is increased expression of multiple
immune checkpoint molecules at the interface, including pro-
grammed cell death 1 (PD-1), T cell immunoglobulin mucin-3
(TIM-3) and lymphocyte activation gene 3 (LAG-3) (Figure 1).
Gene expression profiling revealed increased CD8 T cell and rest-
ing CD4 memory T cell signature at the interface compared to
the tumor interior, and a strong M2 macrophage signature in
both regions. Genes related to neutrophil and myeloid cell
chemotaxis and known to be associated with polymorphonuclear
myeloid-derived suppressor cells (PMN-MDSCs) were shown to be
highly expressed in the interface region (Figure 2). MFC revealed
that TILs isolated from pulmonary metastases had higher expres-
sion of PD-1 and other immune checkpoint molecules, and these
TILs were more capable of producing the effector molecules IFN-
gamma and granzyme B (Figure 3).
Conclusions
Pulmonary metastatic OS lesions are more highly infiltrated with
immune cells than primary bone lesions, particularly at the inter-
face. These immune cells are capable of producing cytotoxic cy-
tokines and proteases by MFC, suggesting that these TILs may be
tumor-specific and capable of acting against the tumor. The in-
ability of these immune cells to penetrate further into the tumor
interior may represent an adaptive immune response by the
tumor through a combination of repellent cytokines and inhib-
ition of TILs via upregulation of multiple immune checkpoint mol-
ecules and recruitment of PMN-MDSCs. Treatment with a
combination of therapies targeting both inhibitory immune
checkpoint molecules and the immunosuppressive myeloid com-
partment may unleash these immune cells and allow them to
destroy metastatic OS tumor cells.
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Fig. 2 (abstract P559). Gene expression analysis of interface
compared to interior

Fig. 3 (abstract P559). Metastasis TILs express higher checkpoints
and cytokines
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Background
We reported that PDL-1 expression on circulating CD8+ T cells was a
predictor of bad prognosis and of resistance to CTLA4 blockade in
melanoma [1]. PD-L1 expression is currently assessed by IHC stain-
ings and implemented into clinical practice for selecting cancer pa-
tients eligible to anti-PD(L)1 immunotherapies. However, PD-L1 IHC
stainings have a low sensitivity compared to flow cytometry and fall
short in identifying the very nature of PD-L1 expressing cells in the
TME. We aimed at better defining the PD-1/PD-L1 expression in the
Tumor Micro Environment (TME) by using flow cytometry.
Methods
We analyzed 132 fresh tumors by flow cytometry: primitive tumor
samples of Urothelial Carcinoma (UC; n=45), liposarcoma (n=19),
Ovarian Cancers (OC; n=24), Kidney carcinoma (n=17), Head and
Neck Squamous Cell Carcinoma (HNSCC; n=11), Thyroid (n=8) and
liver metastases of Colorectal Cancers (CRC; n=8). We evaluated
membrane expression of PD-1, PD-L1, TIM-3, LAG-3, MHC-I and MHC-
II in the TME using a BD Fortessa X20 and analyzed the data with the
Kaluza software.
Results
We found a high variability of tumor infiltrating leukocytes across in-
dividuals (from 0% to 90% of CD45+ cells) and across tumor types
(median range from 4% for CRC metastasis to 20% for OC and NSCLC
primitive tumor samples). However, the level of T-cell infiltrates
(CD3+) (TILs) was consistently around 60% across histologies with an
equal proportion of CD4+ and CD8+ T-cells (except for UC and
HNSCC with a CD4/CD8 ratio= 2). Unsupervised analysis of immuno-
phenotyping data could not cluster patients by histological type or
by the expression of TIM-3, LAG-3, MHC-I or MHC-II on T cells. More
surprisingly, we found that cancer patients could be grouped by clus-
ters with mutually exclusive patterns of PD-1 and PD-L1 expression
on T-cells. Indeed, patients were either PD-1POS/PD-L1NEG (18% of
patients), PD-1NEG/PD-L1POS (45% of patients), or PD-1NEG/PD-
L1NEG (30% of patients) on their tumor-infiltrating T-cells with an
identical phenotype between CD4+ and CD8+ T-cells.
Conclusions
Patients' TIL are either PD-1POS or PD-L1POS or PD-1NEG/PD-L1NEG.
This pattern is uniform across all TILs and mutually exclusive across
patients, independently from their tumor histology. This result could
have a major implication in terms of anti-tumor activity of anti-
PD(L)1 therapies and patient selection for clinical trials and routine
practice.
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Background
Integrins CD49a and CD49b can mediate retention of lymphocytes in
peripheral tissues by binding to collagens type IV and type I, respect-
ively. Their expression is upregulated on CD8+ tumor infiltrating lym-
phocytes (TIL) compared to circulating lymphocytes and density of
CD49a+ TIL is associated with improved patient outcome. Little is
known about how expression of these integrins is regulated in vivo
and the functional capacity of the cells expressing them. We hypoth-
esized that CD49a and CD49b expression evolves over time as T cells
differentiate in the tumor microenvironment (TME) and that integrin
expression is associated with T cell function, by directly supporting
effector function or localization.
Methods
To address these hypotheses, CD8 TIL from an implantable breast
carcinoma model, BRPKp110, were for expression of CD49a, CD49b
and functional markers. Where indicated, mice were treated daily
with 5ug/mouse FTY720. For transfer experiments, OT1 cells were ac-
tivated in vivo with ovalbumin, polyIC and anti-CD40 vaccination.
After 5d, CD49b+ cells were purified and transferred into tumor-
bearing mice.
Results
In early stage tumors (d14), T cells were predominantly CD49b single
positive (SP) or CD49aCD49b double positive (DP). Later (d23), CD49b
SP cells largely disappeared, and CD49a SP cells appeared, while DP
cells remained unchanged. After treatment with FTY720, to block fur-
ther T cell infiltration, the switch from CD49b SP to CD49a SP cells
was even more pronounced, suggesting the change is not due to
newly infiltrating CD49a SP cells. Regardless of timepoint, CD49b SP
cells were antigen-responsive, whereas DP and CD49a SP cells had
features of exhaustion. To test whether the switch in integrin expres-
sion depends on antigen engagement or environmental factors, we
transferred activated CD49b SP OT1 cells into OVA-negative
BRPKp110 tumor-bearing mice. In these tumors, CD49b SP cells up-
regulated CD49a, followed by downregulation of CD49b (Figure 1).
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Preliminary in vitro experiments showed that restimulation of T cells
in presence of CD49a/CD49b ligands, collagen type I or IV, strongly
inhibit IFNγ expression, suggesting a potentially direct negative role
for CD49a or CD49b in anti-tumor immunity.
Conclusions
Together, our data suggest that in CD49b SP CD8 TIL evolve over
time to upregulate CD49a, followed by downregulation of CD49b, as
TIL gain an exhausted phenotype. Furthermore, the switch in expres-
sion is dependent on the microenvironment, not antigen-specific dif-
ferentiation. Future experiments will assess which environmental
factors play a role in CD49a upregulation, and how processes of in-
tegrin expression relate to the antigen-dependent generation of
exhaustion.
Fig. 1 (abstract P561). CD49a and CD49b expression on transferred
OT1 cells
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Background
Anti-tumoral response of Vg9Vd2 T cells requires sensing of phos-
phoantigens accumulated in malignant cells through binding of
butyrophilin 3A(BTN3A). Moreover, an unknown partner located in
human Chr6 was shown to be mandatory to BTN3A-mediated
Vg9Vd2 T cell activation in murine models. Here, we identified butyr-
ophilin 2A (BTN2A), which is located to Chr6, as a requirement for
BTN3A-mediated Vg9Vd2 T cell cytotoxicity against cancer cells.
Methods
CRISPR-Cas9-mediated inactivation of BTN2A1/2A2 isoforms was per-
formed in Daudi, K562 and HEK-293T cells. Vg9Vd2 T cells expanded
from healthy PBMCs were co-cultured with wild-type or BTN2AKO
cells +/- BrHPP(1 μM), HMBPP(0.1 μM) or zoledronate(45 μM), or anti-
BTN2A mAb, and Vg9Vd2 T cell degranulation (%CD106αβ+ cells),
and intracellular TNFα and IFNγ assessed after 4h. Mouse T cell hy-
bridoma 53/4 expressing TCRVg9Vd2-MOP were co-cultured over-
night with NIH3T3 murine fibroblasts transfected with BTN3A- and/or
BTN2A-encoding plasmids +/-HMBPP(10 μM), or increasing doses of
HMBPP or anti-BTN3 20.1 mAb. BTN2A transcript expression in nor-
mal vs. tumoral tissue was analyzed using GEPIA tool. Anti-BTN2A
mAb staining was performed on human samples of primary AML,
cervical and pancreatic carcinoma and assessed by flow cytometry.
Results
Degranulation and intracellular IFNg/TNFa (n=6) were abolished in
Vg9Vd2 T cells co-cultured with BTN2AKO Daudi, K562 and HEK-293T
cells compared to wild-type, in all conditions tested including anti-
BTN3 20.1. Murine cells do not express no BTN2A1 or BTN3A ortho-
logs and are unable to activate human Vg9Vd2 T cells. Ectopic ex-
pression of BTN2A and BTN3A combination but neither BTN2A or
BTN3A alone in murine NIH3T3 cells, allows triggering of IL-2 secre-
tion in mouse 53/4-TCRVg9Vd2-MOP reporter cells in presence of
HMBPP or 20.1 mAb in dose-dependent manner. Anti-BTN2A mAb
was able to suppress Vg9Vd2 T cell degranulation/cytokine secretion
against cancer cell lines and activation of mouse 53/4-TCRVg9Vd2-
MOP reporter by BTN2A/BTN3A-expressing NIH3T3 in a dose-
dependent manner. BTN2A transcript was significantly up-regulated
in pancreatic, ovarian and cervical carcinoma vs. normal tissue. Extra-
cellular BTN2A protein was detected in primary hematological and
solid tumors.
Conclusions
Here, we show that BTN2A is mandatory for BTN3A-mediated func-
tion in human Vg9Vd2 T cells. Moreover, concomitant BTN2A and
BTN3A expression empowers murine T cells with activation through
Vg9Vd2 TCR, opening new roads for mouse models of Vg9Vd2 T cell
anti-tumoral responses. We describe an anti-BTN2A able to suppress
Vg9Vd2 T cell function, and we show BTN2A expression in primary
tumors. These results are relevant for understanding Vg9Vd2 T cell
antitumoral immunity triggered by phosphoantigens and amino-
bisphosphonates.
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Background
Immune cell infiltration and exhaustion has been a key question
within the field of immunotherapy research. In particular, regulatory
T cells (T-regs) has been identified as one of the cell types respon-
sible for modulation of the immune response. Spatial resolution
through multiplex immunofluorescence allows researchers to identify
cell types only identifiable through multiple-marker expression and
their behavior and relationships with other cells. In this work, we set
out to identify three main cell types and their interactions in the
tumor microenvironment of non-small cell lung cancer samples: cyto-
toxic T cells, T-regs, and tumor cells. We used the UltiMapper I/O T-
reg panel (CD4, CD8, FoxP3, pan-Cytokeratin) for characterization of
cell phenotypes and additional testing to assess the reproducibility
of the assay for downstream studies.
Methods
Two sets of 5 serial sections from four different tissue sets (one
human tonsil and three different NSCLCs) were stained with the
UltiMapper I/O T-reg panel (CD4, CD8, FoxP3, pan-Cytokeratin) on
the Leica Biosystems BOND RX autostainer. Whole-slide images
were acquired using the ZEISS AxioScan.Z1, without the need for
linear unmixing. Analysis was performed using Indica Labs HALO®
software Indica Labs. Samples were analyzed for immunopheno-
typing and spatial mapping. Coefficients of variation (CVs) were
calculated based on resulting data. All image acquisition and ana-
lysis was performed using the same analysis template for each
sample type.
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Fig. 1 (abstract P564). CD8 T cell activation in viral infection and
tumor model
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Results
Detection of single-marker and multi-marker phenotypes were identi-
fied. T-regs were identified by CD4+/FoxP3+. Cytotoxic T cells were
identified by CD8+. Tumor regions were mapped with pan-
Cytokeratin+. Cell population comparisons and proximity analysis
was used to compare T-helper:cytotoxic T cell, T-reg:cytotoxic T cell,
and cytotoxic T cell:tumor cell ratios. Overall CV’s were less than 15%
across all markers across serial sections. This included the total cell
counts and average signal intensity.
Conclusions
The results presented here indicate that the UltiMapper I/O T-reg
panel offers robust and reproducible multiplex immunofluorescence
data for the detection and characterization of immune cell infiltration
and T-cell regulation. Histological standards for coefficients of vari-
ation in IHC based assays are typically
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Background
CD8 T cells are a critical part of the immune response to tumors. With
the increased use of immunotherapies to treat many cancers under-
standing what leads to highly CD8 T cell infiltrated tumors is crucial in
the improvement of these therapies. Especially since the number of
CD8 T cells within the tumor has been shown to predict the response
to anti-PD1 blockade and survival. Recent work in CD8 T cell immun-
ology described how CD8 T cells respond to chronic diseases, finding
two subsets of CD8 T cells within tumors. One is a stem-like CD8 T cell
and the other is an effector CD8 T cell with cytotoxic capabilities [1].
Understanding how tumor-specific CD8 T cells activate and differenti-
ate to produce an effective CD8 T cell response with both stem-like
CD8 T cells and effector CD8 T cells is crucial to determining why cer-
tain tumors are highly infiltrated by CD8 T cells while others are not.
Methods
To understand how tumor-specific CD8 T cells respond to prostate
cancer we have made a prostate cancer model which expresses the
viral LCMV glycoprotein (GP) which acts a tumor-specific antigen.
Using this model, we have used this model to study tumor-specific
CD8 T cell activation by adoptively transferring LCMV GP specific TCR
transgenic P14 CD8 T cells into TRAMPC1-LCMV-GP bearing mice.
Results
We have data showing that to have a highly infiltrated there must
be a population of stem-like CD8 T cells which are capable to differ-
entiating into effector CD8 T cells and supporting the CD8 T cell re-
sponse against the tumor. We have found when tumor-specific CD8
T cells are activated they acquire an undifferentiated but activated
program, upregulating CD44, PD1 but retaining high TCF1 and
CD62L expression (Fig 1, C,E). They also upregulate effector mole-
cules such as CD43 slower and completely fail to upregulate CX3CR1
(Fig 1, C). These undifferentiated activated CD8 T cells do not acquire
a typical effector program that is seen in an acute viral infection such
as LCMV Armstrong (Fig 1, A,B), and proliferate slower than P14 CD8
T cells activated in LCMV Armstrong (Fig 1, D).
Conclusions
Tumor-specific CD8 T cells do not acquire an effector program after
activation and instead gain an undifferentiated but activated pheno-
type. Based on this we hypothesize that tumor-specific CD8 T cells
are activated in the TDLN and differentiate to become the stem-like
CD8 T cells within the tumor, promoting the anti-tumor CD8
response.
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Background
DNA vaccines, relative to other vaccine strategies, are an attractive
approach for cancer treatment given their safety, easy manipulation,
scalability, stability and economical manufacturing. While a DNA vac-
cine has been approved for canine melanoma, early phase clinical
studies have been generally disappointing [1]. Further studies to
understand their mechanism of action, in order to improve their im-
munogenicity, are therefore needed. We have previously found that
passive uptake of DNA by dendritic cells (DC) and macrophages led
to degradation, while passive uptake of DNA by B cells led to tran-
scription of encoded genes and ultimately activation of antigen-
specific CD8+ T cells.
Methods
We used splenic B cells from wild type C57/Bl6 mice, DCs from
Flt3L-treated splenocytes from C57/Bl6 mice, CD8 T-cells from OT-
1 mice carrying the T-cell receptor specific for the SIINFEKL pep-
tide epitope, and DNA encoding ovalbumin. Antigen-presenting
cells (APCs) were treated with different cytokines for in vitro acti-
vation and to evaluate antigen presentation following passive up-
take of DNA. The activation and proliferation of antigen-specific
CD8+ T-cells was then analyzed by flow cytometry and IFN-γ re-
lease by ELISA.
Results
We found that B cells are the only APC subtype that could take up
DNA and transcribe it to mRNA, but they could not present the anti-
gen themselves to CD8+ T cells. B cells require direct contact with
DCs to cross present the antigen, and only co-culture of B with DC
led to T-cell activation and proliferation. We also found that CD4+ T
cells, including antigen-non-specific CD4+ T cells, act as helper cells
to promote this presentation, and this function could be replaced by
directly providing IL-4.
Conclusions
B cells serve as primary antigen-presenting cells for DNA vaccine, but
their ability to subsequently activate CD8+ T cells is mediated
through DC. Further evaluation of this mechanism may lead to novel
vaccine delivery approaches that could improve the immunogenicity
of DNA vaccines.
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Background
Inflammation in Uveal Melanoma (UM) is linked to a bad prognosis. Infil-
tration with an inflammatory infiltrate increases with disease progression
but does not seem to inhibit metastasis. Genetic predictors for metastatic
tumor behavior is the loss of BRCA1-associated protein 1 (BAP1) expres-
sion. NF-κB is a principal coordinator of innate immunity and inflamma-
tion and has emerged as an essential endogenous tumor promoter. We
hypothesize that genetic changes not only influence the immunological
microenvironment but also drive metastasis in UM and that NC-NFκB
proteins are the consequence of a highly-inflammatory profile.
Methods
In our study, seventy-five patients are recruited for a period of 4 years
(2013-2017). Based on the expression of CD3 (infiltrating lymphocytes)
and CD68 (infiltrating macrophages), we divided our study cohort into
two categories: UM with inflammation and UM without inflammation.
Expression of BAP-1 and NC-NFκB proteins (RelB & p52/NFκB2) was
evaluated using immunohistochemistry and western blotting. Real-time
PCR was performed on 60 frozen tumor samples. To detect the pres-
ence of p52/RelB heterodimer by Co-immunoprecipitation was per-
formed on five each case of the inflammation and non-inflammation
group of UM. BAP-1 sequencing was performed on 10 cases.
Results
In the inflammation group, activation of NC-NFκB proteins found in
82% and 64% of cases while the loss of BAP-1 was observed in 82% of
cases. Loss of BAP-1 protein along with activation of NC-NFκB proteins
was seen in the 70% of cases of the inflammation group. Loss of BAP-1
along with activation of C-NFκB proteins was statically significant with
inflammatory factors such as CD34+ (p=0.036), IL-6 (p=0.012),
LBD>15mm (p=0.031) and epithelioid cell type (p=0.027). Our western
blotting results supporting the immunohistochemistry results. In the in-
flammation group fold-change value of RelB(5.21) & NFκB2 (4.65) genes
was reduced to 2.85 (RelB) & 2.34 (NFκB2) gene in the non-
inflammation group. Mutation of BAP-1 was more frequently seen in
the inflammation group than the non-inflammation group. Loss of
BAP-1, along with the activation of NC-NFκB proteins, was associated
with reduced metastasis-free survival and overall survival (p
Conclusions
Our study showed that in an inflammation group loss of BAP-1
showed the synergistic role with the activation of NC-NFκB proteins
and are the poor prognostic indicator of overall and metastasis-free
survival. By predicting those patients who have a poor prognosis
might help to differentiate which patients require more aggressive
local treatments and which of those systemic treatments.
Ethics Approval
The study was approved by the institutional ethics committee, All
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written consent is available for review by the Editor of this journal
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Background
Myeloid-derived suppressor cells (MDSCs) are developed to protect
the host, and in the context of immuno-oncology these cells protect
tumor cells through suppression of immune cell activity. MDSCs are
not present in healthy environments, and only rise during patho-
logical conditions associated with inflammation. Two main types of
MDSCs have been studied in depth: monocytic MDSCs (M-MDSCs)
and polymorphonuclear MDSCs (PMN-MDSCs). M-MDSCs are an inter-
mediate state along the path of differentiation from myeloid cells to
monocytes. PMN-MDSCs are an intermediate state along the path of
differentiation from myeloid cells to neutrophils. Much of the re-
search into MDSCs has been collected through flow cytometry be-
cause of the ability to immunophenotype single cells with multiple
markers. Within tissue, research has been limited because of the
current multiplex immunohistochemistry technologies’ inability to
detect co-expression of multiple markers on single cells and measure
a range of expression for dynamic markers. Here we assess the Ulti-
Mapper I/O MDSC panel (CD11b, CD14, CD15, HLA-DR) for
characterization in a colorectal cancer cohort and for reproducibility
studies.
Methods
A set of tissue microarrays (TMAs) containing multiple colorectal car-
cinoma samples was stained with the UltiMapper I/O MDSC kit. Stain-
ing was conducted on the Leica Biosystems BOND RX autostainer.
Multiplex images were acquired with the ZEISS Axio Scan.Z1 slide
scanner. TMAs were analyzed for cell phenotyping and spatial distri-
bution using Indica Labs HALO software. Coefficients of variation
(CVs) were calculated based on resulting data.
Results
Detection of co-expression of multiple markers in the panel and
range of expression for HLA-DR was identified. M-MDSC were identi-
fied by CD11b+/CD14+/CD15-/HLA-DR- cells. PMN-MDSCs are
CD11b+/CD14-/CD15+/HLA-DR-/low. Overall CV’s were less than 15%
across all markers across serial sections. This included total cell
counts and average signal intensity. Differences in densities of
MDSCs were measured in various colorectal carcinoma samples.
Conclusions
Given the robustness and high reproducibility of the UltiMapper I/O
MDSC panel, the identification and assessment of MDSC cell types in
tissue is reliably attainable. This allow researchers to apply this tech-
nology to cohorts of colorectal cancer to assess the utility of measur-
ing MDSCs in the context of immunotherapy-related studies and the
overall immunosuppressive landscape.

P568
Terminally exhausted CD8+ T cells potentiate the tolerogenic
tumor microenvironment as functional suppressors
Paolo Vignali, BA, McLane Watson, BS, Ashley Menk, MS, Nicole
Scharping, PhD, Kristin DePeaux, BS, Greg Delgoffe, PhD
The University of Pittsburgh School of Medicine, Pittsburgh, PA, United
States
Correspondence: Greg Delgoffe (delgoffeg@upmc.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P568

Background
Blockade of co-inhibitory ‘checkpoint’ molecules, PD-1 and CTLA-4,
has induced impressive clinical responses in advanced tumors; yet
only in a subset of patients. Limited success with checkpoint block-
ade therapy suggests other cell extrinsic or intrinsic mechanisms
may be dampening an effective immune response. Cytotoxic CD8+ T
cells (CTL) encountering chronic antigen and metabolic restriction
can differentiate to a terminally exhausted state (Texh), marked by
hyporesponsiveness and metabolic, epigenetic, and transcriptional
dysfunction. While enrichment of this population in tumor is a nega-
tive prognostic factor, it remains unclear whether Texh are simply
non-functional or instead possess tolerogenic or suppressive proper-
ties. Transcriptional profiling of tumor-infiltrating CD8+PD-1int (pro-
genitor exhausted) CTL versus CD8+PD-1hiTIM-3+ terminally
differentiated Texh reveals that exhausted cells express a pattern of
genes associated with immune suppression. We hypothesize that
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Texh potentiate the suppressive microenvironment of solid tumor by
autoregulation and inhibition of local immune responses.
Methods
Texh and were isolated from B16 melanoma by expression of inhibi-
tory receptors (IR) and assayed in tandem in microsuppression assay
with progenitor exhausted and CD4+FoxP3+ regulatory T cells. Mur-
ine melanoma clones with inhibited oxidative metabolism were gen-
erated by CRISPR-Cas9 and validated for ablated mitochondrial
respiration by extracellular flux analysis. Enforced expression of CD39
in effector T cells was attained by murine retroviral vector delivery.
Deletion of CD39 was accomplished through tamoxifen-inducible Cre
recombinase expression in CD8+ T cells (E8icre-ERT2Entpd1flox/flox).
Results
When sorted directly from tumor, terminally exhausted (PD-
1hiTim3+) Texh, but not PD-1 intermediate, progenitor exhausted
CD8+ T cells, induce marked suppression of T cell effector responses,
comparable to suppression from Foxp3+ Treg cells sorted from the
same environment. Suppressive activity correlated with exposure to
hypoxia, and exhausted T cells sorted from tumors engineered to be
less hypoxic had significantly less suppressive capacity. Our data sug-
gest hypoxia induces HIF1a-dependnet expression of the cell surface
ectonucleotidase, CD39, which depletes extracellular ATP, contributes
to generation of immunosuppressive adenosine, and has been previ-
ously associated with terminal exhaustion. CD39 overexpression on
effector T cells can confer a diminished phenotype, and preliminary
data using CD8-specific CD39 deletion suggests it confers the regula-
tory phenotype in tumor-infiltrating exhausted T cells.
Conclusions
Our data support a model that as CTL progress to terminal exhaus-
tion, hypoxic exposure upregulates CD39, providing Texh a mechan-
ism to suppress proinflammatory processes. These findings suggest
Texh are not solely dysfunctional but are rather deleterious to anti-
tumor immunity and may need to be drastically reprogrammed or
deleted in order to alleviate immunosuppressive functions.
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Background
Apart from anogenital cancers, high-risk human papillomavirus type
16 (HPV16) can induce oropharyngeal squamous cell carcinomas
(OPSCC). Interestingly, patients with HPV16-induced OPSCC respond
better to standard (chemo)radiotherapy compared to HPV-negative
OPSCC patients. We previously demonstrated that intratumoral
HPV16-specific type 1 T-cell responses contributes to this improved
outcome. To further decipher the impact of tumor immune contex-
ture on standard therapy in HPV16-negative and HPV16+ OPSCC we
performed in-depth high-dimensional studies.
Methods
HPV16 status was determined by GP5+/6+ PCR and p16ink4a stain-
ing. Archived formalin-fixed paraffin-embedded tumor tissues were
used for multicolor immunofluorescent (IF) staining. Prior to therapy
tumor samples were dispersed into single cells and analyzed by
CyTOF, flow cytometry and single cell RNAseq. HPV16-specific T-cell
reactivity was determined by proliferation and cytokine release using
IL-2-expanded tumor-infiltrating lymphocyte (TIL).
Results
Intratumoral HPV16-specific T cells were detected in 5/9 HPV16+ and
in 0/4 HPV16- OPSCC. The immune cell composition of HPV16+ tu-
mors differed between T-cell non-reactive (IR-) and reactive (IR+)
OPSCC as determined by CyTOF analysis. HPV16+IR- OPSCC were
strongly infiltrated by B cells while HPV16+IR+ contained mainly T
cells with a highly activated (CD38+, HLA-DR+ and/or PD1+) effector
memory phenotype and more CD4+CD161+ and CD8+CD103+ T
cells. Analysis of 75 HPV16+ OPSCC patients in the TCGA database
demonstrated that high expression of CD4 (log-rank p=0.003), CD8
(log-rank p=0.007) or CD161 (log-rank p=0.0007), but not CD103, was
associated with better overall survival. Importantly, flow cytometry
analysis showed that these intratumoral CD161+ T cells produced
higher levels of pro-inflammatory cytokines than their CD161-
negative counterparts (p<0.0001).
Conclusions
HPV16+ OPSCC patients respond better to standard therapy due to
infiltration of highly activated and functional HPV-specific effector
memory T cells that express CD161 and/or Tbet into the tumor.
These type 1-oriented T-cell inflamed OPSCC were concomitantly in-
filtrated with Tbet+Tregs, associated with improved survival but may
hamper full control of tumor growth.
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Background
Human T cells represent a highly heterogenous population that
can recognize a wide variety of antigens through their T cell re-
ceptor. Dissecting how diverse populations of single T cells re-
spond to antigenic stimulus is key to understanding immunity
and disease. Berkeley Lights has developed a novel platform to
assay the interaction of 1000s of individual T cells and antigen-
presenting cells in an automated fashion in 24hrs. The T Cell
Phenotype and Functional Analytics workflow enables simultan-
eous detections of T cell surface markers like CD137 and IFNɣ se-
cretion at the single-cell resolution. Following analysis, individual
clones can be selected and recovered alive for downstream ex-
pansion or genomic analysis.
Methods
On the Lightning, BLI’s proprietary light technology was used to
load IFNɣ capture beads into NanoPens with volumes less than 1
nL. Next, single antigen-specific T cells were loaded and followed
by antigenic peptide-pulsed T2 cells. In a small subset of the
chip, T2 cells were loaded that were pulsed with an irrelevant
peptide to serve as a negative control. Following overnight incu-
bation, chips were assayed for IFNɣ on the capture beads and
CD137 upregulation on T cells.
Results
Linking complex cellular phenotypes to genotype can be applied to
a diverse range of cell interactions and applications including CAR
construct screening and validation as well as TCR and antigen discov-
ery and validation. In addition, the functional analysis of primary
samples like TILs with low cell numbers based on multiple parame-
ters is now possible
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Background
Colorectal cancers (CRCs) have very low response rates to current im-
munotherapeutic approaches with the exception of the microsatellite
instability high (MSI-H) phenotype. To investigate the basis for such
poor responsiveness, we evaluated expression levels of 6 well-known
immune checkpoint genes (ICPs), as well as potential novel immune
checkpoint related genes (ICPRGs).
Methods
The biological connectivity of 6 known ICPs with IFNγ and its down-
stream genes was examined by NGS in 79 stringently procured and
processed CRC and their normal, patient matched intestinal epithe-
lium pairs. Identification of novel IFNγ-induced molecules with poten-
tial ICPRG activity was sought.
Results
In our study, the 6 “classical” ICPs were statistically upregulated and
correlated with IFNγ and 183 additional immune related genes in
IFNγ positive (FPKM>1) tumors (Figure 1). By ICP coexpression ana-
lysis, we identified 3 IFNγ-induced genes (IFI30, GBP1 and GBP4) as
potential novel ICPRGs. These 3 genes were statistically upregulated
compared to normal tissue, expressed at relatively high abundance
(average FPKM = 115) across 79 CRC pairs compared to the abun-
dance of the 6 ICPs (average FPK = 12; Table 1 ) and correlated with
expression of IFNγ and 172 immune-related genes in IFNγ positive
tumors (Figure 2). Further evaluation of the TCGA database revealed
commonality of IFNγ dependent expression of 6 ICPs and the 3 po-
tential ICPRGs in 638 CRCs, 103 skin cutaneous melanomas (SKCMs),
1105 breast cancers (BCs), 184 esophageal cancers (ESCs), 416 stom-
ach cancers (STCs) and 501 lung squamous carcinomas (LUSC).
Conclusions
The expression of higher abundance and novel ICPRG genes, includ-
ing IFI30, GBP1 and GBP4 requires further evaluation of protein ex-
pression levels in tumors because these genes have the potential to
be druggable targets for immunotherapy of CRC as well as other
tumors.
Fig. 1 (abstract P571). ICP coexpression network

Table 1 (abstract P571). FPKM of 6 ICPs and 3 ICPRGs in 79 CRC pairs
P572
IFNgamma-induced nitric oxide cell death is inhibited by L-
arginine depletion in renal cell carcinoma
Arnold Zea, PhD1, Charity Silvester1, Paula Datri, BS2
1Louisiana State University HSC, New Orleans, LA, United States; 2Louisiana
Cancer Research Center, New Orleans, LA, United States
Correspondence:Arnold Zea (azea@lsuhsc.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P572

Background
In mammals, NO is generated by nitric oxide synthases (NOS 1, 2, 3).
All type of NOS catabolizes L-arginine (L-Arg) to produce L-citrulline
and nitric oxide (NO) the later known to have anti-tumor activity. L-
Arg metabolizes arginase (ARG2) to synthesize polyamines necessary
for tumor growth. NOS2 is commonly up-regulated by inflammatory
mediators, and it produces NO as long as the molecule is intact and
its substrate L-Arg is available. Because ARG2 and NOS2 compete for
L-Arg, the metabolism of this amino acid will become a crucial com-
ponent in modulating cell growth, cell death and resistance in renal
cell carcinoma. We hypothesize that L-Arg availability in renal carcin-
oma cells expressing ARG2 regulates the activity and expression of
NOS2 protein as a mechanism that induces resistance against
IFNgamma-induced tumor activity.
Methods
300,000 Renca cells per well were plated in 6 well plates in RPMI
media containing 1,000; 2,000; 4,000 and 6,000 micro-molar of L-
Arg and culture for 48h. Then, the cells were stimulated
with100U/ml of IFNgamma and cultured for an additional 24 h.
At this time, supernatants and cells were harvested and tested
for NOS2 protein by immunoblot and NOS2 activity by Greiss
Assay (nitrite formation). Supernatants were collected every day
during the length of the experiments, to determine L-Arg levels
by High-Performance Liquid Chromatography (HPLC). As a control
for the experiments, we used CL-19 renal carcinoma cells respon-
sive IFNgamma stimuli.
Results
Here, we report that decreased availability of L-Arg in Renca cells
blocked the expression of NOS2 protein and NO-induction after
stimulation with IFNgamma. Furthermore, the addition of L-Arg to
the cell cultures reverted the process. INFgamma receptor, NOS2
gene expression, ARG2 protein expression did not change under the
different experimental conditions.
Conclusions
The lack of IFNgamma-induced responses could likely be due to
the tumor’s ability to develop strategies of tumor escape and de-
fine a distinct mechanism by which L-Arg can regulate the activ-
ity of its associated NOS2 enzyme. Our plan, include testing if, in
this phenomena, the inhibition of NOS2 expression and activity
by L-Arg depletion occurs via inhibition of translation of NOS2
mRNA.
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Background
The requisites for translation in T cells are poorly understood and
how translation shapes the anti-tumor efficacy of T cells is unknown.
Methods
We used multiple innovative tools to dissect how translation shapes
T cell lineages and impacts tumor growth. LC-MS/MS proteomics,
cytokine conditioning, immunblotting, and a novel FACS-based assay
of mRNA translation were employed to elucidate the molecular com-
ponents that control translation in T cells. A novel in vitro tumor
microenvironment assay was developed to measure the impact of
the microenvironment on T cell translation. Adoptive transfer of T
cells to tumor-bearing mice was employed to elucidate how transla-
tion is impacted in T cells in tumors, and fresh tumor infiltrating lym-
phocytes (TILs) from cancer patients were assessed to measure
translation in human TILs. Pharmacological modulation of translation
was used to test that remodeling protein synthesis is a new strategy
to augment T cell-mediated tumor control.
Results
Here we demonstrate that memory T cells are primed by metabolic
energy sensor AMP-activated protein kinase (AMPK) to undergo di-
minished translation relative to effector T cells. However, we show
that memory T cells exhibit a remarkable capacity to enhance trans-
lation in tumors that effector T cells are unable to duplicate. Study of
modulation of translation for applications in cancer immunotherapy
revealed that translation is suppressed in CD8 TILs in multiple human
tumor types, and that direct ex vivo pharmacological inhibition of
the translation elongation step primes powerful T cell anti-tumor im-
munity by remodeling metabolic properties of T cells.
Conclusions
Our work elucidates the new finding that paths to translation shape
CD8 T cell anti-tumor capability. We show that metabolic energy sen-
sors shape protein synthesis in T cells and control anti-tumor immun-
ity, and we demonstrate that direct modulation of translation is a
powerful and unique strategy to shape the efficacy of T cells to com-
bat tumor growth.
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Background
The tumor microenvironment (TME) is characterized by deficiencies
in oxygen and key nutrients, such as glucose and amino acids, result-
ing in an overall immune suppressive environment. Stromal cells and
myeloid-derived suppressor cells (MDSC) within the tumor create a
nutrient-poor environment that inhibits immune function and sup-
ports tumor growth. GCN2 (general control nonderepressible 2), a
stress response kinase, plays a key role in sensing and modulating
the response to amino acid deprivation. GCN2 activation in T cells
leads to an induction of the integrated stress response pathway and
subsequently to T cell anergy and apoptosis.
Methods
Culturing primary mouse or human immune cells under low nutrient
conditions activates the GCN2 pathway limiting T cell proliferation
and function. Treatment of these nutrient-deprived T cells with
GCN2i resulted in rescue of CD8+ T cell proliferation and effector
functions as measured by flow cytometry. In addition, GCN2 inhib-
ition in MDSC alone fully reversed CD33+MDSC-induced T cell sup-
pression and effector functions. Using murine syngeneic tumor
models, we demonstrate that the pharmacologic inhibition of GCN2
in-vivo leads to an observed anti-tumor effect.
Results
Furthermore, GCN2 inhibition induced tumor specific immunity by in-
creased antigen-specific T cell frequency and increased cytokine pro-
duction. Our GCN2i is currently being evaluated to further elucidate
the immune contribution in the tumor microenvironment.
Conclusions
The GCN2/eIF2α pathway is activated in immune cells during amino
acid deprivation, and this induces a functional suppression of the im-
mune response. Our results demonstrate that inhibition of GCN2 is
an attractive approach for relieving T cell suppression and promoting
anti-tumor activity, demonstrating GCN2 as a promising therapeutic
target for the treatment of cancer.
Ethics Approval
The study was approved by RAPT Therapeutics Ethics Board, approval
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Background
Regulatory T (Treg) cells are vital for maintaining immune homeosta-
sis and preventing autoimmunity but represent a major barrier to ro-
bust cancer immunity as the tumor microenvironment (TME) actively
recruits, activates, and promotes their differentiation. Tumor cells
have deregulated cellular metabolism leading to a metabolite-
depleted, hypoxic, and acidic TME. Highly glycolytic tumor infiltrating
CD8 T cells are in direct competition with the tumor for glucose and
oxygen which impairs their effector function. In contrast, Treg cells
maintain their high suppressive function within the TME. Further,
studies of in vitro induced and directly ex vivo Treg cells reveal a dis-
tinct metabolic profile compared to effector T cells. Thus, it may be
that the altered metabolic landscape of the TME and the increased
activity of intratumoral Treg cells are linked.
Methods
Fluorescent glucose tracers, extracellular flux analysis, isotopic flux
analysis, and RNA sequencing were used to determine the metabolic
profile of murine lymph node and B16 tumor resident Treg cells.
Mice harboring a Treg specific deletion of the lactate transporter
Slc16a1 (MCT1) were used to determine the in vivo significance of
Treg cell lactate uptake.
Results
Here we show that Treg cells, especially tumor derived, do not ro-
bustly engage in glycolysis or consume glucose. Transcriptomic and
functional analysis of glucose consuming Treg cells revealed a dimin-
ished Treg cell signature and reduced suppressive capacity. While
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both glucose low and high consuming Treg cells expressed glycolysis
pathway genes, low glucose consuming Treg cells had enriched ex-
pression of the lactate transporter Slc16a1 (MCT1) and lactate hydro-
genous a (Ldha). Isotopic flux analysis revealed Treg cells take up
lactate to generate TCA cycle intermediates and phosphoenolpyr-
uvate (PEP) which we show is critical for intratumoral Treg cell prolif-
eration. Using B16 melanoma bearing mice harboring a Treg specific
deletion of lactate transporter MCT1, we demonstrate MCT1 is dis-
pensable for peripheral Treg cell function but required intratumorally
resulting in slowed tumor growth and prolonged survival. Analysis of
tumor infiltrate demonstrated increased proliferation and cytokine
production by intratumoral effector T cells and decreased suppres-
sive capacity of MCT1-deficient intratumoral Treg cells.
Conclusions
Taken together these data support a model in which Treg cells are
metabolically flexible to utilize ‘alternative’ metabolites to support
their function in nutrient poor environments like that of the tumor.
Targeting lactate metabolism via MCT1 directed antibodies or inhibi-
tors or lowering tumor lactate levels provides a promising thera-
peutic strategy to impair intratumoral Treg suppressive capacity and
enhance anti-tumor immunity.
Ethics Approval
Animal work was done in accordance with the Institutional Animal
Care and Use Committee of the University of Pittsburgh (protocol
#17071235).
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Background
The alteration of epigenetic status by HDACs, regulates chromatin
structure and transcription by controlling protein access to DNA
through the removal of acetyl groups. In addition, HDACs are now
known to regulate non-histone proteins as well. Histone deacetylase
inhibitors (HDACi) are a class of agents that modulate the acetylation
status of histones and non-histone proteins, that are used clinically
to treat cancer. Recently, HDACi have been shown to rely on CD8+ T-
cells during monotherapy and enhance anti-tumor immune re-
sponses when given with immunotherapy. However, this is counter-
intuitive as majority of early studies have found HDACi are largely
immunosuppressive. While, prior HDACi studies on immune function
has primarily been on bulk T-cells, various T-cell subsets exist and
play diverse roles in immune responses, including naive T-cell activa-
tion and immunological memory responses, which may be differen-
tially impacted. Understanding the role of HDACi on T-cell subsets
will lead to important biological insights and may aid in the develop-
ment of future drug design.
Methods
Normal PBMCs isolated from healthy individuals were subjected to
HDAC Inhibitors with varying specificities: Panobinostat, Entinostat,
Vorinostat and OKI-005 and stimulated with PMA/Ionomycin and pro-
tein export was blocked with BFA. Cells were fixed and permeabilized
after 18 hours and stained with markers: CD4, CD8, CD95, CD31, and
CCR7 to delineate naïve and memory subtypes.
Results
To determine HDACi effects on T-cells, I evaluated cytokine produc-
tion on bulk CD4 and CD8 T-cells, and observed a decrease in IL-2,
consistent with previous literature that HDACi is negatively impacting
T-cells overall. However, TNFa also significantly increased, showing
HDACi effects are not only due to cytotoxicity, but cytokines are be-
ing differentially affected. Interestingly, the cytokine change effect
was across both CD4 and CD8 T-cells and when delineated into naïve
versus memory subsets, the naïve T-cells were much more impacted
than memory cells, exhibiting more drastic decreases of IL-2 and in-
creases in TNFa. Naïve T-cells also exhibited higher acetylation levels
of total acetylated lysine and di-acetyl H3 than memory cells 24
hours after drug treatment.
Conclusions
Naïve T-cells comprise a large portion of T-cells from PBMCs, which
may explain why previous studies with HDACi show immunosuppres-
sive effects. However, anti-tumor immunity largely relies on tumor in-
filtrating lymphocytes, which consist of memory T-cells. Thus,
memory T-cells’ reduced susceptibility to HDACi could explain en-
hanced anti-tumor immune responses seen previously. Further inves-
tigation into the effect of HDACi on distinct T-cell subsets could aid
in rationally designing future immunotherapy strategies in cancer.
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Background
Immunotherapy has transformed cancer treatment, providing dur-
able responses for a subset of patients. Improved responses were re-
cently observed for combinations of checkpoint inhibitors with
chemotherapy regimens as compared to either therapy alone [1].
Chemotherapeutics are thought to enhance anti-tumor responses by
increasing tumor antigens via immunogenic cell death and by modu-
lating the tumor microenvironment. In addition to killing tumor cells,
these agents may also directly impact immune cell function. In order
to understand the impact of different classes of chemotherapeutic
agents on immune cell function, a panel of compounds was profiled
using several in vitro functional assays of human cells.
Methods
T cells and monocytes were isolated from the whole blood of 6-8
healthy donors. Monocytes were differentiated in vitro to immature
dendritic cells by culture with GM-CSF and IL-4 for 7 days. T-cell pro-
liferation was assessed by stimulating isolated T cells with antibodies
to CD3 and CD28 for 3 days. Proliferation was measured by uptake
of 3H-thymidine. T-cell cytokine production was assessed in an allo-
geneic mixed lymphocyte culture. Immature dendritic cells were cul-
tured with T cells from HLA-mismatched donors for 5 days. IFNγ in
the supernatant was assessed using ELISA. Dendritic-cell maturation
was assessed by culturing immature dendritic cells with CD40L over-
night. Surface markers (CD80, CD86, CD83, CD32, CD40, HLA-DR, PD-
L1) were assessed using flow cytometry.
Results
Consistent with their anti-proliferative activity, several classes of
chemotherapy agents potently inhibited anti-CD3 plus anti-CD28–
driven T-cell proliferation. These included microtubule targeting
agents (paclitaxel, docetaxel, eribulin), gemcitabine, and doxorubicin.
Alkylating agents (cisplatin, carboplatin, oxaliplatin) and CDK4/6 in-
hibitors (abemaciclib, palbociclib) had moderate anti-proliferative ac-
tivity. PARP inhibitors (rucaparib, olaparib), pemetrexed, and
fluorouracil each had weak activity. Although pemetrexed and fluoro-
uracil had weak anti-proliferative activity, they did inhibit IFNγ pro-
duction in the allogeneic mixed lymphocyte culture. Gemcitabine,
doxorubicin, CDK4/6 inhibitors, and some of the microtubule target-
ing agents (paclitaxel, docetaxel) also had strong activity in this
assay. Alkylating agents weakly inhibited IFNγ production. In the
dendritic-cell maturation assay, eribilin and doxorubicin were the
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only compounds among those tested that impacted expression of
maturation and activation markers.
Conclusions
Many chemotherapeutic agents inhibit T-cell proliferation and IFNγ
production, with IC50 values in the range of concentrations achieved
at therapeutic exposures. These data suggest that several of these
agents could also negatively impact T-cell–driven anti-tumor re-
sponses. This understanding may help guide treatment selection and
scheduling of optimal combination therapeutics with checkpoint in-
hibitors to broaden anti-tumor responses.
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Background
The classification of tumor microenvironments based on the pres-
ence of tumor infiltrating lymphocytes (TILs) and programmed
cell death ligand-1 (PD-L1) expression has been used to predict
the efficacy of immune checkpoint blockade in several cancer
types. Few studies have evaluated the predictive and prognostic
role of CD8 and PD-L1 coexpression in locally advanced rectal
cancer.
Methods
CD8+ TIL density and tumor PD-L1 expression were assessed by im-
munohistochemistry using pretreatment biopsies from one-hundred
and eighty nine consecutive patients with locally advanced rectal
cancer who had preoperative chemoradiotherapy (CRT). Response to
CRT was determined based on Dworak tumor regression grade (TRG);
tumors with complete (TRG 4) or near-complete (TRG 3) regression
were grouped as good responders, and those with TRG 0 to TRG 2 as
poor responders.
Results
High CD8 TILs showed borderline significant association with bet-
ter disease-free survival (DFS). Although PD-L1 expression alone
was not correlated with DFS, the combination of PD-L1-positive
and CD8 low group identified a subtype with poorer DFS. In
multivariate analysis, this classification based on combination of
CD8 and PD-L1 was independent prognostic factors even when
considering the clinical parameters (p =0.007). Among pathologic
node-positive patients, high CD8 TILs compared to low were sig-
nificantly associated with higher rate of good responders (29.2%
vs 5.6%, p = 0.023).
Conclusions
A combination of tumor PD-L1 expression and low CD8+ TIL density
was significantly associated with unfavorable survival in locally ad-
vanced rectal cancer patients who underwent preoperative CRT. It is
proposed that PD-L1 expression in combination with CD8+ TIL dens-
ity could be a useful predictive and prognostic biomarker in these
patients.
Ethics Approval
The study was approved by Seoul National University Bundang Hos-
pital's Ethics Board, approval number B-1707-406-306.
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Background
Prostate cancer (PCa) shows a modest clinical benefit from immuno-
therapy. Neuroendocrine prostate adenocarcinoma (NEPC) is a histo-
logical subtype of advanced PCa that arises clonally from castrate
resistant prostate adenocarcinoma (CRPC) as a mechanism of resist-
ance, but shares pathological, clinical, and molecular features with
small cell lung carcinoma (SCLC). We studied the immunogenomics
landscape of NEPC compared to other prostate malignancies and
SCLC to identify mechanisms of immune evasion and potential im-
munological targets in NEPC.
Methods
We evaluated RNA-seq data from a 190 patient cohort comprised of
benign prostate (n=29), localized prostate adenocarcinoma (PCa; n=
68), hormone-naïve metastatic prostate adenocarcinoma (mPCa; n=
11), CRPC (n=54), NEPC (n=25) with follow-up data, and SCLC (n=28)
[1]. Whole exome sequencing available for 234 cases was used to
quantify the mutations and copy number load in the cohort. Un-
supervised hierarchal clustering followed by a consensus clustering
approach was applied to the expression profiles to determine T-cell
immune status for each sample i.e., inflamed or depleted.
Results
Immune cluster analysis revealed a predominantly T-cell depleted im-
mune status across prostate subtypes, where in all de novo NEPC
cases belonged exclusively to the immune depleted cluster. Poor
overall survival (OS) was associated with the inflamed compared to
the depleted immune cluster (HR=2.62; p= 0.002; adjusted for sub-
type). Significantly higher genomic copy number gains were found in
T-cell depleted compared to inflamed cases (p= 0.001); however, no
difference in total mutation load was seen. Further analysis of NEPC
showed a relatively lower expression of cytokines, cytolytic activity,
checkpoint, antigen processing machinery, and HLA presentation
genes in NEPC (p<0.001).
Conclusions
NEPC is characterized by a T-cell depleted tumor microenvironment
similar to other metastatic prostate cancer subtypes but with higher
PDL1 expression, which is comparable to SCLC. The inverse correl-
ation between OS and infiltration, as well as the novel expression
changes in cytokines and checkpoint markers support further investi-
gation into the potential immunological targets for NEPC.
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Background
Network analysis in biology has led to discovery of molecular and
genetic interactions, biomarkers of disease, and therapeutic targets.
Large-scale biomedical data availability offers a unique opportunity
to assess the effect and impact of key cellular determinants for an
observed phenotype. In this work, we consider the phenotype associ-
ated with the expression of the immunologic constant of rejection
(ICR) gene set. This gene set consists of 4 major pathways observed
in immune rejection of cancerous tissue, th1 signaling, chemokine
production, effector function and immune regulation Higher expres-
sion of these genes is associated with tumor infiltrating lymphocytes
and an active immune engagement, often correlated with prolonged
survival. [1–6]
Methods
Consensus clustering of tumor samples based on ICR gene expres-
sion divides them into three classes, ICR high, medium and low. The
ICR high phenotype is associated with better survival in a subset of
cancer types which we refer to as ICR enabled (N=8). In other cancer
types we observe the opposite. (ICR Disabled, N=4) [7]
Reverse engineering the gene regulatory networks (TF-target) for
each cancer subtype from transcriptional profiles (RNA sequences) of
tumors obtained via the cancer genome atlas (TCGA) was performed
using a machine learning technique called RGBM. We then perform
functional gene set enrichment analysis to discover differential active
master regulators.
Results
Our aim is to identify key transcription factors (TF) i.e. proteins bind-
ing in the regulatory regions of the DNA for specific target genes
and regulating their expression, which are differentially activate be-
tween ICR High and ICR Low samples which are molecular signatures
of hot or cold immune response respectively. We unravel common
differentially active TFs or master regulators for these phenotypes
over the 12 selected cancer subtypes, where the ICR can be shown
to have an impact on survival. We found genes such as IRF1, STAT1,
CXC10, CTLA4 to be common master regulators which are positively
active for the ICR High phenotype and a validation of our proposed
approach as these genes are part of the ICR gene signature. Master
regulators, L3MBTL1, HDAC11, SALL2 etc., are positively active for the
ICR Low phenotype across the 12 cancers.
Conclusions
Downstream analysis of the master regulators specific to the ICR
Low phenotype resulted in identification of the NOTCH signaling
pathway, transcriptional regulation of oncogene TP53 and several
other cancer related signaling pathways that need to be investi-
gated further to understand mechanisms of poor immune re-
sponse (ICR Low).
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Background
Cryoablation is one of treatment modalities for kidney cancer and is
expected to induce strong local and systemic T cell-mediated im-
mune reactions. So far, in some cases, these immune reactions cause
the elimination of distant tumor (abscopal effect). However, the mo-
lecular mechanisms of the immune response, particularly for T cells
that play fundamental roles in attacking cancer cells, still remain
unclear.
Methods
In this study, we collected tumor tissues and blood samples from 22
kidney cancer patients, before cryoablation and at 3 months after
cryoablation. We applied a next generation sequencing approach to
characterize T cell receptor beta (TCRB) repertoires using RNAs iso-
lated from samples.
Results
TCRB repertoire analysis revealed expansion of certain T cell clones
in tumor tissues by cryoablation. We also found that proportions of
abundant TCRB clonotypes (frequency of ≥ 1%) were significantly in-
creased in the post-cryoablation tissues than those of pre-
cryoablation tumors. Interestingly, some of these TCRB clonotypes
were increased in peripheral blood. Expression analysis of immune-
related genes in the tissues of pre- and post-cryoablation showed
significantly elevated transcriptional levels of CD8, CD4, GZMA, and
CD11c with higher CD8/FOXP3 ratio in the post-cryoablation tissues.
Conclusions
Our findings revealed that cryoablation could induce strong immune
reactions in tumors with oligoclonal expansion of anti-tumor T cells,
which circulate systemically and induce abscopal effect in distant
tumor.
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Background
In order to develop therapeutics which drive the immune system to
target tumour cells and eliminate tumour growth, sophisticated
in vitro and in vivo models are required. We have developed models
which enable us to combine data from human immune cell in vitro
assays and murine pharmacodynamic (PD) and syngeneic tumour
models to evaluate which pathways a therapeutic is hitting and
whether it is effective at inhibiting tumour growth in vivo. We show
here the powerful combination of using TCR transgenic T cell adop-
tive transfer and syngeneic tumour models with flow cytometry and
Nanostring profiling of gene expression within the tumour micro-
environment (TME) to determine the effect of therapeutic
intervention.
Methods
To determine the effect of checkpoint inhibitors, mice bearing a de-
fined population of ovalbumin (OVA)-specific T cells were challenged
either with antigen (PD model), or an OVA expressing tumour (EG7
or MC38). In the PD model, activation, proliferation and differenti-
ation of these cells into CTL were assessed. Using the OVA-
expressing tumour models, comprehensive TIL analysis was carried
out to determine how changes to T cell activation impacted on the
wider TME and whether a model tumour vaccine could improve T
cell responses. Nanostring analysis of gene expression using the mur-
ine immune-oncology 360 panel enabled a deeper analysis of the
TME and acted as a powerful tool for the identification of potential
PD biomarkers. Tumour killing assays were also performed with hu-
man cell lines and PBMC using clinical antibodies targeting the same
pathways.
Results
In the PD model, anti-PD-L1 caused robust upregulation of CD25,
IFNγ and granzyme B by antigen-specific CD8+ T cells. Anti-CTLA-4
exerted a similar but less potent effect. Immunisation with peptide
increased T cell infiltration in the syngeneic model and this corre-
lated with enhanced T cell functional capacity. Nanostring analysis of
tumours saw raised CTL, NK cell and neutrophil gene expression
within tumours from peptide immunised mice. Clinical therapeutics
targeting PD1 or CTLA-4 drove enhanced tumour killing using human
cell-based assays.
Conclusions
These models allow testing of novel therapeutics alongside bench-
mark reagents. The PD model provides a screening platform to as-
sess enhancement of T cell function before moving into syngeneic
models. Nanostring gene expression profiling may direct which
in vitro assays should be used to map the immunological mecha-
nisms underlying immune modulation. The use of in vitro and in vivo
PD/efficacy models better enable assessment of novel cancer im-
mune therapeutics and allow early identification of potential
biomarkers.
Ethics Approval
The study was approved by HRA NRES South West, Bristol (UK), ap-
proval number 15/SW/0029.
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Background
Multiple myeloma (MM) is characterized by accumulation of malig-
nant plasma cells in the bone marrow (BM) with an associated im-
munosuppressive BM microenvironment. Programmed Death-Ligand
1 (PD-L1) has been shown to suppress immune responses through
the interaction with Programmed Death-1 (PD-1). In MM, PD-L1 is
overexpressed in MM plasma cells and in Myeloid Derived Suppres-
sor Cells (MDSCs). PD-1 is expressed in T-cells. The interaction
between PD-L1 and PD-1 decreases TCR-mediated proliferation and
cytokine production. PD-L1 plays an important role in tumor immune
evasion and drug resistance, and is considered a therapeutic target.
However, some MM individuals do not respond to treatments with
PD-L1 or PD-1 inhibitors. The aim of this study was to design and
evaluate a direct functional screening assay to identify MM MDSCs
PD-L1+ using flow cytometry, and its potential use in MM
management.
Methods
Samples were labeled with PE-PD-L1, APC-CD11b, PE-Cy7-CD33, and
FITC-HLA-DR (Invitrogen™ eBioscience) to detect MDSCs using no-
lyse no-wash methods. Vybrant™ DyeCycle™ Violet Stain (Thermo
Fisher) was used to discriminate nucleated cells from erythrocytes
and debris. Samples were analyzed using Attune™ NxT Flow Cyt-
ometer (Thermo Fisher). PD-L1 expression was studied in n=35 MM
subjects, with and without bone marrow stimulation with PMA
(Merck), for 10 minutes at 37ºC. PD-L1 cell surface expression was
compared with cytoplasmic expression (n=11 subjects). Kinetics of
PD-L1 expression were also studied over time. Competitive experi-
ments in the presence of Durvalumab (0 ng/μL to 250 ng/μL) were
used to study its interaction with PD-L1.
Results
PD-L1 expression was found dramatically increased after stimulation
(n=33 subjects, 94.3%) ranging from 2 to 650 times. PD-L1 cytoplas-
mic levels were found to be undetectable. PD-L1 expression was
found to be higher after 1 to 5 minute stimulation, with a progres-
sive decrease up to 1 hour. Co-incubation with Durvalumab resulted
in different inhibitory PD-L1 immunofluorescent profiles.
Conclusions
PD-L1 reactivity appears to result from complex interactions that can
only be detected with minimal sample perturbation. Since PD-L1 is
not found at the cytoplasmic level, PD-L1 may reveal steric changes
in response to stimulation, even for a short period of time. These
changes may be associated with a PD-L1 immunoregulatory mechan-
ism that may affect therapies targeting the PD-1/PD-L1 checkpoint.
Assessment of PD-L1 folding may help to develop better treatment
strategies or to predict therapy resistance. No-lyse no-wash method-
ologies in combination with functional assays show promise as an
emerging strategy to model conformational changes in the target
site.
Ethics Approval
All procedures were performed in accordance with the internal pro-
tocols of the laboratory, which were authorized by the HGTiP’s Eth-
ical Committee, in accordance with current Spanish legislation, by
the Departament de Medi Ambient i Habitatge (file #1899) of the Au-
tonomous Government of Catalonia (Generalitat de Catalunya).
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Background
Immunotherapy has proven to be a powerful anti-tumor therapy by
harnessing the body’s own immune system to target and kill tumor
cells. However, immunotherapy is not successful in all cancer patients
due to both intrinsic non-responsiveness and adaptive resistance. De-
veloping predictive biomarkers and understanding mechanisms of
resistance are major goals of the immuno-oncology community. The
extracellular matrix (ECM), an important factor for promoting tumor
growth and metastasis, may also act as a physical barrier to prevent
immune cell infiltration and promote tumor immune escape. Compo-
nents of the ECM such as COL11A1, COL4A1, and LOXL2 have been
shown to be associated with cancer progression. Furthermore, new
data suggests that TGFβ activation leads to up-regulation of ECM
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genes in cancer-associated fibroblasts and immune suppression.
However, it remains poorly understood which cells in the tumor
microenvironment (TME) are the sources of ECM gene expression
and how they are related to tumor infiltrating cytotoxic T lympho-
cytes (CTLs).
Methods
In this study, we employed a highly sensitive and specific RNAscope
in situ hybridization (ISH) duplex assay to directly visualize the tissue
distribution of cells expressing COL4A1, COL11A1, LOXL2, and TGFB1
in relation to tumor infiltrating CTLs in non-small cell lung carcinoma
(NSCLC). NSCLC tissue microarrays (TMAs) consisting of 63 independ-
ent patient FFPE tumor samples were analyzed using this ISH assay
with the following probe combinations: Hs-CD8/Hs-IFNG, Hs-CD4/Hs-
FOXP3, Hs-LOXL2/Hs-COL4A1, and Hs-TGFB1/Hs-COL11A1.
Results
We observed COL4A1 expression in both tumor and tumor-
associated stromal cells in different samples. In contrast, COL11A1
was only expressed in tumor-associated stromal cells. Interestingly,
high COL4A1 expression was associated with high CD8+ T cell infil-
tration, whereas high COL11A1 expression was associated with poor
CD8+ T cell infiltration. In addition, tumor expression of TGFB1 was
positively correlated with COL11A1 expression. These data depict a
complex landscape of ECM gene expression and their relationship to
T cell infiltration in the tumor and TME.
Conclusions
Taken together, these results demonstrate that the RNAscope assay
provides a powerful approach to directly examine the interactions
between tumor, ECM, and T cell immune infiltration and offers ad-
vantages over immunohistochemistry (IHC) for identifying the cellular
sources of secreted proteins such as ECM components in the TME.
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Background
DPX-Survivac is a novel lipid-based formulation designed to elicit de
novo cytotoxic T cell response to survivin-expressing tumours. De-
CidE1 trial is assessing the clinical activity of DPX-Survivac in combin-
ation with low dose intermittent cyclophosphamide with or without
epacadostat in advanced ovarian cancer patients. To understand the
underlying mechanism of action of this immunotherapy, we per-
formed immune-profiling of PBMC and tumour samples from this
study.
Methods
Pre-treatment and longitudinally collected on-treatment PBMCs were
used to assess survivin-specific T cell response by ex vivo IFN-γ ELI-
SPOT and in vitro MHC multimer staining. Immune-phenotyping was
performed on a subset of samples using multi-parametric flow cy-
tometry and tSNE analyses. Pre- and on-treatment tumour biopsies
were subjected to whole-transcriptome RNA-sequencing to assess
changes in immune infiltration. TCR repertoires were assessed in tu-
mours by TCRb ImmunoSEQ analysis.
Results
Treatment with DPX-Survivac induced systemic survivin-specific T cell
response in nearly all evaluable subjects as assessed by ELISPOT. On-
treatment enrichment in systemic survivin-specific T cells was also
detected after in vitro expansion and tetramer analysis, confirming
activated T cells are functional and proliferative. Immunophenotyp-
ing of PBMC did not show substantial increases in the expression of
immunosuppressive markers (CTLA-4, PD-1, B7-H3) within T cell
population in subjects that responded to the treatment, further sug-
gesting that induced T cells remained active over time. RNA-profiling
of immune cells within the tumour micro environment of subjects
demonstrating clinical response revealed on-treatment overexpres-
sion of genes related to T cell activation and cytolysis as well as en-
richment of B cell and NK cell specific signatures, suggesting the
strong potential of treatment to induce tumor-infiltration and activa-
tion of cytotoxic cells. Infiltration of T cells into tumor post treatment
did not correlate with highest levels of systemic survivin-specific T
cells, suggesting migration of circulating activated T cells into tu-
mours. In contrast to tumor infiltration analyses, minimal changes in
circulating B cell populations were observed on-treatment. Analysis
of TCRβ repertoire in pre- and on-treatment tumours demonstrated
that DPX-Survivac therapy can promote proliferation and tumor-
infiltration of new T cell clones.
Conclusions
DPX-Survivac combinational therapy induces robust and sustained
survivin-specific responses and promotes T cell infiltration of tu-
mours, without a loss in functionality. The infiltration immune cells
beyond T cells has been demonstrated in tumor tissue yet was not
consistently detected in PBMCs; a finding that emphasizes the need
for immune-profiling of both blood and tumor to gain a full under-
standing of the mechanism of action of novel immunotherapies and
combinations.
Ethics Approval
The study was approved by Dalhousie University's research ethics
board, approval number 2018-4659
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Background
Tumor progression is accompanied by extensive remodeling of the
surrounding extracellular matrix leading to the formation of a tumor-
specific ECM, which is often more collagen-rich and of increased stiff-
ness. High collagen-density within tumors is known to promote
tumor progression, however, it is unknown if these pro-tumorigenic
effects involve modulation of T cell activity. To investigate if a high-
density tumor-specific ECM could influence the ability of T cells to kill
cancer cells, we studied how T cells respond to 3D culture in differ-
ent collagen densities.
Methods
T cells cultured in 3D conditions surrounded by a high or low colla-
gen density were imaged using confocal fluorescent microscopy, and
the effects of the collagen density on T cell survival, proliferation and
differentiation were examined using flow cytometry. Similarly, cancer
cell proliferation in 3D was also evaluated. Using immunohistochem-
istry, triple-negative breast cancer specimens were analyzed for the
number of infiltrating CD8+ T cells and for the collagen density. The
influence of collagen density on T cell cytotoxicity was examined
using chromium-51 release assay. Whole-transcriptome analyses were
used to study in detail the effects of collagen density on T cells and
computational analysis was used to identify transcription factors in-
volved in the collagen density-induced gene regulation. Observed
changes were confirmed using qRT-PCR analysis.
Results
Using 3D collagen gels of varying density, we identified that T cells
respond to their ECM environment and that T cell proliferation is sig-
nificantly reduced in a high-density matrix, while cancer cell prolifer-
ation is unaffected. Consistently, the number of infiltrating CD8+ T
cells in mammary tumors with high collagen-density was reduced, in-
dicating it can play a role in regulating T cell abundance in human
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breast cancer. Additionally, whole-transcriptome analysis of 3D-
cultured T cells revealed distinct transcriptional profiles depending
on the surrounding collagen-density. Specifically, a high-density
matrix induced downregulation of cytotoxic activity markers and up-
regulation of regulatory T cell markers. Importantly, these transcrip-
tional changes were accompanied by an impaired ability of tumor-
infiltrating T cells cultured in a high-density matrix to kill autologous
melanoma cells.
Conclusions
Our study identifies a new immune modulatory mechanism, which
could be essential for suppression of T cell activity in the tumor
microenvironment.
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Background
With continued growth in development and approval of biologic
drugs and cell therapies, comes a need for more robust and reliable
cell-based assays and analysis systems. Here we describe new
methods to assess the specific killing of target cells by antibody-
mediated complement-dependent cytotoxicity (CDC), antibody-
dependent cellular cytotoxicity (ADCC) by natural killer cells, T cell
killing, and antibody-dependent cellular phagocytosis (ADCP).
Methods
These methods are demonstrated with single-cell analysis models
compatible with flow cytometry and image-based analysis. Addition-
ally, we have transitioned these assays into more biologically-
relevant models such as tumor spheroids and whole blood. T and NK
cell penetration and killing of breast and lung cancer spheroids was
evaluated using quantitative confocal microscopy. Ramos Burkitt's
lymphoma cells were opsonized with Rituximab, spiked into human
whole blood, and complement- and NK-dependent killing evaluated
using flow cytometry. Ramos cells opsonized with Blinatumomab
were spiked into human whole blood and bispecific-dependent T cell
killing evaluated with flow cytometry.
Results
T and NK cells were imaged at single-cell resolution as they pene-
trated and killed tumor spheroids in an antibody-dependent manner.
Whole blood analysis with flow cytometry was able to clearly distin-
guish target cells from white blood cells, and clearly indicated the
percent of target cells killed in an antibody-dependent fashion.
Conclusions
Penetration and potency of immune effector cells can be evaluated
using whole-spheroid imaging. Flow cytometry provides a robust
method to directly measure T, NK, and complement-dependent kill-
ing of cancer cells in human whole blood.

P589
IL-15 deficient colon carcinomas have decreased cytolytic
lymphocytes and skewed myeloid cell populations
Kimberly Schluns, PhD1, Chih-Chien Chou, PhD1, Rosa Santana-Carrero2,
R. Eric Davis, PhD1

1University of Texas MD Anderson Cancer Center, Houston, TX, United
States; 2UT MD Anderson Cancer Center/UT Health Graduate School of
Biomedical Sciences, Houston, TX, United States
Correspondence: Kimberly Schluns (kschluns@mdanderson.org)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P589

Background
Loss of Interleukin (IL)-15 expression by colon tumors strongly corre-
lates with classification as microsatellite stable, decreased tumor infil-
trating T cells, increased metastasis, and poor responses to
immunotherapy. To better understand how IL-15 expression regu-
lates tumor-associated immune cells and demonstrate the import-
ance of IL-15 expressed by tumor cells, we developed a mouse
model system to examine this by generating MC-38 tumor cells defi-
cient in IL-15 using Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR)/Cas9 system. The MC-38 cells are ideal for this as
the tumor cells are the dominant source of sIL-15 complexes in the
tumor microenvironment (TME) [1].
Methods
After one round of CRISPR/Cas9 deletion of IL-15, we have generated
MC-38 cells that lack one IL-15 allele (i.e IL-15+/- MC-38 cells) and ex-
press decreased levels of soluble IL-15 complexes. A second round of
deletion has led to complete deletion of IL-15 in MC-38 cells (i.e. IL-
15-/- MC-38). IL-15+/- and IL-15-/- MC-38 cells and wildtype (Wt) MC-
38 cells were implanted subcutaneously into Wt mice and tumor
growth measure overtime. Additionally, immune cells in tumors were
analyzed at earlier time points. RNAseq of tumor-associated myeloid
cells was conducted in Wt MC-38 tumors treated with neutralizing IL-
15 antibody.
Results
Surprisingly, deletion of one IL-15 allele was sufficient to affect tumor
growth as IL-15+/- MC-38 tumors grew faster than Wt MC-38 tumors
but had similar growth kinetics in vitro. IL-15+/- MC-38 tumors har-
bored less CD8 T cells and NK cells than Wt tumors whereas numbers
of CD4 T cells were similar. Interestingly, these tumors also had in-
creased CD11b+Ly6G+ and CD11b+Ly6ChiLy6G- myeloid cells (puta-
tive MDSCs). Implanted IL-15-/- MC-38 cells also progressed faster
than Wt MC-38 cells. Gene expression analysis of myeloid cells
showed that blocking IL-15 in tumors increased expression of CXCL4,
CD206, Arginase 1, and tryptophan 2,3-dioxygenase and decreased
IL-12β and IL-6.
Conclusions
These results demonstrate that even partially decreasing the
levels of IL-15 in the TME negatively impacts the numbers of
CD8 T cells and NK cells and promotes differentiation of puta-
tive MDSCs. These results suggest that IL-15 expressed by the
tumor cells is a key attribute creating a microenvironment that
supports cytolytic lymphocytes by not only acting directly on
lymphocytes but also indirectly by skewing the myeloid cells to-
wards pro-inflammatory activities. Overall, the IL-15-/- MC-38
cells is a model that can be used to identify the mechanisms
contributing to the poor therapeutic responses observed in hu-
man colon carcinomas.
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Background
During the last years, significant advancement has been made in
the clinical application of cancer immunotherapies. Molecules di-
rected against immune checkpoints and other agonists show
great promise for treatment of a variety of malignancies. Next to
CTLA-4 and PD-1 blockade, a wide range of therapeutics with the
potential to reverse the tumor-induced suppression are under
development.
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Methods
Mixed lymphocyte reaction assays using both innate cells and lymph-
oid cells mimic a real physiological T cell response and are widely
used for the potency screening of candidate therapeutics. The use of
different allogenic donor combinations can provide additional infor-
mation on the profile of the responding population. Other T cell as-
says such as antigen-specific CMV recall activation assays or SEB
activation assays can be used to evaluate the ability of test molecules
to promote T cell responses.
Next to these activation assays, the antigen-specificity within a naïve
or pre-exposed T cell population can be evaluated by using T cell en-
richment assays, which can be set-up using different formats de-
pending on the origin of test molecules. Additionally, it might also
be beneficial to generate peptide-specific T cell pools or clones to be
used for functional testing e.g. in the context of tumor-associated an-
tigens (TAA).
Results
All these in vitro T cell assays are optimized and fine-tuned for the
screening of certain types of molecules. An important factor for sen-
sitive and reproducible assays and consistent results is the quality of
the primary immune cells. Therefore, all PBMC donor preparations
are quality controlled and HLA-typed, and optimized procedures are
used to generate functional subpopulations such as dendritic cells
and T cell subpopulations.
Conclusions
Early evaluation of the effectiveness of candidate therapeutics and
combination therapies can be assessed using mouse models and
in vitro bioassays with mouse or human immune cells.
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Background
The increasing interest in the tumour microenvironment leads to
focus on new bioassays to represent all the players of the cancer im-
mune response. Some of these players like Tumour Associated Mac-
rophages (TAM), Myeloid Derived Suppressor Cells (MDSC) regulatory
T cells (Treg) play an important role by downregulating the anti-
tumour response. Their regulation mechanisms constitute an import-
ant target for new therapeutics. In order to study these mechanisms
in a human model, suppressive bioassays, mimicking the suppressive
action of these cells on T cells activations, were developed.
Methods
Macrophages possess important active and regulatory functions in
both innate and adaptive immune responses. Classical activated mac-
rophages, also classified as M1-like macrophages, comprise immune
effector cells with an acute inflammatory phenotype while the alter-
natively activated M2-like macrophages have suppressive and heal-
ing capacities. Tumor associated macrophages (TAMs) are present at
high densities in solid tumors and share many characteristics with so
called M2 macrophages.
Results
Although distinguished classification and in vitro generation and
polarization of M1- and M2-like macrophages is challenging, in vitro
assays can be a first step to screen the effect of the test molecules
on the phenotype and function of the macrophages. For example,
macrophage precursors display extraordinary plasticity in response to
exogenous and endogenous stimuli which can lead them to M2-
polarized macrophages or towards the M1-activated status. Using
in vitro polarization and functional macrophage assays, one can
screen molecules with the potential to influence M1 and M2 like
macrophage generation and polarization. Next to that, the effect of
the test molecules on the function of the macrophages can be evalu-
ated using a macrophage suppressive assay. Here the ability of the
molecules to reverse the stimulating effect of the M1-macropahges
or suppressive effect of the M2-macrophages can be determined.
Myeloid-derived suppressor cells (MDSC) and regulatory T cells (Treg)
can also be found in the tumour microenvironment and present a
highly suppressive phenotype. Their role in relation to cancer devel-
opment and progression has shown to be of great importance.
Therefore, the ability of molecules to reverse the suppressive func-
tion of the MDSC or Treg on immune effector cells can be evaluated
in vitro using these cell-type specific suppressive bioassays.
Conclusions
The use of the bioassays contributes to a better understanding of
the tumour microenvironment and the steps needed to generate an
anti-tumour response by the immune system will help to assess the
functional potential of new drugs, design clinical trials and ultimately
discover relevant biomarkers.
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Background
Transforming growth factor beta (TGFβ) is a multipotent cytokine
capable of promoting tumors in part through immunosuppression.
With the development of clinically relevant immunotherapy, inhib-
ition of TGFβ is a widely explored therapeutic strategy to enhance
the efficacy of both traditional cytotoxic therapies and
immunotherapies.
Methods
Based on our previous work, we initiated a Phase II trial of a
TGFβ type I receptor (TGFβRI or ALK5) inhibitor in combination
with neoadjuvant chemoradiation in patients with locally ad-
vanced rectal adenocarcinoma (NCT02688712). We sought to bet-
ter understand the mechanism of action of TGFβRI inhibition in
this setting using preclinical CT26 and MC38 colorectal cancer
models and cell type-conditional Alk5-deficient transgenic mice.
The ALK5 inhibitor was administered P.O. b.i.d. in two-1 week cy-
cles with drug respite of 1 week between cycles. 5Gy x 5 con-
secutive daily fractions of CT image guided radiation was
delivered between ALK5 inhibitor cycles with concurrent 5-FU
(25mg/kg i.p. t.i.w.). To interrogate the actions of TGFβR1 signal-
ing on specific cell types, we evaluated MC38 tumor growth and
response to radiation in three separate conditional Alk5 knock-
out mice under control of cell-type specific promoters: CD8Cre-
ALK5flox/flox, LysMCre-ALK5flox/flox, and Foxp3Cre-ALK5flox/flox
to ablate ALK5 expression in CD8+ T cells, macrophages and
regulatory T cells, respectively.
Results
No improvement in tumor growth or radiation response was seen
in animals with Treg or macrophage specific ALK5 deletion. How-
ever, CD8Cre-ALK5flox/flox (ALK5ΔCD8) mice largely rejected
MC38 tumors in a CD8+ T cell dependent manner and demon-
strated increased sensitivity to radiation therapy associated with
superior CD8+ T cell effector phenotypes, and reduced threshold
for TCR stimulated activation. Alk5-deficient CD8+ T cells had di-
minished SMAD2/3 occupancy at the CXCR3 promoter, increased
CXCR3 expression and enhanced migration to CXCL10. Import-
antly, neutralization of CXCR3 in vivo blocked the rejection of tu-
mors in ALK5ΔCD8 mice.
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Conclusions
These results indicate that TGFβ signaling represses CXCR3-
dependent trafficking of CD8+ T cells into tumors and can be re-
versed to improve tumor immunity alone and in combination with
radiation therapy.
Trial Registration
NCT02688712
Ethics Approval
This clinical study was approved by Providence Health & Services IRB,
approval number 15-050. The animal modeling was performed under
the approval of our institution's IACUC Protocol #37, in our OLAW
certified animal facility (Assurance #D16-00526).
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Background
Rituximab is widely used to treat B-cell non-Hodgkin lymphomas
(NHL). The antibody depletes B cells in patients by several mecha-
nisms, including antibody-dependent cellular cytotoxicity (ADCC) by
NK cells and monocytes, complement-mediated cell death, and sig-
naling apoptosis. We tested degranulation responses by NK cells in
peripheral blood from B-cell NHL patients before, during and after ri-
tuximab treatment.
Methods
Seventy-five patients with B-cell NHL [follicular lymphoma or mar-
ginal zone lymphoma] were monitored for immune phenotype and
NK cell function in peripheral blood, as well as 54 healthy volunteers.
All blood donors provided informed consent in accordance with our
Institutional Review Board. Thirteen NHL patients were treated with
rituximab and provided blood samples immediately before the first
treatment, during the treatment period and three months after treat-
ment. Peripheral blood mononuclear cells (PBMC) were isolated on
Ficoll. Degranulation assays were performed by exposing PBMC to
721.221 EBV-transformed B cell line (natural cytotoxicity) for two
hours and staining for LAMP-1 (CD107a). Degranulation was quanti-
fied by flow cytometry as percentage of LAMP-1+ CD56dim (mature,
cytolytic) NK cells.
Results
NK cell degranulation responses were not significantly different be-
tween healthy donors or pretreatment samples from NHL patients.
Within the patients treated with rituximab, a significant increase in
the degranulation response of CD56dim NK cells was observed be-
tween the pretreatment and during treatment samples when
assayed under natural cytotoxicity conditions (p
Conclusions
Our results provide evidence that a treatment course of rituximab
can potentiate degranulation activity of peripheral blood NK cells
under natural cytotoxicity conditions for at least 3 months after the
end of therapy. At the same time NK cells become more resistant to
activation-induced death during these natural cytotoxicity responses,
which may contribute to the improved functional response.
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Background
Elevated levels of myeloid-derived suppressor cells (MDSCs) have
been associated with a blunted response to PD-(L)1 inhibitors in vivo
and suppressive myeloid cells have been shown to inhibit T cell re-
sponses in vitro. Suppressive myeloid cells mediate their immuno-
suppressive effects via multiple mechanisms, including expression of
immune checkpoint protein ligands, activation of the PI3Kγ pathway,
and release of arginase-1 (ARG1), an arginine-depleting enzyme. The
significant role of myeloid cells in dampening anti-tumor immunity
makes them an attractive target for immunotherapy. To that end, we
have developed potent and selective inhibitors against PI3Kγ and
ARG1.
Methods
Recombinant and endogenous ARG1 from human granulocytic ly-
sates were used to determine AB474 potency. The ability of AB474
(ARG1 inhibitor), to rescue recombinant ARG1-mediated inhibition of
T cell activation was assessed in human T cells isolated from healthy
donors. The ability of PI3Kγ inhibition to stimulate immune cells was
assessed in CD14+ monocytes or monocyte-derived M1 polarized
macrophages and confirmed using mixed lymphocyte reactions.
Anti-tumor activity was determined using syngeneic tumor models
Results
Using sorted immune cells from healthy donor PBMC, we determined
that PI3Kγ expression is highest in monocytes, whereas PI3Kδ expres-
sion is higher in lymphocytes. Inhibition of PI3Kγ significantly (p
Elevated levels of ARG1 were observed in cancer patients compared
to healthy donors. In particular, ARG1 was highly expressed in
polymorphonuclear-MDSCs while lower levels were seen in
monocytic-MDSCs. AB474 inhibited the activity of both recombinant
and endogenous ARG1 with an IC50 of 15 nM and 20 nM, respect-
ively. Consistent with this observation, AB474 reversed ARG1-
mediated suppression of human CD8+ T cell activation. Additionally,
single agent AB474 significantly (p
Conclusions
Myeloid cells are associated with blunted responses to checkpoint
protein blockade. High expression of both PI3Kγ and ARG1 within
suppressive immune subsets contributes to the dampening of pro-
inflammatory responses. Inhibiting these targets can reduce immuno-
suppression, enhance anti-tumor responses and act in concert with
immune checkpoint blockade and other immunotherapies.
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Background
The interest in the therapeutic potentials of the innate immune sys-
tem is growing as we gained more knowledge of role of the innate
immune system in fighting cancer. Natural killer (NK) cells and mac-
rophages are capable of attacking tumor cells directly and dendritic
cells are important for antigen presentation. Macrophages are also
important for modulation of tumor microenvironment that presents
both obstacles and opportunities to fighting tumor cells. Gene ex-
pression or gene editing in the innate immune cells are not only
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important for studying gene functions in these cells, but also import-
ant for potential clinical applications.
Methods
Using our novel electroporation technology, we have found that the
innate immunity cells can all be modified by protein expression plas-
mid vectors or CRISPR-Cas9 mediated gene editing.
Results
Primary NK cells, primary bone marrow monocytes and peripheral
blood monocytes need relatively high voltage for electroporation.
Primary mouse peritoneal macrophage needs lower voltage and ex-
panded NK cells as well as mature dendritic cells need lowest volt-
age. Using the same electroporation buffer, we were able to
successfully electroporate these different cells using different volt-
ages. The transfection efficiency for plasmids can reach 80% and
Cas9 ribonucleorprotein (RNP) with gRNA can also be electroporated
successfully.
Conclusions
Our capability to modify all of the major types of the innate immun-
ity cells by electroporation is a significant step that could contribute
to harnessing the power of the innate immunity system for immuno-
therapy of cancer.
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Background
IRAK-M has an important role in tightly controlling innate immune
responsiveness to preserve immune homeostasis by acting as a
negative feedback regulator of TLR/IL-1R signaling pathway. Target-
ing IRAK-M, which expression is restricted to myeloid cells, would be
potentially limiting adverse events against non-target tissues. From
supporting evidence for the role of IRAK-M in innate immunosup-
pressive capacity of myeloid cells in tumor microenvironment, we
have generated compounds targeting IRAK-M as an effective cancer-
immunotherapy strategy by converting tumors to more inflamed
state. Since IRAK-M is a pseudokinase which lacks kinase activity, it is
considered 'undruggable’ that could not be targeted pharmacologic-
ally by the conventional small molecule. Therefore, we have devel-
oped heterobifunctional degrader molecules comprising IRAK-M-
binding moiety linked to proprietary E3 binders to eliminate IRAK-M
protein.
Methods
Optimization of IRAK-M degraders have conducted by applying RaP-
PIDS(TM) which is a proprietary divergent degrader synthetic plat-
form and identified multiple preclinical candidates within a year. We
measured the activity of degradation mechanisms in vitro by analyz-
ing degradation rates, protein turnover and proteasome dependence.
To assess the effect of IRAK-M degrader on myeloid-derived suppres-
sor cells (MDSCs), we performed MDSC suppression assays in a co-
culture model with CD8+ T cells. One of the drug candidates was
profiled extensively in different syngeneic models. Subsets of tumors
and spleen from treated mice were analyzed ten days following dos-
ing initiation for myeloid cell populations and phenotype.
Results
We demonstrated a dose- and time-dependent degradation of IRAK-
M protein in THP1 human monocytic leukemia cells with degrader
treatment in a proteasome-dependent manner. MDSC suppression
assays revealed that IRAK-M degrader could release the suppressive
function of MDSC on both IFNγ production by CD8+ T cells as well
as T cell proliferation. When examined in mouse models, IRAK-M de-
grader showed significant anti-tumor activity in several syngeneic
models at tolerated doses and schedules. In the 4T1-HA model, we
found increase of LPS-induced TNFα production in white blood cells
from compound injected mice associated with degradation of IRAK-
M protein as pharmacodynamic effect. FACS analysis showed that
IRAK-M degradation translated into increased infiltration of M1-like
activated macrophage into tumors and spleen. Advanced profiling of
the drug candidate is ongoing in IND-enabling studies.
Conclusions
In summary, we demonstrated IRAK-M degrader as a novel and
promising immuno-modulatory therapeutic modality and the great
potential of shifting the balance between tolerance and immunity by
releasing immunosuppressive network activity, leading to a more fa-
vorable tumor microenvironment to enhance host immunity.
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Background
Tumor infiltrating myeloid cells, such as Myeloid Derived Sup-
pressor Cells (MDSCs) and Tumor Associated Macrophages
(TAMs), are important mediators of immune evasion in cancer,
and are associated with worse overall survival and progression
free survival in various types of solid tumors. However their pro-
carcinogenic functions in the tumor microenvironment are un-
clear. Here, we propose that the inflammasome signaling
pathway is a key T cell independent mechanism of myeloid-
mediated tumor growth.
Methods
In this work, we use various adoptive transfer models to generate
bone marrow specific inflammasome knockout mice and utilized a
B16 melanoma model to assess changes in tumor growth.
Results
We first performed single cell sequencing of Head and Neck Squa-
mous Cell Carcinoma (HNSCC) tumors, and we found IL-1β expres-
sion is restricted to the tumor infiltrating myeloid cell populations.
From our working hypothesis that myeloid inflammasome signaling
can promote T-cell independent tumor growth, we initially showed
that caspase 1 is important for promoting tumor growth in a myeloid
specific manner. However, the mechanisms by which myeloid-
intrinsic inflammasome activation promotes T-cell independent
tumor growth are not well understood. Here we utilize a B16 melan-
oma tumor growth model to show that NLRP3 dependent caspase 1
activation is driving tumor growth in vivo, while AIM2 has no effect
on tumor growth. In addition, we have found that circulating T cells
in tumor bearing inflammasome knockout mice have higher expres-
sion levels of the checkpoint molecule PD-1. We utilized a C57Bl/6
mouse model of B16 melanoma to demonstrate that combination of
inflammasome blockade and checkpoint blockade further reduces
tumor burden in vivo.
Conclusions
This work will have broad implications across all solid tumor types
and will allow for the understanding of how myeloid-specific produc-
tion of IL-1β promotes tumor growth. In addition, the proposed work
will contribute to our basic knowledge of inflammasome activation
within the tumor microenvironment.
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Background
Recent clinical trials in brain tumor immunotherapy have gathered
tremendous attention while at the same time establishing a
favourable safety profile and preliminary efficacy. Immunotherapy is
a promising approach in other malignancies but needs to be tailored
specifically to glioblastoma (GBM) given the highly immunosuppres-
sive tumor microenvironment [1, 2]. A hallmark of GBM microenvir-
onment is the massive infiltration of bone marrow-derived tumor-
associated myeloid cells (TAMCs) and regulatory T-cells (Tregs) [3-7].
We recently identified the existence of perivascular regulatory B-cells
(Bregs) that blocked the activation of cytotoxic CD8+ T-cells in a sub-
set of GBM patients. Even though tremendous progress has been
made to understand GBM-mediated immunosuppression [8-10],
there is still limited knowledge regarding the mechanisms by which
the tumor selects, maintains and promotes immunosuppressive cells
in detriment of anti-tumor immunity. A deeper comprehension of
these process will propel the rational design of successful immuno-
therapies for GBM. Recent studies in our laboratory where tumor-
infiltrating myeloid cells were specifically depleted using antibody-
targeting drug delivery via nanoparticles in preclinical settings,
pointed out to the almost total dependency of Tregs and Bregs on
TAMCs to maintain their cellular abundance and immunosuppressive
functions. The data presented here highlight the biological relevance
of TAMC-derived microvesicle in controlling remotely regulatory
lymphocytes.
Methods
Microvesicles were isolated by ultracentrifugation. Microvesicle up-
take by lymphocytes was assessed by flow cytometry using fluores-
cent lipophilic dye.
Results
TAMC can control both Bregs and Tregs via microvesicle production.
Microvesicle uptake by Tregs and Bregs was assessed using CD163+
TAMCs from GBM tumors. Proteomics and immunophenotype ana-
lysis of TAMC-derived microvesicles revealed that inactive TGFb and
PD-L1 are transported as “cargos”. Our data showed that
microvesicle-TGFb controls Tregs and Bregs cellular abundance. On
the other hand, microvesicle-PDL1 are transfer and recycled via
endocytosis by target cells, conferring them with immunosuppressive
properties.
Conclusions
Glioma TAMCs utilize microvesicles to remotely promote Tregs and
Bregs survival and immunosuppressive functions. This data suggest
TAMC-mediated immunosuppression extends beyond the tumor
vicinity limits.

References
1. Vega EA, Graner MW, Sampson JH. Combating immunosuppression in

glioma. Future Oncol 2008;4(3):433-42 doi 10.2217/14796694.4.3.433.
2. Wainwright DA, Nigam P, Thaci B, Dey M, Lesniak MS. Recent

developments on immunotherapy for brain cancer. Expert Opin Emerg
Drugs 2012;17(2):181-202 doi 10.1517/14728214.2012.679929.

3. Wintterle S, Schreiner B, Mitsdoerffer M, Schneider D, Chen L,
Meyermann R, et al. Expression of the B7-related molecule B7-H1 by gli-
oma cells: a potential mechanism of immune paralysis. Cancer Res
2003;63(21):7462-7.

4. Raychaudhuri B, Rayman P, Ireland J, Ko J, Rini B, Borden EC, et al.
Myeloid-derived suppressor cell accumulation and function in patients
with newly diagnosed glioblastoma. Neuro Oncol 2011;13(6):591-9 doi
10.1093/neuonc/nor042.

5. Fecci PE, Mitchell DA, Whitesides JF, Xie W, Friedman AH, Archer GE,
et al. Increased regulatory T-cell fraction amidst a diminished CD4 com-
partment explains cellular immune defects in patients with malignant gli-
oma. Cancer Res 2006;66(6):3294-302.

6. El Andaloussi A, Lesniak MS. An increase in CD4+CD25+FOXP3+
regulatory T cells in tumor-infiltrating lymphocytes of human glioblast-
oma multiforme. Neuro Oncol 2006;8(3):234-43 doi 10.1215/15228517-
2006-006.

7. El Andaloussi A, Han Y, Lesniak MS. Prolongation of survival following
depletion of CD4+CD25+ regulatory T cells in mice with experimental
brain tumors. J Neurosurg 2006;105(3):430-7 doi 10.3171/
jns.2006.105.3.430.
8. Nduom EK, Weller M, Heimberger AB. Immunosuppressive mechanisms
in glioblastoma. Neuro Oncol 2015;17 Suppl 7:vii9-vii14 doi 10.1093/
neuonc/nov151.

9. Kamran N, Kadiyala P, Saxena M, Candolfi M, Li Y, Moreno-Ayala MA, et al.
Immunosuppressive Myeloid Cells' Blockade in the Glioma Microenviron-
ment Enhances the Efficacy of Immune-Stimulatory Gene Therapy. Mol
Ther 2017;25(1):232-48 doi 10.1016/j.ymthe.2016.10.003.

10. Kamran N, Chandran M, Lowenstein PR, Castro MG. Immature myeloid
cells in the tumor microenvironment: Implications for immunotherapy.
Clin Immunol 2016 doi 10.1016/j.clim.2016.10.008.

Ethics Approval
IRB N° STU00202003, AICUC protocol N° IS00002459

P599
Unveiling tumor-associated macrophages (TAMs) heterogeneity
and plasticity by a fully automated sequential chromogenic
multiplex assay
Anna Martirosyan, Dr, Jacques Fieschi, PhD
HalioDx, Marseille, France
Correspondence: Jacques Fieschi (jacques.fieschi@haliodx.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P599

Background
Among the various immune cells recruited to the tumor microenvir-
onment (TME), tumor-associated macrophages (TAMs) are particularly
abundant and play a central role at all stages of cancer progression.
TAMs represent a heterogeneous population in terms of cell morph-
ology, functions, and tissue localization. Activated M1 macrophages
express pro-inflammatory cytokines and drive potent antitumoral
Th1 responses. Alternatively, activated M2 macrophages induce Th2
cells and enhance cancer progression and metastasis. The specific
polarization of TAM may therefore skew the TME toward tumor rejec-
tion (M1) or favor immune suppression (M2). An additional level of
complexity is conferred by their ability to shift between M1 and M2
subtypes (plasticity), depending on microenvironmental stimuli. Al-
beit the extensive literature on TAMs protumoural function and poor
prognosis, some studies have shown that these cells possess an anti-
tumour activity and their increase correlates with patient’s survival.
Noteworthy, emerging studies suggest that TAMs are important in
tumor metastases formation by regulating epithelial mesenchymal
transition of colorectal cancer (CRC) cells. Until now, the most com-
monly used marker to identify human macrophages was the pan-
macrophage marker CD68. The latter overlooks the prognostic poten-
tial of macrophage subsets with different functions in the TME.
Therefore, there is a strong and urgent need to dissect TAMs hetero-
geneity in tumors using more refined approaches such as multiplex
technology.
Methods
Here we assessed the presence, abundance and localization of TAMs
subsets within the CRC microenvironment by using the Brightplex®
solution, an automated sequential chromogenic multiplex assay. A
unique combination of biomarkers (CD11b, CD68, CD86, CD163,
CD204, CD206, and CD64) was developed to assess M1 and M2 TAMs
heterogeneity and plasticity on a single FFPE tumor tissue section by
preserving tissue’s spatial contexture.
Results
Briefly, a tissue section was sequentially stained, digitized, un-
stained and re-stained with antibodies targeting the seven
markers. Images of the whole slide were then analyzed by digital
pathology and the detection of positive cells was performed for
each marker independently. In addition, tissue segmentation tools
were used to assess TAMs densities in parenchyma, tumor stroma
and invasive margin regions. This new panel of the Immuno-
score® Suppressor Cells family enhances the ability to unravel the
tumor microenvironment.
Conclusions
Deciphering the heterogeneity and plasticity of TAMs populations in
CRC could help to identify new reliable prognostic markers to im-
prove patient’s stratification and design more individualized thera-
peutic approaches.
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Background
The SIRPα-CD47 axis represents a myeloid checkpoint in cancer. Re-
cent clinical data with CD47-targeted therapies that competitively
block the interaction with SIRPα show clinical responses in some pa-
tients with hematologic and solid cancers when combined with anti-
tumor antigen antibodies. However, known limitations associated
with targeting CD47, such as clearance of red blood cells (RBCs) and
disruption of the SIRPγ-CD47 interaction important for T cell activa-
tion, likely hinder the anti-tumor immune response necessary for ro-
bust clinical benefit. A therapeutic advantage may be realized by
targeting SIRPα and promoting immunostimulatory pathways that
drive anti-tumor immunity. Here, we describe the discovery and
characterization of a SIRPα-specific antibody, AL008, a first-in-class in-
hibitor of SIRPα that simultaneously antagonizes SIRPα signaling and
stimulates Fcγ receptor (FcγR) activation.
Methods
Multiple functional assays were performed to ascertain the mechanism of
action of AL008 and to benchmark activity against anti-CD47/anti-SIRPα
antibodies in the clinic. For example, in vitro phagocytosis assays deter-
mined whether AL008 promoted engulfment of various tumor cell lines
by human macrophages. Mixed leukocyte reactions (MLR) assessed the
effect of AL008 on human dendritic cell-mediated T cell function. Further-
more, AL008 was administered to non-human primates to obtain phar-
macokinetic and immunotoxicology profiles. Anti-tumor activity and
pharmacodynamic effects of AL008 were examined in tumor-bearing
mouse models expressing human SIRPα and human CD47.
Results
AL008 is a non-competitive inhibitor of SIRPα that triggers SIRPα in-
ternalization and degradation from the cell surface and simultan-
eously activates FcγR. Unlike other competitive antagonist antibodies
to SIRPα, which require combination with opsonizing antibodies to
promote tumor cell phagocytosis, AL008 stimulates tumor cell en-
gulfment by macrophages in the absence of opsonizing antibody
due to intrinsic FcγR activation. Because of its restricted binding spe-
cificity towards SIRPα, AL008 promotes dendritic cell-mediated stimu-
lation of T cell proliferation, which contrasts with anti-CD47
antibodies and other anti-SIRPα/γ cross-reactive antibodies. Despite
FcγR engagement by AL008, in vitro ADCC assays and in vivo studies
in non-human primates verify that AL008 does not deplete myeloid
cells or RBCs, which anticipates a significantly improved safety profile
in patients. Lastly, inhibition of tumor growth by AL008 in mouse
models coincides with downregulation of SIRPα and induction of ac-
tivation markers on tumor-associated macrophages.
Conclusions
AL008 potentiates the anti-tumor effector functions of macrophages
and dendritic cells in vitro, as well as in vivo models. This dual mech-
anism of AL008, which couples the reversal of inhibitory signal with
immunostimulation, provides a novel therapeutic strategy for target-
ing myeloid cells for immune activation.
Ethics Approval
All in vivo studies were reviewed and approved by Alector Institu-
tional Animal Care and Use Committee (IACUC).
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Background
V-set and Immunoglobulin Domain Containing 4 (VSIG4), also known
as Complement Receptor of the Immunoglobulin superfamily (CRIg),
is a cell surface receptor structurally related to the B7 family of im-
mune regulatory proteins. Expression of VSIG4 on macrophages ren-
ders them less responsive to LPS. In addition, VSIG4 promotes
immune tolerance by attenuating early T cell activation and support-
ing the induction and maintenance of Foxp3 in T cells. Expression of
VSIG4 on tumor-infiltrating macrophages suggests that it may be im-
plicated in immune evasion.
Methods
Using our new VSIG4 (CRIg) antibody (clone NLA14), we demonstrate
that Large Peritoneal Macrophages (LPM) in mouse consist of two
distinct subsets, the VSIG4+ LPM and VSIG4- LPM.
Results
VSIG4+ LPM co-express Arginase 1 more frequently than the VSIG4-
LPM, particularly in C57BL/6 mice. Further comparative analysis of
the two LPM populations using a panel of macrophage specific anti-
bodies revealed that VSIG4+ and VSIG4- LPM show a similar pattern
of expression that is distinct from Small Peritoneal Macrophages
(SPM). This phenotypic diversity within the LPM most likely reflects
differences in function and activation status. In vitro cultured macro-
phages show a spontaneous decrease in the expression of VSIG4,
and addition of proinflammatory factors, including IFN-γ and LPS, fur-
ther reduces VSIG4 expression.
Conclusions
Characterization of VSIG4+ LPM might provide an opportunity to bet-
ter understand the immunoregulatory role of VSIG4 in tumor infiltrat-
ing macrophages.
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Background
IL-17A is a key pro-inflammatory cytokine indicated in multiple path-
ologies including tumor progression via suppression of anti-tumor
immunity. While IL-17A is a signature cytokine of CD4+ T helper cells
(Th17 cells), IL-17A is also produced by other cell types, including
CD8+ T cells and type 3 innate lymphoid cells (ILC3s) in the mucosal
surfaces. It remains unclear what are the key cellular sources of IL-
17A in cutaneous squamous cell carcinoma.
Methods
Human cutaneous squamous cell carcinoma were collected from pa-
tients undergoing surgery to remove skin tumors that were diag-
nosed as SCCs by a dermatopathologist. Specimen collection and
processing was approved by the Institutional Review Board of the
Cleveland Clinic Foundation. For flow cytometry analysis, fresh tu-
mors were cut into small pieces and dissociated with collagenase IV/
hyaluronidase, followed by staining with antibodies against CD45
(BioLegend, clone 2D1,368529), Linage (BD, lin3, 643510) and IL-17A
(Bioligand, Clone BL168, 512319). For immunohisotochemistry/fluor-
escence staining, tissues were fixed with 10% formalin overnight and
then kept in 70% ethanol at 4 °C until processed into paraffin tissue
blocks by Imaging Core at Cleveland Clinic Lerner Research Institute.
Results
We detect CD45+Lin-(CD3-CD14-CD19-CD2-)IL-17A+ cells in the cuta-
neous squamous cell carcinomas (cSCCs) by flow cytometry of the
cell suspensions prepared from tumor tissues. We found CD3-IL-17+
cells in tumor tissue of skin cSCCs by immunohistochemistry staining
of serial sections of SCCs from both immunocompetent and im-
munocompromised patients (e.g. transplant patients on iatrogenic
long-term immunosuppressive therapy). In some cases, the CD3-IL-
17+ cells consist of over 90% of the total IL-17+ cells in the tumor
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tissue. Furthermore, these CD3-IL-17+ cells are negatively stained for
SMA, CD11b and CD19, suggesting that they are unlikely to be fibro-
blast, myeloid cells or B cells.
Conclusions
Taken together, we found a population of lineage negative IL-
17A producing cells present in the cSCCs, which share the
“CD45+Lin-” features with innate lymphoid cells. We are actively
identifying this cell population. This study suggests that IL-17A
can be produced by immune cell populations other than T cells
in skin SCCs.
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Background
Resistance to the current generation of immunotherapies is mediated
by complex relations between stromal, cancer and immune cells
found within the tumor microenvironment (TME). Development of
more efficacious drugs is predicated on improved understanding of
these multi-spatial interactions. With emergence of new immune
checkpoint receptor (ICR)-targeting therapies, a better understanding
of topological expression of immune checkpoint ligand (ICL) on sup-
pressive cell types in the TME may allow for improved strategies to
treat cancer patients.
Methods
Single cell RNA sequencing (scRNAseq) was performed from
head and neck squamous cell carcinoma (HNSCC) specimens (n=
17) with matched blood from treatment-naïve patients. Immune
and non-immune cells were enriched from tumor cell suspen-
sions. Novel transcriptomic cell-to-cell interactions were pre-
dicted between heterogeneous cell populations. Histologic
inflammation was corroborated with scRNAseq and multi-plex
flow cytometry.
Results
Major cell type clusters (immune, epithelial, fibroblast and endo-
thelial cells) were identified. Expression patterns for PD-1, TIGIT,
LAG-3 and TIM-3 ligands were evaluated on these suppressive
TME cell types. While LGALS9/galectin-9 levels were expressed
highly on tumor-associated macrophages (TAMs) from both in-
flamed and non-inflamed tumors, CD274/PD-L1 was only upregu-
lated on TAMs from inflamed lesions. By modeling receptor-
ligand interactions between CD8+ T cells and the rest of the
major TME cell types, CD8+ T cells were predicted to form more
ICR-ICL interactions with TAMs than with any other cell type.
Flow cytometry confirmed the abundance of PD-L1 and galectin-
9 on TAMs.
Conclusions
Our data suggest that in the setting of HNSCC, TAMs are the major
contributors of ICL in the HNSCC TME. Strategies that selective target
this immunosuppressive population may be necessary to break toler-
ance to PD-1-targeting therapies.
Ethics Approval
The study was approved by the University of Pittsburgh’s Institutional
Review Board (#99-069).
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Background
Recent reports suggest that tissue resident memory cells (TRM)
may play an important role in anti-tumor immunity. Specifically,
the accumulation of CD103+ tumor infiltrating lymphocytes
(TILRM) is associated with favorable prognosis [1,2]. However, rela-
tively little is known regarding TRM differentiation and endogen-
ous TRM are difficult to isolate, impeding their basic study and
translational application. Thus a means to generate TRM in vitro
would be desirable. TGF-β is known to be critical in establishing
TRM populations and attempts to identify other factors have fo-
cused on cytokines [3,4]. Oxygen tension is another factor that
distinguishes the circulation from peripheral tissues; thus we hy-
pothesized that hypoxia may contribute to a TGF-β1-induced TRM
phenotype in human CD8+ T-cells.
Methods
Naïve CD8+ T-cells from human peripheral blood were activated
in normal cell culture conditions (20% O2) or hypoxia (2% O2)
and then cultured in the presence of rhTGF-β1. Cells were then
analyzed for expression of TRM-associated genes via quantitative
real-time PCR (qPCR) and TRM-associated surface markers via flow
cytometry. The individual contributions of hypoxia and TGF-β1 to
induction of TRM phenotype cells were assessed by performing
in vitro differentiation experiments as described above with or
without the addition of rhTGF-β1. CD69-CD103- cells generated in
20% O2, CD69+CD103- cells generated in 2% O2, and
CD69+CD103+ cells generated in 2% O2 + TGF-β1 were sorted
before RNA-sequencing (n=3).
Results
We demonstrate that differentiation of human CD8+ T-cells in hyp-
oxia and TGF-β1 in vitro led to the development of a TRM phenotype,
characterized by an increase in CD69+CD103+ cells expressing
CD49a, CD101, and PD-1 – hallmarks of human TRM (n=7, pRM pheno-
type cells than the additive effects of either condition alone (n=4,
pRM and TILRM gene signatures in CD69+CD103+ cells generated in
hypoxia and TGF-β1 (Figure 1).
Conclusions
Our findings identify a previously unreported cue for TRM differenti-
ation and enable a facile means of generating human TRM phenotype
cells in vitro with the potential for application to multiple existing
Adoptive Cell Therapy (ACT) modalities. As hypoxia and TGF-β are
common features of the tumor microenvironment our results indi-
cate that these conditions may contribute to generation of CD103+
TIL in vivo.
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Background
Severe cytokine release syndrome (CRS) results in an increased inci-
dence of infections after T-cell engaging therapies. Several retro-
spective, single-center studies have shown infectious complications
with haploidentical hematopoietic cell transplantation (haploHCT)
but no data correlating infections with CRS that develops after hap-
loHCT is available. [1-10]
Methods
We evaluated 78 consecutive adult haploHCT recipients at our
center for the development of CRS, graded by Lee et al. criteria,
and examined the incidence of infectious complications in correl-
ation with CRS severity. All patients received haploHCT for
hematologic malignancies between April 2012 and April 2018,
using post-transplant cyclophosphamide (PTCy) and tacrolimus/
MMF for GVHD prophylaxis. The incidence of infections was ex-
amined in two separate time periods in relation to the day of
stem cell infusion (day 0): day 0-100 and day 101-180. The study
cohort was further stratified by CRS grades into 2 groups: 53% of
patients in cohort A, CRS grade 0-1 (n=41) and 47% in cohort B,
CRS grade ≥2 (n=37).
Results
Overall, 81% patients developed infections (63/78) within 180 days. Fewer
patients in cohort A developed an infection (71% vs. 92%; P=.018). 58%
of these infections were of viral origin (104 episodes) and nearly half of
those were CMV reactivations (46%). 38% infections were of bacterial ori-
gin (70 episodes) and 5% fungal. On multivariate analysis, higher-grade
CRS (CRS grade ≥2) was independently associated with an increased fre-
quency of bacterial infections (RR 2.25; 95% CI, 1.12 to 4.53; P=.023) and
there was also evidence of higher overall infections (RR 1.6; 95% CI, 0.98
to 2.63; P=.057). Increasing frequency of overall and bacterial infections,
including BSI and CLABSI, was observed as CRS became more severe
(higher in grade 3 vs grade 2). CMV recipient positivity was independ-
ently associated with an increased frequency of overall infections (RR
1.98; 95% CI, 1.23 to 3.18; P=.0048) as well as an expectedly greater viral
infections (RR 2.77; 95% CI, 1.60 to 4.78; P=.0003). 10 patients died of in-
fection/sepsis-related causes and the cumulative incidence of infection-
related mortality was higher in cohort B (Figures 1-3).
Conclusions
These findings suggest that the severity of CRS developing after hap-
loHCT using PTCy-platform is associated with an increased frequency
of bacterial infections, including BSI and CLABSI, and may lead to in-
creased mortality. Pathogenesis of CRS after haploHCT remain an un-
met need and potential mechanisms that may confer an increased
frequency of infections are also discussed.
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Background
Metastatic melanoma patients successfully treated with combination
immunotherapy using checkpoint blockade often display pre-existing
antitumor immunity at time of initial treatment. Cancer vaccination
can be used to promote anti-tumor T cell responses in patients lack-
ing such immunity.
Methods
To generate optimal anti-tumor immune responses in melanoma pa-
tients, we previously developed a dendritic cell (DC)-based
adenovirus-engineered vaccine encoding three common melanoma-
associated antigens: Tyrosinase, MART-1, and MAGE-A6. This vaccine
was used to treat 35 patients in a Phase 1 clinical trial. Immature DC
were matured using IFN + LPS, and then transduced with the recom-
binant adenovirus yielding the vaccine. Patients received three intra-
dermal injections of vaccine over one month. In addition to standard
phenotyping and cytokine testing, a human genome RNA microarray
was used to transcriptionally profile the DC vaccines produced for
each patient. Cryopreserved patient and healthy donor monocytes
were also examined in functional assays.
Results
Patient (matured and adenovirally-transduced) monocyte-derived DC
expressed reduced levels of cell surface ICOSL (a costimulatory mol-
ecule) vs. DC generated from healthy donors (HD). Microarray ana-
lysis of patient cells revealed that ICOSLG mRNA gene expression
was increased post-maturation and viral transduction, and differently
expressed between HD and patient cells.
ICOSL surface protein showed a positive trend with the ability of
adenovirally-transduced DC to elicit specific CD8+ T cell responses
in vitro to Tyrosinase and MART-1. Using a CMV p65 antigen-based
model, we observed reduced activation of naïve, CMV-specific CD8+ and
CD4+ T cells in seronegative donors when primed using antigen-loaded
autologous DC treated with anti-ICOSL antibody vs. an IgG control.
Microarray analysis further suggested that (matured and adenoviral-
transduced) patient DC exhibit dysregulated NFĸB signaling vs. DC
isolated from HD, and non-canonical NFκB signaling known to trans-
activate ICOSL. Pharmacologic inhibition of NFĸB signaling in DC
from HD also resulted in decreased expression of surface ICOSL. We
also observed that patient vaccine DC expression of NLRP2 (a natural
NFĸB inhibitor), negatively correlated with clinical outcome.
Conclusions
Reduced levels of ICOSL on patient vaccine DC may limit their ability
to prime anti-tumor immune responses in vitro (and in vivo). DC-
expressed ICOSL appears important for specific T cell priming and is
at least partially regulated by intrinsic canonical NFĸB signaling path-
way. These data identify critical DC stimulatory pathways and inform
the next generation DC-based vaccines capable of promoting super-
ior anti-tumor benefits in advanced-stage melanoma patients.
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Background
Early stage myeloid-derived suppressor cells (eMDSCs) are a newly
identified immunosuppressive cell subtype, but less is known about
the generation of eMDSCs yet. In this study we elucidated that
tumor-derived IL-6 manipulated the development and function of
eMDSCs in vitro and vivo.
Methods
We constructed IL-6 knockdown 4T1 mammary tumor-bearing BALB/
C models and myeloid lineage specific SOCS3 knockout C57BL/6
model. The system of eMDSCs induction was established, in which
bone marrow cells were cocultured with 4T1 cells to induce eMDSCs
in vitro.
Results
We identified a subpopulation of CD11b+Gr-1-F4/80-MHCII-
eMDSCs in situ in IL-6 knockdown 4T1 mammary tumor-bearing
mice models, which displayed more potent suppression on T cell
immunity than conventional CD11b+Gr-1+ MDSCs. The proportion
of eMDSCs in tumor tissues was highly correlated with the tumor
size and the numbers of lung metastatic nodules. Bone marrow
cells were co-cultured with 4T1 cells to induce eMDSCs in vitro,
but IL-6R Ab treatment significantly decreased the proportion of
eMDSCs. Tumor-derived IL-6 inhibited the expression of SOCS3
and persistently activated the JAK/STAT3 signaling pathways,
which further caused the differentiation arrest of myeloid linkage
and comparable immunosuppressive capacity of eMDSCs. The
conditional myeloid SOCS3 knockout C57BL/6 (SOCS3mKO)mice
was constructed to study SOCS3-related amplification of eMDSCs.
The eMDSCs increased significantly in SOCS3mKO mice compared
to SOCS3fl/fl mice, in which myeloid differentiation arrest was ob-
served. The miRNA array screening indicated miR155-5p was the
predominant regulator of SOCS3-related differentiation arrest in
eMDSCs. We demonstrated that miR155-5p suppressed transcrip-
tion factors C/EBPβ and PU.1, and thus promoted the develop-
ment of eMDSCs. Transfecting miR155-5p inhibitor in myeloid
precursors could efficiently reduce the number of eMDSCs and
recover myeloid differentiation in vitro.
Conclusions
Tumor derived IL-6 activated the JAK/STAT3/ miR155-5p pathway in
myeloid precursors by inducing SOCS3 deficiency, which conse-
quently downregulated C/EBPβ and PU.1, induced myeloid differenti-
ation arrest, and promoted the development of eMDSCs.
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Background
ATOR-1017 is a Fcγ-receptor (FcγR) crosslinking dependent agonistic
IgG4 antibody targeting the costimulatory receptor 4 1BB. 4-1BB is
highly expressed on tumor infiltrating CD8+ T effector cells (T effs) in
several cancer indications. By binding to 4-1BB, ATOR-1017 can en-
hance the activity of tumor reactive T effs and NK cells within the
tumor and induce a potent anti-tumor attack. 4-1BB is an attractive
target for immunotherapy, even though 4-1BB targeting antibodies
in clinical development so far have been suffering from toxicity or
poor efficacy. Therefore, ATOR-1017 was designed to improve toler-
ability and to enhance efficacy.
Methods
Human 4-1BB knock-in transgenic mice with established murine
colon carcinoma MC38 tumors were used to demonstrate anti-tumor
efficacy and immune cell infiltration with FACS after systemic treat-
ment with ATOR-1017. In vitro, immune activation (IFN-γ production)
of purified human immune cells from healthy donors with ATOR-
1017 was analyzed using FcγR expressing cells for crosslinking in the
presence of human IgG.
Results
ATOR-1017 reduced tumor growth and improved survival dose de-
pendently in human 4-1BB knock-in transgenic mice with established
tumors. No tumor growth was detected after tumor re-challenge in
the complete responders previously treated with ATOR-1017, but in
the naïve untreated control group only. These results demonstrated
that ATOR-1017 induced a long-lasting immunological memory. The
immunological response induced by ATOR-1017, leading to an effi-
cient tumor eradication, consisted of a significant immune cell infil-
tration and a high T eff to T regulatory cell ratio within the tumor
specifically but not in the spleens. In vitro it was demonstrated that
immune activation with ATOR-1017 was blocked dose dependently
in the presence of human IgG, due to saturation of the FcγRs which
blocked crosslinking of ATOR-1017.
Conclusions
ATOR-1017 induced a potent tumor-directed immune response, lead-
ing to an efficient tumor eradication and survival and development
of a long-lasting immunological memory. ATOR-1017 is FcγR cross-
linking dependent with an activation profile that is expected to
minimize the risk for inducing systemic immune activation and tox-
icity, by directing the immune response to the tumor tissue and
tumor draining lymph nodes where 4-1BB as well as certain FcγRs
are highly expressed. The FcγR crosslinking-dependency will also re-
duce the risk for immune activation in the circulation, due to the
high concentration of endogenous circulating IgG which will com-
pete with ATOR-1017 for binding to the FcγRs [1,2]. A first-in-human
phase I study of intravenously administered ATOR-1017 is planned
for 2019.
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Background
PD-1/PD-L1-targeting monoclonal antibodies (mAbs) have shown im-
pressive responses in a wide range of tumors, although only in a
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subset of patients, leaving room for improvement. 4-1BB agonistic
mAbs are potent T-cell co-stimulators and showed promising results
in pre-clinical cancer models. However, no 4-1BB agonist has ad-
vanced beyond early phase II studies, due to dose-limiting hepatitis
or lack of monotherapy efficacy. Fc-silenced bispecific antibodies
(bsAbs) targeting PD-L1 and 4-1BB may overcome these limita-
tions by combining immune checkpoint inhibition with condi-
tional agonistic activity.
Methods
Fc-silenced PD-L1x4-1BB bsAbs (anti-mouse surrogate: mbsAb-PD-
L1x4-1BB; anti-human: DuoBody®-PD-L1x4-1BB [GEN1046]) were
obtained by controlled Fab-arm exchange of PD-L1 and 4-1BB
mAbs. Activity of the mouse-specific mbsAb-PD-L1x4-1BB was
tested in vivo in an ovalbumin-specific OT-1 T-cell adoptive trans-
fer and vaccination model in C57BL/6 mice, and in efficacy stud-
ies in CT26 and MC38 tumor-bearing BALB/c and C57BL/6 mice,
respectively. Tolerability was assessed in C57BL/6 mice and com-
pared to treatment with a 4-1BB agonistic mAb. Induction of T-
cell proliferation and cytokine production by DuoBody-PD-L1x4-
1BB was analyzed in primary human T-cell assays in vitro and
using patient-derived tumor-infiltrating lymphocytes (TILs) ex vivo.
The non-clinical safety profile of DuoBody-PD-L1x4-1BB was
assessed in cynomolgus monkeys.
Results
Surrogate mbsAb-PD-L1x4-1BB induced significant expansion of
adoptively transferred OT-1 T-cells upon ovalbumin vaccination in
proof-of-concept studies in vivo. In a therapeutic setting, mbsAb-PD-
L1x4-1BB induced long-term tumor remission in up to 90% of CT26
and MC38 tumor-bearing mice, associated with expansion of tumor-
specific CD8+ T-cells. mbsAb-PD-L1x4-1BB was well tolerated, while
an Fc-active mouse 4-1BB agonistic mAb, alone or with a PD-L1-
specific mAb, induced a significant increase in serum transaminase
levels and liver immune infiltrates.
DuoBody-PD-L1x4-1BB enhanced T-cell proliferation and pro-
inflammatory cytokine production in vitro, and was more potent
than checkpoint blockade alone or the combination of Fc-
silenced PD-L1- and 4-1BB-specific mAbs. 4-1BB agonist activity of
DuoBody-PD-L1x4-1BB was strictly conditional and dependent on
simultaneous binding of both targets. DuoBody-PD-L1x4-1BB in-
creased TIL expansion ex vivo. DuoBody-PD-L1x4-1BB showed a
favorable safety profile in cynomolgus monkeys at doses up to
30 mg/kg (1q3wx2).
Conclusions
Dual targeting of PD-L1 and 4-1BB with an Fc-silenced bsAb com-
bines immune checkpoint blockade and conditional T-cell co-
stimulation in one molecule. This distinctive mechanism of action re-
sults in potent anti-tumor activity without inducing hepatotoxicity in
mice and enhances proliferation of human primary T-cells and TILs
in vitro and ex vivo. The clinical safety of DuoBody-PD-L1x4-1BB is
currently being assessed in patients with solid cancers in a first-in-
human trial (NCT03917381).
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Background
Claudin18.2 (CLDN18.2), a gastric epithelial junction protein, has been
discovered as a potential therapeutic target for stomach cancers. The
aim of our study was to elucidate mechanism of action for ABP150, a
CLDN18.2 specific CD3 engager. Specifically, we assessed the ability
of ABP150 to be redirected to CLDN18.2 tumors followed by T-cell
dependent killing.
Methods
CLDN18.2 specific clones were obtained by Abpro’s proprietary
platform [1]. The clone selection criteria involved Claudin-isoform
specific binding and off-target screening; HTS-flow cytometry
based cross-reactive studies using ≥5000 other proteins expressed
on HEK293T cell system. The bispecific T-cell engager for ABP150
antibody was engineered as described [1]. The built constructs
were transiently transfected into HEK-293S cells grown in Free-
Style 293 Expression Medium followed by purification using Pro-
tein A IgG Purification Kit. Purified ABP150 was subjected to Size
Exclusion Chromatography (SEC-HPLC) to assess its monomeric
state. Relative binding of ABP150 to CLDN18.2 positive tumors
and CD3 expressing Jurkat-T cell line was performed using flow
cytometry. Following manufacturer’s protocol, T-cell activation
and T-cell Dependent Cytotoxicity (TDCC) were examined by T
Cell Activation Bioassay (NFAT) and CellTiter-Glo luminescent cell
viability assay kits respectively.
Results
Out of 7 hybridomas, 2 clones, ABP150-1 and ABP150-2 were final-
ized based on relative binding affinity and specificity to CLDN18.2.
Flow cytometric experiments demonstrated dose-dependent binding
to CLDN18.2 positive cells exclusively. No binding to CLDN18.1 iso-
form was observed. Their ability to bind to T-cells were comparable
to ABP100 [2, 3] suggesting functional monovalent binding to CD3.
In the off-target screening experiments, both clones showed no
cross-reactivity to extracellular membrane proteins. SEC-HPLC ana-
lysis displayed ≥95% of monomeric protein with no aggregations. In
T-cell activation bioassay, both ABP150 clones presented a dose
dependent T cell activation. Further, TDCC experiments resulted in
dose dependent tumor killing only in the presence of CLDN18.2 ex-
pressing tumors. In absence of CLDN18.2 tumors, no toxicity was
observed.
Conclusions
Lead CLDN18.2 clones, ABP150-1 and ABP150-2 as T-cell engagers
showed CLDN18.2 specific binding and functionally weak CD3 bind-
ing (in the absence of target) resulting in strong TDCC response only
in the presence of CLDN18.2 tumors. Taken together, we conclude
that these two clones are expected to efficiently clear CLDN18.2 tu-
mors without cytokine release syndrome.
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Background
Interleukin-12 (IL-12) is a particularly compelling target for cytokine
therapy, as it showed promise in preclinical tests. However, it failed
in the clinic to high schedule dependent toxicities, including two pa-
tient deaths. An alternative approach is to deliver IL-12 in a nanopar-
ticle (NP) delivery vehicle. Yet, cytokines pose a difficult challenge for
NP delivery, as they require efficiently loading labile proteins, main-
taining activity on cytokine membrane receptors from a NP that is
often internalized, and achieving high association with tumors to
prevent systemic leakage. Layer-by-layer (LbL) is a simple electro-
static method of layering polymers onto materials to alter the prop-
erties of the carrier. Through incorporation of different polymers, LbL
offers the opportunity to address the challenges of cytokine NP
delivery.
Methods
A single chain variant of IL-12 was loaded onto liposomal nanoparti-
cles via Ni:HIS interactions and layered via the LbL process (Figure
1A). Particles were assessed for material properties in vitro including
biological activity via their ability to stimulate an interferon-y re-
sponse. Particles were further tested in vivo for their toxicity and effi-
cacy in multiple tumor models.
Results
LbL IL-12 NPs with poly-L-arginine and poly-L-glutamic acid layers
(PLE-IL-12-NPs) were able to efficiently load and deliver active
cytokine. PLE-IL-12-NPs showed drastically reduced toxicity com-
pared to carrier-free IL-12. Healthy mice treated with PLE-IL-12-
NPs showed no differences in weight to PBS and unloaded NPs,
while carrier-free IL-12 treated mice lost 10% of their body
weight by the fifth dose when treated daily. Furthermore, PLE-IL-
12-NP treated mice showed significantly less systemic cytokine re-
sponse when compared to carrier-free IL-12. Importantly, PLE-IL-
12-NPs also showed no loss in anti-tumor activity at these same
doses when delivered against both subcutaneous MC38 and the
more difficult to treat HM-1 ovarian cancer cell line. Finally, at
significantly higher doses, carrier-free IL-12 again showed signifi-
cant toxicity while the PLE-IL-12-NPs showed no differences to
the controls and lead to pronounced antitumor efficacy in the
MC38 model (Figure 1B,C).
Conclusions
PLE-IL-12-NPs show promise as an IL-12 therapy. Most import-
antly, PLE-IL-12-NPs were able to significantly reduce the toxicity
of IL-12 therapy while maintaining its efficacy. Of noted import-
ance, PLE-IL-12-NPs were also able to show efficacy in ovarian
cancer, which has been refractory to many immunotherapies in
the past. Finally, although the above results demonstrate activity
with IL-12, the described particle uses no IL-12 specific methods
and can likely be applied across many other cytokines or
combinations
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Background
Upon TCR stimulation via tumor-specific antigen presentation, CD8+
cells upregulate the IL-10 receptor (IL-10R) and become responsive
to this cytokine, leading to localized T effector cell (Teff) proliferation
and tumor infiltration along with the release of IFN and cytolytic
products. The presence of 13 lysine residues in IL-10 and participa-
tion of its N-terminal region in IL-10R1 and R2 engagement presents
a challenge to conventional PEG strategies. To harness IL-10 potential
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as an immuno-oncology therapeutic, the generation of IL-10 variants
with extended half-life is desired.
Methods
The Synthorx synthetic biology platform expands the genetic alpha-
bet (EGA) by one base pair that generates new codons for site-
specific incorporation of novel amino acids at any position within the
polypeptide, which enables the design of biotherapeutics with im-
proved drug properties. We have applied this platform to rapidly
screen and identify residues within the IL-10 amino acid sequence
for optimized PEG bioconjugation distal from the IL-10R binding
sites, producing a series of single IL-10 variants that were then pegy-
lated. Biochemical characterization of those pegylated variants by
SPR and SEC-MALS together with in vitro and ex vivo potency profil-
ing led to the identification of homogeneous Synthorin IL-10 dimers
with extended in vivo half-life and minimal interference with IL-10 re-
ceptor engagement and activation.
Results
Analytical characterization of purified IL-10 Synthorins showed that
they are homogeneous, and dimeric pegylated variants. Among
them, THOR-1003 and THOR-1009 showed comparable in vitro po-
tency to native IL-10 for proliferation of the human MC/9 cell line,
and in a human recombinant cell assay directly measuring receptor
activation, underscoring the importance of choosing the right site for
pegylation on the agonist activity of IL-10. Other sites tested resulted
in compounds exhibiting up to 1,000-fold decrease in potency in
cell-based assays. THOR-1003 and THOR-1009 have been selected for
further testing, focusing on the release of IFN and cytolytic enzymes
from primary human CD8+ T cells, following stimulation with
antigen-presenting cells displaying a CMV peptide epitope. Pharma-
cokinetics and pharmacodynamics profiling of these molecules
in vivo is ongoing.
Conclusions
We have demonstrated that our synthetic biology platform can gen-
erate functional, pegylated Synthorin IL-10 variants that retain the
folding and structural stability of native IL-10. Two of those Synthor-
ins, THOR-1003 and THOR-1009, exhibit physiochemical properties
similar to native IL-10, and functional properties consistent with a
fully active agonist that can be dosed in vivo for durable pharmaco-
dynamic effects.
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Background
IL-15, distinctly from IL-2, induces proliferation and survival of
CD8+ T memory (Tmem) cells, activates natural killer (NK) cells,
and enhances antibody-driven cellular toxicity without the expan-
sion of immunosuppressive regulatory CD4+ T cells (Treg). How-
ever, its high potency and resulting toxicity, combined with its
short half-life, has limited its potential as an immunotherapeutic
agent. We hypothesize that extension of the half-life of IL-15
could provide persistence of signaling for CD8+ Tmem expansion,
while reducing potential Cmax-associated toxicities. Further
modulation of the interaction with specific receptor chains (the
private IL-15Rα and/or IL-2/15Rβ) by pegylation might enable tun-
ing of drug exposure (AUC) for preferential stimulation of differ-
ent cell subsets and therapeutic effects.
Methods
We applied the Synthorx Expanded Genetic Alphabet platform to the
rational design of pegylated IL-15 compounds with extended half-life
and differential interaction with the IL-15Rα and IL-2/15Rβ. In vitro
biochemistry and cell bioassays and ex vivo profiling in mouse and
human immune cells were used to select initial IL-15 Synthorin can-
didates for in vivo PK/PD studies.
Results
THOR-924 is a pegylated IL-15 Synthorin with similar binding affinity
to IL-15Rα and IL-2/15Rβ, and comparable signaling potency, relative
to native IL-15. PK/PD responses in mice, demonstrated an extended
half-life with sustained induction of pSTAT5 and Ki67 resulting in
strong proliferation of peripheral CD8+ Tmem and NK cells, without
proliferation of Treg cells. 90-100% of peripheral CD8+ T cells were
positive for both pSTAT5 and Ki67 after a single IV dose of 0.3 mg/
kg. Additional IL-15 Synthorins, THOR-918 and THOR-908, showed
overall reduced potency or specific blockade of IL-15 interaction with
IL-15Rα, respectively, by SPR. This selective interaction accounts for
the differential in vitro and ex vivo potency of these compounds
compared to native IL-15 and THOR-924. Ongoing in vivo studies will
shed light on the potential pharmacologic advantages of such
activity-modulated IL-15 Synthorins.
Conclusions
IL-15 Synthorins are biochemically differentiated forms of IL-15 with
extended half-life and optimized pharmacologic parameters for bal-
anced engagement of IL-15R vs IL-2/15R inducing proliferation and
cytotoxicity of CD8 T and NK cells in vivo without significant activa-
tion of immune-suppressive Treg cells or toxicities associated with
dosing of native IL-15. They offer the potential to fulfill the promise
of IL-15 as a clinical agent for therapeutic induction of immune re-
sponses in the treatment of solid tumors.

P614
Development of a cancer gene therapy approach based on
encoding a single chain IL-12 transgene in an oncolytic T-SIGn
virus vector
Sam Illingworth1, Manuela Zonca1, Ana Silva1, Alicia Belmonte1, Nalini
Marino1, Carla Cerqueira1, Lorna Slater1, Katy West1, Sara Siebel2,
Samantha Bucktrout2, Fred Ramsdell, PhD2, Paul Cockle1, Brian
Champion, PhD1

1PsiOxus Therapeutics Ltd, Abingdon, United Kingdom; 2Parker Institute
Cancer Immunotherapy, San Francisco, CA, United States
Correspondence: Brian Champion (brian.champion@psioxus.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P614

Background
T-SIGn virus vectors for cancer gene therapy are transgene-modified
variants of enadenotucirev (EnAd), an Ad11p/Ad3 chimeric group B
adenovirus, which retain all the functional and epithelial tumor-
selectivity properties of EnAd while also mediating the selective ex-
pression of transgenes by infected tumor cells. We have created T-
SIGn viruses expressing a single chain variant of human IL-12 as the
primary transgene modality; production of IL-12 by virus-infected
tumor cells could be an effective way of driving T-cell and NK cell ac-
tivity within the tumor microenvironment to promote effective anti-
tumor immunity.
Methods
T-SIGn virus constructs were generated to express either the p35 and
p40 chains of human IL-12 separately or as a linked single chain mol-
ecule using a short linker sequence. To enable tumor-selective ex-
pression of IL-12, transgenes were placed under the control of the
virus major late promoter (MLP) which is activated following initi-
ation of genome replication in permissive cells. Tumor cell lines and
primary cells derived by gentle disaggregation of surgically excised
tumor samples from carcinoma patients were used to evaluate the
production and activities of the different IL-12 viruses.
Results
ELISA assays measuring levels of the full IL-12 p70 molecule or the
specific p40 chain in infected tumor cell supernatants showed that
the virus encoding separate IL-12 chains produced p40 very effect-
ively but very little p70 was detected. By contrast the virus encoding
the single chain variant effectively produced p70 at levels >100ng/
ml. Using a HEK-Blue IL-12 signalling reporter assay, this p70 protein
was shown to be functionally active and thus folded correctly. Pri-
mary cells derived from excised patient tumor samples were also
evaluated and shown to produce IL-12 when treated with the single
chain IL-12 encoding virus. The functional activity of virus encoded
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IL-12 was then further demonstrated by its ability to enhance the
production of IFNγ by T-cells and NK cells using PBMCs and PBMC-
derived T-cell cultures as well as cultures of primary tumor cells.
Conclusions
In this study, we have shown that a functionally active single chain
variant of human IL-12 can be effectively produced by tumor cells in-
fected with a T-SIGn virus encoding this transgene payload. Ongoing
studies are evaluating several different cytokines and chemokines
encoded together with the single chain IL-12 transgene for their abil-
ity to enhance the activities of IL-12, either directly or indirectly via
their ability to recruit IL-12 responsive immune cells in order to
optimize the potential for clinical activity.
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Background
Interleukin-2 (IL-2) has been the first effective cancer immunotherapy to
treat metastatic melanoma and renal cell carcinoma for more than three
decades. Although only a small fraction of patients benefits from such a
treatment, the anti-tumor responses to IL-2 therapy tend to be complete,
durable and the responding patients seem to be cured. Unfortunately, the
applicability of IL-2 in the clinic is limited by its toxicity (i.e. capillary leak
syndrome), unfavourable pharmacokinetic and bio-distribution in the
lymphatic system rather than in the tumour, and the detrimental activa-
tion/expansion of regulatory T cells (Tregs) through IL2Ra (CD25) binding.
Methods
To overcome these limitations, we developed a novel immunocyto-
kine that is constituted of a high affinity bivalent blocking anti-PD-1
antibody and a heterodimeric silent Fc-part fused to a monomeric IL-
2 variant (IL2v).
Results
IL2v binding to CD25 is abolished, and therefore the binding to Tregs
and endothelial cells is reduced. The anti-PD-1 antibody, having roughly
50-fold higher affinity than IL-2v, dictates the preferential cis-delivery of
IL-2v to PD-1 positive T cells, such as antigen-experienced tumour-
reactive T cells. In addition, the blocking of the PD-1 inhibitory pathway
synergizes with the IL-2 signalling cascade translating into more potent T
cell activation and effector functions than untargeted IL-2v. Due to re-
duced expression levels of PD-1 on Tregs compared to tumour-reactive T
cells, PD1-IL2v binds preferentially to the latter rescuing them from Treg-
mediated suppression. All these properties enabled PD1-IL2v to eradicate
aggressive tumours and provide a significant survival benefit over com-
bination of the parental molecules in the tested mouse models.
Conclusions
PD1-IL2v is a differentiated immune cell-targeted IL-2v which pro-
motes an effective and long-term anti-tumor immune-response by
delivering IL-2v to PD-1+ tumor-specific T cells
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Background
Lymphocyte counts in the peripheral immune system and tumor are
correlated with positive clinical outcomes in PD-(L)1 immunotherapy.
Interleukin 7 (IL7) is an immune homeostasis cytokine for T cells.
Treatment with recombinant human IL7 preferentially expands re-
cent thymic emigrants, naive and central memory T cells, but spares
regulatory T cells. Here we constructed a series of immunocytokine
L1I7 comprised of a PDL1 blocking mAb fused with an IL7 molecule
with varying degree of attenuated potency. The aim of the study
was to identify the right molecule that achieves enhanced biodistri-
bution at the tumor site and an optimal balance between synergistic
anti-tumor activity and an acceptable safety profile.
Methods
PDL1 binding affinity and antagonist function of L1I7 were evaluated
by BiaCore and PD1/PDL1 cell-based functional assay, respectively.
IL7 receptor (IL7R) binding and internalization were evaluated in hu-
man primary CD4+ T cells by flow cytometry (FACS). IL7 potency was
evaluated by p-STAT5 signaling assay and human CD4+ T cell prolif-
eration assay. The in vitro synergistic effect of L1I7 was evaluated in
the human mixed lymphocyte reaction (MLR) assay. The in vivo track-
ing assay was conducted by injecting fluorescence-labeled L1I7 into
HCC827-transplanted CD34+ hematopoietic stem cells humanized
mice. The in vivo efficacy of L1I7 was investigated in B16F10 melan-
oma syngeneic mice model with surrogate L1I7. Absolute numbers
of tumor-infiltrating CD4+ T and CD8+ T cells were analyzed by
FACS.
Results
L1I7 series of immunocytokine maintained PDL1 binding and an-
tagonist function when compared with PDL1 mAb. As compared
with wildtype L1I7, L1I7 variants showed attenuated IL7 activity
as evidenced by reduced IL7R binding/internalization, p-STAT5 ac-
tivation and CD4+ T cell proliferation. Both wildtype and the at-
tenuated variants were more effective in promoting CD4 T cell
activation than anti-PDL1 or IL7 monotreatment in MLR. Similar
with PDL1 mAb, L1I7 was enriched in the tumor site whereas IL7
was widely distributed in in vivo tracking experiment. In an anti-
PDL1-resistant B16F10 tumor model, L1I7 showed superior effi-
cacy as compared with either anti-PDL1, IL7 alone or in combin-
ation, which was correlated with an increased number of tumor-
infiltrating CD4+ T and CD8+ T cells.
Conclusions
The novel immunocytokine L1I7 is designed to target poor and non-
responders to PD-(L)1 treatment and even PD-(L)1 treatment re-
lapsed patients. L1I7 represents potentially a best-in-class molecule
with enhanced local immunostimulation achieved by concurrent PD-
(L)1 blockade and IL7 stimulation. L1I7 is undergoing preclinical de-
velopment with an aim to enter clinical studies in 2021.
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Background
Immunotherapy has become a powerful strategy for cancer treat-
ment. Immunomodulators such as interleukin-2 (IL-2) can induce
anti-tumor immune responses, but their clinical applications are lim-
ited by unfavorable pharmacokinetic properties that can elicit serious
dose-limiting toxicities (e.g. vascular leak syndrome). [1] We have de-
veloped an ultra-pH sensitive nanoparticle platform that targets the
acidic tumor microenvironment (TME) with high specificity. At normal
physiological pH, the nanoparticles exist as intact micelles, while at
acidic tumor pH, they dissociate into single unimers, releasing the
payload. The feasibility of selectively targeting the acidic TME by this
platform has been successfully validated by imaging of different
types of tumors in a Phase 1 clinical trial. [2-4] Using this platform,
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we have encapsulated and delivered IL-2 to the TME to improve its
pharmacokinetic properties.
Methods
We have developed an ultra-pH sensitive nanoparticle (ONM-400)
with similar pH sensitivity to ONM-100, which is being tested in a
Phase 2 clinical trial for intraoperative imaging of tumors. Multiple
strategies have been exploited to encapsulate IL-2 including mixing,
single emulsion, acid/base titration, double emulsion/solvent evapor-
ation, and covalent conjugation. The ONM-400•IL-2 complexes were
purified by ultracentrifugation and characterized by dynamic light
scattering and transmission electron microscopy. Encapsulation effi-
ciency (EE) and drug loading (DL) were measured for each formula-
tion using ELISA or gel electrophoresis. In addition, IL-2 was labeled
with a near-infrared dye (IRDye® 800CW) to study the in vivo tumor
accumulation and biodistribution after intravenous injection in mice
bearing head and neck tumors using a LI-COR Pearl® camera.
Results
ONM-400 nanoparticles were able to encapsulate IL-2 with high load-
ing. The EE and DL ranged from 81.8% to 35.7% and 8.2% to 3.5%,
respectively. In vivo imaging of ONM-400•IL-2 showed significantly
higher tumor accumulation and less bladder signal compared to free
IL-2 at the same dose after IV injection (Fig. 1A). ONM-400•IL-2 pro-
vided longer and increased IL-2 exposure in tumor than free IL-2
which decreases overtime. Quantitative analysis of the tumor signal
at different time points indicated an alteration of pharmacokinetics
for IL-2 after encapsulation by the ONM-400 nanoparticle (Fig. 1B).
Biodistribution at 24h further revealed a lower accumulation in kid-
ney but higher accumulation in tumor for ONM-400•IL-2 versus free
IL-2.
Conclusions
The ONM-400 nanoparticles can efficiently encapsulate IL-2 and alter
its pharmacokinetics in vivo. These results suggest a great potential
for using the ultra-pH sensitive nanoparticle technology to delivery
immunomodulators to improve their efficacy and safety profile.
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Background
Efforts to modify IL-2 for immuno-oncology applications have fo-
cused on alterations that reduce interaction with the Rα subunit of
the receptor complex via mutation, chemical modification, or com-
plexation with antibodies or the Rα-ectodomain. IL-2Rβγc-agonists
may also incorporate features to reduce side effects associated with
peak drug levels, and to extend duration of action.
Methods
Peptides were selected from recombinant peptide libraries to identify
molecules binding simultaneously to the β and γc subunits of the IL-
2 receptor. Identified peptides were synthesized by both chemical
and recombinant means, and evaluated for properties of IL-2Rβγc ac-
tivation in IL-2 responsive cells lines and human lymphocytes.
Results
We report the discovery and optimization of small synthetic peptides,
unrelated to IL-2, that simultaneously bind IL-2Rβ and γc subunits to in-
duce IL-2R signaling. The peptides do not bind IL-2Rα and are therefore
IL-2Rβγc-selective agonists with MW less than 5000D. Synthetic com-
pound MK1169 activates the JAK-STAT (pSTAT5), MAPK (pERK1/2), PI3K
(pAKT) pathways, and induces proliferation in cell lines NK92 (Rαβγc)
and TF-1β (Rβγc). Agonism is attributable to direct activation of the IL-
2Rβγc receptor: (1) conversion of IL-2Rβ-deficient parental TF-1 cells to
the IL-2-responsive TF-1β line, by transfection of Rβ, imparts MK1169
responsiveness, and (2) neutralizing antibodies against IL-2 and IL-15
do not inhibit the agonist activity of MK1169. MK1169 exhibits potency
similar to that of IL-2 in cell lines expressing Rβγc, but not Rα. MK1169
induces pSTAT5 in human lymphocyte subpopulations with potency
bias similar to that of IL-2 variants that are attenuated in Rα binding.
MK1169-treated human PBMCs cause PD-L1 up-regulation, and killing
of tumor cell lines. MK1169 retains activity when fused to IgG and Fc
molecules, and when pegylated; providing options for pharmacokinetic
(PK) enhancement. We have also shown that fusions of MK1169 to
pembrolizumab and cemiplimab exhibit full activity in both PD-1 inhib-
ition and IL-2Rβγc agonist activity, indicating the feasibility of incorpor-
ating MK1169 into fusion proteins with dual pharmacology. The
synthetic peptide, and peptide fused to the C-terminus of Fc exhibit
promising in vitro serum stability, and the in silico predicted potential
for immunogenicity is very low.
Conclusions
PK-enhanced MK1169 is an attractive alternative to engineered IL-2
variants. Dual pharmacology therapeutics incorporating MK1169 also
offer promise for immuno-oncology. To our knowledge, this work is
the first demonstration of small peptide agonists of a heterodimeric
cytokine receptor.
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Background
NKTR-255 is a polymer-conjugated IL-15 pathway agonist that retains
binding affinity to the alpha subunit of the IL-15 receptor and ex-
hibits reduced clearance. Sustained IL-15 pathway activation leads to
expansion and activation of NK cells potentially enabling combinator-
ial immunotherapies including tumor targeting antibodies that medi-
ate tumor killing by antibody dependent cellular cytotoxicity (ADCC).
Here we investigate NKTR-255 induced enhancement of NK cell
ADCC dependent tumor cell killing in vitro and in vivo in the tumor
environment when combined with tumor-targeting monoclonal anti-
bodies in solid tumors.
Methods
NKTR-255 dose dependent enhancement of NK cell cytotoxicity as a
single agent or in combination with cetuximab was evaluated
in vitro in co-cultures of purified human NK cells with HCT-116 or
FaDu tumor cells. Target cell killing was evaluated by flow cytometry
based viability scoring. In vivo tumor growth inhibition was mea-
sured in xenograft models with diverse histologies including colorec-
tal (Colo25, HT29, HCT-116), lung (H1975), epidermal (A431), ovarian
(SKOV3) and gastric (NCI-N87). Nude or SCID mice in Balb/c back-
ground were subcutaneously inoculated on the flank with tumor
cells. NKTR-255 was administered intravenously weekly at 0.3mg/kg.
Cetuximab or trastuzumab were administered at dose levels and
schedules optimized for each tumor type with a once or twice a
week schedule. Treatment was initiated at established ~100-150mm3
tumor volumes. Tumor growth inhibition was assessed by tumor size
caliper measurements.
Results
NKTR-255 pre-treatment of NK cells led to enhanced cytotoxic activ-
ity against HCT-116 and FaDu cells in vitro. Additional enhancement
of NK cell dependent killing of tumor cells was observed in the pres-
ence cetuximab antibody in the co-culture assay demonstrating
NKTR-255 dependent enhancement of NK cell ADCC. In agreement
with in vitro activity, NKTR-255 combination treatment with cetuxi-
mab or trastuzumab showed significant tumor growth inhibition in
multiple models. Notably tumor models resistant to cetuximab single
agent treatment (HT-29 and HCT-116) showed significant growth in-
hibition in combination treatment with NKTR-255. Trastuzumab tar-
geted tumors showed significant enhancement of antibody
mediated tumor growth inhibition in combination with NKTR-255 in-
cluding 100% complete responses in the SKOV3 model.
Conclusions
NKTR-255 treatment of NK cells enhanced ADCC activity against
tumor cells in vitro and in vivo efficacy of ADCC inducing antibodies
in human solid tumor xenograft models. Furthermore, antibody sin-
gle agent treatment resistant tumor models showed tumor growth
inhibition in combination treatment with NKTR-255 suggesting po-
tential for increasing response rates of therapeutic antibodies with
ADCC mechanism of action.
Ethics Approval
All procedures in this study were reviewed and approved by Nektar
Therapetuics Institutional Animal Care and Use Committee.
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Background
Interleukin-2 (IL2) is known to support effector T cell differentiation,
proliferation and survival. A particular challenge of IL2 for cancer
treatment is the preferential stimulation of regulatory T cells (Tregs)
constitutively expressing the high-affinity IL2 receptor alpha chain
(CD25). Tregs can undermine the antitumoral activity of tumor-
specific effector T cells only transiently expressing CD25. Interleukin-
7 (IL7) is a homeostatic cytokine that plays an important role in lym-
phopoiesis, survival and memory formation, and can increase the ex-
pression of CD25 on antigen-specific T cells. Prompted by their
complementary effects, we investigated the potential synergy be-
tween these two cytokines on the T cell level and on antitumoral
activity.
Methods
We designed nucleoside-modified, RNA encoded, extended half-life
IL2 and IL7, formulated as nanoparticles for intravenous delivery. The
potency of IL2 and IL7 to enhance antitumoral activity of a liposome-
formulated RNA vaccine [1] was determined for both cytokines sep-
arately and in combination. Therapeutic success and changes in
blood T cell subset composition were determined in subcutaneous,
syngeneic tumor-bearing mice.
Results
Using nanoparticle formulated, nucleoside-modified RNA coding for
extended half-life IL2 and IL7, we demonstrated that IL2 and IL7 each
increases the number and frequency of antigen-specific CD8+ T cells
in combination with an antigen-specific RNA vaccine compared to
the vaccine alone. While the effect on expansion of antigen-specific
T cells of IL2 is strong and immediate, IL7 requires repetitive cycles
to generate its maximal effect. In addition, IL7 turned out to expand
CD8+ T cells with specificities for targets other than the vaccine-
encoded antigen better than IL2. As expected, IL2 strongly expanded
the number and frequency of Tregs. In contrast, IL7 reduced the frac-
tion of Tregs among CD4+ T cells. The combination of IL2 with IL7
proved to be powerful in overcoming their individual shortcomings:
The combination boosted the number of antigen-specific CD8+ T
cells beyond the levels of IL2 alone, supported the expansion of
CD8+ T cells not specific for the vaccine-encoded target, and further
improved the ratio of antigen-specific CD8+ T cells over Tregs. These
findings translated into superior antitumoral activity of the combin-
ation in subcutaneous mouse tumor models.
Conclusions
Based on the complementary mode of action and the promising pre-
clinical data, clinical evaluation will be pursued.
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Background
Therapies through systemic injection of recombinant immunomodu-
latory cytokines have not been successful due to low therapeutic
index. Here we describe the use of a polycation-encapsulated DNA
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plasmid to locally deliver therapeutic cytokine genes under the con-
trol of the cancer-selective rat progression elevated gene 3 (PEG-3)
promoter1,2 to tumors in the lungs of diseased mice. [1-3]
Methods
A cGMP grade polycationic carrier, in vivo-jetPEI® was chosen to for-
mulate the plasmid DNA construct to aid rapid transition to clinical
studies. Clinically compatible vectors were created that featured a
CpG-free backbone containing a kanamycin resistant gene, scaffold/
matrix attachment regions and CpG-free payload genes. Plasmids
were then packaged into size-controlled nanoparticles with in vivo-
jetPEI® using a scalable flash nanocomplexation (FNC) manufacturing
method3 for production of lyophilized, shelf-stable nanoparticles
with an excellent reproducibility under quality assurance and quality
control standards.
Results
These well-defined pDNA/lPEI nanoparticles, delivered systemically,
were well-tolerated in mice and accomplished significant reduction
in levels of acute inflammatory cytokines compared to an equivalent
CpG-containing plasmid. In vivo transfection of metastatic lesions in
the lung by nanoparticles expressing firefly luciferase from the PEG-3
promoter could be detected bioluminescent imaging. Furthermore,
intravenous delivery of nanoparticles expressing murine single-chain
interleukin-12, under the control of PEG-3 promoter, significantly im-
proved the survival of mice in two different models of lung cancer
with no marked symptoms of systemic toxicity (Figure 1).
Conclusions
Increased survival in both an orthotopic and a metastatic model of
lung cancer using clinically relevant nanoparticles raises the possibil-
ity of translation to human therapy.
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Background
IL-15 is a cytokine that activates and provides survival benefit to
T and NK cells and has great potential for the treatment of can-
cer. Exploiting the therapeutic value of native IL-15 has been
challenging due to its unfavorable pharmacokinetic properties
and poor tolerability. Several IL-15-based proteins aimed to over-
come these problems are currently in development. NKTR-255 is
a polymer-conjugated native IL-15 that is designed to retain a
binding affinity to IL-15 receptor alpha (IL-15Ralpha), while the
most clinically advanced IL-15-based protein is an IL-15 superago-
nist (IL-15 mutein/IL-15Ralpha-Fc complex). We investigate the
pharmacological properties of NKTR-255 and the IL-15 superago-
nist to explore differentiations between the IL-15Ralpha
dependent and independent cytokines.
Methods
For cellular receptor binding, IL-15Ralpha-overexpressing HEK-293
cells were incubated with rhIL-15, NKTR-255 or IL-15 superagonist to
measure surface binding of the cytokines by flow cytometry. The bio-
logical activity of cell surface bound cytokines was measured as
pSTAT5 induction following co-culture with human PBMCs. Surface
expression of IL-15Rs was measured by flow cytometry at 20 min or
2 hr following incubation with each of the cytokines. In functional as-
says, human PBMCs were incubated with each of the cytokines for 1,
2 or 5 days for surface marker characterization, cytokine production
or proliferation assay, respectively.
Results
NKTR-255 binds to surface IL-15Ralpha on the receptor-
overexpressing HEK-293 cells. Maximal binding was similar to that of
rhIL-15, while IL-15 superagonist showed negligible binding. In con-
cordance, the HEK-293 cells incubated with NKTR-255 induced
pSTAT5 on human PBMCs, while the HEK-293 cells incubated with IL-
15 superagonist failed to induce pSTAT5. Similarly to rhIL-15, incuba-
tion of NKTR-255 with human whole blood reduced surface staining
of IL-15Ralpha on T and NK cells; in contrast IL-15 superagonist re-
duced IL-2Rbeta staining. Each of the cytokines dose-dependently in-
duced proliferation of both NK cells and T cells; the EC50 value of
NKTR-255 was approximately 20-fold higher than the EC50 values of
both rhIL-15 and IL-15 superagonist. Interestingly, NKTR-255-treated
NK cells showed more rounds of division than IL-15 superagonist-
treated NK cells at the highest concentration. The maximal responses
of NKTR-255 for induction of surface CD107a expression in NK cells
and IFNgamma production were also higher than those of IL-15
superagonist.
Conclusions
NKTR-255 is a novel IL-15Ralpha dependent molecule that provides
enhanced PK and PD properties relative to the native IL-15 cytokine
while IL-15 superagonist is a direct engager to IL-2Rbeta complex.
These results indicate the potential of NKTR-255 pharmacology to
capture the full spectrum of native IL-15 biology.
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Background
Bempegaldesleukin (NKTR-214) is a first-in-class, CD122-preferential
interleukin-2 (IL2) pathway agonist being investigated for its poten-
tial ability to leverage the clinically validated IL2 pathway and select-
ively stimulate an immune response, without overactivating the
immune system. We have previously shown a synergistic interaction
between local low dose radiation therapy (RT) and NKTR-214 in mice
bearing moderate sized melanoma tumors. This combination is less
effective, however, in the presence of larger tumors and/or systemic
disease. Checkpoint blockade effectively disables immune inhibitory
functions, thereby enabling a stronger anti-tumor immune response.
We hypothesized the addition of checkpoint blockade to [RT]+[NKTR-
214] would help overcome the immune suppression in difficult
models, allowing for a stronger anti-tumor effect.
Methods
To generate a model of bulky unresectable disease, C57BL/6 mice
were inoculated with B78 melanoma cells on the right flank and tu-
mors were allowed to grow for ~7 weeks (average tumor size
~800mm3). Mice were randomized and treated with 12 Gy external
beam RT to the flank tumor and intravenous (IV) NKTR-214 or
[RT]+[NKTR-214]+[α-CTLA-4]. To create a model of heterogeneous
and disseminated metastatic disease, C57BL/6 mice were inoculated
with B78 cells on the right flank and tumors were allowed to grow
for ~4 weeks (average tumor size ~185mm3). On the day the treat-
ments began, mice were randomized and injected IV with B16 Lucif-
erase+ melanoma cells. B16 is parental to B78 melanoma, sharing
some common antigens. Mice were treated with: 1) PBS, 2) [NKTR-
214]+[α-CTLA-4], 3) [RT]+[α-CTLA-4], 4) [RT]+[NKTR-214]+[α-CTLA-4],
or 5) [RT]+[NKTR-214]+[α-CTLA-4]+[T-cell depleting antibodies (α-
CD4+α-CD8)]. Tumor growth and survival were monitored. Metastatic
disease burden was evaluated by luciferase imaging.
Results
In very large B78 tumors (~800mm3), [RT]+[NKTR-214]+[α-CTLA-4]
caused greater tumor regression than [RT] +[NTKR-214]. In a model
of disseminated metastatic disease, [RT]+[α-CTLA-4] slowed primary
tumor progression but had little effect on metastatic disease, demon-
strated by the group’s similar survival kinetics to the PBS control.
Adding [NKTR-214] to [RT]+[α-CTLA-4] not only caused primary tumor
regression but also resulted in greater overall survival than all other
groups in the B78 primary/B16 metastasis study. Control of the lung
metastasis by [RT]+[NKTR-214]+[α-CTLA-4] was T cell-mediated.
Though [NKTR-214]+[α-CTLA-4] demonstrated relatively weak control
of the primary tumor, this combination slowed metastatic tumor bur-
den displaying a prolongation of survival compared to vehicle and
[RT]+[α-CTLA-4].
Conclusions
Our preliminary results suggest that [RT]+[NKTR-214]+[α-CTLA-4] has
the ability to mount a T cell dependent anti-tumor response capable
of regressing large unresectable tumors and disseminated, heteroge-
neous metastatic disease in murine melanoma models.
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Background
Ovarian cancer represents an area of great unmet clinical need, with
the 5-year survival rate for high grade ovarian cancer at just 25% for
those with advanced disease and with only ~ 10% of patients
responding to checkpoint inhibition or other immune therapeutics
[1]. Thus, there remains a pressing need to explore alternative strat-
egies to potentiate immunotherapies in ovarian cancer. One
attractive class of therapeutics that could play such a role are pro-
inflammatory cytokines. However, many proinflammatory cytokines
have been under-utilized in ovarian cancer and other solid tumors,
largely due to toxicity concerns. In this study we develop a nanopar-
ticle to deliver interleukin-12 (IL-12), one of the most potent and
toxic cytokines, to an orthotopic model of murine ovarian cancer.
The layer-by-layer (LbL) method was used to modify liposomes bear-
ing IL-12 with a polymeric surface chemistry that covers the cytokine
to limit its accessibility outside of the tumor environment, enhances
ovarian cancer targeting, and prevents nanoparticle internalization.
Methods
IL-12 nanoparticles were constructed as shown in Figure 1A. Briefly,
HIS-tagged, single-chain IL-12 was loaded onto the surface of lipo-
somes bearing Ni headgroups. The liposomes were then layered with
positively charged poly-L-arginine followed by poly-L-glutamine
(PLE). These constructs (PLE-IL12-NP) were fully characterized and
tested in vitro. For in vivo testing, female B6C3F1 mice were im-
planted intraperitoneally with 1MM HM-1 ovarian cancer cells. Begin-
ning 7 days after implantation, mice were treated intraperitoneally
1x/day for five days with PLE-IL12-NP (5 μg). Mice were tracked for
tumor burden via luciferase expression, survival, and signs of toxicity.
Results
Incubation with splenocytes confirmed that PLE-IL-12-NPs retained
the activity of IL-12. Toxicity studies in mice showed that at 5 μg the
PLE-IL-12-NPs reduced toxicity in terms of weight loss (Figure 2B)
and systemic cytokine production (data not shown). Indeed, the
weight of mice treated PLE-IL-12-NPs was indistinguishable from ve-
hicle treated mice. Antitumor studies against established metastatic
ovarian tumors showed that PLE-IL-12-NPs were just as efficacious as
soluble IL-12 (Figure 2C) extending survival over both vehicle and
unlayered cytokine-bearing liposomes.
Conclusions
PLE-IL-12-NPs offer a simple approach to ameliorate the toxicity of
IL-12. Indeed, this approach offers promise for the systemic delivery
of potent cytokines to hard-to-treat tumors such as ovarian cancer.
Ongoing studies are exploring the biodistribution following add-
itional routes of administration, the immunological mechanisms of
these responses, and the combination of this approach with check-
point inhibition.
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Background
IL-2 therapy has been approved for the use in certain cancers since
1989. The major limitation with this therapy is tolerability, with many
patients experiencing grade 3 or higher adverse events. Approaches
to improve this have focused on engineering molecules with selectiv-
ity towards the dimeric (CD122 and CD132) IL-2 receptor (IL-2R).
However, this form of the receptor complex is widely expressed on
peripheral naïve T cells as well as memory T cells and NK cells, po-
tentially leading to unproductive stimulation of irrelevant cell popula-
tions and an increased possibility of systemic toxicity. KY1043 is a
highly differentiated immunocytokine consisting of a neutralising
anti-PD-L1 antibody, fused via its light chains to an attenuated IL-2,
in which the balance of signaling has been adjusted to favour the tri-
meric form of the IL-2R, which contains CD25. We hypothesised that
reduced binding to circulating cells may improve targeting to PD-
L1+ cells in the tumour or lymphoid tissues while also targeting IL-2
to antigen-experienced T cells that express CD25 in the tumour
microenvironment.
Methods
Tumour reactive HLA-A2+ CD4+ and CD8+ T cells were generated by
co-culture with growth-arrested A375 cells, supplemented with IL-2
and IL-7. After 20 days, these tumour-directed T cells were cultured
with fresh tumour cells in the presence of either KY1043, a non-
targeted immunocytokine or the parental anti-PD-L1 antibody.
Tumour cell growth was measured in real-time using the Incucyte
S3™ system. In vivo, human PD-L1 knock-in (hPD-L1) mice bearing
established MC38 hPD-L1 tumours were treated with KY1043.
Results
KY1043 induced T-cell-mediated killing of A375 tumour cells in vitro,
with a higher potency compared to non-targeted immunocytokine
or anti-PD-L1 alone, and comparable to that of anti-PD-L1 and equi-
molar amounts of recombinant native IL-2. In vivo, treatment with
KY1043 led to a dose-dependent complete regression of hPD-L1-
expressing MC38 tumours in hPD-L1 knock-in mice, with no signifi-
cant adverse effects. Pharmacodynamic analysis confirmed prolifera-
tion of both effector (Teff) and regulatory (Treg) T cells in the
periphery, with preferential expansion of Teff cells in the tumour. Im-
munological memory was demonstrated, as treated mice were resist-
ant to re-challenge with MC38 but not to other tumours.
Conclusions
KY1043 induces potent T cell activation and can direct highly effect-
ive tumour killing in vitro and in vivo. These results challenge the
dogma that selective binding to dimeric (CD122/CD132) IL-2R is re-
quired for tumour control and demonstrate that a CD25 directed
immunocytokine may provide an advantageous therapeutic-index for
the treatment of cancer.
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Background
Interleukin-2 (IL2) supports the differentiation, proliferation, survival
and effector functions of T cells [1–4]. Recombinant IL2 has been
used for decades in the treatment of late stage malignant melanoma
[5] and renal cell cancer [6,7]. Most patients with complete responses
after IL2 treatment remain regression-free for more than 25 years
after initial treatment, but overall response rates are low [8,9,7,5]. Re-
combinant IL2 treatment is complicated by its very short half-life and
requirement of high and frequent dosing, which in turn potentiates
side effects [10]. Furthermore, a particular challenge of IL2 for cancer
treatment is the preferential stimulation of immunosuppressive regu-
latory T cells (Tregs), which can dampen anti-tumor immune re-
sponses and may counteract the beneficial effects of activated
effector T cells.
Methods
We designed a nucleoside-modified RNA encoded IL2 variant with
the goal of an extended half-life, reduced Treg bias and potent
stimulation of effector T cells and NK cells. Activation and prolifera-
tion of human, cynomolgus or mouse T cells was characterized
in vitro. IL2 variant serum levels after intravenous RNA nanoparticle
administration were investigated in mice and cynomolgus monkeys.
Subsequently, immune subset composition as well as therapeutic ac-
tivity as monotherapy or in combination with cancer immunother-
apies was determined in multiple syngeneic mouse tumor models.
Results
Characterization of the IL2 variant in vitro validated potent prolifera-
tion of CD8+ T cells, NK cells and a reduced Treg bias. Analysis of IL2
variant protein levels in blood of mice or non-human primates upon
injection of RNA nanoparticles demonstrated drug exposure for sev-
eral days. The IL2 variant mediated a substantial increase in murine
CD8+ effector T cells and NK cell while Treg expansion was hardly
detected in vivo. In syngeneic tumor-bearing mice, a spontaneous
expansion of cancer (neo-epitope) specific T cells and a strong in-
crease of the CD8+ T cell to Treg ratio translated into potent tumor
control. When combined with T-cell vaccination anti-PD-1/PD-L1
checkpoint blockade, the IL2 variant significantly increased tumor
specific T-cell expansion, further boosting anti-tumor efficacy.
Conclusions
We demonstrate substantial therapeutic activity of a RNA encoded,
nanoparticle formulated IL2 variant in monotherapy or in combin-
ation with cancer immunotherapy. Patient recruitment for an open-
label, clinical phase I/II, first-in-human trial is anticipated for the first
half of 2020.
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Background
Recombinant human interleukin-2 (IL-2) promotes the proliferation of
activated T cells and has long been used in vivo to stimulate and
maintain the growth of effector T cells and increasingly, to expand T
cells in vitro (including genetically engineered CAR-T cells) for adop-
tive cell therapy in patients with cancer. IL-2 was approved by the
FDA for treatment of metastatic renal cancer in 1992 and for treat-
ment of metastatic melanoma in 1998. However, its administration in
the approved dose has been associated with serious side effects, in-
cluding vascular toxicity. There have recently been efforts to address
these issues through modifications to the molecule, through the de-
velopment of fusion proteins, and through the development of low-
dose formulations. Akron Biotechnology manufactures IL-2 for
in vitro use. The product is embedded in the manufacturing process
for several CAR T therapies. There are opportunities to leverage this
IL-2 to treat patients suffering from acute and chronic graft versus
host disease (GVHD) following allogeneic hematopoietic stem cell
transplantation, as well as a range of other autoimmune diseases.
Methods
CyTOF (cytometry by time-of-flight mass spectrometry): antibody
panel designed by Dana Farber Cancer Institute. There are three cat-
egories of target proteins: surface proteins, intracellular markers and
signaling molecules. Different markers were checked after stimulation
with Akron IL-2 or Proleukin® (15 minutes) and verified with lympho-
cyte subset and intrinsic signaling cascade.
Results
The research focused on three major T cell subset populations (Treg,
Tcon and CD8 T cells). Upon stimulation with Akron IL-2 and
Proleukin®, CD25, CD122, CD132, CTLA-4, PD-1, PD-L1 markers were
checked for individual T cell subsets, observed via t-SNE plot. The
data indicated that the antibody panel setting was accurate and reli-
able; each marker was expressed in the expected T cell subset. For
example: CD25 was expressed exclusively in Tregs. The expression of
pSTAT5, pSTAT3, and pSTAT1 was identical in Akron IL-2 and Proleu-
kin®, controlling for exposure and dosage (Figure 1 includes sum-
mary of pSTAT5 results). These results confirm that Akron IL-2 and
Proleukin® are identical in their ability to boost adaptive immune
response.
Conclusions
The toxicity associated with high dose IL-2 has led many to seek al-
ternatives that can achieve positive therapeutic outcomes while min-
imizing negative side effects. This study demonstrates that Akron's
IL-2 is functionally similar to Proleukin®, validating its utility for the
production of adoptive immunotherapies, and potentially for treat-
ment of patients suffering from autoimmune diseases.
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Background
Tumor microenvironment (TME) often harbors epigenetic alterations
mediated by histone acetyltransferases (HATs) and histone deacety-
lases (HDACs)[1, 2]. The epigenetic dysregulation of T-cells and en-
hanced numbers of immunosuppressive cells in the TME are
associated with decreased anti-tumor effects. Hence, targeting the
epigenetic modifications using modulators such as HDAC inhibitors
(HDACi) provides the basis for a potential role for these agents in
cancer immunotherapy. Earlier, we found that HDACi, entinostat re-
programs the TME by increasing the number of central memory T-
cells and enhancing the functionality of effector cells, resulting in en-
hanced anti-tumor responses. However, the mechanisms by which
HADCi enhances the effector functions of CD8 cells are not well
understood.
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Methods
In the TC-1 mouse tumor model, entinostat (3mg/kg) was adminis-
tered with a tumor-specific vaccine (E7-peptide; 3 doses one-week
apart). Tumor growth and mice survival were recorded. Three-days
after the second immunization, immune-responses were determined
in the tumors. Mitochondrial mass of CD8 cells was estimated by in-
corporation of MitoFM dye, while glucose uptake rates were deter-
mined by 2-NBDG incorporation.
Results
We found that entinostat, in presence of optimal CD8 cell priming
using tumor specific E7-peptide vaccine, significantly delayed the
tumor growth and prolonged the mice survival. Immunologically,
entinostat significantly enhanced the numbers of total and antigen-
specific CD8+ T cells in the TME. Importantly, we observed a signifi-
cant increase in the numbers of activated to total and antigen-
specific granzyme B+ CD8+ T-cells in the TME when combined with
the vaccine. The HDAC inhibition also augmented IFN-gamma pro-
duction in CD8+ T cells. It is now widely appreciated that T-cell dif-
ferentiation and effector functions are coupled to metabolic
reprogramming. Therefore, using in-vitro assay systems, we checked
the status of CD8+ T cells treated with the HDAC inhibitor. We found
that HDAC inhibition in CD8 cells during antigen specific activation
resulted in significantly increased mitochondrial mass. Activated
CD8+ T effector cells are known to rely on glucose metabolism for
their energy requirements. Interestingly, the glucose uptake rates of
entinostat treated CD8 cells were not different than the non-treated
cells indicating that glucose was not utilized differentially in entino-
stat treated cells. We are further in process of delineating the mecha-
nisms of entinostat mediated enhancement of CD8 cells metabolism.
Conclusions
Overall, our study strongly supports the key role of epigenetic factors
in regulating CD8+ T-cell effector and/or memory generation, and
metabolic fitness. However, the epigenetic changes that accompany
these functional T-cell stages in relation to metabolism remain to be
understood.
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Background
Tertiary lymphoid structures (TLS) are non-encapsulated immune cell
aggregates that form at sites of chronic inflammation, including tu-
mors in some cases. Recent studies have shown that the presence of
TLS in human tumors is an indicator of positive clinical outcome.
However, due to dysregulated angiogenesis, many tumors have
poorly organized and leaky vasculature that impedes entry of im-
mune effector cells into tumors and consequently TLS formation. Re-
cently, pre-clinical studies have shown that low doses (well below
maximum tolerate dose) of antiangiogenic agents normalize the
tumor vasculature, leading us to hypothesize that treating tumors
with low doses of these vascular normalizing (VN) therapies will im-
prove immune cell infiltration and TLS formation within the tumor
microenvironment (TME).
Methods
To test this hypothesis, tumor-bearing mice were treated intratumo-
rally with VN agents. Five days post-treatment, tumors were digested
into single cell suspensions and RNA was isolated and used for RT-
PCR. Transcript levels of TLS-promoting factors (CCL19, CCL21,
CXCL13) and markers of vascular normalization (HIF1A, GLUT1) and
inflammation/immune cell infiltration (CXCL10, VCAM1, CD8A) were
measured and compared to PBS treated controls. Additionally, pri-
mary cultures of murine T cells and DCs and the (BRAFV600E PTEN-/-
) BPR melanoma cell line were treated in vitro with VN agents. Flow
cytometry was then used to evaluate cell phenotype/function, while
RT-PCR was used to evaluate transcript levels of TLS-promoting
factors.
Results
We observed that the VN agents Dasatinib, Aduro, Bevacizumab, and
agonist anti-TNFR1 antibody each induced global changes in the
TME that are potentially supportive of immune cell infiltration and
TLS formation. These changes include increases in transcript levels of
CCL19, CCL21, and VCAM1. In vitro, Dasatinib induced DCs and BPR
melanoma cells to express higher levels of co-stimulatory receptors,
MHC class I and II, and TLS-promoting chemokines. However, while
treatment with Aduro was able to enhance T cell activation, treat-
ment with Dasatinib inhibited T cell activation, as measured by CD25
and CD69 expression.
Conclusions
VN agents induce global changes in immune cell infiltration and TLS-
promoting factors in the TME. When these changes are evaluated on
specific cell types, some agents were found to increase DC and T cell
activation, while others have an inhibitory effect. This knowledge can
be used to determine optimal combination immunotherapy designs
in the cancer setting.
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Background
The thorough understanding of the immune homeostatic mecha-
nisms has led to the development of target-based immunotherapies.
Still, the immunosuppressive tumor microenvironment limits the ef-
fectiveness of immunotherapy in several patients. To overcome this
obstacle, new targets and combination therapies are the aim of nu-
merous ongoing clinical trials. Histone deacetylase inhibitors have
pleiotropic and promising activities as stimulators of anti-tumor im-
mune response alone or in combination with immune checkpoint in-
hibitors and activators. HDAC6 orchestrates key processes in both
innate and adaptive immune cells. HDAC6 null mice are viable and
show few phenotypic alterations, indicating that HDAC6 inhibition is
potentially safe in humans. We studied the effect of our potent and
selective HDAC6 inhibitor, ITF3756, in a model of murine colon car-
cinoma in vivo and in a model of exhaustion in healthy human T
cells in vitro.
Methods
BALB/c mice were injected s.c. with 1x106 CT26 cells and treated
with anti-PD1 (i.p) gemcitabine (i.p) ITF3756, (os) or combinations.
CD4 and CD8 T cells were depleted using specific antibodies given at
the beginning of the experiment. Depletion was checked by flow cy-
tometry. Human CD3+ cells were stimulated three times with anti-
CD3/CD28 beads, during 7 days with ITF3756 added at the time of
the first two stimulations. During the process, the expression of ex-
haustion, memory and effector T cells markers were analyzed by flow
cytometry.
Results
In vivo, ITF3756 was as effective as an anti PD-1 antibody and their
combination additionally reduced tumor growth. Spleen T cells of an-
imals treated with ITF3756 responded ex vivo to immunogenic CT26-
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derived peptides, suggesting that the antitumor activity of the mol-
ecule was immune mediated. Indeed, ITF3756 was completely inef-
fective in SCID/beige mice bearing CT26 tumor. Selective in vivo
depletion of CD4 and CD8 T cells indicated that the activity of
ITF3756 strictly depends on both T cell subsets with a greater contri-
bution of CD8 T cells.
In a model of in vitro human T cell exhaustion, ITF3756 countered
the exhaustion process as evidenced by the reduced expression of
PD-1 and Lag3. Furthermore, ITF3756 increased the CD8 T central
memory and reduced the effector memory subsets.
Conclusions
This study shows in vivo and in vitro mechanisms whereby ITF3756
increases the immune response and constitutes a robust basis for
the rational use of selective HDAC6 inhibitors either alone or in com-
bination for the effective induction of antitumor immune response.
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Background
Lung cancer is the world's most common malignancy (>2 million
new cases & ~1.7 million deaths annually) [1]. Current lung cancer
treatments are woefully inadequate, and immunotherapy has had
limited success with but 10-20% of patients with advanced non-
small-cell lung cancer (NSCLC) showing durable responses [2]. This
has led to a focus on combining immunotherapy with other treat-
ment modalities, and we are exploring combining gene therapy and
immunotherapy. scL-RB94, is a cationic liposome encapsulating the
RB94 gene and using a single-chain antibody fragment recognizing
the transferrin receptor to target tumors (Figure 1). RB94 protein is a
potent tumor suppressor [3], and the scL delivery system targets tu-
mors with exquisite specificity [4,5]. In a Phase I trial of scL-RB94 (aka
SGT-94), we observed that systemically administered scL-RB94 de-
livers its payload to small bladder cancer metastases in the lungs
resulting in tumor-specific expression of RB94 protein [6]. This ability
of scL-RB94 to deliver the RB94 gene to tumor cells in the lungs
prompted us to explore use of this investigational agent against
NSCLC.
Methods
Because RB94 is active against human but not mouse tumor cells, we
have utilized human NSCLC cell lines (H292 & H358) and subcutane-
ous xenografts of these cells in athymic mice. NSCLC tumor growth
was monitored with and without scL-RB94 added to immunotherapy.
Expression of markers for innate immunity were also assessed.
Results
Intravenous injection of scL-RB94 markedly inhibited growth of
NSCLC xenografts (Figure 2) by inducing immunogenic cell death
(ICD) (Figure 3). We observed enhanced tumor infiltration by NK cells
(Figure 4) and elevated expression of NK activation ligands. scL-RB94
altered polarization of macrophages toward the M1 phenotype (Fig-
ure 5). HLA/A and TAP1/2 gene expression were upregulated (Figure
6), and expression of PD-L1 on the tumor cells was significantly ele-
vated (Figure 7).
Conclusions
scL-RB94 renders NSCLC tumors more immunologically "hot" by trig-
gering ICD and enhancing innate immunity via pleiotropic effects on
multiple immune-relevant genes (Figure 8, Box A & B). We are cur-
rently exploring the effects of scL-RB94 on adaptive immune re-
sponses and in relieving tumor immunosuppression (Figure 8, Box C
& D). We hypothesize that combining scL-RB94 with a checkpoint in-
hibitor will improve response rates compared to immunotherapy
alone. With scL-RB94, it may also be possible to reduce the dose of
the checkpoint inhibitor to mitigate toxicity. Our longer-term goal is
to improve outcomes for NSCLC patients through more effective
treatment that combines gene therapy and immunotherapy.
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Background
Acute myeloid leukemia (AML) remains difficult to treat due to muta-
tional heterogeneity and the development of resistance to treatment.
Targeted agents, such as MEK inhibitors, may be incorporated into
treatment, however, the impact of MEK inhibitors on the immune
microenvironment in AML is not well understood. A greater under-
standing of the implications of MEK inhibition on immune responses
may lead to greater understanding of immune evasion and more ra-
tional combinations with immunotherapies
Methods
AML murine model
Mice expressing FLT3-ITD under the endogenous FLT3 promotor
were crossed to mice with the Tet2 gene flanked by LoxP sites and
CRE recombinase under control of the LysM promotor. All mouse ex-
periments were performed in accordance with IACUC protocol
#IP00000907.
Primary patient samples
Peripheral blood and bone marrow samples were collected from pa-
tients with AML. Peripheral blood was collected from healthy donors.
All participants gave informed consent to participate (OHSU eIRB#
4422).
Murine proliferation assays
Mononuclear cells were stained with CellTrace CFSE and plated with
plate-bound anti-CD3. The mononuclear cells were treated with anti-
PD1 and/or trametinib.
Primary patient sample proliferation assays
Mononuclear cells were labeled with CellTrace Violet. Cells were
plated with anti-CD3. Cells were treated with combination of anti-
PD1 and/or trametinib for 5 days.
Results
In the mouse model, trametinib increases T cell viability and restores
T cell proliferation. Importantly, we report greater proliferation in the
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CD8+CD44+ effector subpopulation and impaired activation of
CD8+CD62L+ naïve cells. Transcriptome analysis revealed trametinib
sensitive samples have an inflammatory gene expression profile, and
we also observe increased PD-L1 expression on trametinib sensitive
samples. Finally, we demonstrate trametinib consistently reduces PD-
L1 and PD-L2 expression in a dose-dependent manner on the mye-
loid population.
Conclusions
There are many clinical trials studying immunotherapies in AML.
However, immunotherapies may fail as monotherapies in clinical tri-
als if there is strong persisting immunosuppression in the tumor
microenvironment or due to a lower mutational burden. Previous
work in other cancers have demonstrated benefits of using MEK in-
hibition in combination with immunotherapies, including checkpoint
inhibitors, adoptive T cell therapy, and viral therapy. Subpopulations
of AML patients may have improved response to immunotherapies
when used in combination with targeted agents. For this reason, we
believe our data is useful in beginning to determine immune evasion
pathways, such as MEK signaling, in AML in order to target these
pathways with the combination of targeted inhibitors and immune
based therapies, such as checkpoint inhibitors, bi-specifics, vaccines,
or CAR T cell therapies.
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Background
Regulation of mitochondrial metabolism is crucial for immune cell
differentiation and function. Therapeutic agents influencing mito-
chondrial metabolism can potentially impact immune-mediated
tumor elimination to affect efficacy outcomes. BPM31510 is a Coen-
zyme Q10-containing lipid nanodispersion in clinical development
for treatment of solid tumors. In a phase II study, patients treated
with BPM31510 demonstrated signs of pseudo-progression suggest-
ing immune-modulating properties associated with BPM31510 that
was further investigated in a preclinical model.
Methods
A MC38 syngeneic mouse model was utilized to characterize tumor
infiltrating lymphocytes by flow cytometry. Peripheral blood mono-
nuclear cells (PBMCs) isolated from healthy donor leukopaks were
treated ex vivo with increasing concentrations of BPM31510 to assess
effects on immune cells and cytokine secretion. Phenotypic
characterization of cells was assessed by flow cytometry using cell
surface receptor staining CD3/CD8/CD4/PD-1/CTLA-4. Proliferation
was assessed via EdU incorporation and cytolytic potential was
assessed by intracellular staining for CD107a/b, both in combination
with T cell markers. Extracellular cytokines IL-2, IFN-γ, and IL-10 were
measured via ELISA.
Results
Consistent with the hypothesis, in a syngeneic mouse model,
BPM31510 increased cytotoxic T cell frequency and cytotoxic T cell/
regulatory T cell ratio in tumors. Ex vivo, treatment of PBMCs with
BPM31510 lead to an increased frequency of viable CD3+ cells. Prolif-
eration measurements by EdU-incorporation indicated enhanced
cytotoxic T cell proliferation, and likewise, BPM31510 increased cyto-
lytic potential of activated cytotoxic T cells, as indicated by measure-
ment of plasma membrane-exposed lysosomal-associated membrane
protein 1 (CD107a). Treatment of healthy donor PBMCs with
BPM31510 decreased cell surface expression of inhibitory receptors
PD-1 and CTLA-4 in cytotoxic and helper T cells. To investigate if
BPM31510 regulates the cytokine milieu, cytokine secretion profiles
of activated PBMCs treated with BPM31510 were established. Ana-
lysis of supernatants by multi-analyte ELISA platform revealed ef-
fector cytokines IL-2 and IFN-γ to be dose-dependently increased
while IL-10, a key immune-regulatory cytokine, was decreased. Ana-
lysis of monocyte depleted PBMCs compared to monocytes alone
demonstrated that the observed changes in IL-2 and IFN-γ secretion
occur only when both lymphocytes and monocytes are present; how-
ever, monocytes alone were identified as the significant source for
IL-10.
Conclusions
Collectively, the results identify and characterize immune-modulatory
activity of BPM31510, particularly in the T cell compartment, specific-
ally on the regulation of T cell exhaustion and immunosuppression
in supporting an anti-cancer effect. The data support the utility of
BPM31510 in ‘immunologically cold’ tumor types or in combination
with immune checkpoint blockade strategies.
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Background
Localized prostate cancer (PCa) treated with high dose rate brachy-
therapy (HDRBT) has an excellent cure rate in low, but not in high
grade group tumours. Localized PCa immune response to radiation
damage is unknown. This study explored this question in order to
build a rationale for combining HDRBT with immune checkpoint
blockade to treat patients with localized higher grade score PCa and
improve patient outcomes.
Methods
In this study we used ultrasound guided core biopsies collected from
24 men prior to, and 14 days post-HDRBT (10Gy). Serial FFPE sections
were stained by H&E or OPAL, using two 7-plex panels to describe
the density and tissue location of T cells (CD8+, CD4+ and CD4+
FoxP3+), B cells, macrophages, dendritic cells, PDL1+ and HMWCK+
cells. The H&E sections were examined by a uro-pathologist. RNA
was extracted for RNAseq (3’ Lexogen) and Nanostring gene expres-
sion profiling (GEP) using the pan cancer immune gene set.
Results
HDRBT altered the immune context of PCa. We observed a significant
increase post-HDRBT in CD4+FoxP3+ T cells and PDL1- macrophages
in both the tumor and tumor stroma (Figure 1). All other immune
subsets remained unchanged. All patient samples were grouped into
one of three tumor inflammation signature (TIS) [1] clusters (1) high,
(2) intermediate and (3) low TIS, Fig 2. Clusters one and two had in-
creased expression of 14/16 and 8/16 TIS genes respectively; cluster
three had low expression of all TIS genes. A pre-existing TIS signature
was present in 8/24 patients; of the remaining patients 13/16 were
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converted from a low TIS to intermediate-high TIS gene signature
by HDRBT. However, 3/24 PCa tumors did not develop a TIS gene
signature post-HDRBT, these tumors had a significantly decreased
levels of baseline type I and II IFN response genes, and de-
creased TNFalpha signalling compared to the 13/16 TIS HDRBT
‘responders’. Finally, we showed that patients with Gleason grade
group score (GGG) 4-5 had a pre-existing TIS gene signature level
which was not altered by HDRBT (Figure 2); they also exhibited
elevated TGFbeta levels pre-HRDBT, that were increased further
post-HDRBT.
Conclusions
Our study showed PCa has a heterogeneous immune context includ-
ing a pre-existing TIS, which is further increased by HDRBT. GGG 4-5
patients expressed high TIS levels post-HDRBT, indicating that anti-
PD-1/PDL1 antibodies may be effective in these patients; however
TGFbeta remains an additional hurdle for radio-immunotherapy effi-
cacy in these patients.
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Background
Beta-blockers have been associated with anti-tumorigenic effects, po-
tentially by reducing adrenergic-mediated stress responses. Preclin-
ical studies have additionally shown that beta-blockade may
enhance the efficacy of cancer immunotherapy. We investigated lung
cancer patients who concomitantly used beta-blockers and immune
checkpoint inhibitors, with the hypothesis that beta-blockade would
positively impact clinical outcomes.
Methods
We retrospectively reviewed the health records of 104 patients who
were treated at Northwestern University between January 2014
through August 2018 with immune checkpoint inhibitors for non-
small cell lung cancer (NSCLC). Comparisons of overall survival (OS)
and progression-free survival (PFS) were performed using Kaplan-
Meier analysis with log-rank test, and a multivariate analysis was per-
formed with a Cox regression model.
Results
Among 104 patients treated with immune checkpoint inhibitors
for NSCLC, 27 of them were concomitantly prescribed beta-
blockers. Use of beta-blockers was associated with increased PFS,
with hazard ratio (HR) of 0.57 and 95% confidence interval (CI) of
0.35-0.93. There was not a significant increase in overall survival
(OS) among patients who took beta-blockers (HR 0.63, 95% CI
0.35-1.12). In a regression model, beta blockers were identified as
predictive of PFS, as were non-squamous histology, tumor PD-L1
positivity, and lower line of treatment. A subgroup analysis of pa-
tients with brain metastases (n=37) suggested greater overall sur-
vival among patients taking beta blockers (HR 0.17, 95% CI 0.06-
0.54).
Conclusions
Beta-blocker use of at least 1 year was associated with improved
PFS among patients treated with immune checkpoint inhibitors
for NSCLC in our cohort of patients. This was a small study and
these findings should be further validated in prospective clinical
studies.
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Background
In prostate cancer (PCa), androgen receptor (AR) signaling regu-
lates the cell cycle and mitigates replication stress via upregula-
tion of CDC6 and the TopB1-ATR-Chk1 pathway, the key axis in
replication stress response (RSR)[1]. Preclinical studies and early
phase clinical trials of DDR inhibitors, including PARP inhibitors,
have shown synergy with immune checkpoint therapy, whereby
DDR inhibitors lead to S-phase specific damage, accumulation of
cytosolic DNA and activation of innate immune pathways[2]. DDR
inhibitors have rapidly expanded, now including inhibitors of
ATR[2]. However, the impact of these novel, potent, highly-
specific inhibitors of ATR on immunocompetent PCa preclinical
models has not been fully investigated. Furthermore, dynamic
changes in DDR and innate immune gene expression profiles that
result from various targeted therapies have not been reported. In
this study we use preclinical, immunocompetent models of ad-
vanced PCa to investigate the efficacy, transcriptional targets, in-
duction of immunostimulatory cytosolic DNA, and synergy with
anti-PD-L1 therapy associated with ATR inhibition.
Methods
We used PCa cell lines derived from ras+myc—induced mouse PCa
tumors (RM-1, RM-9 and RM-1-BM) to analyze ATRi (BAY1895344 or
VX-970) effects on ATR-driven survival/proliferation, DNA damage,
cGAS-STING signaling, and chemokine expression in comparison to
olaparib. RM-1-BM xenograft model was used to assess the efficacy
and safety of single agent ATR inhibitor, single-agent anti-PD-L1, and
the combination in vivo.
Results
Treatment of the PCa cell lines with ATRis (BAY1895344 or VX-970) or
a PARP inhibitor (olaparib) demonstrated dose-dependent (0.125-
8μM) growth suppression and cytosolic DNA accumulation, while
ATRis showed greater growth suppression than olaparib. ATRi and
olaparib treatment generated similar levels of DNA damage (γH2AX);
however, ATRi treatments resulted in significantly increased CCL5
and CXCL10 levels compared to olaparib (2-10 fold, P< 0.05), with
BAY1895344 demonstrating superior induction of chemokine expres-
sion (P< 0.05). cGAS, STING, TBK1 or IRF3 siRNA knockdown signifi-
cantly suppressed all of these responses (P< 0.05). The combination
of BAY1895344 with anti-PD-L1 was safe and resulted in significantly
greater tumor response than either single agent in RM-1-BM xeno-
graft models.
Conclusions
ATR inhibition induces S-phase specific DNA damage, accumulation
of cytosolic DNA, activation of downstream cGAS-STING signaling,
and suppression of cancer growth in immunocompetent PCa models.
ATRi had greater impact on innate immune pathway activation than
olaparib, and the combination of ATRi with anti-PD-L1 was safe and
resulted in significant efficacy in our model system. These results will
directly inform biomarker-directed clinical trials of ATR inhibitors in
combination with immune checkpoint blockade for patients with ad-
vanced solid cancers.
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Background
Radiation-induced immunostimulation is of great interest as a strat-
egy to reinvigorate or augment an immunotherapy-induced tumor-
specific response. Evidence supports photon therapy (PhRT) as a
tumor immunomodulator, pre-clinical data suggest that carbon-ion
therapy (CiRT) may be more potent. Here we evaluate the immuno-
modulatory effects of CiRT, compared to biologically equivalent
doses (BEDs) of PhRT in an orthotopic breast cancer mouse model.
Methods
Using the orthotopic 4T1 breast cancer mouse model, we evaluated
the immunomodulatory effects of very low (0.4 Gy), low (1 Gy) and high
(4 Gy) doses of CiRT (290 MeV/u, SOBP) delivered to mammary tumors
at the Heavy Ion Medical Accelerator in Chiba (HIMAC), Japan com-
pared to BEDs (RBE 2) of PhRT (SARRP, Xstrahl; 220 kV). Primary tumors
were treated 7-days post implantation and harvested 72-hours later for
flow cytometric characterization and protein cytokine analysis.
Results
At low doses, CiRT was lymphocyte sparing effect compared to PhRT.
Only low and high-dose CiRT resulted in a significant (p
Conclusions
We demonstrate that at low doses, lymphocytes differ in their sensitivity
to CiRT compared to PhRT – CiRT being more lymphocyte-sparing. Very
high-dose CiRT induced a more potent and mechanistically diverse of
pro-inflammatory cytokine response, compared to PhRT. Combining less
lymphotoxicity at low dose with more potent pro-inflammatory effects at
high doses, CiRT may be a more optimal synergistic tool to augment an
immunotherapy-induced, tumor-specific response.
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Background
The use of immune stimulatory agents as systemic drugs to augment
adjuvantation can be problematic due to elevated risks of toxicity and
non-specific immune responses. Integrins αLβ2/ICAM-1 and α4β1/VCAM-
1 are essential for antigen-specific immune responses. [1,2] In particular,
these integrins stabilize receptor-mediated cell adhesion between Anti-
gen Presenting Cells and naïve CD4+ T cells, providing a co-stimulatory
signal required for effective antigen presentation.[3] 7HP349 is a first-in-
concept, orally bioavailable, positive allosteric activator of these integrins.
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Methods
To determine if systemic administration of 7HP349 in combination with
known vaccines would increase adjuvantation, 7HP349 was co-
administered with T. cruzi TcG2 and TcG4 vaccines against Chagas dis-
ease, inactivated vaccine against Influenza, and BCG vaccines against
M. tuberculosis (Mtb) in mice. Moreover, 7HP349 as monotherapy in an
immunogenic murine CT26 carcinoma model, and in combination with
aCTLA-4/GVAX in a non-immunogenic murine B16 melanoma model.
Results
In the CT26 model, 7HP349 monotherapy significantly delayed tumor
growth (Table 1). In the B16 tumor model, 7HP349 in combination with
GVAX/aCTLA4 significantly increased long-term (>120 day) survival by
2.7-fold over GVAX/aCTLA4. In combination with T. cruzi TcG2/TcG4 vac-
cines, 7HP349 significantly decreased parasite burden in myocardial
(~9.5-fold) and skeletal muscle (~5.3-fold) in challenged mice and in-
creased splenic frequency of polyfunctional CD4+ and CD8+ T cells ex-
pressing IFN-gamma, perforin or granzyme B. In addition, in vitro
stimulation with Tc antigens of splenocytes from vaccinated animals re-
sulted in maximal release of TNFα, IFN-γ, IL-1β and IL-6 cytokines when
7HP349 was co-administered with vaccine. 7HP349 increased influenza
H1N1 seroconversion and hemagglutinin inhibition titers by ~30 fold
when co-administered with inactivated influenza vaccine. 7HP349
addition to a prime-boost immunization regimen with BCG reduced pul-
monary mycobacterial burden and inflammation after Mtb challenge
compared to vaccine alone. At the 0.5 and 1 mg/kg doses, the thera-
peutic plasma 7HP349 concentration range of AUC of 50-100 ng.h/mL,
appears to be sufficient to engage αLβ2/ICAM-1 and α4β1/VCAM-1 and
increase tumor immunity, checkpoint blockade, and T cruzi, BCG and
H1N1 vaccination. 7HP349 exposures of >1,500 ng.h/mL for 28 days in
rats and dogs in cGLP toxicology studies showed no adverse findings
Conclusions
7HP349 as systemic drug may facilitate immune priming against a variety
of antigens by stabilizing αLβ2/ICAM-1 and α4β1/VCAM-1 interactions,
with a high safety margin. 7HP349 oral drug product is IND ready. Phase I
studies as monotherapy and combined with vaccine for influenza, or with
immune checkpoint inhibitors in refractory solid tumors are planned.
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Background
An important component of research is ensuring rigor and repro-
ducibility of work using animal models. We have identified a vari-
able influencing the response of a syngeneic B78 melanoma flank
tumor model to treatment with an in situ vaccine (ISV) regimen
[1]. This study was prompted after two experimenters performing
virtually identical studies were noted to obtain different results.
Upon further evaluation, we observed different efficacy of ISV
against B78 tumors when the tumors were implanted at different
depths. Though the baseline in vivo immunogenicity of tumors
can depend on depth of implantation, response to ISV as a func-
tion of tumor location, particularly in immunologically “cold” tu-
mors, has not been thoroughly investigated. The goal of this
study was to evaluate the difference in growth kinetics and re-
sponse to ISV between identically sized melanoma tumors im-
planted at different depths in the skin.
Methods
We injected C57BL/6 mice with syngeneic B78 melanoma cells in
the flank region. Half these mice were injected intradermally (ID),
and half were injected subcutaneously (SQ). When tumors
reached 190-230mm3, they were grouped into a ‘wave’ and
treated according to our previously published in situ vaccine regi-
men: 12Gy local external beam radiation and intratumoral injec-
tions of hu14.18-IL2 immunocytokine [1]. Some mice from each
wave were randomly assigned to be ‘untreated.’ Tumor volume
and survival were monitored twice weekly for the duration of the
experiment.
Results
Physical examination demonstrated that ID-implanted tumors
were mobile upon palpation, while SQ-implanted tumors became
fixed to the underlying fascia. Histologic examination identified a
critical fascial layer, the panniculus carnosus, which separated ID
and SQ tumors. SQ tumors reached the target tumor volume sig-
nificantly faster compared to ID tumors. The majority of ID tu-
mors exhibited either partial response or complete response to
ISV, whereas the majority of SQ tumors did not. Direct compari-
son of ID vs. SQ tumors that reached target volume simultan-
eously further emphasized this difference in response to
treatment. Immunohistochemistry evaluation of separately grown
tumors demonstrated greater immune infiltrate following ISV in
ID compared to SQ tumors.
Conclusions
We demonstrate that the physical fixed vs. mobile characterization of
the tumors may be one method of ensuring implanted tumors are in
the same tissue plane prior to initiation of treatment. Moreover, after
controlling for strain of mouse, type, size, and growth rate of tumor,
we demonstrate that depth of tumor implantation still has a dra-
matic effect on response to ISV.
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Background
Intratumoral activation of innate immune signaling pathways is a
promising approach to overcome the immunosuppressive tumor
microenvironment and induce or restore anti-tumor immunity.
CV8102, a non-coding RNA complexed with a cationic peptide that
signals via TLR-7/-8 and RIG-I [1], has already been shown to exhibit
immunomodulatory properties after intradermal injection [2]. Here,
we investigated whether intratumoral injection of CV8102 alone or in
combination with systemic anti-PD-1 treatment can also modulate
the tumor microenvironment and enhance anti-tumoral responses.
Methods
Mice were injected subcutaneously with the syngeneic colon carcin-
oma cell line CT26 or the B cell lymphoma cell line A20 and estab-
lished tumors were treated intratumorally with CV8102 alone or in
combination with systemic anti-PD-1 antibodies. Anti-tumoral effi-
cacy was determined in tumor bearing mice, which were treated
twice weekly for three weeks. Additionally, cytokine concentrations,
immune cell composition or gene expression within the tumor
microenvironment, the draining lymph nodes or serum were ana-
lyzed at different time points post injection.
Results
Intratumoral administration of CV8102 led to a dose-dependent anti-
tumoral response in syngeneic mouse models. Combination of local
CV8102 delivery with systemic checkpoint inhibitors (CPIs) further im-
proved the anti-tumoral response and enabled checkpoint inhibition ef-
ficacy in anti-PD-1 refractory tumor models. Gene expression profiling
revealed activation of the innate immune compartment within the
tumor microenvironment, reflected by up-regulation of genes involved
in Type I interferon and anti-viral responses as well as RIG-I like, NOD-
like and TNF signaling pathways. Accordingly, cytokine/chemokine ana-
lysis showed increased intratumoral concentrations of IFN-α/β, IL-6,
TNF, MCP1, MIP1α/β and RANTES. Such effects were observed upon
CV8102 single agent treatment and were more pronounced upon com-
bination with systemic anti-PD-1 treatment. On the cellular level, intra-
tumoral CV8102 monotherapy caused an increase in numbers and
activation of innate immune cells like monocytes, neutrophils and NK
cells within tumors and draining lymph nodes. Besides further en-
hancement of innate immunity, combination therapy synergistically en-
abled activation of the adaptive immune system and led to the
infiltration of CD8+ T cells into the tumor microenvironment.
Conclusions
Our results demonstrate that intratumoral CV8102 delivery is a prom-
ising approach for local cancer immunotherapy. By modulating the
tumor microenvironment CV8102 induces potent anti-tumoral im-
mune responses and improves CPI efficacy in mice. An ongoing
phase I trial is investigating intratumoral CV8102 either as a mono-
therapy or in combination with systemic anti-PD-1 treatment in vari-
ous tumor entities (see abstract by Eigentler et al.).
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Background
4-1BB (CD137) is an activation-induced co-stimulatory receptor
that regulates immune responses of activated CD8+ T and NK
cells, by enhancing proliferation, survival, cytolytic activity and
IFN-γ production. Its ability to induce potent anti-tumor CD8 and
NK cell activity makes 4-1BB an attractive target for designing
novel therapeutics for immuno-oncology. However, clinical devel-
opment of a monospecific 4-1BB agonistic antibody was ham-
pered by dose-limiting hepatic toxicities. ALG.APV-527 is a novel
4-1BB x 5T4 bispecific antibody developed to minimize systemic
immune toxicities and enhance activity at the tumor site by
stimulating 4-1BB function only when co-engaged with 5T4, a
tumor-associated antigen. The combined preclinical dataset pre-
sented here provides an overview of the mechanism of action
and the efficacy and safety profile of ALG.APV-527, supporting its
advancement into the clinic.
Methods
ALG.APV-527 was built using the ADAPTIR™ platform with binding
domains to 4-1BB and 5T4 generated using the ALLIGATOR-GOLD®
human scFv library and subsequently optimized to increase binding
affinity, function, stability and manufacturability. To assess function,
induction of IFN-γ secretion by ALG.APV-527 was measured in PBMC
cultures sub-optimally stimulated with anti-CD3 antibodies in the
presence of 5T4+ tumor cells. To measure proliferation, PBMC were
labelled with Cell TraceTM and T cells were gated using multicolor
flow cytometry. For tumor inhibition studies, human 4-1BB knock-in
mice were injected subcutaneously with murine bladder carcinoma
MB49 cells transfected with human 5T4, and mice were treated
therapeutically with ALG.APV-527. Preclinical safety and pharmaco-
kinetics of ALG.APV-527 were evaluated in single and repeated dose
toxicology studies in non-human primates (NHP).
Results
In primary PBMC assays, ALG.APV-527 induced a dose-dependent in-
crease of IFN-γ production but only upon 5T4-mediated crosslinking.
ALG.APV-527 enhanced CD8+ T cell and NK function and prolifera-
tion, preferentially over that of CD4+ T cells. Treatment with
ALG.APV-527 led to rejection of established human 5T4-positive tu-
mors at doses of 20 μg/mouse, in a syngeneic bladder carcinoma
model. ALG.APV-527 is fully NHP cross-reactive and displayed
antibody-like pharmacokinetic parameters in NHP studies. Further-
more, the drug was well tolerated after repeated administration at
doses in excess of the expected human dose.
Conclusions
ALG.APV-527 induces 5T4-dependent CD8+ T cell and NK co-
stimulation, and has potent anti-tumor activity in a therapeutic
model. Based on preclinical data, ALG.APV-527 is a promising anti-
cancer therapeutic for the treatment of a variety of 5T4-expressing
solid tumors.

regina.heidenreich@curevac.com
nelsonm@apvo.com


Journal for ImmunoTherapy of Cancer Page 74 of 2372019, 7(Suppl 1):283
Ethics Approval
All studies were review and approved by the Internal Animal Care
and Use Committee (IACUC) of Aptevo Therapeutics

P643
Harnessing pre-existing anti-viral immunity for tumor therapy
Cuburu Nicolas, PhD1, Lukas Bialkowski2, Sergio Pontejo, PhD3, Rina Kim,
BS2, Alexander Bell2, Cynthia Thompson2, Douglas Lowy, MD2, John
Schiller, PhD2

1National Cancer Institutes, Bethesda, MD, United States; 2National
Cancer Institutes, NIH, Bethesda, MD, United States; 3NIAD, NIH, Bethesda,
MD
Correspondence: John Schiller (schillej@mail.nih.gov)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P643

Background
The discovery that the tumor immune microenvironment can be
used as biomarker of cancer progression and the advent of immuno-
therapies are revolutionizing cancer treatments. Notwithstanding
these successes, there is still an urgent need for new therapeutics
able to increase the proportion of clinical responses. Intratumoral de-
livery of immunotherapeutic agents constitutes a potential strategy
to convert poorly immunogenic tumors into immunogenic tumors
and to overcome acquired resistance to current immunotherapies.
Methods
Here we investigate a tumor antigen-agnostic intratumoral approach
that harnesses preexisting antiviral T cell responses. To implement
such approach, Human cytomegalovirus (hCMV) would be an ideal
candidate as it is highly prevalent in human populations and induces
polyfunctional T-cell responses that expand with age. In our experi-
mental model, mice persistently infected with murine cytomegalo-
virus (mCMV) were challenged with TC-1 tumor cells expressing
human papillomavirus E6 and E7 oncogenes or MC38 colon adeno-
carcinoma tumor cells. We investigated the effects of redirecting pre-
existing mCMV-specific T cells by repeated intratumoral injection
using minimal MHC class I and/or class II restricted mCMV peptide
epitopes combined with polyI:C, a Toll-like receptor 3 and RIG-I-like
receptor agonist.
Results
Intratumoral injection of mCMV MHC-I and MHC-II restricted peptides
led to the expansion of CD8 and CD4 mCMV-specific T cells in situ
and in blood. Intratumoral injection of mCMV MHC-I restricted pep-
tides provoked arrest of TC-1 and MC38 tumor growth that some-
times resulted in complete tumor rejection. Interestingly,
intratumoral injection of mCMV MHC-II restricted peptides with
poly(I:C), without MHC-I peptides, also substantially delayed tumor
growth. In addition, injection of mCMV MHC-II restricted peptides
alone or in combination with mCMV MHC-I restricted peptides in-
creased epitope spreading to MHC-I restricted tumor-derived epi-
topes, promoted clearance of established subcutaneous tumors, and
conferred long-term protection against tumor re-challenge. Finally,
analysis of the tumor microenvironment using whole tumor RNA
gene expression profiling, flow cytometry and confocal microscopy
revealed that intratumoral injection of mCMV MHC-I or MHC-II re-
stricted epitopes caused local activation of adaptive and innate im-
mune components.
Conclusions
Our results provide a proof-of-concept for a new generation of tumor
antigen-agnostic immunotherapies based on pre-existing antiviral T
cells that is potentially applicable to multiple tumor types. The ap-
proach induced rapid tumor regression, profound changes in the
tumor immune microenvironment, epitope spreading, and long-term
antitumor immunity. We are now using our model to decipher the
contribution of CD4+ T cell to epitope spreading against tumor-
derived epitopes and to evaluate this approach in spontaneous
tumor models.
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Background
Agonist antibodies that target co-stimulatory receptors, including tar-
gets such as CD28, CD40, CD137, and OX40, have demonstrated im-
pressive efficacy in preclinical cancer models. Broadly, drugging
these receptors leads to immune cell proliferation, cytokine produc-
tion, and enhanced effector function. In the clinic, however, the de-
velopment of these antibody drugs has been hampered by dose-
limiting toxicities which have limited their utility and prevented ap-
proval of any co-stimulatory receptor targeting agonist antibodies.
Novel strategies are required to dose these drugs in a safe manner
while still retaining their anti-tumor activity.
Methods
To contain the activity of agonist antibodies to the tumor microenvir-
onment (TME), we have fused a collagen binding domain (CBD) to
the Fc region of several agonist antibodies targeting a suite of co-
stimulatory receptors. We have recently validated this collagen an-
choring approach to improve the therapeutic index of cytokine ther-
apies [1]. Fluorescent imaging was used to characterize intratumoral
retention and the biodistribution of intratumorally injected anti-
bodies. Survival studies were carried out to determine the efficacy of
antibodies with and without CBDs in murine subcutaneous tumor
models. We measured toxicity by quantifying serum protein levels as
well as with histology in treated mice.
Results
Imaging studies revealed that antibody-CBD fusions were retained
significantly longer in the TME compared to their non-CBD counter-
parts and experienced little to no detectable systemic dissemination.
Intratumorally administered antibody-CBD fusions displayed compar-
able, or in some cases, improved efficacy when benchmarked against
free antibody. These fusion proteins also caused markedly fewer
signs of toxicity in murine models.
Conclusions
Intratumorally administered antibody-CBD fusions represent a new
class of therapeutics with improved therapeutic indices compared to
agonist antibodies that have already entered the clinic. Because
intratumoral retention is dependent on collagen and not a tumor
specific target, these drugs are tumor-agnostic and have the poten-
tial to impact large patient populations.
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Background
Intra-tumoral immunotherapy has emerged as an important modality
of delivering anti-tumor immunomodulators. Rich in tumor-associated
antigens and antigen-presenting cells, the tumor microenvironment is
an apt locale for reprogramming the immune responses from a sup-
pressive phenotype to one that is activating insofar anti-tumor cyto-
toxic T cell responses can be generated locally and systemically.
Herein we report a small peptide that can potentially serve as an adju-
vant for enhancing antigen presentation in the tumor microenvironment.
Our group discovered the peptide YTYQGKL, called pTNF, as a ligand of
tumor necrosis factor receptor II (TNFRII) by screening phage display li-
braries on dendritic cells (DCs) [1]. The peptide binds to DCs in a
concentration-dependant, TNFalpha-reversible manner, albeit at micro-
molar binding affinity. Subsequently, other groups have confirmed the
DC-targeting property of pTNF[2,3]. In addition, it has been shown that
pTNF upregulates costimulatory molecules on DCs [4,5]. This led us to
hypothesize that pTNF can be used as an immune adjuvant in the con-
text of cancer immunotherapy. To transform the low affinity ligand pTNF
into a high avidity adjuvant, the peptide is appended with [AEAEAKAK]2,
a self-assembling peptide (SAP) that drives oligomerization (Fig. 1a).
Methods
To test the capacity of pTNF_EAK in activating antigen presenting
cells, BALB/c mice were injected with 100 mcg of the peptide in each
footpad. After 48 hours, the draining lymph nodes were collected
and analyzed using flow cytometry. The cells obtained from draining
lymph nodes were restimulated ex vivo with a mouse renal adeno-
carcinoma (RENCA) cell line for 48hours. The cells were analyzed
using flow cytometry and ELISA, quantifying interferon-gamma (IFN
gamma) production upon in vitro restimulation.
Results
Preliminary results indicated that pTNF_EAK exhibited self-assembling
characteristics based on Congo red staining (data not shown). Flow cy-
tometric analyses showed upregulated CD40 on cells in pTNF_EAK
treated draining lymph nodes compared to control footpads injected
with saline (Fig. 1b). Upon restimulation in vitro with RENCA cells,
pTNF_EAK treated lymph node-derived cells produced higher levels of
(IFN gamma) compared to control cells (data not shown).
Conclusions
pTNF_EAK appears to upregulate the functions of antigen-presenting
cells in draining lymph nodes in vivo.

References
1. Chamarthy SP, Jia L, Kovacs JR, Anderson KR, Shen H, Firestine SM, Meng

WS. Gene delivery to dendritic cells facilitated by a tumor necrosis factor
alpha-competing peptide. Molecular immunology. 2004 Jul 1;41(8):741-9

2. Margaroni M, Agallou M, Kontonikola K, Karidi K, Kammona O,
Kiparissides C, Gaitanaki C, Karagouni E. PLGA nanoparticles modified
with a TNFα mimicking peptide, soluble Leishmania antigens and MPLA
induce T cell priming in vitro via dendritic cell functional differentiation.
European Journal of Pharmaceutics and Biopharmaceutics. 2016 Aug
1;105:18-31.

3. Herringson TP, Altin JG. Convenient targeting of stealth siRNA-lipoplexes
to cells with chelator lipid-anchored molecules. Journal of Controlled Re-
lease. 2009 Nov 3;139(3):229-38.

4. Caux C, Dezutter-Dambuyant C, Schmitt D, Banchereau J. GM-CSF and
TNF-α cooperate in the generation of dendritic Langerhans cells. Nature.
1992 Nov;360(6401):258.

5. Caux C, Massacrier C, Vanbervliet B, Dubois B, Van Kooten C, Durand I,
Banchereau J. Activation of human dendritic cells through CD40 cross-
linking. Journal of Experimental Medicine. 1994 Oct 1;180(4):1263-72.

Ethics Approval
The study was approved by Duquesne University's IACUC, protocol number:

1806-04
P646
Reprogramming CD8 cells into metabolically fit stem cell memory
with superior therapeutic activity by MEK1/2 manipulation.
Vivek Verma, PhD, Pankaj Gaur, PhD, Jose Lopez, Fatmah Alolaqi, Seema
Gupta, PhD, Samir Khleif, MD
Georgetown University Medical Center, Washington, DC, United States
Correspondence: Samir Khleif (snk48@georgetown.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P646

Background
Exhaustion and short persistence are factors that limit the efficacy of
endogenously generated or adoptively transferred effector T-cells.
Metabolism in T-cells has been found to be a significant factor that
contributes to their anti-cancer potential. Interestingly, tumor-
induced metabolic insufficiency in immune cells renders these cells
exhausted and hence ineffective in controlling the tumors. Hence
the mechanisms that would prevent the metabolic degradation in
immune cells would have strong anti-cancer potential. Renewable
stem-cell-memory CD8+T-cells (Tscm) are metabolically fit cells that
persist longer and produce stronger effector functions. Here, we de-
termined the role of MAP kinase pathway in the generation of Tscm
CD8 cells and their metabolic status.
Methods
Mice bearing TC-1 tumors (a mouse lung epithelial cell-line express-
ing human papillomavirus-specific E7-peptide) were treated with
MEKi (selumetinib) in conjunction with tumor-specific E7-peptide
vaccine, followed by determination of tumor growth rates and mice
survival, and estimation of immune responses in the TME. Also, using
in-vitro and in-vivo assay systems, we delineated the kinetics of
MEKi-mediated Tscm generation and the molecular mechanisms of
metabolic enhancement of CD8 cells.
Results
We found that MEKi treatment of tumor-bearing mice in conjugation
with tumor-specific E7-vaccine resulted in a significant reduction in
tumor growth and enhancement of mice survival. This treatment re-
sulted in a strong increase in the effector functions and prevention
of exhaustion in effector cells. We observed a significant increase in
the number of Sca1+CD95+CD62L+CD44-CD8+ T-cells (Tscm cells) in
the TME and under in-vitro conditions. Interestingly, we found that
MEKi suppressed the cell-cycle progression in antigen-activated CD8
cells that led to increased mitochondrial biogenesis and fatty-acid
oxidation (FAO) by modulating ERK1/2/CyclinD1/PGC1α/SIRT3 signal-
ing pathway. FAO was crucial for MEKi-mediated induction of Tscm
cells as its pharmacological inhibition or SIRT3KO prevented the
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Tscm generation. Further, ex-vivo MEKi-treated CD8+T-cells showed
strong cell-activation, high antigen recall-responses and prolonged-
survival, generating robust T-cells that significantly enhanced the effi-
cacy of adoptive cell therapy (ACT) that was critically dependent
upon MEKi-induced Tscm cells. Together, we show that MEKi-
induced Tscm generation occurs as a result of a crosstalk between
cell activation, cell-cycle progression and differentiation, and meta-
bolic machinery.
Conclusions
Our data provide a novel strategy to reprogram CD8 cells into a
self-regenerating stem cell phenotype with higher metabolic fit-
ness and superior effector functions. This data also provide an ef-
fective approach to produce superior T-cells for in-vitro
treatments such as ACT. Furthermore, the findings from this study
provide a strategy for enhancement of treatment approaches
using inhibitory molecules.
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Background
Talimogene laherparepvec (T-VEC) is an oncolytic herpes simplex
virus, type 1 (HSV-1) encoding granulocyte-macrophage colony
stimulating factor (GM-CSF) and is approved for the treatment of
melanoma. To date, there are no predictive biomarkers to identify
patients likely to respond to T-VEC treatment, which is a high priority.
Thus, we sought to identify intracellular factors associated with host
anti-tumor immunity following T-VEC treatment.
Methods
Human melanoma cell lines were plated in 96-well plates (104 cells
per well) and treated with T-VEC (MOI 0.001-1.0). At various time
points, cell viability was assessed by standard MTS assay. To evaluate
specific intracellular factors, knock out cell lines were generated by
using CRISPR-Cas9 technology and assessed for oncolytic activity
in vitro. For in vivo experiments, B6 mice bearing the HSV-1-sensitive
D4M3A (3 x 105) melanoma bilateral flank tumor model was used.
Mice were treated by injection in the right flank only with a T-VEC (6
x 106 PFU) once tumors reached 9-12 mm2 three times a week for
two weeks. Tumor growth was measured by calipers daily for tumor
growth and survival studies. In separate experiments, tumors were
harvested at specified timepoints and flow cytometry analysis was
performed to characterize immune cell populations and RNA was ex-
tracted for Nanostring gene expression analysis. Statistical compari-
sons between treatment groups were determined using the
Student’s t test with and the Kaplan-Meier method was used to esti-
mate survival. P
Results
We initially interrogated multiple human melanoma cell lines and
found differential sensitivity to T-VEC-mediated oncolysis.
Characterization of the cell lines suggested that STING expression,
but not PKR or cGAS, was inversely associated with T-VEC-mediated
cell lysis. This was confirmed using CRSPR-Cas9-generated STING
knockout cells which reversed T-VEC resistance. Induction of host im-
munity was confirmed in vivo using a STING deficient melanoma
tumor model, which is resistant to PD-1 blockade, and demonstrated
significant delay in tumor growth and improved survival following
treatment with T-VEC. Therapeutic responses were associated with
recruitment of viral- and tumor antigen-specific CD8+ T cells and in-
duction of a pro-inflammatory gene signature in both injected and
un-injected tumors.
Conclusions
Intracellular STING was inversely associated with T-VEC-mediated lysis
and suggests that STING may be a predictive biomarker for T-VEC
responses. These data also support a role for T-VEC in restoring host
immune responses in STING-deficient melanoma.
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Background
Oncolytic virotherapy is an attractive immunotherapeutic approach
as it can induce robust immune infiltration in immunologically cold
tumors. While there is one OV approved for use by the FDA and
many others in clinical trials, little is understood of their immunologic
mechanism of action. The effect of OV treatment on the existing im-
mune infiltrate in the tumor is especially understudied. Seven days
after one intratumoral treatment of oncolytic vaccinia (vv) in a mur-
ine head and neck squamous cell carcinoma model we observed an
influx of CD8 T cells into the tumor, including a large population of
effector-memory like PD-1int cells. However, the suppressive PD-1hi
Tim-3+ exhausted T cells (Texh) and Foxp3+ regulatory T cells (Treg)
were missing. We hypothesized that vvDD may have the capacity to
infect these inhibitory populations and lead to their selective
deletion.
Methods
Infection and flow cytometric analyses of T cell populations were per-
formed using both in vitro and in vivo modeling systems. An oncoly-
tic Western Reserve strain of vaccinia virus (vv) was used at a
multiplicity of infection of 10 for all in vitro experiments and at 2.5E6
PFU per mouse for in vivo experiments. T-reg specific BCL2 over-
expressing mice were generated by crossing Rosa26-BCL2-IRES-GFP
mice to Foxp3-YFP-cre mice.
Results
Analysis of the immune infiltrate of treated tumor-bearing mice re-
vealed that Texh and Treg in the tumor were actively infected by
virus. This may lead directly to the death of these infected T cells.
This phenomenon was recapitulated in vitro under nutrient limited
conditions. This was further investigated in vivo using a mouse
model where the anti-apoptotic protein BCL2 was selectively overex-
pressed in Tregs. In this model the death of Tregs is prevented in the
tumor. These mice were unable to clear tumor after vv treatment
while all wild-type animals did.
Conclusions
These data suggest that the mechanism of action of oncolytic vac-
cinia also includes the direct ability of the virus to infect immune
populations in the tumor. Infection of regulatory T cells in the tumor
leads to their death. By preventing the death of these cells, treat-
ment efficacy is lost, thus highlighting the importance of this mech-
anism during oncolytic vaccinia treatment.
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Background
Oncolytic virus (OV) is an emerging class of cancer treatment which
has received increasing attention. The pharmacodynamics (safety
and efficacy) of OV shows large inter-individual variability―the
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clinical outcomes of OV treatments can range from complete re-
sponse to possibly treatment-related early death in different pa-
tients [1,2]. The innate immune system as well as adaptive
immune system play critical roles in governing the OV treatment
outcomes. This study aimed to investigate the therapeutic poten-
tial for the interaction between circulating myeloid cells, oncolytic
vaccinia virus (OVV), and cancer cells; and to optimize the treat-
ment outcomes of OTS-400 (OVV series with modified HSV-tk
insertion).
Methods
The functional outcome of interaction between circulating immune
cells, OVV, and cancer cells was evaluated quantitatively and qualita-
tively using a trans-well co-culture system and analyzed by
fluorescence-activated cell sorting. After identification of subtypes of
OV-disfavoring myeloid cells (OV-DMCs), candidate chemicals, includ-
ing clinically used drugs, were screened to find the best modulators
for OV-DMCs affecting clinical outcome of OTS-400 series in >3,000
tumor-bearing animals.
Results
Time to 90% lethality after intranasal administration of Western Re-
serve (107 pfu) vaccinia virus was significantly prolonged by inhib-
ition of OV-DMCs, 30 days+; by stimulation, 7 days; and by no
modulation, 11 days (Log-rank p-value
Conclusions
OV-DMCs play a critical role in the pharmacodynamics of OVV ther-
apy in a variety of preclinical tumor models. Targeting OV-DMCs may
significantly improve the treatment outcome for the upcoming clin-
ical trials of the combination therapy of OTS-400 and PD-L1 inhibitor
scheduled in early 2020.
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Background
Immune checkpoint blockade has revolutionized cancer therapy;
however the therapeutic benefit is limited to only a subset of pa-
tients with immunogenic (“hot”) tumors and is compromised by
immune-related adverse events. We have reported that intratumoral
injection of oncolytic adenovirus Delta-24-RGDOX, an oncolytic
adenovirus expressing immune co-stimulator OX40 ligand (OX40L),
induces efficacious anti-glioma immunity and immune memory in
syngeneic glioma mouse models. We hypothesized that localized
treatment with the virus is effective against disseminated melano-
mas, including intracranial melanomas.
Methods
We tested the therapeutic effect of injecting Delta-24-RGDOX into
primary subcutaneous (s.c.) tumors derived from luciferase-
expressing B16-Red-FLuc cells in s.c./s.c. and s.c./intracranial (i.c.) mel-
anoma models in C57BL/6 mice. The growth of treated s.c. and un-
treated disseminated s.c. and i.c. tumors, luciferase-expressing
ovalbumin-specific (OT-I/Luc) T cells within the tumor were moni-
tored via bioluminescence imaging. Cells were profiled for surface
markers using flow cytometry.
Results
In both s.c./s.c. and s.c./i.c. models, three injections of Delta-24-
RGDOX significantly inhibited the growth of both the virus-injected
s.c. tumor and untreated distant s.c. or i.c. tumor, thereby prolonging
survival. The surviving mice were protected from rechallenging with
the same tumor cells. The virus treatment increased the presence of
T cells and the frequency of effector T cells in the virus-injected
tumor and mediated the same changes in T cells from peripheral
blood, tumor-draining lymph nodes (TDLNs), spleens, and brain
hemispheres with untreated tumor. Moreover, Delta-24-RGDOX de-
creased the frequency of exhausted T cells and regulatory T cells in
the virus-injected and untreated i.c. tumors. Consequently, the virus
promoted the in situ expansion of tumor-specific T cells and their mi-
gration to tumors expressing the target antigen.
Conclusions
Intratumoral injection of Delta-24-RGDOX induced an in situ antovac-
cination of the treated melanoma, resulting in systemic immune ac-
tivity against the disseminated tumors. This is the first report
demonstrating that localized treatment with an oncolytic virus in the
subcutaneous tumor is able to reject intracranial tumors, suggesting
Delta-24-RGDOX could be applied to patients with brain melanoma
metastasis. Furthermore, given the immunogenicity, cancer-
selectivity and localized application of the virus, Delta-24-RGDOX is
expected to be efficacious in patients with immunosuppressive
(“cold”) tumors as well and have an improved safety profile in cancer
patients compared to immune checkpoint blockade treatment
strategies.
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Background
Vaccinia virus (VACV) has been intensively used as oncolytic virus
for the treatment of various types of cancers over the last years.
Targeted gene deletion have enabled the selection of new VACV
variants that retain tumor-specific replication, and oncolytic po-
tential, but are safer for the surrounding healthy tissues. Recent
examples of such deleted VACVs are TG6002, deltaJ2R(TK-)del-
taI4L(RR-)-Fcu1 (Foloppe et al. 2019), and DeltaJ2R(TK-)DeltaF1L
(Pelin et al. 2019). It is also well established that VACV secretes
various factors interfering with major immune pathways, largely
contributing to immune evasion for the virus. However, to our
knowledge, none of these factors has already been used in the
field of cancer immunotherapy.
Results
We here report the identification of M2L as a strong binder to both
CD80, and CD86 co-stimulatory receptors. This binding antagonizes
the interaction with their natural ligands CD28, and CTLA-4. M2L can
also stabilize the interaction between CD80, and PD-L1 in vitro. We
characterized M2L as a secreted homo-oligomeric protein (8 x 35
kDa), and could determine that apparent affinities are in the same
range as natural ligands. It proved as active as CTLA-4, as an inhibitor
for lymphocyte activation in a MLR assay.
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M2L properties thus make it a potential new immuno-suppressive
drug. Interestingly, M2L is largely conserved within the poxvirus fam-
ily, and we could demonstrate that its ortholog from myxomavirus
can also interact with CD86.
Expecting to reinforce the immunogenic properties of VACV, we
engineered a triple-deleted Vaccinia virus (TD, DeltaJ2R, DeltaI4L, Del-
taM2L). Oncolytic activity was not affected by the deletion of M2L, as
assessed both in the regular mouse tumor xenograft models
(HCT116), or in the syngeneic models (B16F10). We could demon-
strate a better tolerance for the TD variant in a humanized model,
where the CD80/CD86 pathway might be prominent in the neutraliz-
ing response.
Conclusions
Finally, the TD oncolytic backbone might be interesting for the devel-
opment of our invirIO™ platform. Recent results with triple-deleted
VACV expressing immune engagers will be presented.
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Background
The purine nucleoside adenosine dampens innate and adaptive
immune responses under various inflammatory conditions [1]. In
contrast, high levels of extracellular adenosine triphosphate (ATP),
generated as a result of tissue damage or immunogenic cell
death, can initiate proinflammatory responses [2]. Extracellular ad-
enosine accumulates in cancerous tissues through the degrad-
ation of ATP and constitutes an important mechanism of tumor
immune escape, induction of angiogenesis, and metastasis [3].
Reduction of ATP and subsequent increase of extracellular adeno-
sine production in the tumor microenvironment (TME) depend on
the concerted enzymatic activity of two ectonucleotidases, CD39
(ENTPD1) and CD73 (NT5E), which convert ATP to adenosine
monophosphate (AMP), and AMP to adenosine, respectively. Tar-
geting this enzymatic pathway by inhibition or loss of CD39 has
been shown to have antitumor effects in multiple studies [4-7].
The preclinical characterization of SRF617, a fully human CD39
antibody that potently inhibits CD39-mediated conversion of ATP
to AMP, is described.
Methods
A series of studies were conducted to examine the CD39 targeting
properties of SRF617. Biolayer interferometry (BLI) and flow
cytometry-based cellular binding assays were used to examine the
affinity of SRF617 to both recombinant and cellular CD39. The mal-
achite green phosphate detection assay was used to assess the en-
zymatic inhibitory properties of SRF617 on recombinant and cellular
CD39. In vitro functional assays to observe SRF617 modulation of
dendritic cell (DC) maturation and T-cell proliferation were per-
formed. Antitumor activity of SRF617 was assessed in a MOLP-8
xenograft model with multiple pharmacodynamic endpoints includ-
ing immune cell infiltration, target occupancy, and in situ CD39
activity.
Results
SRF617 displays single-digit nanomolar inhibition of CD39 enzymatic
activity and binds tightly to CD39 on cells. In vitro, SRF617 enhances
DC maturation and T-cell proliferation under high ATP conditions. In
vivo, SRF617 has significant single-agent antitumor activity in the
MOLP-8 xenograft model. In addition, SRF617 elevates ATP levels sys-
temically in treated mice and increases tumor macrophage infiltra-
tion in MOLP-8 xenograft tumors. An in situ CD39 enzymatic assay
demonstrates that SRF617 inhibits CD39 activity in the MOLP-8
tumor xenograft model and correlates with target occupancy.
Conclusions
These studies demonstrate that SRF617 blocks CD39 enzymatic activ-
ity, thereby reversing the anti-inflammatory/immunosuppressive TME
caused by reduced extracellular ATP and the generation of adeno-
sine. These findings support future clinical studies of SRF617 as an
immune-modulating medicine in patients with cancer.
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Background
We are investigating low dose mTRT as an immunomodulator in
combination with in situ tumor vaccines (ISV). Most shared resource
flow cytometry facilities do not analyze radioactive samples. To study
the immunomodulatory effect of mTRT, we evaluated different fix-
ation and cryopreservation protocols allowing radioactive tumor
samples to be stained, frozen and safely stored until radioactivity
decayed to background, enabling flow analyses. Our aim is to iden-
tify a protocol which most accurately reflects the tumor immune
microenvironment (TME) of a freshly analyzed sample.
Methods
We generated syngeneic B78 melanoma flank tumors in C57BL/6
mice. Cohorts of mice received: 1) no treatment; 2) our previously re-
ported ISV regimen (12Gy local external beam radiation and intratu-
moral injections of hu14.18-IL2 immunocytokine [1,2]); or 3) a
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combination of ISV and 50μCi of 90Y-NM600 mTRT [3]. We then har-
vested, dissociated and labeled tumor infiltrating immune cells ac-
cording to one of four protocols: 1) freshly labeled cells; 2) freezing
cells before staining; 3) freezing cells just before fixation; or 4) freez-
ing cells after staining and fixation. Cells were labeled with panels
specific for adaptive and innate immune cells.
Results
All three staining protocols involving cryopreservation performed
similarly to freshly stained cells. Protocols 2 and 3 resulted in in-
creased PD1 expression compared to fresh cells, suggesting cryo-
preservation and thawing of unfixed cells impacts the detection of
the activation state of the lymphocytes. Protocol 4 most closely re-
sembled the labeling of “fresh” cells. In comparing untreated tumors
to those treated with ISV, we analyzed half of each sample “fresh”
and half using staining protocol #4. We observed the same immune
stimulatory effect of in situ vaccination using both protocols, con-
firming that freezing cells after labeling and fixing can be used to
evaluate changes in the TME. Lastly, we used protocol #4 on a time
course of weekly harvested tumors following mTRT alone, in situ vac-
cine alone, or combination mTRT+ISV. We demonstrated greater im-
mune infiltrate and an increased CD8/Treg ratio when combining
mTRT with ISV than either alone.
Conclusions
We demonstrate that fixation and cryopreservation after labeling
closely reproduces the analyses of freshly dissociated tumors. We
confirm this by comparing tumors treated with several immunother-
apies using both the traditional and modified protocols. Lastly, we
use this protocol with radioactive specimens to demonstrate that
low dose mTRT followed by ISV results in greater immune infiltrate
and activation with this combination compared to ISV or mTRT
alone.
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Background
Melanoma is currently the fifth most common cancer in men and
sixth most common in women with an estimate of 7230 deaths from
the disease in 2019 in the United States. Treatment with the immune
checkpoint inhibitors anti-CTLA-4 and anti-PD-1 has tremendously
improved outcomes for patients with metastatic disease, but al-
though durable response can be observed in over 50% of the pa-
tients treated with monotherapy, resistance is still present. Studies
suggest that combining therapies (e.g. immune checkpoint inhibitors,
radiotherapy, and/or agonistic antibodies) are more effective than
monotherapy. 4-1BB (CD137) is expressed on various cell populations
including T cells, dendritic cells and macrophages. 4-1BB agonists
have been proved to be effective in multiple murine tumor models
and have had modest responses in early clinical trials. We
hypothesize that 4-1BB agonists augment the anti-PD-1 anti-tumor
immune response resulting in improved overall survival and de-
creased tumor burden in melanoma resistant to pre-treatment with a
combinational therapy of anti-CTLA-4 and radiation
Methods
499 melanoma cells, derived from unirradiated B16-F10 tumors resist-
ant to treatment with anti-CTLA-4 and radiation, were implanted on
both flanks of C57BL6 mice. Treatment with 4-1BB agonists and/or
anti-PD1 was given on day 10, 13 and 16 post-implantation. The anti-
tumor response was assessed by both overall survival and tumor bur-
den. Tumors were harvested on day 17-20 for protein, transcriptomic
and flow cytometric immune profiling
Results
Dual immunotherapy with 4-1BB agonist and anti-PD-1 significantly
increases overall survival, whereas there is no benefit from treatment
with either antibody alone. With combinational treatment, complete
remission was achieved in 45.8%, however, there is still resistance to
immunotherapy with response and nonresponse. Investigating mech-
anisms of response and non-response to dual immunotherapy with
4-1BB and anti-PD-1, we identified cells from the innate and adaptive
immune system to play important roles in the anti-tumor response.
Our proteome array analysis revealed several proteins of the myeloid
and lymphoid compartment to be upregulated in the non-
responders. Transcriptomic profiling by Nanostring IO 360 pan cancer
panel in the non-responders and responders to immunotherapy cor-
roborated our findings and detected important genes of the myeloid
and lymphoid compartment especially macrophages and CD8+ T
cells respectively
Conclusions
Overcoming resistance to immunotherapy crucially depends on cells
of the innate and adaptive immune system especially the macro-
phages and CD8+ T cells. Investigation of response mechanisms re-
vealed potential targets that might be effective amplifiers of the anti-
tumor response to overcome resistance after immunotherapy.
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Background
Extracellular adenosine, acting predominantly through the A2A re-
ceptor (A2AR), mediates immunosuppression which includes sup-
pression of Th1 responses and cell-mediated cytotoxicity as well
as increasing the activity of Tregs and MDSC. We have developed
EOS100850/1, a novel, non-brain penetrant and highly selective
inhibitor of A2AR with sub-nanomolar Ki. In vivo, EOS100850/1
significantly delays tumor growth in different syngeneic models
when combined with aCTLA-4 or aPD-L1. In vitro, we have dem-
onstrated that EOS100850/1 maintains its potency in high adeno-
sine environment (>10uM) using human PDX models. However,
these PDX were engrafted on to immunodeficient mice and
therefore any possible contribution of the immune infiltrating
cells for generation of adenosine was not taken into account.
Thus, the first aim of this study was to determine the adenosine
levels in immunocompetent tumor models. The second aim was
to confirm that EOS100850/1 can mediate antitumor efficacy
in vivo regardless of the ambient adenosine concentration in the
tumor microenvironment (TME).
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Methods
MCA205, CT26, A20, and EMT6 tumor cells were subcutaneously im-
planted into immunocompetent syngeneic mice. When tumors
reached 100-200mm3 and again at 600-700mm3 tumor extracellular
fluid was collected by microdialysis and the adenosine concentration
was measured by LC/MS. In a second study, the antitumor effect of
EOS100850/1 administered orally at 0.6mg/kg QD was evaluated in
models with different level of adenosine concentration (MCA205 and
CT26) in combination with oxaliplatin or doxorubicin dosed at 10 or
5 mg/kg, respectively.
Results
The adenosine concentrations in individual tumors ranged from 2 to
50uM across different models, while adenosine levels in the non-
tumor region were always less than 1uM. For most tumors, size did
not affect the concentration of adenosine, except for CT26, where
there was a 2 fold increase when tumors grew from 100-200mm3 to
600-700mm3. MCA205 tumors displayed the highest adenosine con-
centration with an average of 33uM while CT26 was considered as
intermediate with an average of 6uM. EOS100850/1, in combination
with chemotherapy, demonstrated similar tumor growth inhibition in
both models, regardless of the concentration of adenosine.
Conclusions
These data demonstrate that the adenosine concentrations vary in
the tumor microenvironment of different syngeneic tumor models
and that EOS100850/1 is able to inhibit the A2AR induced immuno-
suppression and therefore tumor growth in combination with
chemotherapy regardless of the adenosine concentration in the TME.
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Background
Liposomal drug delivery systems have historically focused on tumor
accumulating properties. This is generally achieved by securing a
long-circulating half-life of liposomes that then accumulate by the
enhanced permeation and retention (EPR) effect. Several important
therapeutic targets beyond the cancer cells have been identified in
the tumor microenvironment. Pro-tumorigenic myeloid populations
in the tumor microenvironment are potent suppressors of anti-
cancer cytotoxic T-cells and their depletion improve therapeutic out-
come [1,2]. Liposomal drug delivery systems that, not only induce
immunogenic cell death of cancer cells but also eliminate potent im-
munosuppressive populations are therefore highly attractive.
Methods
Weakly cationic PEGylated Oxaliplatin (L-OHP) liposomes (R2) were
formulated (POPC/cholesterol/DOTAP/chol-PEG/Chol, (52.5/36/7.5/4))
(size 120 nm, polydispersity 0.1, charge +10 mV). Stealth liposomes
were formulated (DSPC/cholesterol/DSPE-PEG2000, (55/40/5)) (size
106, polydispersity 0.02, charge -10). Therapeutic efficacy was investi-
gated in the syngeneic CT26 colorectal cancer cell-line and tumor
model. In vivo therapeutic efficacy was performed and the tumor
microenvironment was analyzed using flow cytometry. Liposome bio-
distribution and pharmacokinetics were investigated using rhoda-
mine B labeled stealth and R2 liposomes. L-OHP levels in the tumors
were measured using inductively coupled plasma mass spectrometry
(ICPMS). Real-time in vivo biodistribution was evaluated by PET/CT
using copper-64-radiolabeled stealth and R2 liposomes according to
a previously described technology [3].
Results
The in vitro half-maximal inhibitory concentration (IC50) of CT26 can-
cer cells was comparable between R2 liposomes and free L-OHP (2.2
and 2.0 μM). Due to in vitro stability, IC50 value for stealth L-OHP li-
posomes could not be achieved even at the highest concentration
evaluated. PET/CT scans and ICPMS demonstrated that the R2 lipo-
somes had a shorter circulating half-life and significant lower tumor
accumulation compared to stealth liposomes, but higher than free L-
OHP. However, the R2 L-OHP liposomes displayed an impressive anti-
cancer efficacy with >60% of treated CT26 tumor-bearing mice dis-
playing a complete response (CR), while no CR’s were observed in
the L-OHP stealth liposome treated group. Advanced flow cytometric
analysis of the tumor microenvironment identified that both R2 and
stealth liposomes accumulated in central immunosuppressive mye-
loid populations but only R2 L-OHP liposomes were able to eliminate
these compared to stealth and free L-OHP.
Conclusions
Here we report the potent anti-cancer effect of weakly cationic PEGy-
lated L-OHP liposomes that depletes suppressive populations and
eradicates CT26 tumors. The data demonstrate how advanced drug
delivery systems may provide important immune-modulating proper-
ties in addition to direct cancer-cell cytotoxicity.
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Background
Tumor-targeted superantigens (TTS) such as Naptumomab Estafena-
tox (Nap) are fusion proteins that consist of genetically engineered
Superantigens (Sag) linked to Fragment antigen binding (Fab) moi-
eties directed to tumor-associated antigens. Unlike CD3-based T cell
redirection approaches (e.g. BiTEs) which bind and activate all T cells,
TTS only bind and activate subsets of T cells that contain certain TCR
β variable (TRBV) regions, e.g. TRBV 7-9 [1] and are thus defined as
STR. We previously reported the synergistic anti-tumor effect of com-
bining CPI with our lead STR compound, Nap (5T4 targeted Sag) or
its murine surrogate protein [2]. Here, we present new pre-clinical
data showing that STR not only enhances the anti-tumor effect of
CPIs, but also stimulates the overall immune response that could lead
to long term immunity against the tumor.
Methods
The combination of Nap with PD-L1 inhibitor (durvalumab) was
tested in vitro against high (MDA-MB 231) and low (RKO) 5T4-
expressing cancer cell lines in the presence of human PBMCs. For the
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in vivo studies, mice bearing EpCAM transfected MC38 tumors were
treated with TTS (consisting of a Fab against EpCAM), an anti-PD-1
antibody, or the combination. Tumor growth and survival were
assessed and tumor recurrence following re-challenge was evaluated.
Results
Combination of Nap with durvalumab had synergistic anti-tumor ef-
fect against both high and low 5T4-expressing cancer cell lines. Con-
comitant treatment of MC38-EpCAM tumor bearing mice with TTS
and anti-PD-1 achieved complete tumor rejection in 4 of 10 mice
and significantly prolonged survival and delayed outgrowth of tu-
mors compared to the monotherapies. All cured mice rejected re-
challenge with MC38-EpCAM and parental MC38 tumors, indicating
long-term memory responses.
Conclusions
Our studies show that combination of CPI with STR overcomes the
limited effect of CPI monotherapy regardless of tumor antigen ex-
pression level. In addition, our in vivo studies demonstrate that the
combination of STR with CPI may lead to long term durable re-
sponses not possible in most patients receiving single agent CPI ther-
apy. Moreover, the ability of these “cured mice” to reject tumor re-
challenge suggests that STRs cause release of secondary antigens
that prime subsequent immune responses. Taken together, our data
suggests that combining anti-PD(L)1 with STR may be a promising
therapeutic strategy for patients with solid tumors. Clinical phase 1/2
trial was recently initiated investigating the combination of Nap with
durvalumab in subjects with selected advanced or metastatic solid
tumors [NCT03983954].
Trial Registration
NCT03983954
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Background
The generation of a robust antigen-presenting cell (APC) response at
the site of a tumor is central to effective cancer immunotherapy. Sys-
temic administration enables widespread access to the microvascula-
ture of a primary tumor and metastases. We encapsulated two
powerful synergistic immune agonists within a single ~50-nm liposo-
mal immuno-nanoparticle (immuno-NP) and exploited systemic deliv-
ery to achieve efficient deposition within the APC-rich tumor/
metastases perivasculature. We elected to co-deliver an agonist of
the stimulator of interferon genes (STING) pathway and a Toll-like re-
ceptor 4 (TLR4) agonist on the same immuno-NP to mediate their
co-uptake by the same APCs to ensure functional synergistic produc-
tion of Type I inteferon β (IFNβ) by these target cells. Here, we inves-
tigated the treatment efficacy of immuno-NPs in reducing primary
tumor burden and preventing metastasis in an orthotopic murine
model of triple-negative breast cancer (TNBC) and established the
mechanistic basis for this anti-tumor immunity.
Methods
Female BalbC mice were inoculated orthotopically in the mammary
fat pad with 5x10^5 4T1 TNBC cells. Tumor burden was monitored
longitudinally by bioluminescence measurements of luciferase-
expressing tumor cells and physical caliper measurements. Cytokines,
immune cell populations, and immuno-NP deposition was measured
by ELISA, flow cytometry, and confocal microscopy, respectively.
One-/two-way ANOVA and Student’s t-test were used for statistical
analysis.
Results
Immuno-NPs carrying both STING/TLR4 agonists mediated a robust
synergistic production of IFNβ from macrophages that was 10-fold
increased from NPs carrying either agonist alone (Fig. 1a, with trans-
mission electron micrograph of immuno-NPs shown in inset). Tumor-
bearing mice treated with immuno-NPs had elevated levels of tumor
dendritic cells (DCs), macrophages, and natural killer (NK) cells, com-
pared to controls that included mice treated with clinically-approved
immune checkpoint inhibitors anti-PD1 and anti-CTLA4 (Fig. 1b). Pri-
mary tumor sizes were 50-60% reduced in mice treated with
immuno-NPs compared to controls (Fig. 1c) and metastasis was pre-
vented (Fig. 1d). Significantly, treatment with immuno-NPs outper-
formed treatment with immune checkpoint inhibitors.
Conclusions
Nanoparticle-mediated co-delivery of synergistic STING/TLR4 agonists
drives a significant therapeutic outcome in the treatment of TNBC
and prevention of metastasis in the 4T1 orthotopic model. Systemic
delivery enables accumulation of immuno-NPs within the APC-rich
perivasculature of the tumor/metastases, which is pivotal for the me-
diation of a significant anti-tumor immune response.
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Background
Ectonucleotide pyrophosphatase 1 (ENPP1) was identified as the
extracellular hydrolase for cGAMP, the natural ligand for STING [1,2].
Multiple lines of evidence suggest cancer cells produce soluble extra-
cellular cGAMP, resulting in activation of CD14+ PBMCs, and subse-
quent production of IFNb in cell culture. Inhibition of ENPP1 and
ionizing radiation further increase extracellular cGAMP concentra-
tions and anti-cancer immunity in mice. Genetic knockout of ENPP1,
in breast cancer cells or in the host, delayed tumor progression, dem-
onstrating antitumor activity of ENPP1 deficiency. ENPP1 downregu-
lation correlated with survival advantage in breast cancer patients.
Here, systemic delivery of extracellular ENPP1 antagonists were
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evaluated in syngeneic mice tumor models alone and in combination
with ionizing radiation and/or immune checkpoint inhibitors.
Methods
Novel SMI to ENPP1 were synthesized and characterized. ANG-1084
and ANG-1623, were identified as leads, and tested for potency, se-
lectivity, stability, safety and PK. ANG-1623 was delivered at 50 mg/
kg/d systemically for 7-28 days in models of pancreatic adenocarcin-
oma, neuroblastoma, orthotopic TNBC, and colon carcinoma.
Results
ANG-1084 and 1623 have IC50 of <0.5 nM against human ENPP1
with cGAMP as substrate at pH7.6, and are selective against hENPP2/
3, PDEs, CEREP44 and stable in human and mouse microsomes. ANG-
1623 had no hits in a 468-kinase-screen at 1 uM, and its protein
binding was 66% and 55%, in human and mice, respectively. ANG-
1084 and 1623 did not have CYP liability and hERG IC50 was >25
uM. In addition, both were superior in potency, selectivity, and hERG
to the published ENPP1i QS-1. ANG-1623 at 50 mg/kg/day had single
agent activity in the Panc02 model, with 63% TGI (p<0.001) and 81%
TGI when combined with radiation (p<0.001, 5/15 tumor free). ANG-
1623 in combination with radiation and/or checkpoint inhibitors had
significant anti-tumor effects in Neuro-2a, orthotopic 4T1 or MC38
models.
Conclusions
Novel selective and potent small molecule inhibitors were designed
to inhibit extracellular ENPP1. Lead molecule ANG-1623 has desirable
properties of a drug and was subsequently tested in syngeneic mice
tumor models: 4T1, Panc02, Neuro-2a, and MC38, where it was ad-
ministered subcutaneously for 7 to 28 days. The drug was well toler-
ated and demonstrated significant anti-tumor activity alone or in
combination with radiotherapy and/or anti-PD-L1. Since ENPP1 an-
tagonists aim to preserve extracellular cGAMP produced by tumors
either naturally or induced by ionizing radiation, and are delivered
systemically, they may be promising alternatives to synthetic CDNs
that are restricted to intratumoral injections of surface tumors, and
pose challenges in optimal dose determinations.
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Background
The stimulator of interferon genes (STING)-pathway is a critical com-
ponent of the adaptive immune response against tumors. Aduro Bio-
tech is developing the synthetic cyclic dinucleotide (CDN) STING
agonist, ADU-S100 (MIW815), as a cancer treatment.
Methods
A dose-response analysis of intratumorally administered STING ago-
nists in syngeneic mouse tumor models was performed to determine
immunogenicity and tumor control.
Results
Data show that low to mid-range doses caused injected tumor col-
lapse and the activation and expansion of tumor-specific CD8 T cells.
In contrast, overstimulation of the STING pathway with high-doses of
ADU-S100 or more potent STING agonists failed to induce tumor-
specific CD8 T cells and caused disruption of tumor draining lymph
nodes. Blocking tumor necrosis factor-alpha (TNF-alpha) signaling re-
stored induction of tumor-specific CD8 T cells during overstimulation
of STING and preserved lymph node integrity.
Conclusions
These data demonstrate that the induction of anti-tumor CD8 T cells
is inhibited by TNF-alpha during overstimulation of the STING path-
way, suggesting that intervention in TNF-alpha signaling may
broaden the therapeutic window of STING agonists.
Ethics Approval
All animals were used according to protocols approved by Institu-
tional Animal Use Committee of
Aduro Biotech.
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Background
Stimulator of Interferon Genes (STING) is a major player in the initi-
ation of robust innate immune activation leading to initiation and
enhancement of a tumor-specific adaptive immunity. Several clinical
and pre-clinical studies employ modified cyclic dinucleotides, natural
STING ligands. Yet, relative instability and chemical nature limit their
use as systemic immuno-therapeutics. Herein, we present potent and
selective non-nucleotide, non-macrocyclic, small molecule direct
STING agonists, structurally unrelated to known chemotypes with po-
tential for systemic administration.
Methods
Binding to recombinant STING protein was examined using FTS, MST,
FP and crystallography studies. Phenotypic screen was performed in
THP-1 Dual reporter cells. Human macrophages (HMDM) and den-
dritic cells (HMDC) were differentiated from monocytes (obtained
from PBMC) in the presence of GM-CSF and GM-CSF/IL-4 for HMDM
and HMDC, respectively. Human T cells were isolated from PBMC, ac-
tivated with plate-bound anti-CD3/anti-CD28 and exposed to com-
pounds followed by viability and proliferation assessment using flow
cytometry. Mouse bone marrow-derived dendritic cells (BMDC) were
obtained from C57BL/6 or STING Gt mice and differentiated with
mIL-4 and mGM-CSF. Cell maturation marker expression and the
presence of phosphorylated forms of the STING pathway proteins
were assessed by flow cytometry and Western Blotting. BALB/c mice
were injected with compounds and the cytokine release was mea-
sured in the plasma. Additionally, mice were inoculated with CT26
cells and the compound was administered followed by the regular
tumor growth monitoring.
Results
Selvita’s agonists bind to all tested recombinant STING proteins: hu-
man, mouse, rat and monkey. Selvita’s compounds induce cytokine
responses and upregulate DC maturation markers on BMDC in low
nM range only in the presence of STING, confirming their high select-
ivity. They trigger pro-inflammatory cytokine release from human
PBMC and HMDC and induce dendritic cell maturation regardless of
the STING haplotype. In vitro repolarization of immuno-suppressive
M2d macrophages into pro-inflammatory M1-like phenotype was
demonstrated. The compounds have fine-tunable ADME properties
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with particularly good solubility, permeability, human plasma stability
and plasma protein binding. Systemic in vivo administration led to
robust upregulation of STING-dependent pro-inflammatory cytokines
suggesting immune activation which translated into efficacy in vivo
in subcutaneous CT26 model.
Conclusions
Selvita’s STING agonists activate STING-dependent signaling in both
mouse and human immune cells promoting anti-tumor immunity.
Treatment with Selvita’s STING agonists led to tumor growth inhib-
ition by engagement of the immune cells. The compounds show
good selectivity and in vitro ADME properties enabling development
for systemic administration as a single agent or in combinations with
immunotherapies or targeted agents.
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Background
STING pathway is a major innate immune sensing mechanism for the
detection of immunogenic tumors. We have recently shown that
STING signaling is heterogeneously regulated across human melan-
oma cell lines. While intact activation of STING signaling in a subset
of melanoma cell lines enhances their antigenicity, defects in STING
pathway limit their sensitivity to lysis by human melanoma tumor in-
filtrating lymphocytes (TIL) [1]. In addition, we have reported a high
incidence of STING gene methylation in a variety of tumors including
melanoma [2]. Based on these findings, we hypothesized that recon-
stitution of STING expression through DNA demethylation would res-
cue STING signaling in STING-defective melanoma cell lines and
could therefore promote antitumor T-cell activity.
Methods
Using methylation microarray analysis, we identified human melan-
oma cell lines with aberrant STING promoter methylation across a
panel of 16 cell lines and subjected them to treatment with the DNA
methyltransferase inhibitor 5-aza-2’-deoxycytidine (5AZADC). We next
evaluated the induction of STING expression by immunoblot. We
assessed phosphorylation of IRF3 and induction of IFN-beta and
CXCL10 in 5AZADC-treated melanoma cells following their stimula-
tion with the STING agonist 2’3’-cGAMP. We also co-cultured
5AZADC-treated melanoma cell lines with their HLA-matched human
melanoma TIL in the presence or absence of 2’3’-cGAMP and
assessed TIL production of IFN-γ.
Results
We identified 6 STING-negative human melanoma cell lines with high
levels of STING promoter methylation. Immunoblot analysis revealed
inhibiting DNA methylation by 5AZADC treatment can partially or
completely restore STING expression in all 6 cell lines. Stimulation
with 2’3’-cGAMP resulted in phosphorylation of IRF3 and induction of
CXCL10 (~1200 pg/ml, p < 0.01) and IFN-beta (~900 pg/ml, p <
0.0001) in 3 of 6 5AZADC-treated cell lines. In co-culture studies
5AZADC-treated melanoma cells stimulated up to a 4-fold increase in
TIL production of IFN-γ compared to untreated controls in the pres-
ence of 2’3’-cGAMP (510 to 2100 pg/ml, p < 0.05).
Conclusions
We provide evidence that DNA methylation is a major contributor to
the suppression of STING signaling in melanoma. Reconstitution of
STING expression through DNA demethylation can restore STING sig-
naling in STING-defective melanoma cell lines and promote antitu-
mor T-cell activity. Collectively, these observations argue that
targeting epigenetic loss of STING in melanomas should be
considered as a strategy to improve the efficacy of clinical interven-
tions using STING agonists.
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Background
The cGAS-STING (cyclic GMP-AMP synthase-stimulator of interferon
genes) pathway is becoming an important point of focus in the
expanding landscape of next-generation immunotherapies. STING
agonists can induce systemic anti-tumor immunity and thus may be
also synergistic with other immunotherapies (i.e. immune checkpoint
blockade, cancer vaccines, and CAR-T cell therapy). Importantly, a
functional cGAS-STING pathway may be essential for response to
oncolytic viral therapy. However, advanced stages of solid cancers
(i.e. melanoma and colon adenocarcinoma) frequently show loss of
STING or cGAS and would not be expected to respond to STING ago-
nists. Since STING agonists have now entered clinical trials, there is
an emerging need for predicting patient response which can accur-
ately classify patients according to STING or cGAS expression. Here,
we show application of a novel immunohistochemistry (IHC)-based
approach using fluorescent nanoparticles (Quanticell™) to deliver
highly sensitive and quantitative analysis of STING and cGAS within
the tumor contexture.
Methods
cGAS and STING expression were simultaneously detected in melan-
oma tissues using our novel fluorescent nanoparticle IHC approach
(Quanticell™). Serial sections were stained with chromogenic IHC to
correlate between the expression of cGAS/STING and the patterns of
tumor-infiltrating immune cells.
Results
Our results show that the Quanticell assay format enables a more ob-
jective and quantitative scoring of target proteins compared to
standard IHC assay formats. The ability to multiplex cGAS and STING
enables simultaneous quantitative analysis of these two critical
markers to characterize distinct patient phenotypes with tumors as-
sociated with diverse immune contexture.
Conclusions
We show that our technique quantitatively measures cGAS and
STING expression in cancer tissue biopsies with high sensitivity. The
multiplexed IHC format has immediate value for predictive and prog-
nostic application in STING agonist-based single/checkpoint inhibitor
combination therapies.
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Background
STING is a ubiquitously expressed innate immune sensor which is es-
sential for the production of host defence-related proteins including
type I interferons and proinflammatory cytokines that promote the
recruitment and effector activity of innate and adaptive immune cells
[1]. Targeted activation of STING and the associated release of type I
interferons can enhance the sensitivity of antigen presenting cells to
neoantigens and promote their ability to prime T cell-based anti-
cancer immune responses [1,2]. This can lead to the establishment of
T cell inflamed tumor microenvironments that are more susceptible
to the anti-tumor effects of checkpoint blockade therapy [3]. The
Cancer Therapeutics CRC (CTx) is developing direct small molecule
STING agonists that can be administered systemically as an adjunct
to immune checkpoint antibody therapy.
Methods
A phenotypic screen was run using an IRF3-luciferase reporter cell
line looking for activation of Type I Interferon genes when screened
against CTx small molecule libraries. Validated hits were deconvo-
luted by STING SPR to confirm direct STING binding. A mature medi-
cinal chemistry program is underway with an established screening
cascade including in vitro target engagement and primary cell func-
tional assays, structural biology, in vivo PK/PD, and efficacy assays to
determine mechanism(s) of action and demonstrate therapeutic
index.
Results
CTx has developed potent drug-like small molecule STING agonist
compounds that show direct STING binding. Cellular activity is
dependent upon STING (inactive in STING-/- cells), independent
of cGAS (active in cGAS-/- cells), and can be blocked by TBK1 in-
hibitors. Compounds show activity in primary mouse and human
cells across a range of STING variants. Dose-dependent in vivo
PD biomarker responses, including increased plasma IFN-β levels,
were seen when administered intravenously (I.V) or intratumorally
(I.T). In vivo, single agent efficacy of CTx STING agonists has been
tested in multiple syngeneic mouse models of solid cancer. Treat-
ment via I.T or I.V administration was well tolerated and evoked
therapeutically beneficial immune-mediated anti-tumor responses.
Successful induction of immunological memory, in response to
STING agonist treatment was demonstrated in tumor-rechallenge
experiments. In less responsive models, where intermediate effi-
cacy was observed, increased tumor growth control could be
achieved by co-treating mice with our STING agonist and anti-
PD-1 antibody therapy.
Conclusions
CTx has a mature STING agonist program that has successfully pro-
duced direct STING activators that can promote primary DC function
and elicit immune-mediated anti-tumor responses in mouse models
of solid cancer.
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Background
Previous work from our laboratory has shown that tumors activate
the STING pathway in antigen-presenting cells. STING signaling leads
to IFN-β production which is required for T cell priming through den-
dritic cells. While the best defined transcription factor for IFN-β gene
expression is IRF3, other transcriptional regulators also contribute, in-
cluding NF-κB. Enhancing STING activation and downstream IFN-β
production has therapeutic potential, and STING agonists are cur-
rently being evaluated in clinical trials. However, innate immune acti-
vation in response to a pathogen rarely occurs by activating only
one signaling pathway, and targeting multiple pathways may lead to
more robust activation. Activating multiple innate immune pathways
similar to a natural infection could improve the therapeutic efficacy
of STING agonists.
Methods
In vitro experiments were performed using macrophages and bone
marrow-derived dendritic cells stimulated with the STING agonist
DMXAA alone or in combination with several TLR agonists. Cells were
subjected to several downstream analyses, including qPCR, Western
blotting, and immunofluorescent imaging to visualize transcription
factor localization.
Results
Each innate immune agonist was titrated to identify the dose in-
ducing maximal IFN-β expression. DMXAA induced greater peak
IFN-β expression than any individual TLR agonist. After testing
several combinations, we found that LPS + DMXAA induced sig-
nificantly greater IFN-β transcription than the sum of either agon-
ist alone. To explain this synergy, we assayed each step of STING
pathway signaling. Initial activation leads to STING aggregation,
and LPS did not increase STING aggregation beyond that induced
by DMXAA. Additionally, LPS did not increase IRF3 phosphoryl-
ation nor IRF3 nuclear translocation in combination with DMXAA.
Rather, LPS increased the phosphorylation and nuclear transloca-
tion of the NF-κB subunit p65. These results suggest that the syn-
ergy in IFN-β production is achieved through IRF3 activation
downstream of STING signaling and NF-κB activation downstream
of TLR4 signaling. Additional mechanistic experiments are
ongoing.
Conclusions
TLR activation by LPS synergized with STING signaling to augment
IFN-β production beyond the level of either agonist alone. Mechanis-
tically, STING pathway activation preferentially signals through IRF3
whereas TLR4 pathway activation preferentially signals through NF-
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κB. Combining activation of these pathways could improve the in-
nate immune response in a way that is therapeutically beneficial.
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Background
Activation of the STING pathway by direct intra-tumoral administra-
tion of synthetic cyclic dinucleotide (CDN) agonists has shown anti-
tumor activity in animal models and early stage human clinical trials.
At higher doses CDNs induce local tissue damage due to non-
selective uptake into cells at the injection site, including ablation of
immune effector cells (CD8+ T cells and Antigen Presenting Cells
[APC])[1]. CDN administration has been shown to result in a bell-
shaped dose response curve, wherein anti-tumor effects are lost at
high doses [1]. We have developed a novel engineered exosome
therapeutic candidate, exoSTING™, which selectively activates the
STING pathway in tumor-resident APCs demonstrating greater po-
tency than free CDN and without immune ablation.
Methods
Exosomes were engineered to overexpress PTGFRN, an exosome sur-
face protein, and loaded ex vivo with a proprietary CDN. In vivo
pharmacodynamics (PD) and anti-tumor responses were demon-
strated in a B16F10 syngeneic mouse model and ex vivo histo-
culture of human tumor explants (head and neck squamous cell car-
cinoma [HNSCC] and non-small cell lung cancer [NSCLC] patients)
was utilized to evaluate PD after intra-tumoral administration.
Results
ExoSTING™ was preferentially taken up by differentiated macro-
phages and dendritic cells. In vitro proliferation studies showed a
100-fold increase in potency of macrophage activation by exoSTING™
treatment compared to free CDN. In contrast, T-cells failed to take up
exosomes and were not activated by exoSTING™. We have shown
that intra-tumoral administration of exoSTING™ in B16F10 tumors
preserves the viability of T-cells and APCs, reduces collateral tissue
damage, and eventually recruits more T-cells into tumors, whereas
free CDN induces immune cell ablation. NanoString gene expression
analysis showed increased immune cell-related gene signatures in tu-
mors after dosing with exoSTING™ but not free CDN exposed tumors.
ExoSTING™ produced a systemic tumor-specific T-cell response as
demonstrated by growth inhibition of non-injected distal tumors,
which was further enhanced by combination with anti-PD1 check-
point blockade. Activity of exoSTING™ was also examined in ex vivo
human tumor histo-culture. ExoSTING™ induced IFNβ mRNA expres-
sion in a dose-dependent manner and induced more IFNβ, CXCL9,
CXCL10, and IFNγ mRNA expression than equivalent amounts of free
CDN.
Conclusions
ExoSTING™ is an engineered exosome therapeutic candidate that
specifically targets the STING pathway in APCs in the tumor micro-
environment, resulting in enhanced PD effects, avoidance of T cell
uptake and enhanced anti-tumor immune responses compared to
free CDN. Human clinical testing is planned to begin in the first half
of 2020.
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Background
Cyclic dinucleotides (CDN) – agonists of Stimulator of IFN genes –
can initiate potent anti-tumor immunity due in part to activation of
antigen presenting cells [1]. Recent studies have highlighted the role
of CDN dose in governing the involvement of CD8+ T cells in anti-
tumor immune response [2]. Intratumoral CDN co-therapy with sys-
temic anti-PD-1 checkpoint blockade in bilateral 4T1 mammary car-
cinoma flank tumors results in regression of injected and distal
tumors [2]. However, dual flank models largely ignore the role of the
orthotopic tumor microenvironment, the natural process of meta-
static development, and the impact of surgical resection – a predom-
inant intervention in breast cancer [3].
Methods
We employed a surgical resection model of metastatic 4T1 mammary
carcinoma to examine the effects of surgery and lung metastasis on
CDN efficacy. 4T1-luciferase cells were inoculated in the mammary
fat pad on Day 0, palpable tumors were then treated with immuno-
therapy starting on Day 6, any remaining primary tumor was surgi-
cally resected on Day 15, and mice were monitored for metastases
by luciferase imaging. Intratumoral bisphosphorotioate 2’3’ c-di-AMP
(CDN) was combined with systemic administration of mouse serum
albumin IL-2 fusion protein (MSA-IL2) and anti-PD-1 followed by pri-
mary tumor growth measurements and monitoring for overall sur-
vival. AH1 tetramer staining of PBMC was utilized to monitor
antigen-specific CD8+ T cells.
Results
In mice bearing established 4T1-luciferase tumors, administration of
three CDN doses results in no cures if surgical resection is not per-
formed. When administered prior to surgical resection CDN monother-
apy yields a 20% cure rate and enhanced median overall survival
compared to untreated mice (median survival 44.5 days vs 38 days, p=
0.0026). Combination of CDN with MSA-IL2 and anti-PD-1 further im-
proves survival, with 60% of mice surviving long-term. Using a
tdTomato-expressing tumor line we find increased numbers of tdTo-
mato+ CD103+ DCs in the tumor draining lymph node of CDN + MSA-
IL2 + anti-PD-1-treated mice compared to CDN alone (p=0.016), indica-
tive of enhanced antigen uptake. After surgical resection, triple
combination-treated mice displayed higher levels of AH1-specific CD8+
T cells in the blood compared to CDN or CDN + anti-PD-1 treated mice.
Upon rechallenge, AH1-specific T cells remain elevated in the combin-
ation group; however, complete rejection was not observed.
Conclusions
Our findings suggest that CDN monotherapy is less effective in the
recurrent, orthotopic model of 4T1 mammary carcinoma than in flank
tumors, but combination with systemic immunotherapy can improve
immune control of both primary and metastatic disease.
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Background
Stimulator of interferon genes (STING) is a master regulator of inter-
feron (IFN)-mediated immune responses, and the cGAS-STING path-
way plays an essential role in detection of aberrant cytosolic DNA
fragments. The cascade of type I IFNs and pro-inflammatory cyto-
kines that are produced following STING activation serve to bridge
the innate and adaptive immune systems, and trigger potent anti-
tumor immunity. STING is thus a promising therapeutic target in can-
cer and several STING agonists are currently in clinical development,
though most are suitable only for intratumoral (i.t.) rather than sys-
temic administration. We have previously shown that TTI-10001, a
novel non-cyclic dinucleotide (CDN) small molecule STING agonist,
potently induces the STING pathway in vitro and results in robust
anti-tumor activity in vivo following i.t. administration. Here we report
that TTI-10001 is well tolerated and demonstrates potent anti-tumor
monotherapy activity in mice after oral or intravenous (i.v.) dosing.
Methods
TTI-10001 was administrated as a single dose (oral, i.v., or i.t.) to
MC38 tumor-bearing mice and plasma or tumor samples were col-
lected for pharmacokinetic (PK)/pharmacodynamic (PD) analysis. Re-
peat administration (oral, i.v., or i.t.) of TTI-10001 was used for
maximum tolerated dose (MTD) studies or efficacy studies in single
or dual flank MC38 tumor-bearing mice. Off-target effects were
assessed using the SafetyScreen44™ panel.
Results
Mice dosed with TTI-10001 demonstrated favorable drug exposure
with excellent oral bioavailability (85%) and a long tumor retention
time (T1/2: ~ 4-8h) following all three routes of administration. Treat-
ment with TTI-10001 induced dose-dependent expression of pro-
inflammatory cytokines in tumors including interferon beta, tumor
necrosis factor α, and interleukin 6. No significant off-target effects
were observed in vitro. TTI-10001 was well tolerated in mice with no
weight loss or overt morbidity after repeated systemic dosing. Po-
tent, dose-dependent anti-tumor efficacy in the MC38 syngeneic
mouse tumor model was observed when TTI-10001 was administered
at doses below the MTD using all three modes of delivery.
Conclusions
TTI-10001, a novel non-CDN small molecule STING agonist, is well tol-
erated in vivo and displays an excellent PK/PD profile that results in
potent anti-tumor activity by i.t., oral, and i.v. routes of administra-
tion. These data highlight the potential of TTI-10001 to achieve best-
in-class status among next generation STING agonists.
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Background
E3 ubiquitin ligases play critical roles in directing cellular protein
fate by controlling the specificity of ubiquitin conjugation to sub-
strate proteins and targeting them for cellular localization or deg-
radation by the ubiquitin proteasome system. The E3 ubiquitin
ligase CBL-B is expressed in immune cell lineages and negatively
regulates activity of the T-cell receptor (TCR) through substrate
proteins that impose a requirement for a costimulatory signal to
mount a productive immune response upon TCR engagement.
Mice deficient in Cbl-b or lacking CBL-B ligase activity demon-
strate a tumor rejection phenotype mediated by CD8+ T cells
(1,2). CD4+ and CD8+ T cells from mice deficient in Cbl-b have 5
to 10-fold enhanced secretion of IL-2 and IFN γ when stimulated
ex vivo. Cbl-b deficient mice also demonstrate enhanced NK cell
function (3). These data provide a genetic rationale for the devel-
opment of a small molecule inhibitor of CBL-B ligase activity for
use in patients with tumor-mediated immune suppression of ef-
fector T cells.
Methods
We have identified a series of small molecule inhibitors of CBL-B
activity with biochemical potency at low nanomolar concentra-
tions. CBL-B inhibitors enhanced in vitro T cell activation mea-
sured by cytokine secretion at low nanomolar concentrations in
primary human and mouse T cells stimulated with anti-CD3/anti-
CD28 or anti-CD3 alone.
Results
Furthermore, the compounds increased antigen recall responses in
human PBMCs. CBL-B inhibitors also amplified T cell responses in
models of anergy and exhaustion, with greater effects observed
when combined with a checkpoint inhibitor. The CBL-B inhibitors
also enhanced cytokine response in primary human NK cells mea-
sured by TNFα and IFNγ secretion. Oral dosing of an optimized CBL-B
inhibitor enhanced anti-CD3 stimulated T cell activation in mouse
CD4+ and CD8+ T cells, demonstrating a dose proportional pharma-
codynamic effect.
Conclusions
These data support the continued advancement of small molecule
oral CBL-B inhibitors for future development in immuno-oncology.
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Background
While ICPIs (immune checkpoint inhibitors) have fundamentally changed
the practice of cancer therapy for tumors arising from many different tis-
sues, ways to increase both response rate and durability are critically
needed. Combining stimulators of innate immunity with activators of
adaptive immunity should lead to better treatment outcomes. We have
therefore created a series of novel orally administered, systemically acting
Toll-like receptor 7 (TLR7) agonists for long-term combination therapy
with enhancers of adaptive immunity like ICPIs. Our molecules incorpor-
ate a set of atypical properties critical to achieving this product profile [1].
Methods
Key assays in our testing cascade include:
• Cellular reporter assays and human PBMC assays to evaluate select-
ivity, potency and other characteristic aspects of cellular pharmacol-
ogy (e.g. targeted cytokine and chemokine profiles)
• Characterization in cynomolgus monkeys
—Appropriate PK with active TLR7 agonist
—Efficient oral delivery into systemic circulation with prodrugs of the
TLR7 agonist
—Targeted pharmacodynamic response at relevant oral dose (gating
for candidate selection)
Additional descriptive assays include:
• Evaluation of potency and cellular pharmacology in monkey PBMCs
• In vitro predictors of pharmacokinetics and safety
• Pharmacodynamic response in rodents
• Antitumor activity in syngeneic rodent tumor models
Results
While TLR7 agonists having appropriate potency and specificity were dis-
covered early in our program, systemic oral delivery even with an opti-
mized prodrug approach was relatively poor. Modification of the lead
TLR7 agonist itself increased efficiency of oral delivery by the prodrug
from 14% for Compound A to 99% for Compound C (Figure 1) while also
modestly increasing potency in PBMC assays. Surprisingly, Compound C
is significantly less potent in monkey plasmacytoid dendritic cells (PDCs)
than in human PDCs. Consequently doses of the prodrug of Compound
C eliciting our targeted degree of immune induction in cynomolgus
monkeys are higher than anticipated. In contrast, Compound B has
equivalent potency in human and monkey PBMC assays. While either of
these compounds may be suitable for development, we continue to in-
vestigate additional compounds that retain the preferred features found
in Compounds B and C while having greater potency in cellular assays.
Conclusions
From our original starting point - a relatively weak TLR7 agonist with no
oral bioavailability - we have invented a novel series of molecules that
are designed to be dosed QOD continuously over a 24-month period to
appropriately engage innate immunity at a level that is well-tolerated by
the patient while increasing treatment response rate and durability.
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Background
TLR7 agonists boost immune responses in the tumor microenvir-
onment (TME), primarily through dendritic cell (DC) engagement,
enhancement of antigen presentation and T cell co-stimulation.
However, multiple TLR agonists have displayed unfavorable PK/PD
profiles and considerable toxicities upon systemic administration.
Instead, we designed a T cell mediated delivery system of TLR7
agonists that target TME and the lymphatic system to maximize
efficacy while avoiding systemic toxicities. Torque’s Deep-Primed™
T cell technology enhances T cell function through tethering of
immune modulators to the cell before adoptive cell transfer
(ACT) and uses Torque’s multi-targeted T cells (MTC) platform
that targets multiple tumor antigens. By transporting payload to
antigen-expressing tissues, Deep-Primed™ MTC’s focus the effect
of the immunomodulators on these tissues. Here, we show that
Deep TLR Primed T cells delivering TLR7 agonists induce potent
immune cell activation in the TME and elicit exquisite anti-tumor
efficacy without overt toxicity.
Methods
TLR7 agonists and several liposomal formulations were screened for
optimal T cell tethering and release, measured by HPLC. Formulations
with desired characteristics were tethered to murine PMEL CD8 T
cells specific for the B16-F10 melanoma antigen gp100 to generate
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Deep TLR Primed T cells. Following ACT into immunocompetent syn-
geneic tumor-bearing animals, the T cell product was evaluated for
efficacy and immune cell activation.
Results
ACT with Deep TLR Primed PMEL T cells inhibited tumor growth sig-
nificantly more than ACT of PMEL T cells alone or combined with sys-
temically delivered TLR agonists. Deep TLR Primed cells displayed
higher proliferation but lower PD-1 expression in blood and tumors
and caused a trend towards an increase in CD8+ DC, plasmacytoid
DC, and MDSC in the TME. Despite their remarkable efficacy, ACT of
Deep TLR Primed PMEL T cells caused no treatment-specific weight
loss and elicited substantially lower levels of plasma IFNg and IL-12
than systemic TLR7 agonist delivery.
Conclusions
Deep TLR Primed T cells display superior efficacy, PD, and safety
compared to T cells alone or co-administered with systemic TLR ago-
nists. Torque’s Deep-Primed™ technology allows the delivery of small
molecules to the TME, with controlled doses. Compared to intratu-
moral delivery, agonist delivery via Deep-Primed™ tumor antigen-
specific autologous T cells can target a wider variety of tumors, in-
cluding distant metastases. It has the potential to improve agonist
PK profile through sustained delivery over time in TME and draining
lymph nodes, with limited systemic exposure.
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Background
Expression of T-cell checkpoint receptors occurs following T-cell acti-
vation during exhaustion, and ligation of these receptors can impair
T-cell function and anti-tumor immunity [1]. We previously found
that T cells activated with cognate antigen upregulate the expression
of PD-1, and the expression of PD-1 can be attenuated by the pres-
ence of specific Toll-like receptor (TLR) agonists [2,3]. This effect was
mediated by IL-12 secretion from professional antigen presenting
cells and resulted in CD8+ T cells with greater anti-tumor activity. In
the current report, we sought to determine whether multiple TLR ag-
onists can affect the expression of T-cell checkpoint receptors.
Methods
Splenocytes were isolated from OT-1 mice and stimulated with chicken
ovalbumin peptide (SIINFEKL) in the presence of different combinations
of TLR agonists for 4 days. Cells were collected daily and evaluated for
expression of a marker of activation (4-1BB) and T-cell checkpoint re-
ceptors (PD-1, CTLA-4, CD160, CD244, LAG-3, TIM-3, TIGIT and VISTA) by
flow cytometry. Purified dendritic cells were stimulated with these com-
binations of TLR agonists and evaluated for IL-12 release by ELISA.
Results
Activation of CD8+ T cells in the presence of specific TLR ligands re-
sulted in decreases in expression of PD-1 and/or CD160 and in-
creases in CTLA-4. These changes in T-cell checkpoint receptor
expression were modestly affected when TLR ligands were used in
combination. Similarly, stimulation of DC with several TLR agonists
resulted in secretion of IL-12 that was modestly increased by com-
bination treatment.
Conclusions
Multiple TLR agonists can modulate the expression of T-cell check-
point receptors, notably PD-1 and CTLA-4. These data may provide
rational combinations of TLR ligands that could be investigated as
vaccine adjuvants, alone or in combination with T-cell checkpoint
blockade, to improve the efficacy of anti-tumor vaccines.
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Background
Although immune checkpoint blockade therapy (ICT) contributed
remarkably to elevated survival rate and durable tumor remis-
sion for the past decade, several limitations of ICT such as that
only partial patients have corresponded to those therapeutic in-
terventions have appeared. Therefore, recently, the need for
combination therapies have been emerged to improve the re-
sponse rate of ICT and elicit robust antitumor immunity. In the
tumor microenvironment, multiple immunosuppressive immune
cells (e.g. Treg, tumor-associated macrophage (TAM), MDSC) res-
ide and they hamper antitumor immunity. Specifically, TAMs
have been intensively studied to turn immunosuppressive micro-
environment into an immunosupportive one, since they have
plasticity in phenotypes (i.e. immunosupportive M1 macrophages
and immunosuppressive M2 macrophages). In the tumor micro-
environment, the dominant phenotype of TAMs are M2-like TAM,
and they hinder the effector function of cytotoxic T lymphocytes
(CTL) and NK cells. In this respect, we developed the polymeric
nanocarrier for the targeted repolarization of M2-like TAMs to-
ward tumoricidal M1-like TAMs to enhance the tumor targetabil-
ity, reduce systemic adverse effects, and reinvigorate antitumor
immunity.[1-3]
Methods
For in vitro studies, bone marrow-derived macrophages (BMDMs)
were prepared as previously reported. To conduct in vivo studies,
CT26-bearing mice were prepared and the tumor-infiltrating leuko-
cytes were separated using MACS for further flow cytometric
analysis.
Results
The polymeric nanocarrier (TR-NP) to target M2-like TAMs was
successfully prepared by the layer-by-layer assembly, resulting in
145 nm of hydrodynamic diameter. TR-NPs targeting IL-4R alpha
selectively demonstrated the enhanced uptake by M2-polarized
BMDMs and effectively deliver the TLR agonists. As the main pur-
pose of this study is to repolarize M2-like TAMs toward M1-like
TAMs, we carried out in vitro flow cytometric analysis for macro-
phage markers. Upon treatment of TR-NPs, the expression levels
of M2 markers (CD206, Arginase) decreased and the expression
levels of M1 markers (iNOS, CD86, MHC II) increased, compared
with untreated macrophages or free TLR agonist. Furthermore, we
performed in vivo antitumor efficacy for combination therapy
with PD-L1 antibody to assess the improvement of ICT. Conse-
quently, TR-NP treatment showed an increased population of M1-
like TAMs, CD8+ T cell in the tumor tissue, leading to effective
combination therapy.
Conclusions
In this study, we designed the polymer nanocarrier that targets
TAMs and repolarizes them toward M1-like macrophages. The TR-
NPs successfully altered M2-like macrophages to anti-tumoral
ones, thereby inhibiting the cancer cell proliferation. Conse-
quently, TR-NP treatment provided immune-activating microenvir-
onment by TAM repolarization and CTL infiltration in vivo,
suggesting the potential as an immune adjuvant for combination
therapy with ICT.
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Background
Difficultly translating therapeutic vaccination success from mur-
ine models to the clinical treatment of cancer has highlighted
the need for vaccination strategies that may be more broadly
applicable. To address this problem, we developed an in situ
vaccination strategy to adjuvant tumor cells directly, utilizing
the tumor itself as the antigen source in initiating tumor-
reactive cellular responses. Our engineered vaccine is comprised
of a novel polymeric TLR7-agonist (pTLR7) [1] chemically linked
to tumor-binding antibodies. We hypothesized that following
intratumoral administration, our pTLR7-(tumor-binding antibody)
conjugates (pTLR7-tAbs) would bind to surface molecules
expressed by tumors, thereby increasing persistence of the ad-
juvant within the tumor. Given the ease of conjugation of
pTLR7 to various antibodies, our in situ pTLR7-tAb vaccination
platform is tunable in specificity from highly tumor-specific to
widely applicable, depending on the choice of antibody used.
For generalizability between tumor models, we selected an anti-
CD47 antibody to create anti-CD47-pTLR7 conjugates for testing
our vaccination.
Methods
Efficacy studies were conducted in poorly immunogenic orthotopic
murine tumor models of EMT6 breast cancer and B16F10 melanoma.
Biodistribution and intratumoral retention studies were conducted
using an in vivo imaging system (IVIS). Intratumoral T cell and anti-
gen presenting cell numbers, frequencies, and activation phenotype
were assessed via flow cytometry.
Results
Tumor retention studies tracking fluorescently labeled pTLR7-tAbs
showed pTLR7-tAbs are retained within the tumor microenviron-
ment (TME) 3-fold longer than isotype control antibody-pTLR7
constructs. Interestingly, following vaccination, pTLR7-tAb treated
tumors showed increased numbers and activation of intratumoral
antigen presenting cells (APCs). Assessment of tumor infiltrating
lymphocytes (TIL) showed pTLR7-tAb vaccination stimulated
tumor antigen TRP2-specific T cell responses in the B16F10 mel-
anoma model and converted these immunologically ‘cold’ tumors
into T cell inflamed tumors, with increased numbers of CD4+ and
CD8+ T cells. Strikingly, we observed complete remission (CR) in
50% of ‘cold’ immune-excluded EMT6 breast cancer tumors and
delayed tumor progression of B16F10 melanoma after treatment
with pTLR7-tAbs (p
Conclusions
Together, these data support the use of our pTLR7-tAb platform for
in situ vaccination and as a therapeutic tool for enhancing anticancer
immunity.
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Background
Depending on the origin of the primary lesion, patients with dis-
tant metastases of aggressive solid tumors have traditionally been
deemed incurable. A complete abscopal effect, or cure, is a rare
exception rather than the rule. This is secondary to cancer stem
cells providing resilience to treatment and propensity to recur
after remission [1]. Harnessing the potential of the immune sys-
tem to recognize and destroy malignant cells harboring tumor
antigens may allow stage 4 cancer to be completely eliminated
from the body [2, 3]. This report describes a case of diffuse liver
metastases from advanced breast cancer; eliminated immuno-
logically by intratumoral injection of immunostimulatory pharma-
cotherapy. α-OX40 refers to a stimulatory monoclonal antibody
with a dual mechanism of action on T cells designed to potenti-
ate long-term immunity. Activating the OX40 protein triggers a
sustained immune response in effector T cells while also potenti-
ating the demise of regulatory T cells. Intratumoral α-OX40 was
shown to work synergistically with intratumoral CpG, a toll-like re-
ceptor 9 agonist, in a mouse model of breast cancer [4]. To our
knowledge, this is the first report of an α-OX40 antibody adminis-
tered intratumorally, in vivo, in a human patient.
Methods
Two liver metastases were treated with combination immunotherapy
suspended in montanide, an oil adjuvant. A combination of α-OX40,
CpG, ipilimumab, and ketolorac was injected into two accessible,
dominant, hepatic lesions under computed tomography guidance
with general anesthesia. A CT scan was performed 6 weeks post-
procedure, and a PET/CT was performed 12 weeks post-procedure.
Tumor markers CA125, CA27.29, and CA15.3 were monitored weekly
for 12 weeks post treatment.
Results
No suspicious uptake was noted anywhere in the body on the 12-
week post-procedure PET/CT. Complete abrogation of all diffuse liver
metastases was documented at that time. At 12 weeks post treat-
ment tumor markers CA125 decreased by 98% to 35 from a baseline
of 1767, CA27.29 decreased 93% to 112 from a baseline of 1511, and
CA15.3 decreased 93% to 56 from a baseline of 821.
Conclusions
Intratumoral injection allows a much higher proportion of immuno-
therapy to directly interact with the tumor microenvironment com-
pared to intravenous injection. With intratumoral dosing of
multimodal immunotherapy an order of magnitude less than intra-
venous dosing, a patient with stage 4 breast cancer was able to
achieve complete immunologic tumor elimination at 12 weeks
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follow-up. This durable abscopal effect remains complete 20 weeks
post-treatment.
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Background
Local delivery of pattern recognition receptor agonists (PRRAs) to
the tumor microenvironment (TME) stimulates innate immune
sensors such as toll-like receptors (TLR) and can enhance antigen
uptake and presentation, induce proinflammatory immune cell re-
cruitment, and reverse tumor-associated immunosuppression (1,
2). Local delivery of PRRAs, such as STING or TLR agonists, has
shown encouraging preclinical and clinical anti-tumor benefit (3-
5). However, current approaches to deliver PRRAs to the TME suf-
fer from the lack of local retention in the TME and rapid drug
clearance, thus limiting anti-tumor benefit, promoting systemic
treatment-related adverse events (e.g. cytokine storm), and neces-
sitating frequent and often impractical dosing regimens. Addition-
ally, systemic toxicity associated with current PRRA treatments
may limit combination therapies (2, 6).
Methods
Given the need for safe and effective intratumoral therapies, we de-
veloped a sustained-release TransCon™ (refers to “transient conjuga-
tion”) TLR7/8 Agonist prodrug by conjugating resiquimod to a
hydrogel via a TransCon linker to provide consistent intratumoral re-
lease of unmodified resiquimod.
Results
In vivo pharmacokinetics in rodents, following local injection of
TransCon TLR7/8 Agonist, showed long-term resiquimod release over
several weeks with minimal systemic exposure compared to an
equivalent dose of unconjugated resiquimod. Intratumoral injection
of TransCon TLR7/8 Agonist also demonstrated prolonged release.
Furthermore, in a syngeneic tumor model, a single intratumoral injec-
tion of TransCon TLR7/8 Agonist mediated significant tumor growth
inhibition and was associated with significantly lower systemic proin-
flammatory cytokine induction when compared to an equivalent
dose of unconjugated resiquimod. Intratumoral delivery of TransCon
TLR7/8 Agonist was well tolerated and mediated tumor growth inhib-
ition in a dose-dependent fashion. Finally, in a bilateral syngeneic
tumor model, TransCon™ TLR7/8 Agonist mediated significant tumor
growth inhibition in both injected and non-injected tumors as a
monotherapy and when combined with systemic IL-2 treatment.
Conclusions
These data provide strong evidence that a single dose of TransCon
TLR7/8 Agonist can mediate long term local release of unmodified
resiquimod with minimal systemic exposure and systemic pro-
inflammatory induction compared to an equivalent dose of unconju-
gated resiquimod. Moreover, TransConTLR7/8 has potent anti-tumor
effects as a monotherapy and in combination with cytokine therapy,
suggesting further evaluation as a monotherapeutic and in combin-
ation with other immunotherapies is warranted. TransCon TLR7/8
Agonist represents a potentially novel PRRA therapy class that may
overcome the shortcomings of existing PRRA treatments by provid-
ing a potent anti-tumoral response and reducing adverse events re-
lated to systemic drug exposure.
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Background
Analysis of current data with cancer vaccines suggests that the lack
of efficacy is likely due to their two primary design challenges: 1.
Vaccines have little chance of destroying heterogeneous tumor cells
since they rarely induce polyclonal T-cell responses; 2. Even when
polyclonal T-cell responses have been successfully induced, they are
often directed against tumors where the target is absent (not
expressed). Recent mutated neoantigen-based vaccines (MNeoV) aim
to solve this latter issue, however only about 10-20% of selected epi-
topes proved to induce CD8+ T-cell responses in patients. In
addition, development of MNeoV for commercial use is challenging.
To overcome these limitations, we developed PASCal for improved
selection of peptides (epitopes) that induce T-cell responses targeted
against heterogeneous tumor cells.
Methods
PASCal operates by 3 moduls: (1) validated epitope database contain-
ing 108 true HLA-epitope pairs (2) Expression frequency-based
shared tumor antigen database established for 19 indications based
on >96,000 tumor biopsies. (3) Validated algorithm for the identifica-
tion of immunogenic peptides by the selection of personal epitopes
(PEPIs) binding to multiple autologous HLA alleles.[1,2] Using PASCal,
a library of 3,286 immunogenic 20mer peptides derived from 184
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antigens associated with 19 cancer indications -based on 16,000 sub-
jects’ HLA genotype (both class I&II alleles) was compiled. Personal
vaccines were selected and tested for 3 HLA-genotyped metastatic
cancer patients (with ovarian-, breast- and colorectal cancer). Im-
munogenicity of the vaccines was tested by IFN-γ ELISPOT. Signed in-
formed consent were obtained from each patient, including
allowance of publication.
Results
Personal cancer vaccines were selected to fulfill the following criteria:
12 immunogenic peptides derived from 12 different tumor-specific
antigens frequently expressed in the patient’s disease type, with the
expected number of expressed antigens on the patient’s tumor cells
of at least 3 (by statistical estimation). CD8+ T-cell responses were in-
duced by 97%, CD4+ T-cell responses by 85% of peptides, confirming
aimed polyclonal T-cell responses. Long-lasting CD8+ T-cell re-
sponses were detected ex vivo 4.5 months, in vitro 14 months after
last vaccination. Pre-existing T-cell reactivities were detected against
at least 25% of vaccine antigens demonstrating their presence in the
patients’ tumor, confirming the success of vaccine design strategy
aiming to induce polyclonal T-cell responses against at least 3 anti-
gens expressed by the tumor.
Conclusions
PEPIs outperform reported immunogenicity of mutated neoantigen-
based personal vaccines and induced unprecedented immune re-
sponses in cancer patients. The „off-the-shelf” personalized approach
with PASCal enables commercially scalable vaccine development,
without need for tumor biopsy and on-demand manufacturing.
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Background
Neoantigens are mutated tumor antigens that make attractive tar-
gets for immunotherapy as they are recognized as foreign by the im-
mune system. While considered as the optimal strategy for targeting
immune tumor killing while minimizing risks of autoimmunity, identi-
fication of true neoantigens has been elusive due to poor predictive
value of in silico selection. ATLAS™ is a T cell response profiling plat-
form that does not use predictive methods, but instead employs
high-throughput ex vivo screening of putative neoantigens using au-
tologous antigen presenting cells and T cells. Antigens are character-
ized as stimulatory or inhibitory by significant up- or downregulation
of inflammatory T cell cytokine secretion relative to controls. Neoanti-
gen identification using an autologous cell assay allows differenti-
ation of desired as well as potentially unwanted antigen-specific T
cell responses that are biologically-relevant to the patient.
Methods
ATLAS screening of the B16F10 melanoma mutanome was per-
formed, consisting of whole exome sequencing, non-synonymous
mutation library construction, and screening of splenic CD8+ T cells
from tumor-bearing C57BL/6 mice. Stimulatory or inhibitory neoanti-
gens that modulated secretion of IFNγ and/or TNFα were identified
and corresponding synthetic long peptides were evaluated in a
therapeutic B16F10 tumor challenge model. Vaccine immune re-
sponses were measured by ELISpot, flow cytometry and immunohis-
tochemistry, and animals were monitored for tumor growth and
survival.
Results
ATLAS screening of B16F10 melanoma identified 66 stimulatory and
57 inhibitory neoantigens, the majority of which were not predicted
by peptide binding affinity. Strikingly, when an adjuvanted antigen
cocktail containing a top stimulatory neoantigen was therapeutically
administered as monotherapy into tumor-bearing mice, tumor out-
growth was either significantly delayed or completely abrogated in
all mice (n=12). Conversely, therapeutic immunization with adju-
vanted inhibitory neoantigen peptides resulted in no benefit and in
some cases led to a significant increase in tumor growth kinetics rep-
resentative of tumor hyperprogression. Stimulatory antigen vaccin-
ation induced significant antigen-specific inflammatory T cell
responses, whereas T cell responses to inhibitory antigens were vari-
able. Immunohistochemistry analysis of hyperprogressing tumors in-
dicate reduced infiltration of CD8+ T cells.
Conclusions
Currently, the only method to reliably and comprehensively identify
neoantigen targets and rationally omit potentially deleterious anti-
gens is ATLAS screening using autologous cells. These studies dem-
onstrate proof of concept for ATLAS-based neoantigen vaccine
selection and establish a model for further mechanistic study. In a re-
cent interim analysis, 91% of vaccine neoantigens selected as stimu-
latory by ATLAS, elicited T cell responses in patients participating in
the GEN-009 Phase 1/2 clinical trial of a personalized cancer vaccine
(NCT03633110).
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Background
Androgen deprivation therapy is the primary treatment for recurrent
and metastatic prostate cancer. Androgen deprivation can also
modulate the immune system and cause effects such as T cell infil-
tration into the prostate, affect antigen processing and/or presenta-
tion and possibly affect T cell homeostasis. In previous studies, we
have shown that immunizing tumor-bearing mice using a DNA vac-
cine against the androgen receptor significantly slowed down tumor
growth compared to control. Furthermore, combining androgen
deprivation with vaccination against the AR further augments the
anti-tumor response compared to the AR vaccination alone. In this
study, we hypothesized that the timing of DNA vaccination with re-
spect to androgen deprivation treatment, may impact the efficacy of
the anti-tumor effect.
Methods
We implanted the androgen-responsive mouse prostate tumor line
MycCaP into 6 week old male FVB mice. The tumors were allowed to
grow for up to 32 days, then mice were treated with androgen
deprivation therapy (degarelix). Vaccines consisted of either the AR
ligand binding domain within the pTVG4 backbone (pTVG-AR), or the
pTVG4 backbone alone (control). Immunizations were either started
one week after tumor implantation (Vx→ADT), or one day following
androgen deprivation (ADT→Vx).
Results
Mice treated with AR vaccine before androgen deprivation (AR
→ADT) had slower tumor growth compared to the control plasmid
(pTVG4 →ADT) but not when vaccinated after ADT (ADT→Vx).
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Furthermore, when immunizations were given before androgen
deprivation and continued after androgen deprivation, the emer-
gence of castration resistance was further delayed.
Conclusions
These results have implications on the scheduling of androgen
deprivation with immunotherapy for the treatment of prostate can-
cer, and correspond to similar results observed in human clinical tri-
als with anti-tumor vaccines.
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Background
Recent advances in immunotherapy have confirmed that adaptive
immune responses can recognize and eliminate cancer cells. Past ap-
proaches using tumor-associated antigens have elicited poor im-
mune responses and the cancer vaccine field has shifted to single
nucleotide variant-derived neoantigens to avoid T-cell depletion by
central tolerance. These highly personalized vaccines are beginning
to show promise. We hypothesized that highly immunogenic target
antigens exist within the cancer genome and become aberrantly
expressed due to the epigenetic changes that accompany neoplasia.
We utilized markers of endogenous retroviruses (ERVs), which are
particularly abundant in repressed regions of DNA, to search for
novel, high-value melanoma antigens, to circumvent the need for
personalization.
Methods
We created a de novo pan-cancer transcriptome assembly with RNA-
seq reads from 31 cancer types obtained from TCGA. Transcript se-
quences were subsequently filtered to identify those containing ERV
elements. Next, they were subject to differential expression analysis
selecting those expressed in the melanoma patients compared to
normal tissues (utilizing GTEx data).
To discover bona fide antigens encoded by our melanoma-specific
transcripts, we interrogated the ORFs from these transcripts using
public and independently-generated mass spectrometry-based
immunopeptidomics data from melanoma samples. HLA-bound pep-
tides from these analyses matching the known proteome were re-
moved, and those peptides solely mapping to our predicted ORF
sequences were used to identify novel transcript-derived antigens
specifically expressed and presented in primary melanoma tissue.
Confirmation of tumor cell-specific expression of antigen-encoding
transcripts was carried out using RNAScope®. The ability of detected
epitopes from our discovered antigens to elicit an adaptive immune
response was assessed by characterization of antigen-specific T-cell
responses from naïve donors.
Results
Our de novo assembly revealed the presence of approximately 100
melanoma-specific transcripts encoding over 2,000 potential antigens
(ORFs). Interrogation of these ORFs against MS immunopeptidomic
datasets mapped HLA-bound peptides to dozens of ORFs, demon-
strating presentation of our novel antigens in multiple melanoma pa-
tient tissues.
RNAScope® revealed melanoma-specificity at the transcript level, with
little to no transcript expression identified across normal tissues.
Assessment of immunogenicity in naïve subject T cells revealed
strongly reactive T cells that were able to kill peptide-pulsed APCs,
indicating a lack of central-tolerance deletion of T cells specific for
these ERV-derived peptides.
Conclusions
We have identified a number of novel melanoma-specific antigens
that are shared among patients. T cells reactive for these antigens
can be detected in naïve subjects, and thus these antigens show
promise as candidates for development of off-the-shelf cancer
vaccine-based immunotherapies.
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Background
Diffuse intrinsic pontine glioma (DIPG) is one of the most lethal
pediatric brain tumors. DIPG is insensitive to chemotherapy and sur-
gically inaccessible, creating an urgent need for novel therapeutic ap-
proaches. We have been evaluating peptide vaccine
immunotherapies that target glioma-associated antigens (GAAs). En-
hancing the expression of these immunogenic GAAs and MHC I on
tumor cells may promote immune-mediated tumor recognition and
killing following peptide vaccine immunotherapy. DNA methyltrans-
ferase (DNMT) inhibitors have been shown to augment the expres-
sion of MHC, tumor antigens, and other immunosensitizing
molecules. Guadecitabine (SGI-110), a next-generation DNMT inhibi-
tor, has been developed to prolong tumor cell exposure to its active
metabolite, decitabine. In this study, we investigated whether SGI-
110 can immunosensitize glioma cells to peptide vaccine immuno-
therapy by enhancing their surface expression of MHC I and a GAA,
EphA2. [1-5]
Methods
We developed a novel C57BL/6-syngeneic DIPG model by culturing
cells from a Sleeping Beauty de novo DIPG induced in a neonatal
mouse using a K27M-mutated histone 3.3 plasmid and other onco-
genic plasmids. Murine SB-DIPG-11 and human DIPG cell lines were
treated with SGI-110 for 5 days. For vaccination, mice were intrader-
mally injected with 100μg each of HBV core128-140 (MHC-II, lab re-
stricted) and the GAA peptides hgp10025-33, mEphA2671-679, and
mEphA2682-689, emulsified in 40μg of poly(I:C) and IFA. Control mice
received HBV core128-140, also emulsified in poly(I:C) and IFA. Five
days after tumor injection, mice received 2.0 mg/kg/day of SGI-110
for 6 days.
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Results
Flow cytometry analysis showed that SB-DIPG-11 cells express both
MHC I (H-2Kb/H-2Db) and EphA2 on their surface. In vitro, treatment
of SB-DIPG-11 or C57BL/6-syngeneic GL261 cells with SGI-110 re-
sulted in a dose-dependent increase of MHC I and EphA2 surface ex-
pression. In vivo, subcutaneous administration of SGI-110 in
combination with an EphA2-targeted peptide vaccine significantly
prolonged the survival of mice bearing orthotopic DIPG-like tumors
compared with the control treatment. Stable EphA2 knockdown
reverted the survival benefit of SGI-110 in combination with peptide
vaccine. Analysis of dissociated tumor tissue by flow cytometry
showed elevated levels of MHC I and EphA2 in mice receiving SGI-
110 or SGI-110 and peptide vaccine.
Conclusions
Compared to control, combination therapy proved the most effect-
ive, significantly prolonging the survival of tumor-bearing mice.
Based on these data, we have begun evaluating whether subcutane-
ous or intracerebroventricular administration of the SGI-110 is more
effective in combination with peptide vaccine. Overall, SGI-110 may
sensitize children with DIPG to peptide vaccine immunotherapy.

Acknowledgements
his research was supported by funding from the Pediatric Brain Tumor
Foundation’s Project “All In” for DIPG, St. Baldrick’s Foundation, the National
Cancer Institute, the National Institute for Biomedical Imaging and
Bioengineering, the Pittsburgh Foundation’s Copeland Fund, and UPMC
Children’s Hospital of Pittsburgh’s Scientific Program.

References
1. Hargrave, D., Bartels, U., Bouffet, E. Diffuse brainstem glioma in children:

critical review of clinical trials. Lancet Oncol 2006; 7: 241-248.
2. Long, W., Yi, Y., Chen, S., Cao, Q., Zhao, W., Liu, Q. Potential New

Therapies for Pediatric Diffuse Intrinsic Pontine Glioma. Front Pharmacol
2017;
8: 1-13.
3. Griffiths, E.A., Choy, G., Redkar, S., Taverna, P., Azab, M., Karpf, A.R. SGI-110:

DNA Methyltransferase Inhibitor Oncolytic. Drugs Future 2013;
38: 535-543.
4. Srivastava, P., et al. Immunomodulatory action of the DNA

methyltransferase inhibitor SGI-110 in epithelial ovarian cancer cells and
xenografts.

Epigenetics 2015; 10: 237-246.
5. Wiesner, S.M., et al. De Novo Induction of Genetically Engineered Brain

Tumors In Mice Using Plasmid DNA. Cancer Res 2009; 69: 431-439.
Ethics Approval
The study was approved by University of Pittsburgh Ethics Board.

P682
AI-augmented design of effective therapeutic cancer vaccines and
adoptive cell therapies
Piotr Stepniak , Giovanni Mazzocco, MSc, Alexander Myronov, MSc, Iga
Niemiec, MSc, Katarzyna Gruba, MSc, Piotr Skoczylas, MSc, Anna Sanecka-
Duin, PhD, Michał Drwal, MSc, Jan Kaczmarczyk, PhD,
Ardigen S.A., Krakow, Poland
Correspondence: Piotr Stepniak (piotr.stepniak@ardigen.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P682

Background
The strong involvement of neoantigens-driven CD8+ T-cells is consid-
ered a substantial element of immune-mediated tumor rejection.
Neoantigens are, in fact, not subject to central immune tolerance
and may constitute ideal agents for eliciting tumor-specific immune
responses. For these reasons, neoantigens are rapidly gaining interest
[1] as central components of personalized cancer vaccines (PCVs), as
shown by the number of PCV clinical trials. One of the challenges in
the design of PCVs is that only a small fraction of potential neoanti-
gens arising from somatic mutations are immunogenic [2]. Several
aspects including highly individual antigenic landscape, restricted
number of targetable neoantigens per tumor, complex tumor subclo-
nal structure, private neoantigen-specific T-cell repertoire, presence
of inhibitory neoantigens, immune-escape mechanisms, etc. make
the prediction of effective neoantigens a particularly challenging
task.
Standard methods for the selection of neoantigens are typically
based on peptide-HLA (pHLA) binding prediction algorithms. Ad-
vances in pHLA elution and mass spectroscopy [3] make it possible
to identify pHLAs presented on the cell surface, which drives the de-
velopment of algorithms for the prediction of the natural neoantigen
presentation [4, 5]. Combining aspects such as pHLA binding affinity,
neoepitope presentation, gene expression, etc. for the prediction of
neoepitopes’ immunogenicity is essential for the design of thera-
peutic cancer vaccines and adoptive cell therapies.
Methods
We perform a benchmarking study of the available methods for vac-
cine design. To this end, we carry out a retrospective analysis on se-
lected datasets [2] comprising WES and RNA-seq measurements, as
well as validation of CD8+ response. We benchmark our approach -
ArdImmuneVax - against other available methods.
Results
For each of the vaccine design tools, we assess the enrichment of
immunogenic neoepitopes within the suggested vaccine composi-
tions (e.g., top 20 peptides) using early-enrichment metrics [4]. We
analyze the results in an indication-specific fashion in order to assess
whether there are significant differences among cancer types. Finally,
for each vaccine design method, we assess additional important
properties of the resulting target neoepitopes, such as toxicity, toler-
ance, and peptides’ manufacturability.
Conclusions
The presented work provides insights into the vaccine design
process by quantitatively and qualitatively comparing available tools
for the selection of both cancer vaccine composition and targets for
adoptive cell therapies.
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Background
Immunogenicity of cancer vaccines is impacted by adjuvants and
schedule, but systematic assessments of their effects have not been
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performed. Montanide ISA-51, an incomplete Freund’s adjuvant (IFA),
is used in many vaccine trials, but concerns have been raised about
negative effects in murine studies [1, 2]. However, we found in
humans that IFA enhances systemic immune responses over a toll-
like receptor (TLR) agonist alone [3] and that repeat vaccination at
one site (same site vaccination, SSV) creates tertiary lymphoid struc-
tures (TLS) in the vaccine site microenvironment (VSME) [4]. We hy-
pothesized that one vaccine with peptides +IFA +pICLC or SSV x 3
with peptides in IFA will create an immunogenic milieu locally at the
VSME, with activated and mature dendritic cells (DC), TLS-associated
chemokines, and a Th1-dominant VSME.
Methods
Biopsies of the VSME were obtained from participants on two clinical tri-
als (MEL48, NCT00705640; MEL58, NCT01585350) who were immunized
with multiple melanoma peptides (MELITAC 12.1) in adjuvants comprised
of IFA and/or the toll-like receptor (TLR)3-agonist pICLC. Biopsies were ob-
tained either a week after one vaccine or a week after SSV x 3. Controls
included normal skin and skin injected with IFA without peptides. Gene
expression analysis was performed by RNAseq. Multiparameter immuno-
fluorescence histology (mIF) was performed for selected markers.
Results
VSME samples were evaluated from 27 patients. One vaccine with pep-
tides in pICLC + IFA enhanced expression of CD80, CD83, CD86 (p<
0.01), CD40 and CD40L (p<0.0001) over normal skin; these effects were
significantly enhanced for SSV with peptides + IFA (Figure 1). CD40L
protein expression by CD4 T cells was confirmed by mIF (Figure 2). Vac-
cines containing pICLC increased expression of TBX21 (T-bet) but did
not decrease GATA3 over normal skin, whereas SSV with peptides in
IFA dramatically enhanced TBX21 and decreased GATA3, with high ex-
pression of IFNγ and STAT1 (Figure 3). SSV with peptides in IFA also dra-
matically reduced arginase-1 (ARG1) expression and enhanced
expression of TLR adapter molecules TICAM-1 (TRIF) and MYD88 (Figure
4). Furthermore, SSV with IFA and peptides also enhanced expression
of chemokines associated with TLS formation (not shown).
Conclusions
These findings suggest that SSV with peptides in IFA enhances
CD40L expression by CD4 T cells, supports a Th1 microenvironment,
with accumulation of activated and mature DC. Increased expression
of TLR adaptor proteins after SSV with peptides in IFA might impli-
cate effects of the skin microbiome. Reduced ARG1 may reflect di-
minished suppressive myeloid activity in the VSME.
Trial Registration
Samples from two clinical trials were used, including MEL48,
NCT00705640; MEL58, NCT01585350.
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Background
Recent advances in whole exome sequencing have produced a renewed
interest in therapeutic cancer vaccines targeting tumor-specific neoanti-
gens. A central challenge to the development of successful therapeutic
cancer vaccines is the identification of neoantigen sequences that elicit
effector T cell responses able to control tumor growth while avoiding the
induction of inhibitory immune pathways. In the study reported here, we
present data highlighting the efficiency of neoantigen selection using the
innovative Ancer™ screening platform and demonstrate antigen-specific
responses and tumor control in a mouse tumor model.
Methods
The CT26 mutanome was evaluated with Ancer™, an innovative and
automated neoantigen prediction platform that combines proprietary
machine learning-based MHC class I and MHC class II neo-epitope
identification tools with removal of inhibitory regulatory T cell (Treg)
epitopes for optimal personalized cancer vaccine design. MHC class I-
and MHC class II-restricted CT26 neoantigens, devoid of putative Treg
epitopes, were ranked according to their immunogenic potential and
tumor expression level. The immunogenicity and efficacy of the 20
highest Ancer-ranked neoantigens, delivered subcutaneously as a
peptide pool with poly-ICLC (Oncovir) as adjuvant was evaluated in
naïve and CT26 tumor-bearing BALB/c mice.
Results
T cell responses to individual peptide neoantigens were determined
using ELISpot assay for IFNγ production. While around 20% of neoantigen
sequences identified in studies using commonly available predictive algo-
rithms are immunogenic, we found that up to 65% (13 out of 20) of the
computationally predicted peptide sequences included in the CT26-
Ancer™ vaccine were immunogenic (Figure 1). Responding T cells were
both CD8+ and CD4+ and were shown to be multi-functional by flow cy-
tometric analysis for IFNγ, TNFα and IL-2 production.
Tumor control was demonstrated by immunizing BALB/c mice implanted
with syngeneic CT26 tumor cells with the CT26-Ancer™ vaccine. Average
tumor volumes in CT26-Ancer™ immunized mice were significantly re-
duced by 45% (unpaired t test, p = 0.0156) and 38% (unpaired t test, p =
0.0291) at days 21 and 25 post implantation, respectively, compared to
vehicle (poly-ICLC) immunized tumor-bearing animals (Figure 2).
Conclusions
The results presented here highlight the efficiency of the Ancer™
platform in selecting highly immunogenic neoantigen targets and
that these responses are able to control tumor growth in a peptide
formulation. Using advanced in silico methods to select antigenic tar-
gets for use in therapeutic cancer vaccines promises to improve the
efficacy of tumor immunotherapy. While confined to mice, these
studies further validate our personalized cancer vaccine process for
future human clinical studies.
Fig. 1 (abstract P684). See text for description
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Background
A central challenge to elicit effective anti-tumor T cell responses re-
mains limited expression of productive tumor antigens or antigen
presentation machinery. During immune editing, cancers utilize epi-
genetic silencing of cancer neo-antigens as well as components of
the antigen presentation machinery to escape immunosurveil-
lance[1]. As a result, therapeutic approaches that have the potential
to reactive epigenetically silenced genes that enhance tumor im-
munogenicity are attractive drug combinations with checkpoint
blockade[2].
EZH2 is an epigenetic modifier responsible for H3K27 histone methy-
lation associated with the silencing of gene transcription. In cancer,
dysregulation of EZH2 results in the redistribution of H3K27me3 to
the promoters of genes involved in the regulation of cell cycle, cell
survival, and cellular differentiation. Emerging studies have provided
evidence for an additional role of EZH2 dysregulation in the tran-
scriptional repression of genes involved in tumor immune pathways.
Methods
ChIP-seq, RNA-seq, and exome-seq was conducted on murine tumor
cell lines treated with the EZH2 inhibitor PF-06821497. Peptides with
mutations that are upregulated by EZH2 inhibitor treatment were
computationally selected based on their predicted binding affinity to
the corresponding MHC class I and class II expressed in each cell line.
Presentation of peptide candidates were further validated by immu-
nopeptidomics. Predicted peptides were synthesized and tested in
pools for their ability to elicit antigen-specific T cell responses.
Results
In this study, we have identified a common mechanism of EZH2-
mediated epigenetic suppression of genes involved in tumor im-
mune recognition. Using epigenomic profiling, we demonstrate the
involvement of EZH2 in the repression of genes involved in tumor
antigen presentation including MHC class I and class II and numerous
genes harboring mutations with potential to serve as neoantigens.
Inhibition of EZH2 combined with IFN stimulation results in reduced
H3K27me3 and transcriptional up-regulation of the MHC class II
transactivator-CIITA and MHC class II genes. Moreover, by employing
computational prediction tools, we observed a cluster of genes with
somatic mutations that are transcriptionally re-activated by EZH2
inhibition. The re-expression of these genes is predicted to represent
over 100 potential neoantigens with high binding affinity to MHC
class I and class II molecules.
Conclusions
Our data illustrate the potential for targeting EZH2 to increase the
immunogenicity of tumors through relieving epigenetic suppression
of tumor antigen presentation machinery and silenced neoantigens.
As EZH2 inhibitors are currently under clinical investigation, targeting
EZH2 represents a promising combination approach with checkpoint
inhibitors to elicit responses in poorly immunogenic tumors.
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Background
The NCI PREVENT Cancer Preclinical Drug Development Program
(PREVENT) is a peer-reviewed program that supports the preclin-
ical development of innovative cancer preventive interventions
towards clinical applications (https://prevention.cancer.gov/major-
programs/prevent-cancer-preclinical). One of the Program’s
current focus areas is cancer immunoprevention. Recent advances
in cancer immunotherapies have clearly demonstrated that the
immune system can mount effective antitumor immune re-
sponses, if tumor-associated immunosuppression is overcome, for
example, by immune checkpoint blockade. It is conceivable that
cancer vaccines can arm the host with antitumor immunity that
intercepts, arrests, and/or reverses tumorigenesis if delivered be-
fore or early in the tumorigenic process. PREVENT seeks to de-
velop effective vaccines for precision cancer immunoprevention
in high-risk groups in partnership with principal investigators (PIs)
with innovative ideas.
Methods
PREVENT utilizes NCI contract resources to operate its agent de-
velopment pipeline, which consists of three key stages: early
proof of concept phase, secondary testing phase, and advanced
preclinical development phase. Competitively selected contractor
pools with necessary technical expertise are in place to imple-
ment approved projects under NCI oversight. Data and materials
generated through PREVENT are returned to the applicant PIs for
further agent development. A wide array of organ-specific pre-
clinical cancer models is available to assess agent efficacy and
toxicity.
Results
Since the Program’s inception, a total of 21 cancer preventive vac-
cine projects have been selected for support. Of those, two have pro-
gressed to the clinical trial stage with two additional projects in the
advanced development phase. The PREVENT immunoprevention
portfolio consists of a variety of vaccination approaches that target
oncogenic drivers, early tumor associated antigens, and infectious
agents known to induce cancers. These vaccines are developed for
clinically identifiable high-risk cohorts, such as genetically predis-
posed populations (individuals with Lynch syndrome, BRCA1/2 muta-
tions, and familial adenomatous polyposis, etc.) and those diagnosed
with pre-cancerous lesions.

Thomas.A.Paul@pfizer.com
seis@mail.nih.gov


Journal for ImmunoTherapy of Cancer Page 97 of 2372019, 7(Suppl 1):283
Conclusions
While the expanded knowledge base in tumor immunology has un-
covered the potential hurdles for developing effective cancer immu-
noprevention strategies, it has also helped better understand the key
determinants, including the selection of optimal target antigens, vac-
cine delivery strategies and schedules, immune biomarkers for vac-
cine immunogenicity, immune durability, and immune correlates of
antitumor protection. Learning from and building on the success of
prophylactic human papillomavirus vaccines in preventing cervical
cancer, PREVENT offers partnership opportunities to researchers inter-
ested in developing novel cancer preventive vaccines for oncogenic
pathogen-induced as well as cancers not linked to pathogens toward
clinical applications.
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Background
Induction of optimal anti-tumour immune response is challenging as
tumour antigens are self-antigens and antigen-specific receptors
against self-antigens are negatively selected in the body. Therefore,
anti-tumour immune responses that are present in the body harbour
low affinity antigen-specific receptors that will not optimally eradi-
cate tumours. The new insights on tumour-specific antigens (TSA)
has led to personalised vaccines. However, not every tumour type
has high mutation burden resulting in TSA and thus these tumour
types cannot rely on these strategies. Also TSA are patient-specific
and the broad application in cancer patients is limited. In this study
we present a novel vaccination strategy which uses foreign (non-self)
antigens to mount robust immune responses enabling solid tumour
eradication. This strategy is based on two key elements: to induce
immunity against a foreign antigen, and to mark the tumour as a tar-
get for the induced immune response with the same foreign antigen.
To proof the concept, we selected keyhole limpet hemocyanin (KLH)
as a foreign immunogenic neo-antigen which will serve both as vac-
cine composition and tumour marker to elicit effective anti-tumour
immune response.
Methods
As solid tumour models, A375 melanoma or U87-MG glioblastoma
cells were subcutaneously engrafted into CD34 humanised NCG.
Mice received intraperitoneal (i.p.) vaccination with KLH. The tumour
marking was done intratumourally (i.t.) by using DCOne® mDC
loaded with KLH protein. Tumour reduction and immune responses
induced against KLH were evaluated.
Results
We observed reduced tumour growth in both A375 and U87-MG
tumour models in KLH vaccinated mice where KLH served as vac-
cine and i.t. injection of DCOne® mDC loaded with KLH protein
for tumour marking compared to the mice injected with PBS. We
observed that both in U87-MG and A375 mice, there was no sig-
nificant difference regarding anti-KLH IgM concentration between
treated groups and the PBS control group over time. Noteworthy,
the mice from the KLH/KLH loaded DCOne® treated group pro-
duced significantly more anti-KLH IgG than the PBS control group
at sacrifice.
Conclusions
These findings support the new concept that tumour independent
antigens can be used to develop vaccines against solid tumours.
Importantly, DCOne® cells can be used as a carrier for intratumoural
delivery of foreign proteins.
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Background
Cancer vaccines have traditionally succeeded in preventing viral-
induced malignancies, such as papilloma virus-associated cervical
cancer and hepatitis B-associated hepatocellular carcinoma. Concep-
tually, tumor-specific protein coding mutations (neoantigens) are
ideal targets for cancer immunotherapy. Neoantigens are not
expressed in healthy tissues and therefore are exempt from central
tolerance and can potentially be recognized by T cells to facilitate
tumor rejection. However, every patient’s tumor possesses a unique
set of mutations that must first be screened for optimal target selec-
tion, presenting a challenge for neoantigen vaccine development.
We present here the merging of two innovative and complementary
approaches for identifying neoantigens and delivering personalized
cancer vaccines.
Methods
The CT26 mutanome was evaluated with Ancer™, an innovative and
automated neoepitope prediction platform that combines propri-
etary machine learning-based MHC class I and MHC class II neoepi-
tope identification tools with removal of inhibitory regulatory T cell
(Treg) epitopes for optimal personalized cancer vaccine design. MHC
class I- and MHC class II-restricted CT26 neoepitopes, devoid of puta-
tive Treg epitopes, were ranked according to their immunogenic po-
tential and tumor expression level. The twenty most highly Ancer-
ranked neoepitopes were subsequently introduced as a “string of
beads” DNA vaccine into the UNITE (UNiversal Intracellular Targeted
Expression) platform (poly-neoepitope UNITE vaccine). The UNITE
platform is based in part on lysosomal targeting technology which
results in enhanced antigen presentation and a balanced T cell
response.
Results
We report that prophylactic vaccination with poly-neoepitope
UNITE vaccine successfully induced IFNγ-producing Th1 cells, with
complete rejection of CT26 tumors observed in 50% of mice.
Mice rejecting tumors were also protected from rechallenge with
CT26, demonstrating that effective antigen-specific memory was
induced in these animals. In therapeutic vaccination studies, we
observed CT26 tumor growth inhibition in 46% of animals immu-
nized with the poly-neoepitope UNITE vaccine, as well as signifi-
cantly prolonged survival, as compared to animals immunized
with the control vector.
Conclusions
Therefore, targeting multiple mutations encoding the best set of CD4
and CD8 neoepitopes, as predicted by Ancer™, and using the UNITE
platform may solve critical problems in current cancer immunother-
apy development. Follow-up studies will include evaluation of the
poly-neoepitope UNITE vaccine in combination with checkpoint
inhibitors.
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Background
Subunit vaccines targeting tumor antigens have shown limited capacity
for expanding cytotoxic T-cells against tumors in the clinic. Especially in
the case of KRAS-driven tumors, responses elicited by conventional vac-
cines have been exceedingly weak. For molecular immunogens including
peptides and oligonucleotides, inefficient delivery to immune cells residing
in the lymphatics is a significant challenge limiting their ability to induce
cancer-directed immune responses of sufficient strength and functionality
to impact tumors. Improving the targeting of immunogens to lymph
nodes (LN), where resident immune cells potently orchestrate immunity,
can substantially amplify their ability to induce effective tumor-directed im-
munity. Here, we demonstrate such an approach for significantly enhan-
cing mKRAS-directed T-cell responses by precisely targeting antigens and
adjuvants directly to the draining LN through a simple one-step conjuga-
tion to albumin-binding lipids. These amphiphilic conjugates (“Amphi-
philes”) then ‘hitch-hike’ on albumin into the LNs where they elicit strong
immune responses. LN accumulation of structurally optimized amphiphiles
in mice is greatly improved over soluble equivalents.
Methods
C57BL/6J mice received two or more doses of benchmark or
amphiphile-modified vaccines, comprised of mKRAS peptide and CpG
adjuvant, subcutaneously injected into the tail base in two-week inter-
vals. Immunological readouts were performed 7 days post dosing. For
ELISpot analysis of IFNγ and Granzyme B production and flowcyto-
metric bead array analysis of Th1/2 cytokines, splenocytes were har-
vested and re-stimulated with antigen overnight. In vivo, cytolytic
capabilities of antigen-specific T-cells were evaluated by pulsing CFSE-
stained splenocytes from naïve mice with mKRAS antigen and injecting
these cells intravenously into immunized mice. Recovery of CFSE-
labeled target cells from immunized mice was performed 24h later and
analyzed flowcytometrically.
Results
We show robust immune responses that yield strong activation against
all common mutations in the mKRAS protein compared to low or un-
detectable responses generated by soluble or benchmark treatments.
Further, this response is composed of CD4+ as well as CD8+ T-cells result-
ing in the production of high levels of TH1-associated cytokines upon re-
stimulation with mKRAS-specific peptides in vitro. In vivo, robust cytolytic
function towards mKRAS-presenting targets can be measured in T-cells.
Conclusions
By targeting immunogens directly and precisely to the LNs, the Am-
phiphile platform can significantly amplify the potency of subunit
vaccines. In the case of mKRAS, substantially improved cytolytic im-
mune responses represent a promising therapeutic strategy for tar-
geting mKRAS-driven tumor growth and survival in a large fraction
of human tumors. Furthermore, this platform technology is simple,
rapid and scalable for broad clinical application.
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Background
Modified vaccinia virus Ankara (MVA) is a highly attenuated vaccinia
strain that belongs to the poxvirus family. MVA is a promising
vaccine vector for infectious diseases and cancers due to its immuno-
genicity, safety, and a large capacity to accommodate insertions of
transgenes. However, MVA has certain disadvantages that need to be
overcome to improve its immunogenicity and vaccine efficacy. Those
include suboptimal induction of type I IFN in dendritic cell (DC) sub-
sets, presumably due to the expression of a viral inhibitory protein(s)
for the cGAS/STING-mediated cytosolic DNA-sensing pathway, as well
as the induction of cell death in infected DCs [1,2].
Methods
To identify vaccinia viral inhibitors of the cGAS/STING pathway, we
performed an unbiased screen of 70 vaccinia viral early genes in
HEK293 T cells using a dual-luciferase system. We discovered that
the vaccinia E5R gene encodes a dominant inhibitor of cGAS.
Results
Whereas MVA infection of bone marrow-derived DCs (BMDCs) in-
duces cGAS degradation in a proteasome-dependent manner, recom-
binant MVA with deletion of the E5R gene (MVAΔE5R) infection fails
to do so. MVAΔE5R infection of BMDCs induces much higher levels
of cyclic GMP-AMP (cGAMP) production, IFNB gene expression, and
IFN-beta protein secretion compared with live MVA or Heat-
inactivated MVA. In addition to BMDCs, MVAΔE5R infection of plas-
macytoid DCs (pDCs) and CD103+ DCs also activates the cGAS/
STING/IFNB pathway very efficiently. Furthermore, MVAΔE5R infection
of DCs triggers DC maturation and induces antigen cross-
presentation by DCs in a cGAS-dependent manner. MVAΔE5R-in-
fected DCs are much less prone to cell death compared with MVA-
infected DCs, and they appear activated and healthy for more than
five days in vitro cell culture. Using MVAΔE5R virus expressing
mcherry under vaccinia synthetic early-late promoter, infected DCs
appear to have robust transgene (mcherry) expression. We engi-
neered a recombinant MVAΔE5R expressing chicken ovalbumin
(OVA) as a model antigen. Vaccination with MVAΔE5R-OVA either
through skin scarification or via intradermal injection generates
stronger OVA-specific CD8+ T cell responses compared with MVA-
OVA.
Conclusions
In this study, we discovered that the vaccinia E5R gene encodes a
dominant cGAS inhibitor. Expression of E5 protein by MVA leads to
proteasome-dependent degradation of cGAS. Deletion of the E5R
gene from the MVA genome dramatically improves the immunogen-
icity of MVA, likely through stronger type I IFN induction, more ro-
bust DC maturation, and marked reduction of cell death compared
with the parental virus.
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Background
Systemic immunity is regulated by interactions of commensal bac-
teria with immune cells in the gut. Enrichment of specific intestinal
microbes has been shown to enhance the anti-tumor response to
PD-1 blockade in both murine models and cancer patients. Here we
report that oral administration of a monoclonal microbial, EDP1503,
induces systemic anti-tumor immunity via the direct activation of
antigen presenting cells (APCs) and natural killer (NK) cells with sub-
sequent induction of T cell immunity.
Methods
The clinical efficacy of EDP1503 was investigated in subcutaneously
implanted isograft tumor models as well an intravenous lung metas-
tasis model. Mechanism of action was dissected by ex vivo analysis
of the tumor microenvironment (TME) and gut-draining lymph
nodes, and further interrogated by in vitro functional studies with
murine and human cells.
Results
EDP1503 increases expression of costimulatory molecules on CD11c+
dendritic cells (DCs) within the mesenteric LNs with an accompany-
ing increase in proinflammatory CD103+ DCs within tumor draining
lymph nodes. Direct stimulation of DCs with EDP1503 results in the
upregulation of the proinflammatory cytokines TNFa, IL-1B and IL-12.
In addition, EDP1503 amplifies both myeloid and lymphocyte re-
sponses via production of DC-derived growth factors, M1 polarization
of macrophages, and production of the lymphocyte-recruiting che-
mokines, CXCL9 and CXCL10. Mechanistically, EDP1503 triggers spe-
cific pattern recognition receptors, resulting in a proinflammatory
signature from APCs and enhanced cytolytic activity by NK cells. Dis-
section of the tumor microenvironment reveals increased activated
Ki67+ NK cells and CD8+ T cells producing IFNg. Moreover, in vivo,
treatment of mice with EDP1503 results in decreased tumor volume,
delayed tumor growth and reduction in the number of metastatic
foci in a CD8T and NK dependent manner. The prominent anti-tumor
effects of EDP1503 are further augmented by combination with anti-
PD-1 neutralizing Abs.
Conclusions
Together, these data clearly demonstrate the ability of an orally deliv-
ered non-colonizing monoclonal microbe to enhance innate and
adaptive anti-tumor immunity and substantiates the rationale for on-
going clinical trials. EDP1503 is currently in Phase 1b/2 studies
(NCT03775850; NCT03595683) with enrollment open at multiple sites.
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Background
Bacillus Calmette-Guérin (BCG) is commonly used in the treatment of
non-muscle invasive urothelial cancer (bladder cancer; BlCa), but its
benefit is typically transient and limited to a fraction of patients. We
observed that the impact of BCG on human BlCa tissue involves un-
desirable induction of immunosuppressive factors and regulatory
T(reg) cell- and myeloid-derived suppressor cell (MDSC)-attracting
chemokines. Prompted by these observations, we evaluated the mo-
lecular pathways regulating the patterns of BCG-induced inflamma-
tion in BlCa tumor microenvironments (TME), and the feasibility of
their modulation to selectively enhance local attraction and function
of the desirable cytotoxic CD8+ T cells (CTLs) and counteract local
MDSCs and Treg accumulation.
Methods
Human monocyte-derived macrophages and freshly resected human
bladder cancer specimens were cultured ex vivo in the absence or
presence of BCG, indomethacin (COX-1/2 blocker), celecoxib (select-
ive COX-2 blocker) or selective EP4 blocker (ARY-007). The expression
of inflammatory mediators and chemokine genes, secretion of che-
mokines and their cellular sources were analyzed by quantitative
PCR, ELISAs and immunofluorescence microscopy. Migration of CTLs
was evaluated ex vivo, using 24-transwell plates. Data were analyzed
by Student’s t-test or Wilcoxon test. Spearman’s correlation is used
for correlative analysis by using z-score downloaded from cBioportal.
Results
We observed that the BCG-driven-induction of MDSC- and Treg-
attracting chemokines in human macrophages and whole BlCa ex-
plants was correlated with its induction of COX-2, the key enzyme
controlling the PGE2 biosynthesis. Blockade of COX-2 activity using
selective or non-selective COX-2 inhibitors (celecoxib, indomethacin)
or interference with EP4-driven PGE2 signaling (using selective EP4
blocker, ARY-007) strongly elevated the production of CTL attractants
(CXCL9, CXCL10 and CCL5), but suppressed the induction of MDSC/
Treg attractants (CCL22, CXCL8, CXCL12), and several immunosup-
pressive mediators including COX-2, IL-10, NOS2 and IDO. Our func-
tional studies demonstrated that the combination of BCG with PGE2
antagonism selectively enhances CTL attraction.
Conclusions
We observed that PGE2 represents a nodal point controlling the bal-
ance between desirable/immunostimulatory and undesirable/im-
munosuppressive components of BCG activity and that interference
with PGE2 synthesis or it’s signaling improves the magnitude and
character of the BCG-orchestrated immune response in BlCa TME.
Our data suggest that PGE2 antagonism may be used to enhance
the therapeutic effects of BCG treatment.

Immuno-Conjugates and Chimeric Molecules
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Background
Immune checkpoint blocking therapies (ICB) such as anti-PD1 anti-
bodies have revolutionized the treatment of melanoma and lung
cancer, leading to clinical benefit in approximately 50% and 19% of
patients, respectively [1,2]. However, since ICB resistance remains a
major challenge, novel treatment options are needed to combat
these immunotherapy-refractory tumor fractions. We and others pre-
viously reported that the receptor tyrosine kinase AXL is a critical re-
sistance marker to targeted therapy in melanoma and lung cancer
[3,4], and that AXL-positive cell fractions can be effectively eliminated
by an AXL-targeting antibody-drug conjugate (enapotamab vedotin,
EnaV [5]). AXL may also mark immunotherapy-resistant tumor cell
fractions [6], and antibody-drug conjugates may induce an inflamma-
tory response, which could reinvigorate the immune response and
may synergize with immune therapies [7]. Here we explored the po-
tential of EnaV to cooperate with tumor-specific T cells and ICB.
Methods
We established a cohort of melanoma and lung cancer cell lines
HLA- and antigen-matched to tumor-specific T cells using the MART-
1 TCR system [8, 9]. These cell lines were treated with EnaV and
matched cytotoxic T cells in vitro to evaluate their sensitivity. Further-
more, we tested whether EnaV could induce an inflammatory re-
sponse in vitro and in vivo. Finally, we assessed any cooperative anti-
tumor activity of EnaV, T cells, and anti-PD1 in human xenografts of
melanoma and lung cancer.
Results
Several AXL-positive melanoma and lung cancer models showed a
dose-dependent cooperative sensitivity to combined treatment with
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EnaV and tumor-specific T cells. EnaV had a profound effect on
tumor models that were refractory to either tumor-specific T cells
and/or ICB. Mechanistically, RNA and proteomic profiling revealed
that EnaV treatment induced an inflammatory response in tumors, in-
cluding markers of immunogenic cell death. Combining EnaV with
tumor-specific T cells and anti-PD1 proved superior to either treat-
ment alone in melanoma and lung cancer models. This effect was
also seen in a model which showed no response to anti-PD1 treat-
ment alone, suggesting that EnaV can create a de novo sensitization
to anti-PD1.
Conclusions
Our findings demonstrate that EnaV and immunotherapy coopera-
tively exert a strong anti-tumor response in therapy-refractory melan-
oma and lung cancer models. Importantly, even in models fully
refractory to either T cells and/or anti-PD1, EnaV treatment restores
sensitivity to promote tumor elimination. Together, these results indi-
cate that targeting AXL-positive, immunotherapy-resistant tumor
fractions with EnaV enhances ICB sensitivity, thus warranting further
investigations into this combination in a clinical setting.
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Background
Cancer immunotherapies using checkpoint inhibitor antibodies (CPI)
show considerable antitumor response in the clinic. However, a sub-
stantial number of patients suffered from treatment-related adverse
events. A number of patients receiving combination CPI therapy
could not continue with the therapy due to adverse events. Im-
munotherapies serve to activate immune responses, and as such,
side-effects include the symptoms of systemic lymphocyte activa-
tion and auto-immune disease induction, which typically results
from drug action in healthy organs. One strategy to address this
problem is through localized drug delivery systems, thereby
restricting their actions to the disease site. Here, we report two
technologies of tumor localized CPI antibodies via conjugation to
an extracellular matrix promiscuous binding peptide derived from
placenta growth factor-2 (PlGF-2123-144) or a collagen-binding
domain (CBD) derived from the blood protein von Willebrand fac-
tor (VWF) A3 domain. PlGF-2123-144 conjugated CPI retains at
the injection site long-term; thus PlGF-2123-144-CPI is effective
when injected peri-tumor. CBD-CPI harnesses the specific expos-
ure of tumor stroma collagen to blood stream due to the abnor-
mal leakiness of the tumor vasculature; thus CBD-CPI is effective
when it is injected intravenously.
Methods
PlGF-2123-144 peptide was synthesized chemically. CBD recombinant
proteins were produced in HEK-293F cells and purified by ÄKTA sys-
tem. We have used a chemical cross linker to conjugate PlGF-2123-
144 and CBD to CPI antibody. B16F10 and BrafPten melanoma,
MMTV-PyMT breast cancer, CT26 models were used. 100μg each of
CPI(anti-CTLA4+anti-PD-L1) was administered.
Results
We show that PlGF-2123-144-conjugated CPI localized to the in-
jection site for long time, and limiting the CPI exposure to the
body and toxicity including diabetes induction risk (AB). Also,
PlGF-2123-144-CPI was more efficacious than unmodified CPI,
injected at same dose and same way, when injected near tumor
(C). PlGF-2123-144-CPI increased intratumoral effector CD8+ T cell
number compares to CPI. Next we have tested CBD conjugated
CPI, injected intravenously. Intravenously administered CBD pro-
tein accumulated mainly in tumors in an orthotopic MMTV-PyMT
breast tumor model (D). CBD-conjugation to CPI decreased sys-
temic toxicity, such as T cell infiltration into the liver (E). CBD-CPI
significantly suppressed tumor growth compared to their unmodi-
fied forms in B16F10 melanoma, CT26 colon carcinoma and
MMTV-PyMT breast cancer models (F). CBD-CPI increased tumor-
infiltrating CD8+T cells; increases in the ratio of effector CD8+ T
cells to T regulatory cells were observed.
Conclusions
Our data suggest that the tumor-matrix binding localized CPI tech-
nology can improve both safety and efficacy of CPI therapy, with
high translational promise.
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Background
STimulator of Interferon Genes (STING) has emerged as an innate im-
mune pathway capable of inducing anti-tumor immune activity
through activation of antigen presenting cells and production of type
I interferon, leading to T-cell priming and activation. In murine
models, both intratumoral and intravenous administration of STING
agonists have been shown to induce tumor regressions and generate
immunological memory; clinical studies are underway. We
hypothesize that a STING antibody-drug conjugate (ADC) – in which
the STING agonist is conjugated to an antibody – will exhibit several
advantages, including targeted delivery of STING agonist to desired
cell types, an optimal pharmacokinetic profile, the convenience of
systemic administration, and ultimately an improved therapeutic
index.
Methods
We generated novel STING ADCs by developing a conjugation plat-
form which consists of a STING agonist incorporated into a chemical
scaffold for bioconjugation, designed to provide optimal drug-like
properties. We studied the activity and mechanism of action of STING
ADCs in monoculture and co-culture in vitro systems, as well as anti-
tumor activity and pharmacodynamics in mice. Herein we report data
with STING ADCs generated from antibodies to two therapeutic
targets.
Results
The STING ADCs achieved a 100-fold higher potency than the
corresponding free agonist in in vitro assays using THP-1 reporter
cells. Similarly, in tumor cell/PBMC co-cultures, the STING ADCs
exhibited 100-fold higher tumor cell-killing activity compared to
free agonist, demonstrating the benefits of targeted delivery.
Intravenous administration of STING ADCs regressed tumors in
mouse models after a single dose of 1 mg/kg ADC in a target-
dependent manner; in the same models, intravenously adminis-
tered free agonist at a 50-fold higher dose resulted in only mod-
est tumor growth delay. Importantly, a single intravenous
administration of the STING ADC led to a significant increase in
immune cell infiltration and tumor cell death within 72 hours
and a significant increase in tumor-localized inflammatory cyto-
kines within 12 hours, while levels of systemic cytokines
remained relatively low.
Conclusions
We have developed a STING ADC platform and demonstrated target-
dependent anti-tumor immune responses both in vitro and in vivo
for two therapeutic targets.
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Background
While checkpoint inhibitors have found stunning success as single
agent therapies, their clinical efficacy only extends to a subset of
patients across multiple cancers. Even among likely responder
preclinical models, response rates are often triggered by an early,
unknown stochastic event. Ultimately, we do not know why some
tumors respond and some do not. Previous work from our la-
boratory devised a strategy for dramatically improving systemic
administration of an immune agonist of Toll-like receptor 9
(TLR9) known as CpG Oligodexoynucleotide (ODN) whose anti-
tumor efficacy has been traditionally limited to intra- and peri-
tumoral injections.[1,2] Through antibody-guided delivery of con-
jugated CpG ODN to the tumor microenvironment (TME), TLR9
activation promotes dendritic cell maturation thus upregulating
cross-presentation of TME antigens.
Methods
Here we describe our latest multi-targeted approach which tackles
immune suppression by overcoming mechanisms of acquired resist-
ance to immunotherapy and synergizing therapeutic responses. This
novel antibody immunoconjugate (AIC) targets murine TLR9 by teth-
ering ODN1826 to a checkpoint inhibitor antibody against pro-
grammed death ligand 1 (αPD-L1) thereby stimulating and
disinhibiting the immune system. Our studies of αPD-L1/ODN1826
showed superior in vivo efficacy over their free agent counterparts
when delivered by intraperitoneal injection to D2F2 tumor-bearing
BALB/cJ mice. All animals were treated humanely and in accordance
with the guidelines of the USC’s Institutional Animal Care and Use
Committee.
Results
Tumor growth inhibition was calculated by using the geometric
mean of relative tumor volumes. The AIC demonstrated a statistically
significant delay in tumor growth compared to single agents
ODN1826 (-Δ71.6%, p≤0.001) and αPD-L1 (p≤0.001) as well as com-
pared to combination therapy ODN1826 + αPD-L1 (-Δ51.8%, p≤0.01).
Conclusions
By transitioning to bioluminescence imaging techniques of tumor
cells, we overcome the limitations of traditional tumor volume
measurement by caliper and capture a fuller picture of both early
therapeutic response events and metastatic disease. Additionally,
subsequent deep immunophenotyping by Mass CyTOF combined
with recent advancements in Digital Spatial Profiling, we can es-
tablish a more comprehensive method of tumor immune profil-
ing. Elucidating the immune status of murine tumor models is a
critical factor for predicting therapeutic response and understand-
ing the mechanisms underlying immune suppression and
activation.
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Background
Regulatory T cells (Tregs) play an important role in the establishment
and progression of tumors and are considered a major obstacle to
tumor eradication by immunotherapies [1]. Moreover, the intra-
tumoral balance between Tregs and effector T cells (Teffs) appears to
influence the outcome of immunotherapies [2], and poor prognosis
in solid tumors is often associated with high tumor infiltration by
Tregs and a low ratio of Teffs/Tregs [3].
Methods
Sur301 is an antibody-drug conjugate (ADC) composed of PC61, a rat
monoclonal antibody directed against mouse CD25, conjugated to a
pyrrolobenzodiazepine (PBD) dimer via a protease-cleavable linker,
with a drug-to-antibody ratio of 2 [4]. We have previously shown that
sur301 has potent and durable anti-tumor activity in vivo against
CD25-negative immunogenic solid tumors with infiltrating CD25-
positive Tregs and, when used at a sub-optimal dose, its activity is
further enhanced in combination with PD-1 blockade [4]. Sur301
anti-tumor activity, either alone or combined with an anti-PD-1 anti-
body, was significantly reduced in the absence of CD8+ T cells, and
when tumor-free survivors were re-challenged, they did not develop
new tumors indicating that sur301 was able to induce tumor-
specifi¬c protective immunity [4].
Results
In order to characterize the mode of action of sur301, we analysed
the immunophenotype of Tregs and Teffs isolated from tumors,
blood and spleens of mice bearing established MC38 tumors follow-
ing a single dose of sur301 either alone or in combination with an
anti-PD-1 antibody. Additionally, we performed a T cells dynamic
study in non-tumor bearing immunocompetent mice over a period
of 21 days. Spleen, lymph node, thymus and blood were analysed
following a single dose of sur301 or an isotype control ADC. In both
studies, sur301 resulted in strong but specific Tregs depletion, while
Teffs were not affected by sur301. Interestingly, the substantial Tregs
depletion observed in spleen, lymph node and blood of non-tumor
bearing mice was accompanied by a temporary but significant eleva-
tion of thymic Tregs.
Conclusions
In conclusion, these new data show that sur301 is able to mediate po-
tent Tregs depletion without affecting Teffs. Together with our previous
data [4], these results suggest that sur301’s mode of action is at least in
part mediated by Tregs depletion while Teffs are not affected. Transla-
tion of these pre-clinical data in the clinic is currently being investi-
gated in a phase I trial evaluating the efficacy of camidanlumab tesirine
(ADCT-301), a PBD-based ADC targeting human CD25, in patients with
selected advanced solid tumors (NCT03621982).
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Background
Major histocompatibility complex class I chain-related protein A
(MICA) is a stress-induced ligand for the activating receptor NKG2D
on natural killer (NK) cells. It is expressed on the cell surface of most
cancer types at the early stages, but usually down-regulated or shed
in advanced cancers leading to immune evasion [1,2]. Prolactin is an
essential protein hormone for normal reproduction and maintenance
of pregnancy, and contributes to pathogenesis of gynecologic malig-
nancies [3]. The prolactin receptor (PRLR) was found over-expressed
in many cancers, especially breast cancer [4]. G129R is a mutant of
human prolactin with a single amino acid substitution. It still binds
to PRLR but inhibits the growth of breast cancer cells [5]. We aim to
create a chimeric protein with MICA and G129R, and use it to bridge
breast cancer cells and NK cells. The MICA portion in the chimeric
protein binds to the NKG2D receptor and activate NK cells, and the
G129R portion targets to the PRLR on the breast cancer cells and
leads NK cells to them.
Methods
A chimeric gene was created by cloning and fusing the cDNA of
the extracellular domain of MICA and the cDNA of G129R into a
plasmid, and then transfected into HEK293 cells to produce
MICA-G129R protein. The MICA-extracellular-domain only protein
and the G129R only protein were also generated as controls.
When the proteins were added into the co-culture of NK cells
(NK-92 cell line) and breast cancer cells (T47D cell line), the cyto-
toxicity was measured using a lactate dehydrogenase (LDH)-based
assay, the granzyme B released by NK-92 cells was detected
using ELISA, and the apoptosis of the T47D cells was examined
using a caspase 3/7 luminescence assay.
Results
We successfully generated HEK293 stable clones to produce
MICA-G129R, MICA and G129R proteins. The proteins were all
confirmed using Western blot. The chimeric protein MICA-G129R
was proved to be able to bind to NK-92 cells and T47D cells
using immunofluorescent staining. The chimeric protein MICA-
G129R significantly increased the cytotoxicity of the NK-92 cells
to T47D cells in their co-culture. The granzyme B secretion of NK-
92 cells was induced, and the caspase3/7 in the T47D cells were
elevated in the co-culture of NK-92 and T47D with the presence
of MICA-G129R.
Conclusions
The chimeric protein MIC-G129R can bridge NK cells and breast can-
cer cells, and induce the cytotoxicity of NK cells to kill the breast can-
cer cells.
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Background
Checkpoint inhibitors have transformed cancer treatment in certain
patient subgroups. To improve response rates, considerable effort is
now being invested developing novel immune-oncology (IO) drugs
and exploring IO target combinations.
DSP107 is a bi-functional, trimeric protein consisting of the fused
extracellular domains of human SIRPα and 4-1BBL that uniquely com-
bines activation of both innate and adaptive immunity in a single
product. Interaction of CD47, frequently overexpressed on cancer
cells, with SIRPα on phagocytes transmits a “don’t eat me” signal.
Binding of DSP107 to CD47 on tumor cells blocks the inhibitory sig-
nal delivered to phagocytes and cross-presents trimerized 4-1BBL to
activated tumor antigen-specific T-cells that express the 4-1BB costi-
mulatory receptor. Cross-presentation and trimerization of the 4-
1BBL are required for optimal 4-1BB activation.
Methods
DSP107 was manufactured in CHO-S cells. Binding and affinity to
CD47 and 4-1BB were evaluated by Biacore, FACS and ELISA. T-cell
activation, proliferation, IFN-γ secretion, cytotoxicity and phagocyt-
osis were confirmed in vitro using lymphoma, leukemia and carcin-
oma cell lines. In-vivo efficacy was tested against hCD47-MC38
tumors in h41BB-KI-C57BL/6 mice and against SUDHL4 (lymphoma)
in humanized NSG mice. Safety was evaluated in a non-GLP, repeat-
dose study in cynomolgus monkeys.
Results
DSP107 binds to CD47 and 4-1BB with high affinity (1.2 nM and 0.7
nM, respectively). Cell based reporter assays showed CD47 binding
dependency for signaling through 4-1BB. Using in vitro assays,
DSP107 amplified T-cell activation and proliferation, and augmented
T-cell mediated elimination of cancer cells (0.5-5 nM). DSP107 also
augmented macrophage-mediated phagocytosis of tumor cells as
monotherapy and in combination with targeted monoclonal anti-
bodies (6-12 nM). DSP107 led to statistically significant tumor growth
inhibition (TGI) as monotherapy (lymphoma model; p
Conclusions
DSP107 is a bifunctional, fusion protein with a unique mechanism of
action. In vivo, DSP107 was efficacious as monotherapy and in com-
bination with anti PD-L1. Doses ≤ 50 mg/kg were safe and well toler-
ated in monkeys. IND-enabling studies are ongoing and clinical
studies will commence in Q2/2020.
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Background
Strong scientific rationale and preclinical data support the combin-
ation of CD27 costimulation with PD-1 blockade. Synergy of these
pathways for anti-tumor immunity has been demonstrated in several
models. Studies of the effector T cell response suggest that these
pathways converge to activate a non-redundant transcriptional pro-
gram with anti-CD27 preferentially driving increased cell proliferation
whereas anti-PD-1/L1 activates an effector-gene profile [1]. In a clin-
ical study with varlilumab, a CD27 agonist antibody, three highly dur-
able responses were observed in advanced cancer patients and had
minimal adverse effects as monotherapy [2]. In combination with PD-
1 blockade using nivolumab, durable responses were observed
among patients with generally low response to PD-1 monotherapy
and the combination was generally well tolerated, with no increase
in toxicities observed over the individual agents.
Methods
We developed novel human antibodies to CD27 and PD-L1 from
which the best pair was selected based on activity and manufactur-
ability to engineer into a whole IgG-scFv bispecific antibody format.
The bispecific antibody, CDX-527, was compared to parental anti-
bodies in several in vitro assays of T cell activation. A surrogate bis-
pecific using variable region sequences from the mouse cross-
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reactive PD-L1 antibody, avelumab, was generated for testing in hu-
man CD27 transgenic mice. A pilot study of CDX-527 was performed
in cynomolgus macaques.
Results
CDX-527 was found to be a potent PD-1 inhibitor and a stronger
CD27 agonist than anti-CD27 monoclonal antibodies. CDX-527 can
interact simultaneously with CD27, PD-L1 and Fc receptors and has
greater activity in mixed-lymphocyte reactions compared to the com-
bination of the parental antibodies, indicating that cross-linking by
both Fc receptors and PD-L1 leads to enhanced activity. This en-
hanced T cell activation requires concurrent T cell receptor activation.
In huCD27 transgenic mice, the surrogate PD-L1xCD27 bispecific
demonstrates more potent induction of antigen-specific T cell re-
sponses and antitumor activity than the combination of the parental
antibodies. A pilot study of CDX-527 in cynomolgus macaques con-
firmed a good PK profile with a half-life of 5.3 days, increase in serum
chemokines, with no adverse effects of treatment noted in clinical
observations or clinical chemistry.
Conclusions
CDX-527 effectively combines PD-1 blockade and CD27 costimulation
into one molecule that is more potent than combination of the par-
ental antibodies. CDX-527 IND-enabling studies are ongoing with the
IND submission planned for early next year.
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Background
Bispecific T cell redirecting antibodies (T-BsAbs) targeting tumor cells
and T cells are an increasingly popular form of cancer immunother-
apy. The dual targeting redirects T cells to specifically cause cytotox-
icity of tumor cells upon formation of an immunological synapse
between the T cells and tumor cells, making this specificity an advan-
tage over conventional monoclonal antibody therapy. Evidence from
clinical data of Blinatumomab, the only FDA approved bispecific anti-
body, suggests that T-BsAbs are associated with cytokine release syn-
drome (CRS), similar to other T cell targeting therapies such as
Muromonab or CAR-T, thus warranting a newer generation of bispe-
cific antibodies which can limit CRS.
Methods
Antibodies against CD3 were developed by immunization of OmniF-
lic® animals. Anti-TAA (tumor associated antigen) antibodies (Uni-
AbsTM) for various solid and liquid tumor antigens were developed
by immunizations of transgenic humanized rats (UniRatsTM). Anti-
body discovery entailed antibody repertoire deep sequencing, high
throughput gene assembly, cloning and screening. This strategy re-
sulted in a novel class of anti-CD3 antibodies with varying affinities
and different target epitopes. Bispecific antibodies were generated
by knob in hole technology utilizing one such anti-CD3 domain,
termed anti-CD3_F2B in combination with different anti-TAA arms.
Specific anti-tumor activity of the T-BsAbs were evaluated by measur-
ing cytotoxicity of tumor cells in the presence of T cells. Supernatants
from these co-cultures were used to measure cytokines, namely IL-2
and IFNγ. In vivo studies were performed in a mouse xenograft
model by injecting drug into NOG mice engrafted with human tumor
cells and adoptively transferred human PBMCs (peripheral blood
mononuclear cells).
Results
Our novel T-BsAbs targeting various solid and liquid tumor indica-
tions cause efficient tumor cell lysis, but with minimal cytokine re-
lease in respective in vitro tumor cell and T cell co-culture models.
Additionally, one such molecule, anti-CD19xCD3 T-BsAb effectively
cleared CD19+ tumor cells in NOG mice in the presence of adop-
tively transferred human PBMCs.
Conclusions
This next generation of T-BsAbs thus shows promise as an effective
therapy against multiple cancer indications.
Ethics Approval
Animal studies were done in accordance with IACUC protocol # AUP-
17-0331-M-2
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Background
Bi-specific T cell Engager (BiTE®) antibody constructs are synthetic
cancer immunotherapies aimed at inducing polyclonal anti-tumor
T cell responses by re-directing T cells to specific surface antigens
expressed on tumors. BiTE® molecules are bispecific proteins with
2 linked scFvs; one targeting the CD3 surface receptor on T cells
and the other targeting an antigen expressed on cancer cells.
This class of immunotherapies is currently showing promising re-
sults in hematological malignancies, with Blincyto® (Blinatumo-
mab) leading to complete remissions in 69% of patients with
CD19+ B-ALL. While BiTE® antibody constructs are currently
undergoing testing in solid tumors, only limited clinical data are
available. However, multiple features of solid tumors, such as re-
stricted T cell recruitment, limited BiTE® biodistribution, and an
immunosuppressive microenvironment could potentially nega-
tively influence BiTE® activity.
Methods
We have engineered a knock-in mouse expressing a chimeric mouse/
human CD3e receptor recognized by BiTE® antibody constructs from
the endogenous mouse CD3e genomic locus to elucidate the phar-
macokinetic, pharmacodynamic and efficacy parameters governing
BiTE® activity in preclinical models.
Results
We have evaluated tumor types with varying baseline T cell densities
to understand the relationship between T cell density and BiTE® ac-
tivity in a tumor. In addition, we have assessed the reliance of BiTE®
activity on cytotoxic function of pre-existing tumor-resident T cells,
recruitment of new T cells from the periphery, and local T cell prolif-
eration across tumor models. These datasets are being employed to
interrogate the immune determinants of efficacy that drive BiTE®
activity.
Conclusions
These studies will allow defining key mechanisms that may limit
BiTE® efficacy in solid tumors and informing optimal therapeutic
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combination strategies capable of maximizing the potential of BiTE®
therapy in solid tumors.
Ethics Approval
All in vivo work was conducted under an IACUC approved protocol
and in an AAALAC accredited facility.
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Background
Recently, the role of TOX as a key transcription factor guiding T cells
towards exhaustion have shed light on strategies to reprogram
tumor infiltrating lymphocytes. While inhibition of TOX prevented ac-
quisition of an exhausted phenotype, it did not result in acquisition
of effector properties. This may explain why additional inhibition of
TIGIT/LAG3/TIM3 in the setting of PD-1 blockade has not yielded
marked clinical improvement. Instead, these results hint that while
checkpoint blockade may be required to destabilize an exhausted
phenotype, pushing exhausted lymphocytes toward an effector
phenotype may require co-stimulatory signaling. To explore this, we
developed two Agonist Redirected Checkpoint (ARC) constructs
which combine TIGIT/PVR inhibition with either OX40L or LIGHT me-
diated co-stimulation, and compared the activity of these com-
pounds to TIGIT/OX40/LTβR antibodies alone or with PD-1 or CTLA-4
checkpoint blocking antibodies.
Methods
Human TIGIT-Fc-OX40L and TIGIT-Fc-LIGHT (and the murine surro-
gates) were purified, and target binding assessed by ELISA, Octet,
and cell-surface binding assays. Functional activity was confirmed
using NFkB/NIK signaling, cytokine/chemokine stimulating, and im-
mune cell activating assays. Anti-tumor efficacy of mouse TIGIT-Fc-
OX40L and TIGIT-Fc-LIGHT was assessed alone and in combination
with anti-PD1 and anti-CTLA4 in murine CT26 and B16.F10 tumors.
Results
Each respective domain of TIGIT-Fc-OX40L and TIGIT-Fc-LIGHT bound
human and cyno PVR, OX40, LTbR, and HVEM with low nanomolar af-
finity. Due to the hexameric structure, the OX40L domain clustered
OX40 receptors on the cell surface and stimulated NFkB signaling in
a single-cell system lacking effector Fc receptors, and stimulated IL-2,
TNFa, and IFNg secretion from human PBMCs in the presence of SEB.
TIGIT-Fc-LIGHT uniquely induced non-canonical NFkB/NIK signaling,
stimulated CCL2/CXCL8 expression and IL-8 secretion, and induced
antigen-independent proliferation and differentiation of CD8-
depleted human PBMCs. Both murine TIGIT-Fc-OX40L and TIGIT-Fc-
LIGHT were effective at controlling CT26 and B16.F10 growth, and
programed a memory response that mediated the rejection of sec-
ondary tumor re-challenge. Anti-tumor efficacy of both ARCs was en-
hanced when combined with checkpoint blockade of PD-1 or CTLA-
4; resulting in complete tumor rejection. Lastly, both ARCs have con-
cluded non-human primate dose-range finding studies and have
demonstrated distinct on-target PD activity.
Conclusions
The addition of OX40L or LIGHT as co-stimulatory molecules dramat-
ically improved the efficacy of checkpoint blockade to TIGIT both
alone and in combination with PD-1 or CTLA-4 blockade. Pharmaco-
dynamic evidence from NHP suggests that hexamerized OX40L and
LIGHT activate OX40 and LTβR effectively, compared to existing data
from agonist monoclonal antibodies to the same targets, and may
uniquely reverse immune exhaustion.
P704
An Fc effector enhanced EGFR/cMet bispecific antibody (JNJ-
61186372), mediates EGFR/cMet downmodulation and therapeutic
efficacy through monocyte and macrophage trogocytosis
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Background
Agents targeting mutant EGFR in NSCLC have become standard of
care but acquired resistance invariably develops due to new muta-
tions in EGFR and activation of compensatory pathways such as
cMET. JNJ-61186372 (JNJ-372) is an anti-EGFR and cMet bispecific
low-fucose antibody (huIgG1) with enhanced Fc function designed to
target tumors with activated EGFR and cMET signaling through a
novel mechanism of action. An ongoing first-in-human study to as-
sess the safety and efficacy of JNJ-372 in patients with advanced,
treatment refractory NSCLC revealed JNJ-372 to have clinical activity
in patients with diverse EGFR-mutated NSCLC, including Exon 20 mu-
tations TKI resistance mutations (T790M, C797S) and resistance due
to MET amplification. Our previous studies demonstrated that the Fc
inactive version (IgG2sigma) of the EGFR/cMet antibody was signifi-
cantly impaired in its ability to inhibit tumor growth compared to
the Fc enhanced JNJ-372. The IgG2sigma variant also reduced the
ability of the bispecific antibody to mediate downregulation of EGFR
and cMet signaling. These observations suggested that the inter-
action of the Fc domain of the antibody with the Fc gamma recep-
tors on innate immune cells may play a crucial role in the
mechanism of action of JNJ-372.
Methods
To examine this hypothesis, we performed a comprehensive assess-
ment of the Fc effector functions of JNJ-372, including effects on
EGFR and cMet levels, downstream signal transduction, and role in
mediating anti-tumor activity.
Results
Despite observing potent anti-tumor activity of JNJ-372 in EGFR
mutant xenograft models, only modest anti-proliferative effects
were observed in NSCLC cell lines in vitro. Interestingly, the
in vitro addition of isolated human immune cells (PBMCs) notably
enhanced JNJ-372-mediated EGFR and cMet downregulation, and
dose-dependent tumor cell killing. Through depletion or enrich-
ment of specific cell types, we demonstrated that monocytes
and/or macrophages are necessary and sufficient for JNJ-372 Fc
interaction-mediated EGFR/cMet downmodulation and that macro-
phages are required for in vivo efficacy. Finally, we show that the
monocyte/macrophage-mediated down-modulation of EGFR/cMet
signaling occurs through trogocytosis.
Conclusions
Collectively, these observations represent a novel Fc-dependent
mechanism of action of JNJ-372 and support the continued clin-
ical development in patients with aberrant EGFR and cMET
signaling.
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Background
Previous studies examining vaccination against guanylyl cyclase C
(GUCY2C) in colon cancer patients revealed pre-existing immunity to
the adenovirus serotype 5 (Ad5) vaccine vector as a barrier to effect-
ive vaccination in patients, which was confirmed in animal models
[1]. To overcome this challenge, we have generated an alternative
vaccination approach using a chimeric viral vector composed of Ad5
in which the fiber molecule has been replaced with that from Ad35.
The fiber is the major target for Ad5-neutralizng immunity and, in
contrast to Ad5, Ad35 seroprevalence in human populations is very
low. Therefore, we hypothesize that this chimeric vector (Ad5.F35)
will be insensitive to Ad5-specific immunity, overcoming pre-existing
immunity in patients.
Methods
The immunogenicity and antitumor efficacy, safety, and biodistribu-
tion of the Ad5.F35 vaccine (Ad5.F35-GUCY2C-S1) was evaluated in
mouse models of metastatic colorectal cancer. Moreover, the sensi-
tivity of Ad5 and Ad5.F35 vaccines to pre-existing Ad5 immunity was
compared in animal models. Finally, the ability of patient sera to
neutralize Ad5 and Ad5.F35 vector was compared.
Results
Like the previous Ad5 vaccination, and Ad5.F35 induced CD8+ T cell
responses in adenovirus-naïve BALB/c mice. IFNγ ELISpot data
showed that Ad5 and Ad5.F35 vaccination produced similar CD8+ T
cell response and there was no significant difference in survival rates
of Ad5- and Ad5.F35-vaccinated mice with metastatic colorectal can-
cer. Repeated administrations of Ad5.F35 resulted in no toxicity and
little vector persistence in any examined tissues, demonstrating the
safety of this approach. In unvaccinated patients, Ad5-specific neu-
tralizing antibody titers were present in 50% (5/10) of patients, while
those neutralizing Ad5.F35 were present in only 1/10 patients.
Conclusions
These studies demonstrate that a chimeric adenoviral vector com-
posed of Ad5 with the Ad35 fiber is an advantageous alternative to
Ad5 alone for vaccinating human populations. While Ad5 and
Ad5.F35 vaccines produce comparable GUCY2C-specific immunity,
antitumor efficacy, and safety profiles in adenovirus-naïve mice,
Ad5.F35 is less sensitive to pre-existing Ad5-specific immunity.
Planned clinical studies will examine the safety and efficacy of
Ad5.F35-based vaccines in colon cancer patients.
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Background
Immune mobilising TCRs against cancer (ImmTAC) molecules are sol-
uble bispecific fusion proteins comprised of affinity‐enhanced TCR
and anti-CD3. ImmTAC molecules redirect T cells to kill tumour by
binding to specific peptide HLA (pHLA) complexes on cell surface via
the TCR moiety and recruiting T cells via anti-CD3.
Tebentafusp, an ImmTAC recognising gp100-derived pHLA, has
monotherapy activity in advanced melanoma (NCT01211262) and
pivotal studies are ongoing.
Here, using novel TCR-based labelling of individual surface pHLA
molecules, we examine the effect of ImmTAC on peptide presenta-
tion and T cell response in vitro and explore tumour gene expression
in tebentafusp treated patients.
Methods
pHLA epitope numbers were quantitated using a novel semi-
automated single molecule pHLA counting technique (derived
from [1]) and HLA levels determined by flow cytometry. PBMC re-
sponse was measured by IFNy ELISpot and tumour killing (Incu-
Cyte, xCELLigence or Phenix). To assess changes in tumour,
paired baseline and on-treatment biopsies from tebentafusp-
treated patients (n=9) (NCT01211262) were analysed for gene ex-
pression (NanoString).
Results
Activation of T cells, induced by ImmTAC co-incubated with 70 differ-
ent tumour cell lines, correlated tightly with pHLA presentation as
predicted by gene expression (n=70, R2=0.74) and with single mol-
ecule surface pHLA numbers based on TCR labelling (n=19, R2=0.86).
Baseline pHLA numbers ranged from undetectable to ~500 per cell,
with as few as 10-15 pHLAs per cell sufficient to drive T cell mediated
killing.
The number of pHLA per tumour cell could be increased by incuba-
tion with T cells and ImmTAC, presumably due to release of T cell de-
rived inflammatory cytokines [2], or by incubation alone with IFNβ
(~3-fold, p
In patients treated with tebentafusp, comparison of on-treatment
changes in tumour biopsies from partial response vs progressive dis-
ease patients, found HLA-associated antigen processing gene expres-
sion to be significantly enriched (p=0.006).
Conclusions
Using a state-of-the-art single molecule surface pHLA detection tech-
nology, T cell activation by ImmTAC is highly sensitive and correlates
with pHLA number. T cell activation by ImmTAC further augments
HLA expression and pHLA presentation indicating a feed-forward
loop. Evidence of this is suggested by enrichment of HLA-associated
antigen processing genes in tumour biopsies from patients respond-
ing to tebentafusp. By this mechanism, ImmTAC may promote overall
tumour immunogenicity and epitope spreading, thus amplifying na-
tive T cell responses.
Trial Registration
Trial Registration Reference NCT01211262
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Background
Checkpoint inhibitor (CPI) immunotherapy has achieved remark-
able success in the clinic, yet its efficacy in poorly immunogenic,
immune-excluded tumors has been modest. Interleukin (IL)-12 is
an attractive cytokine capable of activating the innate and adap-
tive arms of immunity, yet immune-related adverse events have
been a major barrier in its translation as an anticancer cytokine.
To overcome this, we engineered collagen-binding IL-12 (CBD-IL-
12), which, after intravenous administration, accumulates in the
tumor stroma due to exposed collagen associated with disor-
dered tumor vasculature.
Methods
N/A
Results
B16F10 melanoma is a poorly immunogenic and checkpoint-
unresponsive tumor model. Single i.v. administration of CBD-IL-12
to mice bearing moderately-sized B16F10 tumors (~60 mm3 at
the start of therapy) resulted in complete remission (CR) in 10
out of 15 mice, whereas none were cured by equimolar IL-12.
EMT6 breast cancer is an immune-excluded, “cold” tumor model
and is minimally responsive CPI therapy. In this model, single i.v.
treatment with CBD-IL-12 achieved CR in 13 out of 15 treated
mice, whereas equimolar i.v. IL-12 treatment achieved CR in 6
out of 15 mice. To investigate the pharmacodynamic mechanisms
of enhancement of antitumor efficacy of CBD-IL-12, we sought to
measure intratumoral (i.t.) IFNg kinetics in B16F10 melanoma. Sin-
gle treatment with CBD-IL-12 resulted in sustained levels of i.t.
IFNg for at least 4 days post-therapy, whereas i.t. levels of IFNg
rapidly declined after treatment with unmodified IL-12, showing
the effect of CBD-IL-12 retention within tumor matrix. Systemic
administration of CBD-IL-12 to B16F10 tumor-bearing mice signifi-
cantly decreased systemic toxicities, such as serum IFNg, ALT,
and pancreatic damage (i.e., lipase, amylase) compared to equi-
molar IL-12. Ability to administer CBD-IL-12 systemically enables
treatment of both primary and metastatic tumors. In the pulmon-
ary metastatic model of B16F10, CBD-IL-12 decreased the tumor
burden two-fold compared to equimolar unmodified IL-12. Treat-
ment with CBD-IL-12 induced dramatic differences in both the in-
nate and the adaptive immune compartments in the lungs of
treated mice as assessed by flow cytometry. Additionally, we in-
vestigated whether CBD-IL-12 can synergize with CPI therapy in
the CPI-unresponsive B16F10 melanoma model. Treatment of
mice bearing large, established B16F10 tumors (~120 mm3) with
only two cycles CBD-IL-12 + CPI cured 7 out of 12 mice, whereas
no CR was observed in either monotherapy group, confirming
the synergistic antitumor effects of CBD-IL-12 and CPI.
Conclusions
Collectively, our data show that CBD-IL-12 can safely cure large,
established tumors without antigen-specific approach, greatly in-
creasing the therapeutic index of IL-12.
Ethics Approval
All animal experiments performed in this work were approved by the
Institutional Animal Care and Use Committee of the University of
Chicago.
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Background
Immune-related adverse events (irAEs) related to immune checkpoint
inhibitors (ICI) may target any organ and originate from autoreactive
T cells injuring host tissues. There is a need to uncover potential pre-
dictors for irAE development in patients (pts) receiving ICIs. Real-
world evidence has been utilized previously to inform therapeutic
development, outcomes research, and quality improvement [1]. Our
study uses real world evidence in a prospective fashion to investigate
potential characteristics which exist in pts that could predict irAEs oc-
currence. We predict that there may be specific clinical variables
present before ICI administration that result in increased susceptibil-
ity to irAEs.
Methods
We designed a prospective study at Loyola University Medical
Center to document clinical profiles of pts diagnosed locally ad-
vanced or metastatic solid tumors. Selected tumor types included:
malignant melanoma (MM), renal cell carcinoma (RCC), small cell
and non-small cell lung cancer, urothelial carcinoma, head and
neck carcinoma, and merkel cell carcinoma. Only irAE events
graded above 2 were verified according to CTCAE V5.0 criteria.
Statistical analysis used involved univariable cox proportional haz-
ards model and Type III Wald Chi square p-values are reported
for overall variable significance.
Results
Pt enrollment and data collection began in March 2017 and ended
May 2019. We have enrolled 124 patients on our study; at the time
of analysis 98 patients had at least 6 months of follow up. The most
commonly reported irAEs were: thyroid dysfunction (23%), hepatitis
(14%), rash (11%), and colitis (7%). In our population the majority of
these patients were men (69.4%), identified as white and non-
Hispanic (82.5%), and most had MM (40%). Numerous clinical vari-
ables were utilized in univariable binary logistic regression models to
try to predict irAE development (Table 1). Tobacco use (p = 0.06) was
the only variable that had a trend towards statistical significance in
unadjusted analyses (Table 2).
Conclusions
Our results do show a similar incidence of irAEs in our population
(42.4%) as compared to other studies [2,3]. Previous data in NSCLC
demonstrated that tobacco smokers commonly have higher PD-L1
tumor proportion scores and can have a higher response rate to ICIs
than never smokers, but the authors did not remark on irAE occur-
rence [4]. In our study, we did see a trend regarding pts who are
current or recent tobacco users tend to develop less irAEs than never
smokers. This finding will need to be explored on further analyses
studying irAEs.
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Background
Immune checkpoint inhibitors have been approved in over 10 differ-
ent types of malignancies. Immunotherapy blocks immunoinhibitory
pathways, and allows for reversal of immunosuppression caused by
malignant tumors [1]. Immunotherapy can cause immune-related ad-
verse events (IrAE) including rash, pneumonitis, colitis, endocrinopa-
thy, nephritis, adrenal insufficiency, hepatitis, and uveitis [2]. Limited
data exists to predict which patients will have the greatest response
to therapy. Additionally, the correlation between IrAE and immuno-
therapy effectiveness has not been well investigated. The aim of the
current study is to determine the relationship between IrAE and im-
munotherapy efficacy.
Methods
Data was obtained using a retrospective chart review of Ochsner pa-
tients with metastatic cancer who received at least one cycle of im-
munotherapy (Nivolumab, Pembrolizumab, Atezolizumab, or
Durvulamab) with no other drug combination between October 1st,
2014 and February 1st, 2019. Data collection included demographics,
ECOG Performance Status recorded at the initiation of treatment, im-
aging results, time on treatment, best response to treatment, date of
progression of disease, and presence or absence of IrAE while on
treatment. Treatment response was analyzed using RECIST 1.1. Over-
all survival (OS) was calculated by the Kaplan-Meier survival method.
Results
A total of 456 patients were included for analysis. The median age
was 67.6. The median time on immunotherapy for all patients was
112 months. Of the 456 patients, 175 (38.3%) had an IrAE while on
immunotherapy. Hypothyroidism was the most prevalent adverse
event (13.8%) followed by rash (10.5%). Out of 16 patients on Durva-
lumab, 12 had an IrAE (75%) (Table 1). The overall response rate
(ORR) was 23.7% in the total population (Table 2). The development
of IrAE correlate with OS and response rate. Of the patients with a re-
ported IrAE, 58.3% had an overall response (OR), compared to 41.7%
of those without IrAE (Table 2, Figure 1). Complete response (CR) oc-
curred in 38 patients (8.3%), 21 (55.3%) of those with an IrAE, as
compared to 17 (44.7%) of those without an IrAE. Partial Response
occurred in 70 patients (15.4%), 42 (60.0%) of those with an IrAE as
compared to 28 (40.0%) of those without an IrAE (Table 2, Figure 2).
There is a significant increase in OS. At 24 months, 35 of 175 patients
with IrAE were still on treatment compared to 26 out of 281 patients
with no IrAE, p
Conclusions
Our results suggest that the presence of IrAE may represent a poten-
tial predictive indicator for treatment response to immune check-
point inhibitors.
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Background
Radiotherapy (RT) in patients with primary head and neck cancer
(HNC) and those receiving immune checkpoint inhibitors (ICI) for any
cancer, are independent risk factors for developing hypothyroidism.
In this study, we sought to determine if the risk of hypothyroidism in
patients with HNC who received RT, is increased by ICI compared to
other primary malignancies (lung, gastrointestinal, skin, melanoma or
urinary).
Methods
Data were obtained from a commercial de-identified database (Exp-
lorys, IBM, Inc.) that integrates electronic health records from 26
major integrated U.S. healthcare systems from 1999 to July 2019.
Cases were defined as patients with a Systematized Nomenclature of
Medicine Clinical Terms (SNOMED) diagnosis of primary HNC who re-
ceived RT anytime between 1 and 90 days following their diagnosis
and then received ICI (Nivolumab, Pembrolizumab, Atezolizumab,
Durvalumab and/or Ipilimumab) 60 days after RT. Incidence of
hypothyroidism was defined as anyone who had a new diagnosis of
hypothyroidism at least 1 day following initiation of ICI. The compari-
son group comprised of patients with SNOMED diagnosis of primary
lung, gastrointestinal, skin, melanoma or urinary cancer, who had re-
ceived RT followed by ICI similar to cases and had a new diagnosis
of hypothyroidism at least 1 day following initiation of ICI. All pa-
tients with previous/concurrent history of thyroid cancer, malignant
lymphomas and hypothyroidism were excluded. Odds ratios (OR)
and confidence intervals (CI) for the OR were calculated.
Results
We recorded 221,760 patients with an active diagnosis (within the
last 5 years) of primary HNC, and 547,570 patients with an active
diagnosis of a primary lung, gastrointestinal, skin, melanoma or urin-
ary cancer in the database. Out of 260 HNC patients, 60 patients
(23%) had a new diagnosis of hypothyroidism. Out of 1890 patients
with other primary cancers, 290 (15%) had a new diagnosis of
hypothyroidism. When compared to controls, cases had a 1.65 (CI =
1.2 – 2.3) times higher odds of developing hypothyroidism. Male
cases and adults >65 years were significantly more likely to develop
hypothyroidism.
Conclusions
The risk of developing hypothyroidism after ICI is higher in patients
with HNC compared to other primary cancers. Men and older adults
were more likely to become hypothyroid, but fewer numbers limit
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generalizability of our subgroup analyses. Other limitations included
reliance on diagnosis coding, the retrospective nature of the study
and lack of histological validation of SNOMED codes. Strengths in-
clude a strict definition of cases and controls and the inclusion of
only incident hypothyroid patients.
Fig. 1 (abstract P710). Association of Immunotherapy
with Hypothyroidism
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Background
Trials conducted for ICI efficacy have largely included the young and
healthy, while elderly patients have been excluded or under-
represented.[1] In our clinic’s real-world population of predominantly
elderly men, we aimed to compare the rate of clinically significant
side effects and hospitalizations. There are no serologic markers for
predicting response to ICI, but small series have suggested eosino-
philia predicts improved survival.[2]
Methods
This is a retrospective observational study approved by the local IRB
including all patients (n=147) who received ICI for non-hematologic
malignancies from 2013-2019 at VA Loma Linda Healthcare System.
Data were collected by chart review. Fisher’s exact test was per-
formed on primary objectives of rate of hospitalization and grade 3-5
toxicities as graded by CTCAE between cohorts. The elderly cohort
was defined as 70 years or greater, while younger cohort was de-
fined as less than 70 years. Eosinophilia was defined as absolute
count >5 x108/L on at least 2 occasions. Kaplan-Meier survival esti-
mates were used to calculate secondary outcome of overall survival.
Results
There were 73 patients in elderly cohort and 74 in younger cohort.
28% of the older while 26% of the younger cohort (p=0.75) experi-
enced immune-mediated grade 3-5 adverse events (AEs). During
course of treatment, Elderly were hospitalized 50% vs 58% (p=0.36;
HR=1.35) in younger population. AEs lead to a significantly increased
rate of ICI discontinuation in 24% of the older population while only
10% in the younger cohort (p=0.02; HR=0.33). In metastatic melan-
oma (n=36) survival between the younger (n=21) and elderly (n=15)
cohorts were similar with median OS of 24.9 and 27.8 months (p=
0.77), respectively. Similarly, survival in those with NSCLC (n=51) sur-
vival were 16.3 and 16.9 months (p=0.86), respectively for younger
(n=21) and elderly (n=30) cohorts. Results are summarized in Table 1.
An exploratory analysis examined presence of eosinophilia and sur-
vival amongst all ages. In metastatic melanoma (n=36), those with
eosinophilia (n=12) had a median overall survival of 42.0 vs 8.2
months (p=0.03) (Figure 2). In metastatic non-small cell lung cancer
(n=51) those with eosinophilia (n=11) had a trend towards improved
survival 20.8 vs 9.8 months (p=0.08).
Conclusions
Elderly patients in our cohort did not experience more frequent
grade 3-5 AEs or hospitalization, but more elderly patients discontin-
ued treatment due to AEs. Intriguingly, a significant increase in over-
all survival was seen in those with eosinophilia during ICI therapy in
metastatic melanoma.
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Background
Treatment with immune checkpoint inhibitors (ICIs) can result in
immune-related adverse events (irAEs). irAE cumulative incidence (CI)
rate is a measure that accounts for elapsed time since treatment initi-
ation and estimates the risk of irAE development conditioned on
time elapsed without experiencing an irAE. We sought to evaluate
the CI of irAEs in metastatic urothelial carcinoma (mUC) and meta-
static renal cell carcinoma (mRCC) patients treated with ICI.
Methods
We identified a cohort of mUC and mRCC patients who received ICI
at Dana-Farber Cancer Institute (DFCI). The severity of irAEs was
graded using CTCAE v.5.0. The CI of irAE was calculated accounting
for the competing risk of death. Monthly landmark intervals were de-
termined, and the monthly incidence and CI of irAEs at each land-
mark time was calculated based on the ratio of patients with irAEs
after the landmark time if alive with no prior irAEs at landmark time.
Results
A total of 470 patients were treated between July 2013 and October
2018 [199 mUC (42.3%); 271 mRCC (57.7%); median age, 65 (22-91)
years; 342 men (72.8%)]. Overall 341 (72.6%) received ICI monother-
apy, 86 (18.3%) ICI+ other class of agents, and 43 (9.2%) combination
ICI. 311 (66.2%) patients were treated with anti-PD1 and 159 (33.8%)
with anti-PD-L1 agents. 207 (44%) received ICI as 1st line therapy
and 263 (56%) as 2nd or later line therapy. IrAEs of any grade were
observed in 186 patients (39.5%) overall at any point in time (Table).
Common irAEs included hypothyroidism (n=42 [22.6%]), rash/pruritus
(n=36 [19.4%]), colitis (n=35 [18.8%]), transaminitis (n=32 [17.2%]),
and pneumonitis (n=14 [7.5%]). The risk of developing an irAE over
time was as follows: 33.5% if no irAE within the 1st month (mo),
27.3% if no irAE in 3mo, 18.8% if no irAE in 6mo, and 16.4% if no irAE
by 12mo. The monthly incidence of irAEs is shown in the Table. No
difference was observed based on type of cancer (mUC vs mRCC) or
agent (PD1 vs. PD-L1).
Conclusions
This is the first study to our knowledge that quantitates the inci-
dence of developing irAEs with ICI conditioned on time elapsed with-
out development. Although the incidence of irAEs decreased over
time on therapy, irAEs require continuous vigilant monitoring be-
cause of the long tail in its incidence. Further evaluation of the
conditional irAE rate is warranted in prospective studies in conjunc-
tion with evaluation of predictors of early and late irAEs.
Ethics Approval
The study was approved by Dana Faber Cancer Institutution’s Ethics
Board, approval number 02-021 /17-000.
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Background
Immune checkpoint inhibition (ICI) against PD-1/PD-L1 has shown re-
markable efficacy in many solid tumors. However, the PD-1 check-
point is critical for peripheral tolerance, and endocrine toxicities are
common immune-related adverse events (irAEs) of PD-1/PD-L1
inhibitors.
Methods
We characterized immune features in relapsed/refractory acute
myeloid leukemia (AML) patients who developed irAEs during
treatment with pembrolizumab and decitabine (PD-AML,
NCT02996474). Two of 10 patients developed hypothyroidism, a
known irAE. A third developed central diabetes insipidus, thought
possibly related to pembrolizumab. TCRb sequencing was per-
formed using the ImmunoSEQ platform (Adaptive Biotechnolo-
gies) on gDNA from longitudinal blood and bone marrow
samples of AML patients. We performed 10x Genomics 5’ single-
cell RNA / VDJ sequencing (scRNAseq) and cell surface protein
profiling with oligo-conjugated antibodies (Biolegend) on FACS-
purified CD3+ T cells from mononuclear cells of an AML patient
at hypothyroidism diagnosis. In a cohort of 8 patients who devel-
oped hypothyroidism during anti-PD-1/PD-L1 treatment, including
the 2 AML patients and 6 patients with solid tumors receiving
avelumab on NCT01772004, we tested for anti-thyroid autoanti-
bodies and performed HLA sequencing.
Results
We first queried for the presence of circulating anti-thyroid autoanti-
bodies. At onset of hypothyroidism, 3/8 hypothyroidism patients had
either elevated anti-thyroid peroxidase and/or anti-thyroglobulin
autoantibodies.The 2 AML patients had near undetectable levels.
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Sequencing of HLA loci did not reveal any consistent overlap. We
next examined TCR repertoire dynamics in AML patients during treat-
ment. Through TCRb sequencing, we identified several expanded T
cell clonotypes whose expansion coincided with irAE onset in all 3
AML irAE (Figure 1). To further explore genetic and proteomic signa-
tures of these expanded clones in a representative AML
hypothyroidism patient, 8578 T cells were sequenced with scRNAseq.
All expanded TCRb clonotypes of interest were captured and paired
TCRa chains identified. Most clones were CD8+ and expressed high
levels of cell surface PD-1, TIM-3, HLA-DR, and CD27, with no CCR7
and moderate CD45RO, indicating an activated effector memory
phenotype (Figure 2). These clonotypes had high PDCD1 and CD27
transcripts as well and an expression profile suggestive of activation,
proliferation, and degranulation.
Conclusions
We performed a detailed characterization of immunological and
molecular features accompanying the development of irAEs dur-
ing anti-PD-1 ICI and identified specific T cell clonotypes that
may have contributed to anti-PD1-induced irAEs in relapsed/re-
fractory AML patients. Our data suggest that several immuno-
logical mechanisms may mediate irAEs. We believe irAEs offer a
model system for discerning mechanisms of action of PD-1/PD-L1
inhibitors on T cells.
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Background
The clinical success of checkpoint inhibitors targeting CTLA-4 and
PD-1/PD-L1 alone or in combination has paved the way for the de-
velopment of new immunotherapy options and combination therap-
ies. In addition to checkpoint inhibitors, agonistic antibodies against
co-stimulatory receptors, such as CD40 or CD137, are currently being
evaluated clinically. In preclinical studies, different agonistic anti-
bodies have been shown to strongly complement the activity of
checkpoint inhibitors to enhance T/NK-cell clearance of tumours.
However, mouse models failed to predict the severe toxicities in-
duced by anti-CD137 during early clinical trials, which can limit their
clinical utility in combination therapies.
Methods
We recently described a model whereby transient depletion of T
regulatory cells (Tregs) using the FoxP3-GFP-DTR mice, prior to treat-
ment with immune modulating antibodies, increased physical and
biochemical immune related adverse events (irAEs) similar to what is
observed in humans.
Results
In this study, we demonstrated how Treg depletion can model clin-
ical irAES and investigate methods to alleviate the toxicity induced
by agonistic anti-CD40 and anti-CD137. First we demonstrated that
biochemical irAEs such as increased inflammatory cytokines and liver
toxicities were observed after transient Treg depletion and anti-CD40
and its severity varied depending on the mouse strain. We further
demonstrated that treatment of these mice with anti-TNF reduced
irAEs severity such as liver toxicity. Next, we demonstrated that Treg
depletion specifically in the tumor in combination with systemic anti-
CD137 suppressed tumour growth without inducing severe irAEs
contrary to peripheral Treg depletion and anti-CD137 treatment
where all mice died due to severe irAEs.
Conclusions
This study further highlights how T-reg depletion can be used to rap-
idly model clinically observed irAES and investigate methods to alle-
viate the toxicity of potent immunotherapies
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Background
Although antibodies and CAR-T cell therapies have been successfully
used for cancer treatment, they can have significant adverse effects
such as cytokine release syndrome (CRS). The animal models and
in vitro human PBMC assays presently in use unfortunately do not re-
liably predict the occurrence of CRS in patients. This significant gap
between pre-clinical testing of novel therapeutics and clinical trials
demonstrates a critical need for translational protocols that more ac-
curately predict immune toxicity.
Methods
We have developed a rapid, sensitive and reproducible in vivo hu-
manized mouse model for quantitating CRS. NSG mice and derivative
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strains are engrafted with human PBMCs for 6 days then treated with
various therapeutics such as bispecifics, pembrolizumab, avelumab,
atezolizumab, ipilimumab, and anti-CD28 or OKT3 antibodies to de-
termine their cytokine release levels in the mouse 6 hours later. In
addition to single agent therapies, drug combinations with pembroli-
zumab, lenalidomide, ATG and anti-CD28 were also performed
Results
At day 5 of PBMC engraftment, levels of human CD45+ cells ranged
between 10 to 15% CD45+ human cells in peripheral blood consist-
ing of approximately 70% CD3 T cells and 25% CD56 NK cells. All
FACS tested cytokines, human IFN-γ, IL-2, IL-4, IL-6, IL-10 and TNF
were upregulated 6 hours after injection with OKT3, ATG, anti-CD28,
various checkpoint inhibitor and bispecific antibody drug treatments.
Rectal temperatures of treated mice dropped from 37 to 38°C to
about 36 °C at 6 post treatment. Clinical observations of mice
showed health related issues with OKT3 and bispecific antibody
treatment. Using multiple PBMC donors, variable cytokines release
levels were evident with anti-CD28 treatment while most donors
showed a high response to OKT3. The cytokine release levels were
also determined to be consistent with a dose response or variable
PBMC engraftment. The cytokine levels were also higher in some
PBMC donors with drug combination studies such as pembrolizumab
combined with lenalidomide or ATG; anti-CD28 combined with ATG.
Direct comparison of the newly developed vivo model with a stand-
ard in vitro CRS assay demonstrated an increased sensitivity and ac-
curacy in predicting CRS.
Conclusions
We have developed a rapid, sensitive and reproducible novel in vivo
PBMC humanized mouse model that is able to differentiate human
PBMC donors based on individual safety response to single agent
and combination therapeutics of immune checkpoint inhibitors and
possibly bispecific antibody and CAR-T therapy. Together these data
indicate that our newly developed in vivo CRS assay has clinical rele-
vance for future drug development.
Ethics Approval
The study(#16000) was approved by The Jackson Laboratory IACUC
committee on 3/12/19 and expires 3/12/22
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Background
Severe neurological and endocrine toxicities are well recognized ad-
verse events of immune checkpoint inhibitors (ICI). However, the
underlying pathophyisology is poorly understood and classical circu-
lating markers are often non-informative, making it difficult to obtain
a precise diagnosis and to initiate timely and effective treatment.
Methods
We studied the case of a patient who developed fatal combined neuro-
logical and endocrine toxicity while on treatment with dual immune
checkpoint blockade for his metastatic sarcomatoid mesothelioma. The
syndrome was characterized by insulin-dependent diabetes, hypophisi-
tis (see figure 1) with impairment of multiple endocrine axes and a
myasthenia-like syndrome with predominant involvement of cranial
districts. We tested in vitro dendritic cell (DC) activation upon incuba-
tion with patient's plasma. By cytokine bead array (CBA), we compared
patients' levels of circulating cytokines (IFNg, IL4, IL5, IL6, IL13, IL17A
and TGFb) with those in healthy subjects and cancer cases with com-
parable treatment history but no toxicity
Results
Incubation with patient's plasma resulted in upregulation of multiple
DC activation markers, most prominently CD25 and CD11b. Levels of
IL17A in patients' plasma (18.3 ± 5.6 pg/ml) were significantly higher
than in healthy controls (1.9 ± 1.9 pg/ml) or cancer cases with no
toxicity (1.3 ± 1.8 pg/ml) (p=0.04 by one-way ANOVA, figure 2)
Conclusions
This is the first clinical report of an association between ICI-related
neuroendocrine toxicity and elevation of IL17A, a Th17-produced
cytokine involved in numerous autoimmune disorders of the central
nervous system. If confirmed in larger series, this findings may point
to a role for IL17A as a diagnostic and therapeutic target in the man-
agement of severe neuroendocrine toxicities.
Ethics Approval
The study was approved by the IEO Institutution’s Ethics Board
through its procedure for observational studies, approval number
2062.
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Background
The combination of the immune checkpoint inhibitors (ICI) anti-
CTLA-4 (ipilimumab) and anti-PD-1 (nivolumab) has become a main-
stay of treatment for select patients with metastatic melanoma. The
use of combination ICIs, while demonstrating higher levels of anti-
tumor activity over either ICI alone, also results in more frequent
immune-related adverse events (irAEs) [1]. While the CTLA-4 and PD-
1 pathways regulate autoimmunity at different stages of an immune
response, the exact mechanisms by which ICIs generate specific irAEs
is not yet well-understood.
Methods
Here we report a case of simultaneous T cell-mediated red cell apla-
sia and antibody-mediated auto-immune hemolytic anemia (AIHA) in
a patient receiving combined ICI therapy for metastatic melanoma.
Results
A 29-year-old woman with melanoma metastatic to the small bowel
presented with worsening fatigue after completing four cycles of
combination nivolumab and ipilimumab. Laboratory results were
strongly suggestive of AIHA, including: a hemoglobin of 6.1g/dL, un-
detectable haptoglobin, elevated lactate dehydrogenase, and a posi-
tive Coombs test. However, the reticulocyte count was abnormally
low for the degree of anemia (reticulocyte production index 0.0). She
was given transfusion support and started on high-dose intravenous,
then oral steroids. By the following visit, the hemoglobin fell to 5.5g/
dL with ongoing reticulocytopenia. Intravenous steroids were again
initiated and a bone marrow biopsy was performed; this demon-
strated a substantial T cell infiltrate. The marrow core biopsy sections
were hypercellular with an atypical lymphoid infiltrate. 25% of all
cells stained as CD8+, and the CD4:CD8 ratio was abnormally shifted
to 1:3, showing predominance of CD8+ T cells. Perforin was also in-
creased suggesting a cytotoxic T cell phenotype. These observations
were consistent with T cell-mediated destruction of the absent red
cell precursors. Given lack of reticulocyte response to corticosteroids,
T cell-directed immunosuppression was initiated with cyclosporine A
along with continued steroid administration for AIHA. The reticulo-
cyte count increased over the next week; within one month the
hemoglobin level had normalized. A steroid taper was completed,
and all immunosuppression was ceased within three months. Upon
repeat imaging, the patient experienced a complete response to ICI
therapy and remains in observation alone.
Conclusions
This report describes a rare case of two concurrent hematologic
irAEs in a patient treated with combined ICI therapy: 1) auto-
antibody mediated AIHA and, 2) CD8+ T cell-mediated red cell
aplasia. Successful treatment resulted only after the second
underlying mechanism of toxicity was uncovered. Prompt recog-
nition of these unusual presentations of irAEs are now is now
key to effective irAE management.
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Background
Colitis a common immune related adverse events (irAEs) associated
with immune checkpoint inhibitor (ICIs) therapy with severe toxicity
occurring in up to 25% of patients receiving therapy[1]. It is one of
the most complex irAEs to treat often requiring inpatient manage-
ment and the use of additional immunosuppression beyond cortico-
steroids. The use of infliximab is widely accepted but use of gut
specific agents such as the anti-integrin therapy vedolizumab is in-
creasing. The rationale is that as a highly gut targeted therapy it pre-
sents the potential for therapeutic benefit without risking impact on
oncological efficacy. However the evidence for this remains limited
and patient selection unclear.
Methods
As part of an established observational study peripheral PBMCs were
isolated from patients presenting with colitis secondary to ICI therapy
for malignant melanoma. Samples were taken at the onset of colitis
at the time of endoscopic investigation. Control patients had re-
ceived at least 4 months of ICI therapy without any irAEs. Those with
colitis were assessed for severity via endoscopic/ histological assess-
ment and followed up to determine the duration of corticosteroids
required. Mass Cytometry utilising a Fluidigm Helios (CyTOF3) plat-
form was undertaken with a 16 marker panel including 12 cellular
markers and 4 gut homing markers (Table 1). Cytometry analysis was
undertaken using Cytobank software. Data was analysed using
ANOVA in GraphPad Prisim v8.2.0.
Results
A total of 18 patient samples were analysed (12 colitis patients and 6
controls). Colitis patients were stratified by endoscopic/histological
severity and duration of steroid therapy (80 days). The populations of
CD8, CD4 and Treg populations were not found to be significantly
different between affected patients and tolerant controls. With
regards to the gut homing markers the expression of the α4β7 integ-
rin heterodimer was found to be differentially expressed on periph-
eral CD45+CD3+CD8+ cells. There was a significant difference in
expression in those found to have mild and severe colitis on investi-
gation with those having severe endoscopy findings having an ele-
vated α4β7 expression (p=0.0315). Additionally there was an
increased expression of α4β7 in patients who required long-term ste-
roids compared to those requiring short term steroids (p=0.0105)
Conclusions
This is preliminary data however the differential expression of
Cd45+CD3+CD8+ α4β7 at the initiation of toxicity highlights its po-
tential to predict steroid sensitivity. Given the increased expression
of α4β7 in patients with severe investigative findings could endorse
the use of anti-integrin directed therapy in patients with
investigation-diagnosed severe ICI-induced colitis.
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Background
Protein therapeutics represent a significant proportion of the cur-
rently available therapies for a broad spectrum of diseases and is
one of the fastest growing markets. However, the development of
new therapeutics comes with a series of challenges and risks.
Methods
One major hurdle in the therapeutic development is the risk for un-
wanted immunogenicity which can lead to decreased efficacy and
safety concerns. Although a large proportion of oncology drug is rec-
ognized to induce an unwanted immune response, less is known
about the consequences on safety and efficacy and potential adju-
vant effect. Today, several tools are available to improve and acceler-
ate therapeutic drug development in an early stage. A well balanced
and rational development strategy can help to design less immuno-
genic drugs and reduce the number of clinical failures.
Results
Often used as a first step is an In silico T cell epitope prediction algo-
rithm such as NetMHCpan which can be used to assess and compare
the immunogenic potential of the lead candidates and guide de-
immunization strategies. Further monitoring of the immunogenic risk
can be performed using in vitro T cell proliferation assays to deter-
mine and rank the immunogenic risk of the test proteins or identify
specific regions of concern. However, given the intrinsic capacity of
certain immune check point blocking antibodies to stimulate T cells,
assay protocols might need to be adapted and fine-tuned to allow
the discrimination between a T-cell epitope driven response and a
proliferative effect caused by ‘releasing the breaks of the immune
system’. Next to the T cell assays, the MAPPS assay (MHC Associated
Peptide Proteomics) is a useful assay to identify the actual number of
T cell epitopes presented by professional antigen-presenting cells.
Conclusions
Another important step is the compilation of the different datasets
and translation of the results into a comprehensive risk management
plan, allowing further de-risking of test candidates and selection of
the best candidates to move forward into humans. This step also al-
lows to identify and discontinue the high-risk candidates as early as
possible.
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Background
The gut microbiome impacts the efficacy of immune checkpoint in-
hibitor (ICI) therapy and the development of ICI-mediated diarrhea
and/or colitis (IMDC). Antibiotic therapy especially that with anaer-
obic activity, has profound effects on the gut microbiome. Therefore,
we sought to assess the effect of antibiotics on the development of
IMDC.
Methods
Patients who received ICI therapy from January 2016 to January 2018
were examined retrospectively. A Cox regression model was used to
assess factors associated with overall survival.
Results
A total of 826 patients were included. Of these patients, 51.6% re-
ceived inhibitors of programmed cell death protein-1 or its ligand,
32.0% received inhibitors of cytotoxic T-lymphocyte-associated
antigen-4, and 16.5% received a combination of the two. IMDC de-
veloped in 52.5% of the patients after a median of 8 weeks. Overall,
569 patients (68.9%) received antibiotic therapy (Fig 1). Antibiotic
use at any time was associated with reduced IMDC occurrence and
recurrence rates but also with frequent hospitalization and intensive
care unit admission for IMDC as well as increased IMDC severity.
Compared with patients who received antibiotic therapy only before
ICI therapy initiation, those receiving it after ICI had a higher IMDC
rate and more often needed immunosuppressive therapy and
hospitalization for IMDC. Antibiotics with anaerobic activity were in-
cluded in 51% of the antibiotic therapy regimens and were associ-
ated with increased immunosuppressant use, hospitalization,
intensive care unit admission for IMDC, and IMDC grades (Table 1).
Forty-one patients received empiric prophylactic antibiotic therapy at
IMDC onset. These patients more often needed immunosuppressive
therapy, intravenous steroids, and infliximab/vedolizumab; had more
frequent and longer hospitalization for IMDC and higher IMDC
grades; and more frequently had IMDC recurrence than did patients
who did not receive antibiotic therapy at the time of IMDC symptom
onset (Table 2).
Conclusions
Whereas antibiotic therapy appeared to be protective against IMDC
onset, use of antibiotics, especially those with anaerobic activity, after
ICI therapy was associated with increased risk of severe IMDC.
Ethics Approval
This study was approved by University of Texas MD Anderson Cancer
Center Institutional Review Board, IRB #PA18-0472.
Consent
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Background
Immune checkpoint inhibitor (ICI) therapy is commonly used in the
treatment of advanced malignancy. Immune related adverse events
(irAEs) are a common side effect from therapy, requiring high dose
corticosteroids to limit morbidity[1,2]. Currently the NCCN recom-
mends Pneumocystis jiroveci pneumonia (PJP) prophylaxis in pa-
tients treated with 20mg of prednisone equivalent for at least four
weeks, but little is known about the incidence of PJP, opportunistic
infections (OI), or non-opportunistic infections in this patient
population.
Methods
We performed a retrospective analysis of patients treated with ICI
therapy at five MedStar Health hospitals from January 2011 to April
2018. We identified 758 patients treated with ICIs; 113 were pre-
scribed a minimum of 20mg of prednisone equivalent for more than
4 weeks for immune related adverse events. The incidence of use of
non-corticosteroid immunosuppressive medication, prophylactic anti-
biotic usage, OI, non-OI infection, and infection outcome was
analyzed.
Results
Of the 113 patients the most common cancers were melanoma (69)
and non-small cell lung cancer (21). The most common ICI therapies
implicated were nivolumab plus ipilimumab (35), nivolumab (28), ipi-
limumab (25), and pembrolizumab (20). The median starting steroid
dose was 100mg of prednisone, and 25% of patients (n=28) were
taking additional immunosuppressive medications (infliximab, n=15;
mycophenolate mofetil, n=8; vedolizumab, n=2; tocilizumab, metho-
trexate, anti-thymoglobulin, 1 each). PJP prophylaxis with sulfameth-
oxazole/trimethoprim was given to 12% of patients (n=14). The
incidence of patients with any documented infections, which re-
quired antimicrobial therapy during ICI treatment, was 19% (n=22).
These infections included 4 patients (3%) with opportunistic infec-
tions (Table 1; 2 reactivations of non-disseminated varicella zoster in-
fection (VZV), PJP, and Listeria monocytogenes endophthalmitis, 1
each). Additional non-OI included Clostridium difficile (n=5), oral can-
didiasis (n=4), hospital acquired/ventilator associated pneumonia (n=
4), urinary tract infection (n=3) cellulitis (n=2), community acquired
pneumonia, osteomyelitis/bacteremia, and sinusitis, 1 each.
Conclusions
Our findings suggests that the incidence of OI is low (< 3%) in pa-
tients treated with prolonged corticosteroid therapy alone for irAEs
due to ICIs and raise questions about the value of prophylactic anti-
biotics in this population. Further, given the distribution of OI in this
analysis, sulfamethoxazole/trimethoprim as the lone choice of
prophylactic antimicrobial coverage could also be questioned. Fur-
ther analyses are needed to validate above findings.
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Background
Understanding of the immunobiology of checkpoint inhibitors (CPI)
induced immune related toxicities, such as immune related entero-
colitis, and how these compare to the immune signatures in tumors
could lead to the development of strategies that de-couple auto-
immunity from anti-tumor immunity. Interleukin 6 (IL-6), a
pleiotropic-cytokine promoting tumor progression and essential for
Th17 lineage commitment of naive CD4+T-cells has been implicated
and a therapeutic target in a variety of autoimmune diseases. Here,
we are presenting clinical and preclinical data on the impact of IL-6
blockade to de-couple autoimmunity and tumor immunity.
Methods
Total RNA from patient-matched colitis and normal colon FFPE tissue
from patients [n=23] receiving CPI were profiled with the 770 gene
NanoString nCounter PanCancer Immune Profiling Panel (NanoPCIP).
The gene expression fold increase normal vs. irEC inflamed colonic
tissue and baseline vs. on-treatment tumor samples from patients
responding or non-responding per RECIST v1.1 to ipilimumab-based
therapy were analyzed. To evaluate the effect of IL-6 blockade on
anti-tumor activity, mice with B16.BL6 or CT-26 tumor received sys-
temic anti-IL-6, anti-CTLA-4, anti-IL-6 and anti-CTLA-4 or placebo.
Tumor sizes were measured and immune cell profiles were analyzed
using cytof and flow cytometry and chemokine and cytokine levels
were quantitated by Luminex.
Results
In patients with colitis, the highest significantly upregulated differen-
tially expressed gene (DEG) in inflamed colon tissue encoded for IL-6
(+24.1) followed by genes for neutrophil and monocyte chemotactic
molecules. Interestingly, IL-6 was also the highest upregulated DEG
in non-responding tumors numerically. There was no overlap be-
tween DEGs upregulated in colitis and responding-tumors. Gene sets
expression analysis indicated significantly higher Th17 than Th1 up-
regulation in colitis compared to normal colon. Further imaging cytof
and IHC analyses of colitis tissue is on-going. In murine tumor
models, the addition of IL-6 blockade to anti-CTLA-4 therapy signifi-
cantly improved tumor shrinkage compared to anti-CTLA-4 alone.
Correlating with the anti-tumor response, tumor-infiltrating immune
cells analysis showed, increased CD8+ or Th1 (T-effector:Treg) ratio,
reduced Th17 differentiation, contraction in macrophages and PD-
L1High myeloid cells. Analysis of tumor supernatant revealed Th1-
biased immune response and increased expression of T cell chemo-
tactic molecules in mice treated with anti-CTLA-4 and anti-IL-6 com-
pared with mice treated with anti-CTLA-4.
Conclusions
Our human-tissue data demonstrates that IL-6-mediated-inflamma-
tion may be more prevalent in colitis than in responding-tumors, and
in mice blocking IL-6 enhances CPI anti-tumor response. Targeting IL-
6 may ameliorate colitis without hindering anti-tumor immunity. A
clinical trial evaluating concomitant IL-6 blockade with ipilimumab
and nivolumab is being initiated.
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Background
Immune checkpoint inhibitors (ICIs) have dramatically altered the
therapeutic landscape across oncology. However, ICIs are associ-
ated with a unique safety profile involving immune-related ad-
verse events (irAEs) that require prompt recognition and
management to ensure optimal patient safety. In 2017, we devel-
oped an online interactive decision support tool at www.clinica-
loptions.com/immuneAEtool to provide healthcare providers
(HCPs) case specific, evidence-based guidance on management of
irAEs and reported substantial variances in practice compared
with expert recommendations [1]. The National Comprehensive
Cancer Network® (NCCN) publishes guidelines for managing irAEs
in patients treated with ICIs across all organ systems [2]. In 2019,
our interactive tool was updated to incorporate case-specific irAE
management recommendations from the new NCCN Guidelines®
[3]. Here, we report a comparison of HCP-reported planned irAE
management strategies vs the corresponding NCCN recommenda-
tions provided via the 2019 irAE tool.
Methods
To use the online tool, HCPs enter the organ system affected and the
grade or severity of the symptom along with their planned manage-
ment strategy. The HCPs were then shown the NCCN management
recommendation for that specific irAE scenario. After viewing the
NCCN management recommendation, HCPs were asked if it affected
their intended management approach.
Results
Between February and June 2019, 737 HCPs entered 972 unique case
scenarios into the tool. 58% of cases were entered by clinicians who
treat ≤ 20 patients/year with ICIs. The most frequently entered irAEs
involved the gastrointestinal, dermatologic, and pulmonary systems
(28%, 24%, and 19% of cases), similar to our previous practice ana-
lysis [1]. Overall, the planned irAE management strategy of HCPs
matched the NCCN recommendations in 39% of cases, with the
greatest divergence in cardiovascular and dermatologic irAE manage-
ment (Figure 1). The proportion of cases in which the planned man-
agement strategies of HCPs matched the NCCN recommendations
also varied by symptom grade/severity, with lower concordance
(31%) observed for the management of grade 3/4 events compared
with grade 1/2 events (43%). 48% of HCPs indicated that the NCCN
recommendations provided by the tool changed their management
plan.
Conclusions
These data suggest that many HCPs are challenged to optimally
manage irAEs associated with ICI and are not managing their pa-
tients in concordance with the NCCN guidelines. Use of an online
tool providing easy access to NCCN Guidelines recommendations im-
proves patient care and safety. A detailed analysis of the tool,
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including case entries and planned management vs NCCN recom-
mendations for each irAE and grade, will be presented.
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Background
Immune checkpoint inhibitors (ICIs) have revolutionized cancer treat-
ment over the past decade. However, despite their increasing use in
clinical practice, there are few established, evidence-based guidelines
for the screening, diagnosis, and management of immune-related ad-
verse events, particularly with regard to autoimmune endocrinopa-
thies [1,2]. In particular, adrenal insufficiency is a toxicity associated
with ICIs that is poorly characterized due to the nonspecific nature of
its presentation, and can be life-threatening if not promptly recog-
nized and treated [3]. Our aim is to better define the clinical, bio-
chemical, and imaging features of ICI-related adrenal insufficiency
(AI) to mediate earlier recognition and treatment.
Methods
We identified a total of 250 patients treated with either nivolumab,
pembrolizumab, or ipilimumab/nivolumab combination therapy
found to have a random cortisol level less than 3 or morning cortisol
less than 5 during or following therapy. Of these, 60 patients had
been on prednisone or dexamethasone at time of cortisol testing,
and 6 had undergone adrenalectomy. These patients were excluded.
Results
184 patients met criteria for new onset AI on ICI therapy. Median
time to onset was 17 weeks. 13% were appropriately diagnosed with
adrenal insufficiency, 6% had subsequent workup with ACTH, 11%
were treated with hydrocortisone, 2% were referred to endocrine. Of
the undiagnosed patients, 5% had biochemical and clinical findings
suggestive of adrenal insufficiency, including fatigue, nausea, hypo-
natremia, hypotension, and hyperkalemia, that was not further
worked up in the setting of pembrolizumab and 10% in the setting
of nivolumab. No anti-21 hydroxylase antibodies were drawn.
Conclusions
As ICIs are being used with increasing frequency, it is crucial for
health care providers to recognize the characteristics of immune-
mediated adrenal insufficiency and initiate the appropriate workup,
treatment, and referrals. Based on our preliminary findings, we have
found that a majority of cortisol levels are ordered as part of routine
screening of ICI infusion but without proper work-up or follow up
when levels meet criteria for AI. Few patients receive ACTH or anti-
body testing and are initiated on adrenal replacement or referred to
endocrinology. Thus, we recommend a greater awareness and more
systematic approach to diagnosing and managing AI in patients on
ICIs.
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Background
Artificial intelligence deep learning networks are being increasingly
applied to resolve complex pattern recognition challenges in quanti-
tative digital pathology. Khosravi[1], utilized deep learning to discrim-
inate and classify tumors and associated subtypes using a range of
immunohistochemically (IHC) labelled tumor sections, even where tu-
mors were significantly heterogeneous.
Image co-registration is commonly employed in brightfield quantita-
tive workflows where serial sections have been IHC labelled with dif-
ferent markers, one of which is a tumor marker such as pan-
Cytokeratin, which is used to guide the tumor locations in the corre-
sponding serial section. Frequently, alignment errors occur in particu-
lar at the periphery of tumor foci, where either tumor cells are
missed or adjacent stroma is incorrectly classified as tumor.
Deep learning classifiers can be trained across a range of sections
and markers to define tumor regions of interest (ROI), utilizing a
range of features from each stained sample to generate a classifier,
capable of identifying tumor ROI independent of the tissue, stain or
marker.
Here we use serial tissue microarray (TMA) sections of gastric adeno-
carcinomas, labelled with pan-Cytokeratin and CD3, to exemplify the
use of a deep learning approach to distinguish tumor foci without re-
quiring serial section image co-registration.
Methods
Exemplar TMA serial sections of gastric adenocarcinomas were IHC
labelled for pan-Cytokeratin and CD3, using DAB chromogen and
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counterstained with hematoxylin. The stained slides were digitized
using a Zeiss scanner.
The sections were analyzed using Deeplabv3 network in Visiopharm
Oncotopix Software. Classes were established for tumor, stroma and
background, at x10 input magnification, using identical example
training labels across the IHC images.
Results
Tumor and stroma were accurately identified across the serial sec-
tions using a single deep learning algorithm. Applying a Dice similar-
ity coefficient confirmed a high-level correlation between manual
ROI and deep learning classifications for the 2 markers.
Conclusions
The exemplar data demonstrated the application of a single classifier,
across IHC images, enabling the identification of tumor and stroma,
irrespective of marker. This approach has demonstrated that it is pos-
sible to accurately utilize multifaceted features, from different IHC
markers on TMA tissue sections, for the accurate classification of
tumor and stroma ROI. This approach provides an alternative method
to the co-registration of images for tumor assignment across serial
sections.
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Background
Glioblastomas make up more than 60% of adult primary brain tu-
mors and carry a median survival of less than 15 months despite ag-
gressive standard therapy. Immunotherapy, now standard of care for
many solid tumors, offers an appealing alternative platform that may
improve survival outcomes for patients with glioblastoma; however,
predictive features that could inform responsiveness to different im-
munotherapeutic modalities remains to be elucidated. Recent studies
have demonstrated that patients whose tumors show radiographic
contact with the ventricular-subventricular zone (V-SVZ) have dimin-
ished survival outcomes compared to patients whose tumors do not
contact the V-SVZ. We therefore hypothesized that V-SVZ contact
may provide a unique, immunosuppressive microenvironment within
the brain that promotes tumor growth by suppressing anti-tumor im-
munity that may be overcome via targeting the appropriate immune
suppressive immune population or receptor target.
Methods
Primary glioblastoma tumors obtained in accordance with the Declar-
ation of Helsinki and with institutional IRB approval (#131870,
#030372, #181970) were disaggregated into single-cell suspensions.
Radiographic contact with the V-SVZ was identified by MRI imaging
and confirmed by a trained neurosurgeon. Multi-dimensional single-
cell mass cytometry (CyTOF) then measured >30 immune identity
markers in thirteen immune populations infiltrating human glioblast-
omas, including CD4 and CD8 T cells, γδ T cells, natural killer cells, B
cells, microglia, peripheral macrophages, and myeloid-derived sup-
pressors cells (MDSC). Advanced computational dimensionality-
reduction tools including Citrus, t-SNE, FlowSOM, and MEM along
with traditional biaxial gating strategies identified key differences in
the abundance and phenotypes of immune infiltrates.
Results
On the basis of tumor contact with the V-SVZ, the Citrus and Flow-
SOM clustering algorithms computationally identified consequential
distinctions in the abundance of five T cell, macrophage, and micro-
glia subsets among glioblastomas. In addition, differential expression
of five functional immune markers (three activating receptors and
two inhibitory receptors) was observed in seven distinct immune cell
subsets infiltrating tumors. Critically, the abundance of identified im-
mune subsets and relative immune receptor expression levels corre-
lated significantly with tumor contact status and patient outcomes.
Biaxial gating analysis and parallel computational pipelines confirmed
that comparable cell subsets could be identified with traditional ap-
proaches and unsupervised algorithmic analysis.
Conclusions
Single-cell mass cytometry in conjunction with the Citrus and
FlowSOM clustering tools identified key differences in immune
cell abundance between V-SVZ contacting and non-contacting
glioblastomas. These results provide key insights into the immune
microenvironment of glioblastomas and elucidate several clinically
actionable immunotherapeutic targets that may be used to
optimize treatment strategies for glioblastomas based on V-SVZ
contact status.
Ethics Approval
This study was approved by the Institutional Review Board at Vander-
bilt University, approval #131870, #030372, and #181970.
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Background
The current work-up for diagnosis, gene mutation, and programmed
death ligand-1 (PD-L1) testing in metastatic NSCLC can exhaust an
entire tumor specimen. Testing for tumor mutation burden (TMB), a
candidate predictive biomarker for checkpoint inhibitor therapy, cur-
rently requires 10 tissue slides and ranges from 10 days to 3 weeks
from sample acquisition to test result. As more CDx-restricted drugs
are developed for lung adenocarcinoma, rapid, tissue-sparing tests
are sorely needed. We investigated whether these biomarkers can be
inferred from digital H&E images alone.
Methods
Whole slide (40x-magnified) H&E images of lung adenocarcinoma
from TCGA were used to train a computational model to infer
TMB and PD-L1 status. Modeling occurred in two layers: first, a
neural network was trained to segment known histologic and
other tumor microenvironment features from H&E images. Each
feature was manually annotated and confirmed by two rounds of
pathologist review. Second, these feature maps, along with
ground truth biomarker labels and patient demographics, were
analyzed by second-level models to infer biomarker status.
Ground truth biomarker status of H&E-associated tumor samples
included WES for TMB and reverse-phase protein array for PD-L1,
per TCGA. TCGA samples (n=40) generating 40,000 feature anno-
tations were used to train and evaluate the first layer model.
Held-out TCGA samples were used to train (n=200) and test (n=
194) the TMB and PD-L1 classification models.
Results
In a "hold-one-TCGA-site-out" approach using 40 images, the overall
accuracy of the first model layer in classifying pathologist-confirmed
histologic features was 98-99%. The two-layer model achieved an ac-
curacy of 81% in predicting both TMB (AUC = 0.81) and PD-L1 status
(AUC = 0.86) in the testing dataset.
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Conclusions
Biomarker inference from digital H&E images has the potential to be
highly accurate and to supplement or replace certain tissue-based
tests. Use of known biological features makes the model interpret-
able and verifiable by pathologists. This method may enable testing
in patients whose tumor tissue has been exhausted or who cannot
undergo re-biopsy to enable biomarker testing. This technology can
return test results within hours instead of days or weeks, enabling
rapid treatment decision-making and start. Ongoing work to improve
accuracy of the model, assess model correlation to PD-L1 by IHC and
gene panel-derived TMB, and to evaluate the model’s correlation to
clinical outcomes is in progress.
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Background
Assessing PD-L1 immunohistochemistry (IHC) expression may play a
role in identifying patients likely to benefit from anti–PD-1/PD-L1
therapies in some advanced cancers, including urothelial carcinoma
(UC). Studies have shown variable inter-observer agreement for path-
ologist assessment of PD-L1 expression, with generally higher levels
of concordance for tumor cell scoring compared with immune cell
scoring [1,2]. Thus, immune cell PD-L1 scoring may be more challen-
ging to implement than scoring on tumor cells. We evaluated the
performance of an artificial intelligence (AI)-based predictor of PD-L1
expression on tumor and/or immune cells in the tumor microenvir-
onment and compared this with manual evaluations by a network of
pathologists to identify whether the AI platform performed more
consistently.
Methods
PD-L1 was assessed using the PD-L1 IHC 28-8 pharmDx assay (Dako,
Agilent Technologies Co). The training set for this exploratory ana-
lysis consisted of 293 pretreatment samples from patients with ad-
vanced UC, commercially procured or from clinical trials of
nivolumab [3,4]. From these, we obtained 105,514 annotations of
tumor and immune cells from 43 pathologists. To establish a refer-
ence dataset for manual vs digital concordance using the platform
(PathAI, not intended for diagnostic use), we generated 80 150x150-
micron–sized “frames” sampled from 100 held-out clinical images, re-
moving frames of inadequate tissue quality or with presence of arti-
facts. For each frame, we collected exhaustive annotations from 5
pathologists to produce quantitative estimates of PD-L1 positivity on
all tumor and immune cells. Altogether, 66,049 annotations were col-
lected and used to compute pathologist consensus scores for each
frame. These scores were then correlated with each individual path-
ologist (inter-reader agreement) and with the PathAI-derived auto-
mated scores for evaluation of manual vs digital agreement.
Results
The PathAI platform showed significantly stronger correlation with
pathologist consensus scores compared with scores generated by in-
dividual pathologists for quantifying PD-L1 positivity of lymphocytes
(r-squared=0.744 vs 0.598) and macrophages (r-squared=0.68 vs
0.287). There was no difference in correlation with consensus be-
tween PathAI-derived and individual pathologist-derived assessment
of positivity on tumor cells (r-squared=0.837 vs 0.857).
Conclusions
We validated performance of the PathAI platform for automated as-
sessment of PD-L1 expression on tumor and immune cells and dem-
onstrated that the AI-predictors perform similar to or better than
pathologist-based scoring in all cell types tested, and especially for
immune cells where manual correlation is low. These results suggest
that AI-powered assessment represents a reproducible and poten-
tially generalizable approach to interpretation of IHC assays.
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Background
Neoantigens can be targeted with cancer immunotherapies, includ-
ing cell therapy and immunization, but most neoantigens are private
to each patient, necessitating fully personalized treatments. Identifi-
cation of solid tumor-presented neoantigens that may be shared
across patients holds great value for the generation of off-the-shelf
therapies.
Methods
We pursued an immunopeptidomics strategy to identify which recur-
rent mutations in cancer lead to neoantigen peptides presented on
the surface of tumor cells. 498 frozen resected tumor samples and 6
cell lines across 14 tumor types (including 139 NSCLC and 139 CRC)
were subjected to transcriptome RNASeq. Transcriptomes were ana-
lyzed for expression of recurrent driver mutations and used to pre-
dict HLA peptide epitopes with our deep learning model EDGE [1].
Additionally, single HLA class I allele expressing K562 cells were
transduced with vectors expressing shared mutations of interest. Pre-
dicted peptides were assayed in the tumors and cell lines by Class I
HLA immunoprecipitation and targeted mass spec. For a subset of
peptides, we evaluated if CD8 T-cell precursors are found in the
naïve repertoire of HLA-matched donors.
Results
16 neoantigens (distinct HLA/mutation pairs) derived from 10 driver
mutations were detected by MS in 27 tumors and 3 single allele cell
lines. Only 1 of these neoantigens (KRAS G12V/HLA-A*11:01) was
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previously reported in patients. The driver mutation with most
neoantigens was KRAS G12V, with peptides detected on 4 HLA al-
leles, accounting for ~40% of patients with the mutation. Import-
antly, HLA-A*02:01 was not found to present KRAS G12V. Other
neoantigen peptides were detected in genes including KRAS,
CTNNB1 and TP53. When combined with the few published neoanti-
gens, the set was estimated to cover 9% of NSCLC, 11% of MSS-CRC,
and 19% of pancreatic cancer patients, accounting for HLA restric-
tion. Precursor CD8 T cells were detected for 6 out of 7 tested HLA/
peptide pairs arising from mutations in KRAS and CTNNB1, recog-
nized by a median of 46 TCR clonotypes, highlighting their immuno-
genic potential.
Conclusions
We analyzed immunopeptidomes of human tumors and cell lines
and validated 15 novel shared neoantigens, the largest set to-date.
The study enables off-the-shelf immunotherapies for significant frac-
tions of patients and highlights the value of HLA screening, as muta-
tions are presented by specific HLA alleles. Shared neoantigen
targets identified in this study, among others, are currently being
tested in patients in the SLATE clinical immunotherapy program. Pa-
tient coverage will likely expand as additional classes of neoantigens
are identified and added to off-the-shelf immunotherapy products.
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Background
Advances in high throughput measurement technologies (-omics
data) have made it possible, and increasingly affordable, to generate
high complexity, high volume data for oncology research. Coordinate
efforts in computational modeling and machine learning applications
to biological data have yielded increasingly sophisticated methods to
deeply characterize the mechanisms of disease pathogenesis and
heterogeneity among patients; which are predicates to the rapid de-
velopment and timely and safe administration of efficacious treat-
ments. Open source repositories that catalog, harmonize and host
-omics data collected from clinical or preclinical studies, generously
donated by patients and researchers, provide revolutionary access to
otherwise siloed data. The combination of these advancements en-
abled us to characterize the molecular phenotypic heterogeneity that
exists within a lung adenocarcinoma cohort from The Cancer Gen-
ome Atlas [1].
Methods
We applied a reverse inferencing approach that systematically inter-
rogates RNAseq measurements from tumor and control biopsies
against our library of cause and effect gene networks curated from
published experiments. If patterns observed in the data are signifi-
cantly similar to those in a network, an inference about the direc-
tional activity of that network can be made. Our library was
nucleated through an open sourced knowledge graph [2] and en-
hanced with updated and relevant knowledge using the Biological
Expression Language framework [3].
Results
In LUAD tumor cells, we detected a pattern of gene signatures which
indicated a tumor stem cell-like phenotype characterized by pre-
dicted decreases in the activity of pro-differentiation factors FOXP2
and PHOX2B and an increased response to hypoxia. Analysis of pa-
tients with heavy (>40) versus light (<10) pack-year burden sug-
gested an augmented dedifferentiation profile in heavy smokers,
including decreased SOX6, HNF1A and increased FAT1 signaling,
which has also been recently implicated in resistance to immune
checkpoint inhibitors in NSCLC patients [4]. Expression of PD-L1 has
been associated with cumulative inhaled smoke exposure in lung
cancer patients, and with mechanisms inferred from our analysis
(e.g., increased MIR140 signaling) [5,6].
Conclusions
Our in silico analysis of lung cancer patient biopsies generated hy-
potheses implicating stem cell signaling in tumors, and a further
stratification of this signal based on patient pack year burden. Given
the implication of tumor stem cells in resistance to drug treatments
in cancers, there is increased focus on immunotherapies as a mech-
anism to circumvent this resistance, and the role of PD-L1 in this mi-
lieu requires further examination. Understanding the molecular
makeup of these subtypes is critical when considering clinical re-
search treatment strategies in immuno-oncology.
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Background
Kinetics of bispecific therapeutic antibody bound with its targets (tri-
mer complex) is more complex than simple monospecific antibody
bound with one target. Theoretically, the dependence of concentra-
tion of trimer complex on dose is bell-shaped. The aim of this work
is to investigate dose response behavior of bispecific T-cell engaging
antibodies under physiological conditions on the basis of quantita-
tive systems pharmacology (QSP) model of B-cell acute lymphoblastic
leukemia (B-ALL) treatment with blinatumomab, CD19/CD3 bispecific
T-cell engager.
Methods
Developed mathematical model consist of: (1) physiologically-based
pharmacokinetic (PBPK) model of blinatumomab including binding
to target receptors – CD3 on T cells and CD19 on leukemic cells; (2)
adult B-ALL progression model including dynamics of normal cells (B
cells and its precursors, neutrophils, platelets); (3) specific lysis of
CD19+ cells (both normal and leukemic cells) by CD3+ T cells in pres-
ence of blinatumomab. Model describes immunological synapse be-
tween CD3+ T cells and CD19+ cells, and formation of trimer
complex of blinatumomab with CD3 and CD19. Parameters of the
model were identified on the basis of published in vitro and in vivo
data on healthy subjects and adult relapse/refractory B-ALL patients,
but not clinical data. Blinatumomab clinical data on pharmacokinetics
(PK) and pharmacodynamics (PD) were used to validate the model.
Results
Model was able to reproduce clinical PK data on blinatumomab with-
out fitting. PD of blinatumomab was validated against data on
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dynamics of CD19+ cells in blood of B-ALL patients. Model shows
that there is no response at very low doses (up to 8 ug/m2/day)
which correspond to clinical data where there is no response at
doses up to 5 ug/m2/day [1]. The threshold numbers of trimer com-
plexes in synapse for activation of specific lysis in presence of blina-
tumomab were 38 for CD4 T cells and 16 for CD8 T cells. The
decrease in concentration of trimer complex (bell-shaped behavior)
can be observed in the model only at doses above 10^6 ug/m2/day,
whereas approved dose of blinatumomab is 15 ug/m2/day or 28 ug/
day. Model analysis showed that under physiological conditions bell-
shaped dose response can be observed only when density of target
receptors is very low in comparison with amount of bispecific
antibodies.
Conclusions
Developed model demonstrates capability of QSP modeling to repro-
duce treatment efficacy clinical data on the basis of in vitro data.
Dose response behavior depends on properties of bispecific T-cell
engaging antibody as well as target expression.
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Background
Testing for target receptor occupancy in blood can be assessed in
clinical studies. However, it is difficult to sample tumor tissues in pa-
tients to assess receptor occupancy (RO). The aim of this work is to
develop physiologically based pharmacokinetic (PBPK) and RO model
for therapeutic antibodies (Abs) against membrane-bound targets
and test its predictive power on the basis of published clinical data
on anti-PD1 Abs.
Methods
General structure of developed PBPK/RO model is similar to pub-
lished minimal PBPK models, but there are some differences. Key fea-
tures of developed model: (1) binding of Abs with membrane bound
receptor, i.e., number of target receptor per cell, number of cell ex-
pressing target receptor and valency of Abs were taken into account;
(2) internalization of target receptor; (3) uptake of Abs by endothelial
cells, binding of Abs with FcRn, recycling of bound Abs, degradation
of free Abs; (4) competition of Abs with endogenous IgG; (5) renal
clearance of Abs which is equal to zero for IgG-based Abs. Physio-
logical parameters were taken from published literature, other pa-
rameters were identified on the basis of in vitro and in vivo data.
Clinical data on PK of anti-PD1 Abs (nivolumab, pembrolizumab,
INCMGA00012 (MGA012), dostarlimab (TSR-042)), receptor occupancy
in blood and tumor were used only for model validation.
Results
Model is able to reproduce clinical PK data on various doses and reg-
imens of anti-PD1 Abs without fitting and data on PD1 occupancy in
blood as well as PD1 occupancy in tumor after treatment with nivo-
lumab [1]. Model shows that anti-PD1 Abs with dissociation constant
less than 3 nM and at doses starting from 3 mg/kg will demonstrate
PD1 occupancy within the range 90-100%. Mean steady state trough
PD1 occupancy were predicted to be 99.5% after administration of
500 mg Q3W dostarlimab and 99.1% after administration of 500 mg
Q3W of INCMGA00012, whereas less frequently administration of
INCMGA00012 (500 mg Q4W) resulted in 98.6%.
Conclusions
Developed model is able to predict PK of anti-PD1 Abs and PD1 oc-
cupancy in blood and tumor without fitting of clinical data. This ap-
proach can be used for Abs targeting other receptors including
bispecific Abs with different structure and properties.
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Background
Since precision medicine is nascent field, majority of its requirements
in respect of tools and technologies are in early development. It’s a
move towards incrementally more effective targeted drugs, less un-
certainty and more accuracy. The question today is not just about
overall survival of the patient, but also Quality of Life the patient
leads.
Oncology, precisely Immuno-oncology has been the most significant
gainer of precision medicine and big data. But the challenges facing
the community are myriad and magnificent
Methods
Data sharing and security is the most debated issue. Sharing of infor-
mation across complex health care system remains the tantalizing
challenge.
Targeted drugs in development patients with specific biomarkers
that would predict the prognostic outcome of the drug, hence accur-
ately and ethically recruiting patients for targeted therapies is a chal-
lenge, it’s no longer randomization in true sense.
Patient Management poses challenges regarding standardizing col-
lection and transport of clinical samples, since it is rare that an indi-
vidual lab/hospital possesses the expertise of different diagnostic
tests undertaken.
With loads of data available, clinical practitioners are finding it hard
to interpret the results of different diagnostic/exploratory tests.
Majority of the challenges faced have technical solutions that are de-
signed, but the solutions are dipartite and need one stop
destination.
Results
Cloud analytics is the most promising solution that helps in analyzing
and aggregating data coming from different clinical assays faster en-
abling quicker diagnosis. Choices of programming frameworks, data
analysis pipelines and development tools accompanied with flexible
computational resource allocation makes cloud analytics the most
deserving in this field.
Here we present interactive analytics using cloud infrastructure and
distributed computing.
Conclusions
Icore is the faster, cheaper and smarter way of analyzing, aggregat-
ing and visualizing the data. The platform enables actionable
intelligence across stakeholders in clinical research settings. It expe-
dites the process of biomarkers discovery, analysis of drug resistance
and exploration of adhoc research questions. Icore simplifies major
bottlenecks of current research scenario from sample tracking to
data analytics.
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Background
Multiplexed imaging is a rapidly growing field that promises to substan-
tially increase the number of proteins that can be imaged simultaneously.
We have developed Multiplexed Ion Beam Imaging by Time of Flight
(MIBI-TOF), which uses elemental reporters conjugated to primary anti-
bodies that are then quantified using a time of flight mass-spectrometer.
This technique allows for more than 40 distinct proteins to visualized at
once in the same clinical samples. This has already yielded significant in-
sights into the interactions and relationships between the many different
immune cell populations present in the tumor microenvironment. How-
ever, one of the remaining challenges in analyzing such data is accurately
determining target protein expression values for each cell in the image.
This requires the precise delineation of boundaries between cells that are
often tightly packed next to one another. Current methods to address
this challenge largely rely on DNA intensity to make these splits, and are
thus mostly limited to nuclear segmentation.
Methods
We have developed a novel convolutional neural network to perform
whole-cell segmentation from multiplexed imaging data. Rather than
relying only on DNA signal, we use a panel of morphological
markers. Our method integrates the information from these distinct
proteins, allowing it to segment large cancer cells, small lympho-
cytes, and normal epithelium at the same time without requiring
fine-tuning or manual adjustment.
Results
By combining our novel imaging platform with new computational
tools, we are able to achieve extremely accurate segmentation of
whole cells in tissue. Our approach compares favorably with many of
the currently used tools for segmentation. We show that our improve-
ments in accuracy come both from our novel imaging approach as well
as algorithmic advances. We perform significantly better than trad-
itional machine learning algorithms trained on the same dataset. Add-
itionally, we show that our algorithm can be trained to identify cells
across a range of cancer histologies and disease grades.
Conclusions
We have developed a robust and accurate approach to whole-cell
segmentation in human tissues. We show the superiority over this
method over current state of the art algorithms. The accurate seg-
mentation generated by our approach will enable the analysis of
complex tissue architectures with highly overlapping cell types, and
will help to advance our understanding of the interactions between
cell types in the diseased state.
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Background
The objective of this model-based meta-analysis is to characterize
the exposure-response (overall response rate [ORR]) across approved
anti-PD(L)1 agents (nivolumab, pembrolizumab, atezolizumab, avelu-
mab and durvalumab) to quantify the effect of drug, patient and trial
characteristics on ORR, and assess the-relationship between ORR and
efficacy outcomes such as 6-month progression-free survival (PFS)
and 12-month overall survival (OS).
Methods
A clinical outcomes database was generated using published data
for anti-PD(L)1 agents through March 2018. Reported exposures fol-
lowing Cycle 1 were normalized by the potency of the anti-PD(L)1
agents using respective IC50 values. Exposure-response (ORR) ana-
lysis was conducted using bayesian mixed effects modeling (R soft-
ware), and included weighting by the number of subjects in each
trial arm. Tumor type, number of prior therapies, ECOG performance,
line of treatment, region, age, and gender were evaluated as model
covariates. Impact of PD-L1 expression cut-off values was assessed to
estimate the effect of PD-L1 expression on ORR. Correlation analyses
were conducted between ORR, 6-month PFS and 12-month OS.
Results
Clinical data from 56 trials in approximately 11,000 subjects, and ap-
proximately 45 trials in 9,000 subjects across approved anti-PD(L)1s
was included for the exposure-response and correlation analyses, re-
spectively. A log-transformed linear model best described the flat
exposure-response relationship, with tumor type as the most signifi-
cant covariate (p < 0.001): the predicted ORR across the agents at ap-
proved dose ranges was 22% (95% CI: 16 – 30%) in non-small cell
lung cancer. ORR appeared to increase by approximately 8 - 12%
with greater PD-L1 expression (≥5% and ≥10% cut-offs respectively).
ORR was correlated with 6-month PFS and 12-month OS (correlation
coefficient, r = 0.6-0.7), and indicated a significant effect of tumor
type on the correlation.
Conclusions
The model-based meta-analysis of exposure-response shows similar
ORR depending on tumor type, across anti-PD(L)1s at the approved
clinical doses. Improved efficacy was predicted with greater (i.e. ≥
5%) PD-L1 expression.
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Background
Tumor purity (TP) estimation is routinely performed for whole exome se-
quencing (WES) analysis to ensure signal is derived from cancer cells and
not from other cells in the tumor microenvironment. Low TP has been
shown to impact assessment of immunotherapy-related biomarkers in-
cluding tumor mutational burden (TMB) [1]. While several methodologies
exist to estimate TP by WES, a majority of studies do not compare against
pathologist estimation, the gold standard. In this study, we utilize
artificial-intelligence (AI)-based image analysis to estimate TP, and further
benchmark two methodologies of TP estimation on WES against patholo-
gist and AI estimates across 1509 pretreatment samples from patients
with melanoma, non-small cell lung cancer, small cell lung cancer, or
urothelial carcinoma enrolled in clinical trials of nivolumab.
Methods
To assess TP by WES, paired tumor-normal samples were processed
by Sentieon [2] or Strelka [3] somatic variant callers with subsequent
SciClone [4] tumor heterogeneity analysis. For comparison, we evalu-
ated corresponding serial tumor sections of hematoxylin and eosin
(H&E) and immunohistochemistry (IHC) digitized images for TP. A
subset of H&E slides were read by pathologists, while scanned IHC
images were read by deep-learning algorithms on the PathAI plat-
form (Boston, MA) for each tumor type, to distinguish cancer cells
from immune and other non-cancerous cell types based on
morphology.
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Results
For 280 samples whereby pathologist TP estimates were available,
we found Pearson correlations of r=0.32 and r=0.276 for Sentieon
and Strelka, respectively. Correlations improved with AI-based TP es-
timation, to r=0.439 (Sentieon) and r=0.321 (Strelka). Additionally, we
analyzed the ability of WES-derived TP estimates to predict whether
a sample had ≥60% TP as measured by pathologist or AI, according
to TCGA sample acceptance guidelines [5]. Using pathologist-based
TP, AUCs of 0.643 (Sentieon) and 0.625 (Strelka) were achieved. Using
AI-based TP, AUCs improved to 0.753 and 0.714, respectively. Similar
trends for Sentieon and Strelka were found when AI-based TP assess-
ment was used to benchmark the larger dataset (n=1509), showing
r=0.565 and 0.547, and AUCs of 0.784 and 0.777.
Conclusions
We demonstrated that AI-based image analysis can provide a more ac-
curate assessment of TP compared with visual assessment by pathologist
for all tumor types tested. Additionally, comparison with AI-based image
analysis and pathologist estimates suggest that Sentieon TP estimates
from WES may be more accurate than Strelka. Accurate assessment of TP
by AI or AI-benchmarked WES may allow us to better identify patients
suitable for immunotherapy via TMB and other biomarkers.
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Background
Patients with primary melanoma are at a high risk for recurrence,
creating a need for biomarkers. Tumor infiltrating lymphocytes
(TILs) have been previously shown to generally correlate with
clinical outcome Using qmIF, we previously found that spatial re-
lationships of immune cells within the tumor impact prognosis
[1]. Herein we show that clustering of tumor and immune cells
correlates with clinical outcome and find that nuclear size in-
creases with tumor stage. Further, we applied a deep neural net-
work (DNN) in H&E images that includes pre-defined features as
well as raw image analysis to predict distant metastatic recur-
rence (DMR).
Methods
H&E’s and qmIF were evaluated on patients with stage I-III mel-
anoma. QmIF data was analyzed using pair correlation function
(PCF) to evaluate spatial relationships between cells. H&E images
were processed using Qupath for nuclear segmentation and cell
classification as well as the generation of data related to cell lo-
cation, density, and clustering features to identify relevant tissue
areas for training of network parameters. DNN architecture was
composed of both convolutional neural network (CNN) and recur-
rent neural network (RNN) layers (Figure 1). The DNN model was
trained on 108 patients from four independent institutions
(Columbia, Mount Sinai, NYU and Geisinger) and validated on 115
patients from Yale and Geisinger. The DNN model analyzes image
and feature information locally within an H&E image generated a
prediction vote per region within the H&E image, and votes were
averaged across all regions to produce an overall recurrence pre-
diction score.
Results
PCF analysis of qmIF images finds that non-recurrent patients
have higher degrees of clustering between tumor cells and CD8+
T Cells as well as tumor cells and HLA-DR+ macrophages (p=
0.004). Prediction scores from the DNN correlated with DMR in
both validation cohorts (Figure 2, AUC = 0.94 and 0.77 for Yale
and Geisinger, respectively). A multivariable Cox proportional haz-
ard model indicated that the recurrence prediction score was an
independent prognostic factor for both Yale (HR = 2.54, 95% CI:
1.54-4.19, p<0.001***) and Geisinger (HR = 8.43, 95% CI: 2.58-
27.51, p=0.001**).
Conclusions
Our DNN model incorporating features as well as raw image
analysis produces an accurate prediction of DMR in H&E im-
ages of early stage melanoma, a readily available clinical path-
ology resource. Though larger studies are needed to further
validate the DNN model, it may serve as a useful digital path-
ology tool to provide critical prognostic information and po-
tentially aid in the selection of melanoma patients for adjuvant
therapy.
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Background
Traditionally, omics data analysis of biologic samples has been con-
ducted in a single-level manner. However, integrative analysis offers
an effective way to harness strength across multi-level omics data
and can be more powerful than single-level analysis. In recent years
we have developed complementary 3D ex vivo platforms utilizing
unpropagated fresh patient tumor organoids with intact microenvir-
onment to interrogate the efficacy of immuno-oncology drug and
drug combinations. Here we aimed to develop a multiomic data inte-
gration and informatics platform to better understand the cellular
and molecular mechanisms of pembrolizumab and its mode of
action.
Methods
For the 3D-EX platform, tumor organoids were processed from fresh
tumor tissue from NSCLC cancer patients obtained with IRB consent.
Tumor organoids were then treated with pembrolizumab ex-vivo and
treatment-mediated changes in tumor immune microenvironment
were analyzed using multicolor flow cytometric analysis, multiplex
cytokine assay as well as gene expression profiling by NanoString’s
770 gene Immune Panel. For the integrated multi-omics analyses,
machine learning techniques included—but were not limited
to—Wilcoxen Rank-Sum Test, clustering, and principal component
analysis.
Results
Here we present the results from the integrative analyses of mul-
tiomic data generated from the ex vivo treatment of 11 fresh
tumor samples in the ex vivo assays. We probed multiple bio-
logical layers in parallel, ranging from genome, epigenome, tran-
scriptome, and proteome to phenome profiling. Our data
revealed that integrative analyses using information across these
data modalities deliver more comprehensive insights into the
pembrolizumab mode of action and identified compensatory
mechanisms likely contributing to resistance to the drug treat-
ment. Furthermore, we identified potential molecular signatures
of response to treatment.
Conclusions
Our results demonstrated that multiple types of omics data obtained
from Nilogen’s comprehensive 3D ex vivo drug testing platforms can
reveal cellular mechanisms that are active in individual tumors and
may classify them into subtypes for response to drug treatment. As
such, implementation of the functional 3D ex vivo assay combined
with integrative multiomic data in clinical studies may enable us to
ascertain which components of the tumor immune microenviron-
ment to target within a patient.
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Background
Despite the remarkable success, only a subset of patients can
benefit from the anti-PD1 therapy. Therefore, there is a growing
need to understand the resistance mechanisms for identifying
predictive biomarkers and therapeutic targets for improving the
therapy efficacy.
Methods
We hypothesized that aberrations of any gene close to MHC
class I genes in a gene network are likely to deregulate MHC I
pathway and affect tumor response to anti-PD1. First, the net-
work guilt-by-association method [1] was used to calculate asso-
ciation scores of genes with the MHC I genes in the network.
Second, pathways that enrich genes with high scores would be
associated with the anti-PD1 response. Third, TCGA data was in-
tegrated with the top predicted genes to build up a signature-
based response predictor of anti-PD1 for a specific cancer type.
Forth, the drug target data [2] and immune infiltrate correlation
data was mapped to the top predicted genes, to identify com-
pounds that could enhance response to anti-PD1 for a cancer
type.
Results
Our approach successfully identified genes (e.g. MYC) (Table 1) and
pathways (e.g. WNT) (Fig. 1A) known to be associated with anti-PD1
response. Our prediction was further comprehensively validated by
four lists of genes identified by the CRISPR screening (Fig. 1B). The in-
tegration analysis of TCGA data and our prediction reveals that our
top 10% prediction significantly enrich genes whose expression are
significantly correlated with the immune infiltrate score in most of
cancer types (Figure 1C). We also found the mechanisms associated
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response prediction

Table 1 (abstract P741). Some selected genes in the SKCM prediction
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with anti-PD1 response would be tissue or lineage dependent (Figure
1D). The signature-based predictor built based on TCGA skin cutane-
ous melanoma (SKCM) data achieves an accuracy of AUC = 0.72
for 243 melanoma samples from 5 cohorts (Fig. 2A), which is
slightly worse than IMPRES [3] (Fig. 2B) considering immune as-
pects different from ours. Integration of the predictions of ours
and IMPRES improves the performance (Fig. 2C). In addition, most
of targets of compounds that have been used or in clinical trial
for combination treatment with anti-PD1 are in the top list of our
prediction (AUC=0.83). By integrating drug target data, we further
identified compounds, recently shown to be able to enhance
tumor response to anti-PD1, such as inhibitors of GSK3B, CDK,
and PTK2 (Table 1).
Conclusions
These results suggest that our approach is an effective method to
identify genes/pathways associated with anti-PD1 and can be
employed to screen potential drugs for combination regimens with
anti-PD1.
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Background
TIM-3 is an inhibitory immune checkpoint protein currently under
clinical investigation. As many oncology targets, TIM3 is potentially
regulated by feedback loops (FBL). Positive (+)FBLs sustain while
negative (-)FBLs restrict TIM-3's expression and activity upon its in-
duction. In the case of TIM-3 inhibition, (-)FBLs are capable of rescu-
ing TIM-3's activity and confer therapeutic resistance. However,
feedback regulations of TIM-3 have not been systematically investi-
gated. In this study, a computational approach was developed based
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on literature mining and gene network analysis. The in silico models
established rationales for further biomarker and combination studies
in the context of TIM-3 inhibition.
Methods
As of July 2019, there were ~1,370 publications on TIM-3 in PubMed.
Abstracts of these articles were downloaded and systematically ana-
lyzed. Information on molecular/cellular interactions together with re-
sults from preclinical and clinical studies was extracted, standardized
and integrated into a graph-based database. A network-oriented
querying and visualization system was established to model the in-
teractions between cellular components, pathways and drugs.
Results
The computationally generated TIM-3 feedback network (Figure 1)
comprises 60 nodes, 132 interactions and 855 possible FBLs (412
positive vs 443 negative). Factors contributing to (+)FBLs include up-
regulation of Tregs, IL-35, TGFbeta, IL-10, BTK, SRC & HMGB1, and
down-regulation of iNOS & COX2. On the other hand, IL-4, IL-2,
STAT6, IL-18, PKCtheta, tryptophan, mTOR, c-Jun, IL-12, TNFalpha and
CD4+ T cells are involved in (-)FBLs. Inhibition of TIM-3 may induce
up-regulation of these factors which in turn up-modulate TIM-3. The
gene network can be used to model drug combination effects. For
example, TIM-3 inhibition activates mTOR which induces TIM-3, indi-
cating that addition of mTOR inhibitors may enhance the efficacy of
TIM-3 blockade. TIM-3 inhibition may increase tryptophan concentra-
tion through the down-regulation of Tregs, subsequently tryptophan
up-regulates TIM-3 through activating PKCtheta. The addition of an
IDO1 inhibitor will increase tryptophan and antagonize the immuno-
modulating effect of TIM-3 inhibition. It is of great interest to evalu-
ate the combination effects of anti-TIM-3 and anti-PD-1, particularly
to identify conditions rendering the combination ineffective. Anti-
TIM-3 may increase the sensitivity of anti-PD-1 via up-regulation of
IL-4, anti-PD-1 may up-regulate TIM-3 through IL-12 induction, the in-
duction of TIM3- may lead to resistance to both anti-TIM-3 and anti-
PD-1.
Conclusions
The cellular components involved in the TIM-3 FBLs are potential tar-
gets of drug combination and biomarkers for anti-TIM-3 therapies.
FBLs proved to be useful tools to establish rationales and evaluate
risk for preclinical and clinical development.
Fig. 1 (abstract P742). TIM-3 feedback network

Fig. 1 (abstract P743). IDO1 - anti-PD-1 network
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Background
Concurrent inhibition of IDO1 and PD-1 may have enhanced anti-
tumor effects. However, inhibition of IDO1 failed to enhance efficacy
of anti-PD-1 in late phase clinical trials. In this study, computational
models were established to identify factors involved in interactions
between these two types of agents.
Methods
Abstracts published on IDO1, PD-1, PD-L1, anti-PD1/PD-L1 were
downloaded from PubMed, and analyzed by text mining. The infor-
mation on interactions among gene, compound/therapy, cell/animal
model, pathway/disease, and clinical study was extracted. Networks
were constructed to simulate effects of IDO1 inhibition on anti-PD-1.
Results
The IDO1/anti-PD-1 network consists of 79 nodes, 227 interactions
with 1277 possible regulatory paths from IDO1 to anti-PD-1. 675
paths are associated with agonism and 602 with antagonism be-
tween IDO1 inhibition and anti-PD-1. Up-regulation of TNF-alpha,
IFN-gamma, type I immunity & CD8+ T cells, and down-regulation of
Tregs, MDSC, JAK/STAT pathway, IL-6 and PD-L1 are associated with
enhancement of anti-PD-1 by IDO1 inhibition. Besides, treatments
with PARP inhibitor, EGFR inhibitor or radiation may enhance the
combination efficacy of IDO1 and PD-1 inhibitors. Up-regulation of
TIM-3 and NK cells are associated with reduced activities of anti-PD-1
upon IDO1 inhibition. PD-L1 is a predictive biomarker for anti-PD-1
response and its expression can be regulated by IDO1. The IDO1/PD-
L1 network consists of 83 nodes, 204 interactions and 318 paths. Up-
regulation of IL-6, AhR, MDSC, JAK/STAT, HIF1A, IL10, NF-kappaB &
MYC was associated with induction of PD-L1 by IDO1.
Conclusions
As the network analyses revealed, inhibition of IDO1 could either up-
or down-regulate PD-L1, and enhance or reduce efficacy of anti-PD-
1. Multiple factors, other than PD-L1, play roles in determining the ef-
ficacy of combining IDO1 and PD-1 inhibitors.
Microbiome and Other Environmental Factors
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Background
Despite the remarkable success of cancer immunotherapies, a signifi-
cant proportion of patients fail to respond. In order to overcome this,
a number of ongoing approaches are being tested to address this
need including combinatorial treatment strategies, biomarker identi-
fication to tailor optimal responses, and neoantigen discovery. One
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potential avenue that is emerging is the application of exercise to
promote overall health. While the mechanisms of exercise-mediated
improvements in health are certainly multi-factorial, a substantial
amount of data suggests that physical activity can improve outcomes
in cancer patients, in part by, improving immunological function. As
such, we propose that physical activity may enhance the efficacy of
immunotherapy by restoring the quantity and function of leukocyte
subsets in cancer patients.
Methods
T cells and other immune cell populations were analyzed by flow cy-
tometry from two different cohorts of healthy men[1, 2]. Physical fit-
ness parameters including maximum rate of oxygen consumption
(VO2max), physical activity, lean body mass, and BMI were assessed
or measured and tested for correlations with T cell populations.
Results
Here, we provide evidence demonstrating that the compositions of
human T cells circulating in peripheral blood are altered by physical
fitness. In one cohort, late differentiated KLRG1+/CD57+/CD28- T
cells were inversely associated with a cardiorespiratory fitness param-
eter, VO2max. In another we show several T cell populations that are
associated with distinct fitness parameters. For example, in baseline
peripheral blood samples, PD-1+ T cells were increased in sedentary
subjects compared to active ones, numbers of CD8+ T cells and
memory CD4+ T cells correlated with lean body mass, and a popula-
tion containing stem cell memory CD8+ T cells were correlated with
VO2max.
Conclusions
These results suggest that distinct T cell populations may be
uniquely sensitive to both negative (age, obesity, and lack of physical
activity) and positive (exercise) physiological inputs. These findings
provide hypothesis-generating insights into how exercise might be
utilized to overcome the immunosuppressive environment in cancer
patients potentially improving their responses to immunotherapies.
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Background
Immunotherapy has been paradigm-shifting for melanoma, but dur-
able responses only occur in a subset of patients. While we have pre-
viously shown that tumor-infiltrating T cells have repressed
metabolic machinery, the environment itself is nutrient poor due to
the deregulated metabolism of tumor cells. Recent studies have sug-
gested that T cells compete with tumor cells for glucose and oxygen
which may be limiting anti-tumor immunity. We hypothesize resist-
ance to immunotherapy may be due to deficiencies in the metabolic
makeup of the tumor microenvironment, and that we can infer that
environment’s metabolism in patients by metabolically profiling
tumor cells.
Methods
Melanoma patient samples were profiled by Seahorse analysis in par-
allel to flow cytometric analysis of tumor infiltrating lymphocytes
(TIL). Murine melanoma cells were generated including RNAi con-
structs to specific metabolic pathways. Responses to PD-1 blockade
and adoptive T cell immunotherapy were monitored and lymph
node or TIL T cells were tested for effector function, metabolism, and
localization by flow cytometry and immunofluorescence.
Results
Analysis of melanoma patient biopsies showed striking heterogeneity
in the metabolism of tumor cells. Patients with more metabolically
active tumors have more dysfunctional TIL, while tumors that were
metabolically quiescent contained T cells with superior effector func-
tion. Profiling of patient tumor cells prior to PD-1 blockade therapy
revealed that patients with metabolically oxidative tumors had
poorer responses while patients with quiescent tumors experienced
long-term response. To confirm the role of oxidative metabolism and
further investigate the role of tumor cell metabolism, we generated
murine melanoma lines in which glucose or oxidative metabolism
was inhibited. Tumor cells in which oxidative metabolism showed an
increased response to PD-1 blockade immunotherapy while tumor
cells with inhibited glycolytic metabolism responded better to adop-
tive T cell therapy.
Conclusions
Our data suggest that the metabolic makeup of the tumor micro-
environment, driven through deregulated oxidative or glycolytic me-
tabolism of the tumor cell, determines whether T cells have a
permissive microenvironment for effective immunotherapy, and that
inhibiting tumor cell metabolism may be an attractive strategy to im-
prove the efficacy of immunotherapy.
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Background
The gut microbiome has been reported to impact the immune re-
sponse to checkpoint blockade [1]. Circulating metabolites relate to
both host and microbiome biology and were explored in an ad-
vanced gastric cancer population treated with nivolumab.
Methods
Plasma samples (pre-treatment, week 2, week 8 and end of study)
from patients enrolled in a randomized phase 2 study in >=2nd line
advanced gastric or gastroesophageal junction patients [2] were ex-
tracted for analysis on the LC/MS/MS and Polar LC platforms. 141 pa-
tients were treated and all received nivolumab. This analysis
evaluates all patients as a single population, since andecaliximab
failed to provide additional benefit [2-4]. ANCOVA analyses were per-
formed for samples stratified by responder/non-responder status or
patients that received clinical benefit versus those that did not re-
ceive clinical benefit and were adjusted for age and sex. Clinical
benefit was defined as patients living >1 year post treatment or had
a tumor response. Results with nominal p
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Results
Metabolic profiling of human plasma detected 1364 metabolites. The
majority of metabolic changes that occurred while the patients were
on treatment were detected at end of study (151 and 35 significantly
altered metabolites in non-responders and responders, respectively)
when compared to the pre-treatment time point. Clinical benefit
from checkpoint blockade was associated with higher levels of
bacterial-derived indoles, host-derived tryptophan catabolites, lower
primary and secondary bile acids, lower levels of lactate, and altered
glutamine catabolism. Similar differences were observed when re-
sponders and non-responders were compared.
Conclusions
The association of microbial indoles and host-derived tryptophan ca-
tabolites with benefit suggests the activation of immunosuppressive
mechanisms in non-responders and those who did not experience
clinical benefit. Combined with the differences in secondary bile
acids, these data suggest a role for the microbiome. Indeed, trypto-
phan catabolites can be produced by Clostridiales and enrichment of
these bacteria are linked to improved response to anti-PD1 therapy
[5]. In addition, differences in circulating lactate, glutamine, and glu-
tamate between responders and non-responders suggested differ-
ences in tumor metabolic preferences, flexibility, or overall activity.
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Background
The gut microbiota has emerged as an important player in cancer
pathology and increased evidence supports its influence on clinical
response to immune checkpoint inhibitor (ICI) therapy. However, the
specific gut bacteria-derived molecules responsible for the improved
response to ICI therapy remain unknown. Second Genome has devel-
oped a unique discovery platform to identify, screen, and validate
microbiome-derived peptides that promote response to cancer-
immunotherapy.
Methods
Using our multi-technology meta-analysis of published datasets char-
acterizing the baseline microbiome from melanoma patients treated
with anti-PD-1, we have identified gut microbiota strains differentially
abundant in responders versus non-responders that are concordant
across multiple cohorts. Next, peptides from the strains associated
with responder signatures were predicted from their genome se-
quences. In addition, we identified and selected predicted
bacterially-derived peptides associated with responder signatures
from assembled metagenomes. All predicted peptides were screened
using phage display technology to select binders to immune cells
known to play a role in the tumor microenvironment (TME).
Results
Selected microbiome-derived peptide binders were evaluated for ac-
tivity in cell-based assays using isolated human primary T cells, den-
dritic cells, and macrophages. We show that several selected peptide
binders induce secretion of proinflammatory cytokines and chemo-
kines (e.g., IP-10, TNF) from human primary monocyte-derived den-
dritic cells, as well as effector cytokine secretion (e.g., IFNγ, IL-2) from
human primary T lymphocytes. Additionally, we have identified
microbiome-derived peptide binders with capacity to inhibit an M2-
like phenotype in macrophages (decreased LPS-induced IL-10
secretion).
Conclusions
Collectively, our results demonstrate the potential of Second Ge-
nome’s discovery platform to identify and characterize novel immu-
nomodulatory factors produced by the gut microbiota. Second
Genome’s discovery platform offers a unique approach to identify
novel agents with potential for use as therapeutics in cancer
immunotherapy.
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Background
Efficacy of immune checkpoint inhibitor (ICI) therapy is associated
with the composition of the gut microbiome, but the mechanism re-
mains to be elucidated. Recent data from Tanoue et al. [1] demon-
strated a consortium of 11 bacteria (VE800) induced IFNg production
in intestinal CD8+ T cells and enhanced anti-PD-1 cancer activity in
tumor models. Vedanta has developed VE800 as a microbiome thera-
peutic to enhance the efficacy of ICI therapy. Here, we aimed to fur-
ther understand the requirements for VE800 efficacy in pre-clinical
models and to understand how immune modulation by VE800 af-
fects tumor immunity.
Methods
We used IFNg production in colonic T cells as a readout for VE800
anti-cancer efficacy. Mice were pre-treated with different antibiotics
to establish a permissive niche for colonization and given VE800. To
determine which bacteria were critical contributors to VE800 func-
tion, we created various combinations of individual VE800 bacterial
strains and measured induction of IFNg+ CD8+ T cells in the intes-
tines of germ-free mice. Consortia unable to induce IFNg+ CD8+ T
cells were tested for their anti-tumor efficacy with ICI in the B16
tumor model. In this model, C57BL/6 mice were pre-treated with an-
tibiotics to deplete endogenous microbiota, injected with B16, and
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treated with ICI on days 4, 8, and 12. VE800 was administered three
times a week for three weeks prior to sacrifice to assess levels of
tumor infiltrating cells.
Results
Our data suggest that bacterial density drives VE800 efficacy for in-
duction of IFNg+ CD8 T cells. We further established that the
complete VE800 consortium provides maximal IFNg induction, and
that removal of specific strains impairs IFNg induction. Utilizing the
B16 tumor model, colonization of VE800 strains was observed in
tumor-bearing mice receiving the complete consortia. Additionally,
the complete VE800 consortium restored ICI efficacy in antibiotic-
treated tumor-bearing mice (Figure 1). However, bacterial consortia
incapable of inducing IFNg+ CD8+ T cells do not promote anti-tumor
immunity. Pre-treatment with antibiotics abolished the therapeutic
effect of ICI, which was accompanied by a reduced level of tumor in-
filtrating immune cells indicating the important, supportive role
played by gut microbiota.
Conclusions
Our data suggests VE800 induces IFNg+ CD8+ T cell induction and
provides the necessary microbial component to promote anti-tumor
immunity in combination with dual checkpoint inhibitor therapy in
the multiple tumor models.
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Background
The development of lung cancer is closely associated with chronic in-
flammation, but the source of such inflammation has not been
clearly defined and the contribution of specific cellular and molecular
component of the immune system is yet to be elucidated. Pulmonary
infections are very common in lung cancer patients and affect clinical
outcomes, but these associations are not understood in molecular
details. Although increasing evidence has linked commensal micro-
biota to oncogenesis and cancer response to therapy, the current lit-
erature has been mainly focused on the intestinal microbiota. It
remains unclear how the distal intestinal microbiota and local airway
microbiota act together to regulate the malignant transformation in
the lung.
Methods
We interrogate the immune-microbiota interaction in lung cancer
using an autochthonous genetically engineered mouse model of
lung adenocarcinoma driven by oncogenic Kras and loss of p53.
Lung and intestinal microbiome were characterized by 16S rDNA-
based sequencing analysis. Antibiotics treatment and germ-free ani-
mals were used to examine the functional importance of microbiota
in lung cancer development. Tumor-associated immune cells were
profiled by flow cytometry, bulk and single-cell RNA-seq.
Results
We found lung cancer development was associated with increased
total bacterial load and reduced bacterial diversity. This dysregulated
local microbiota stimulated IL-1β and IL-23 production from myeloid
cells, resulting in proliferation and activation of lung-resident
Vγ6+Vδ1+ γδ T cells. These γδ T cells produced IL-17 to promote
neutrophil infiltration and inflammation in the tumor microenviron-
ment; they also expressed IL-22, amphiregulin and other effector
molecules to directly enhance tumor cell proliferation. Mice rederived
to germ-free condition or treated with combined antibiotics were
profoundly protected from lung cancer initiation and progression,
whereas intratracheal inoculation of bacterial mixture isolated from
late-stage lung tumors robustly accelerated tumor growth in naïve
animals. Bulk and single-cell RNA-seq based transcriptional profiling
further revealed that microbiota induced robust gene expression
changes in a number of tumor-associated immune cell populations.
In addition, we also performed 16S FISH and multiplex IF to show
the direct interaction between bacterial and immune cells in the na-
tive lung tumor microenvironment. Therapeutically, we found block-
ing the γδ T or its downstream IL-17, IL22 signaling all significantly
suppressed tumor growth in the lung.
Conclusions
Our study provides strong evidence that local microbiota play a crit-
ical role in promoting lung cancer development by provoking tumor-
associated inflammation. The key cellular and molecular mediators
that we identified in this study may serve as effective targets in lung
cancer treatment and prevention.
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Background
Recent years have brought the breakthrough to the immune check-
point therapy (ICT) research with the discovery of the role of gut
microbiota (GM) in the treatment response rate. A number of publi-
cations describes not only the association, but more importantly the
impact of intestinal communities on ICT response [1–3].
The published research points to the specific traits of GM that are
assocated with its beneficial role. A common approach identified ‘re-
sponder gut’ with general metrics of GM like high diversity or rich-
ness, which can be associated with non-dysbiotic intestine.
Furthermore, each study identified specific clades enriched in re-
sponder or non-responder group.
Nevertheless, the taxonomic profile of samples is insufficient to build
a predictive model of ICT response [4]. Additionally, bacteria identi-
fied in a single cohort were not found significant in any other study
[5]. It suggests that not the taxonomy, but the function should be a
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primarily analyzed property in microbiome research. More import-
antly, the design of microbiota-based treatment requires more spe-
cific features than diversity, e.g. a certain strain or function.
Therefore, we believe it is essential to develop an algorithm that
combines high quality machine learning with interpretable, action-
able results.
Methods
We carried out a classification study to identify responders to anti-
PD1 treatment for metastatic melanoma, using shotgun metage-
nomic sequencing data from three published cohorts. We developed
a novel algorithm - BiomeScout - to build cohort-specific feature
space and predict therapy outcome for each patient.
Results
In analyzed cohorts we detected a function-associated signal and
used it for R/NR classification. We benchmarked BiomeScout’s per-
formance on the Houston cohort achieving AUC=0.76, outperforming
already published results [4]. Moreover, BiomeScout selects a set of
functional features along with their sequential representation, ready
to be used as a biomarker or a component for Live Biotherapeutic
Product (LBP) design.
Conclusions
Presented work advocates for the importance of function-oriented
microbiome research in ICT. Furthermore, BiomeScout’s algorithms
enables detection of a cross-cohort signal which is currently in test-
ing phase.
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Background
The gut microbiota has emerged as a promising biomarker to assess
the efficacy of immune-modulatory drugs in the CTLA-4 or PD-1
pathways. Targeted Next Generation Sequencing may provide a
lower cost approach for characterizing the Gut Microbiome. Sequen-
cing of 16S rRNA is one approach to characterize microbial diversity.
However, 16S sequencing alone is often insufficient to gain species
level information. Here we describe a Targeted Sequencing panel
comprising both 16S and species-specific primers using Ion Ampli-
SeqTM technology. This assay can be used to understand the com-
position and diversity of the human gut microbiome at the species
level.
Methods
Our improved assay includes customized primers to multiple hyper-
variable regions of the 16S region. However, 16S alone can still be in-
sufficient in distinguishing highly homologous organisms such as
Bacteroides and Lactobacillus. We have designed species-specific
primers that provide high strain coverage and high specificity
performance. We have tested primers for 75 species associated with
human health and disease, from genera such as Bifidobacterium,
Clostridium, Ruminococcus and Bacteroides. With this approach, we
can analyze reads generated from sequencing to report taxonomic
classifications and relative abundance for organisms in the sample
with high specificity and sensitivity.
Results
We designed a multiplexed Ion AmpliSeqTM assay including 16S tar-
gets and species-specific markers targeting important microbial spe-
cies. Using the Ion Genestudio S5™ system, We sequenced two mock
community controls comprising of 20 and 12 bacterial strains. With
our more comprehensive 16S design, we positively identified all the
organisms at Genus level with 100% sensitivity. With the data gener-
ated from the species-specific primers, we identified all the targeted
species in the ATCC samples at the Species level. We also created
mixed population pools using DNA from clonal isolates of 40 differ-
ent bacterial strains. We identified all 40 microbes at Genus level
with 100% sensitivity using 16S alone. We improved the detection
resolution to the Species level through the application of our
species-specific primers.
Conclusions
Using the Ion AmpliSeq™ technology, we have created a highly sensi-
tive and specific assay for robust characterization of microbiota. This
highly multiplexed PCR approach enables an efficient and affordable
means for conducting extensive analyses of the human microbiome
having applications in the study of the etiology of phenotypic vari-
ability and the relationship to disease, resistance, and therapy.
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Background
The microbiota has an impact on different aspects of cancer immun-
ology. We reasoned that it might also influence cancer vaccine deliv-
ered by DNA-EP.
Methods
Mice were treated with antibiotics (ABX) for two weeks and vacci-
nated with a plasmid DNA encoding MC38 neoantigens delivered by
electroporation (EP) [1]. Analysis of T cell immune responses was car-
ried out with flow cytometry either in the peripheral blood or in the
spleen. One week after last vaccination mice were challenged with
MC38 cells. The microbiota was monitored in the feces by bacterial
cultures and NGS analysis of 16 S.
Results
Unexpectedly, ABX treatment allowed a statistically significant reduc-
tion of tumor growth in mice vaccinated with DNA-EP. In these ex-
perimental conditions, the DNA vaccine is not effective in controlling
mice untreated with ABX. NGS analysis of the microbiota compos-
ition revealed the presence of clostridiaceae in ABX treated mice.
Conclusions
Clostridiaceae have been associated with the production of specific
short-chain fatty acids (SCFA) mainly butyrate and with the induction
of T -reg. Very recently the metabolites produced by the intestinal
microbiota have been also associated with memory potential of acti-
vated CD8 cells [2]. The observation that anti-tumor property of
DNA-EP depends on the lack of normal mouse microbiota suggests
new possibilities for improving this potent vaccine method
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Background
The gut microbiome has emerged as a therapeutic approach to
immune-stimulation treatment of solid tumours[1,2,3]. MRx0518 is a
gut microbiome-derived, oral live biotherapeutic, identified as indu-
cing an immunostimulatory response, particularly in stimulating im-
mune cell populations and signalling pathways relevant for anti-
cancer therapy. For example, the bacterial flagellin moiety leads to
an NFκB-related cytokine responses4. Preclinical studies have demon-
strated that MRx0518 reduced tumour growth in syngeneic models
of kidney, lung and breast cancer. MRx0518 increased CD8 T cell infil-
tration into the tumour and decreased Tregs along with up-
regulation of tumour TLR5.
This study, one of the first oncology trials conducted with live
biotherapeutics, is a single-centre, double blind, neoadjuvant window
study in patients with resectable solid tumours to evaluate the safety,
tolerability and preliminary efficacy of MRx0518.
Methods
The trial consists of 2 parts. In Part A, 20 patients receive 1 capsule
(bid) of MRx0518 for 2–4 weeks prior to tumour resection. In part B,
80 patients receive 1 capsule (bid) of MRx0518 and 20 patients re-
ceive 1 capsule (bid) of placebo for 2-4 weeks prior to resection.
The primary end points are safety and tolerability of MRx0518 (Parts
A and B). Secondary end points include responses in respect of intra-
tumoral markers compared to placebo, and clinical outcomes includ-
ing overall survival. Exploratory end points include surrogate bio-
markers of treatment effect, the effect on microbiota and impact on
tumoral and circulating T-cell populations. Recruitment is ongoing.
Clinical trial information: NCT03934827
Eligibility is limited to treatment-naïve patients with confirmed solid
tumours amenable to primary surgery resection with a comparison
of the diagnostic biopsy and surgical excision specimen to assess the
biomarker response.
Trial Registration
www.clinicaltrials.gov
NCT03934827
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Background
Lung cancer is the leading cause of cancer-related mortality world-
wide. Although immune checkpoint inhibitors have shown encour-
aging results in the treatment of lung adenocarcinoma, the response
rate and overall survival are still low, especially in patients with low
PD-L1 expression in the tumor site. Existing evidence suggests that
interactions involving lung cancer cells, microbes, and immune cells
in the tumor microenvironment affect tumor progression and pa-
tients’ responses to treatments.
Methods
Here we used advanced imaging techniques, such as histo-cytometry
[1], Clearing-enhanced 3D (Ce3D) microscopy [2] and multiplex FISH,
together with single-cell RNA sequencing and high-dimensional un-
supervised spatial-temporal analysis, to study the tumor-immune
microenvironment in an autochthonous genetically engineered
mouse model of lung adenocarcinoma, which is driven by an activat-
ing mutation of Kras and a loss of function mutation of p53.
Results
These studies have revealed a role for local dysbiosis in tumor pro-
gression, a connection to interleukin-17 secreting gamma-delta T
cells in the immune response to the tumor, and the presence in the
tumor micro-environment of an unexpectedly heterogeneous popu-
lation of neutrophils, a cell type known to have adverse effects in
lung adenocarcinoma.
Conclusions
Together, these findings are beginning to produce a more complete
picture of the three-way interaction among malignant cells, the im-
mune system, and the microbiota in driving tumor progression, with
implications for possible interventions to decrease tumor support
and facilitate useful anti-tumor immunity.
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Background
In the past decade, numerous studies of microbiota have shown the
tremendous impact of this symbiont community on human health.
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With the advancement of high-throughput sequencing technologies,
the composition of microbiota communities, which used to be elu-
sive, can now be quantified and categorized, even towards the reso-
lution of single bacterial strains. More importantly, numerous
therapeutical implications associated with the microbiome have been
discovered and are under active exploration.
Accumulating evidence support that microbiota can specifically
influence the efficacy of certain cancer immunotherapies: 1. Spe-
cies of Bifidobacterium are positively correlated with anti-PD-1
therapy in mice; 2. Species of Bacteroidales can trigger Th1 re-
sponse and promote DC maturation during anti-CTLA-4 therapy;
3. Antibiotic treatment remarkably decreases the effect of anti-
CTLA-4 therapy. These discoveries have motivated various re-
search projects, aiming to identify novel microbial-based interven-
tion to enhance the efficacy of cancer immunotherapy in
patients. One of the major confounding factors impeding a more
detailed understanding of these microbial-host interactions is the
lack of appropriate methodology to explore the microbial-tumor
interactions and microbial anti-tumor activation of the immune
system.
Methods
Mice harboring a humanized gut microbiome were sacrificed, and
colon tissue collected. We then performed Multiplexed Ion Beam Im-
aging of these samples to understand the spatial structure of the
microbiome and corresponding host responses by a combination of
ISH and antibody staining. To establish a highly specific bacteria
phylum specific ISH library, oligo probes were designed to detect
specific bacteria groups and antibody targeting cell types markers or
host response presented in the same location.
Results
We have optimized and validated a panel of ~ 20 antibodies ei-
ther targeting cell type makers presented in the small intestine
and colon, including immune cell (CD3, CD4 etc), intestinal epi-
thelial cell (DCLK-1etc ), or targeting host functional marker in-
cluding histone modification (H3K27me3, H3K27ac), inflammatory
response (MPO, pSTAT3 etc) or mucus secretion (UEA-1). We have
also built an oligo design pipeline to establish a highly specific
oligo probe panel targeting the major Bacteria phylum in the hu-
man gut microbiome.
Conclusions
We introduce microMIBI, a multiplexed imaging technique that
combines bacteria-specific ISH with host specific protein detec-
tion, with potentially >40 parameters (Figure 1). We can achieve
co-detection of the spatial structure of bacteria and host protein
expression. This allows us to understand the functions of specific
bacteria neighborhoods and their interactions with the host
tumor and immune system. We hope that these interactions will
elucidate novel microbial markers to infer anti-cancer immuno-
genic outcomes.
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Novel Single-Agent Immunotherapies
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Background
Antigen presenting cells (APCs) process tumor antigens and facilitate
recruitment of tumor-specific T cells to generate a robust anti-tumor
immune response. APCs are present in almost all tumor types, includ-
ing those that are refractory to checkpoint inhibitors; however, the
highly immunosuppressive tumor microenvironment (TME) often ren-
ders APCs unable to effectively process and present tumor antigens.
To overcome this immunosuppressive TME and rescue the function
of tumor-infiltrating APCs, we developed an immune-stimulating
antibody conjugate (ISAC) through covalent attachment of a TLR7/8
agonist to a HER2-targeting monoclonal antibody.
Methods
For human in vitro assessment of ISACs, primary PBMCs or myeloid
APCs were isolated from human healthy donor blood and activation
was measured by flow cytometry, cytokine-bead array, and ELISA-
based methods. Various ISACs were assessed in vivo using human
HER2 expressing tumor xenograft models (HCC1954, JIMT1, and
COLO205) as well as rHER2-expressing syngeneic tumor models
(MMC and CT26-rHER2).
Results
In vitro co-cultures with human primary leukocytes and HER2-
positive cancer cell lines revealed that the anti-HER2 ISAC potently
activates APCs, leading to increased co-stimulatory molecule expres-
sion and secretion of pro-inflammatory cytokines. In myeloid-focused
in vivo models utilizing HER2-positive human tumor cell line xeno-
grafts, which are resistant to trastuzumab, anti-HER2 ISAC treatment
led to tumor regression and clearance. Importantly, antigen density
and receptor occupancy were key factors dictating response to ISAC
treatment. Further mechanistic studies revealed that anti-HER2 ISAC
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efficacy was TLR- and FcR- dependent. Cell-specific depletion studies
also demonstrated a dependence on phagocytic cells for tumor re-
gression and clearance. In syngeneic tumor models in which anti-
HER2 ISAC treatment led to tumor clearance, animals rechallenged
with the parental tumor cell line lacking HER2 antigen expression
were protected from tumor growth. In addition, depletion of CD4
and CD8 T cells prior to rechallenge led to loss of immunological
memory.
Conclusions
These data provide a strong rationale for pursuing an anti-HER2
TLR7/8 ISAC into the clinic for the potential treatment of HER2-
positive cancers.
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Background
Unleashing the adaptive immune response from checkpoint block-
ade has shown therapeutic efficacy in oncology, although in a subset
of patients. The ability of innate immune cells to acquire tumor-
associated antigen and effectively present it to T cells is fundamental
to a successful immune attack on cancer. Macrophage-mediated
tumor cell phagocytosis can enact significant tumor clearance. In
addition, macrophages represent the most abundant immune cell
type in many solid tumors and are often linked to poor prognosis
due to the ability of cancer cells to block phagocytosis and manipu-
late macrophages into facilitating malignant progression. The inter-
action of tumor CD47 with SIRPα on macrophages, dendritic cells
and neutrophils presents such an immune blockade. We have previ-
ously presented data on AO-176, a clinical stage humanized anti-
CD47 antibody that is highly differentiated among agents in this
class of checkpoint inhibitors. Here we also evaluate a portfolio of
novel anti-SIRP antibodies with differentiated properties as another
approach to targeting the CD47/SIRPα axis.
Methods
We used solid-phase ELISA and cell binding assays to characterize
target binding and blocking by our antibodies. Immunomodulatory
effects were tested using in vitro phagocytosis, T cell stimulation by
allogeneic dendritic cells and antigen-specific T cell assays.
Results
Here we present novel discovery-stage antibodies that either bind
human SIRPα variant 1 or both variant 1 and variant 2, the two most
common variants in the human population. Interestingly, our anti-
bodies may or may not block the SIRPα-CD47 interaction, however,
they are unique and differentiated among reported anti-SIRP anti-
bodies in that they induce phagocytosis of several solid and
hematologic tumor cell lines as single agents. They also exhibit en-
hanced phagocytosis when combined with tumor-opsonizing anti-
bodies, including our highly differentiated anti-CD47 antibody, AO-
176. Finally, while our antibodies also bind to SIRPγ, but differ in abil-
ity to block the interaction to CD47 in solid phase assays, they do
not block SIRPγ in cell-based assays involving T cells. Consequently,
they show no adverse effects on T cell proliferation or activation in
allogeneic co-cultures of T cells with dendritic cells, and in a CMV
antigen recall response assay.
Conclusions
Our novel anti-SIRP antibodies induce promising and differentiated
in vitro single agent and combination phagocytosis and show no ad-
verse effects on T cell functionality. These data support their future
development, both as single agent antibodies and in combination
with other anti-cancer drugs.
Ethics Approval
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Background
Despite clinical success with bispecific antibodies (bsAbs) targeting
hematological malignancies (e.g., blinatumomab, a CD19xCD3 bsAb),
efficacy in solid tumor indications remains a significant challenge. Be-
cause T-cell redirecting bsAbs are so potent, even low levels of cell
surface target antigen expression on normal tissues may quickly be-
come a safety liability and severely restrict the dose levels that can
be achieved in patients. Additionally, identifying “clean” targets that
are uniquely expressed on the tumor and not on normal tissues is
very difficult at best, further narrowing the therapeutic landscape for
T-cell redirected bispecifics.
To overcome these challenges, we have developed a novel recom-
binant bsAb platform called COBRA (Conditional Bispecific Redirected
Activation). COBRAs are engineered to enable targeting of more
widely expressed and validated tumor cell surface antigens by focus-
ing T-cell engagement within the tumor microenvironment.
Methods
COBRA molecules are designed to bind to target antigen, which
may be expressed on both tumor and normal cells, yet not en-
gage T-cells unless exposed to a proteolytic microenvironment,
which is common in tumors but not in normal healthy tissues.
Once bound to the tumor target antigen, protease-dependent
linker cleavage allows COBRAs to convert an inactive anti-CD3
scFv to an active anti-CD3 scFv binding domain. Upon conver-
sion, COBRAs are then able to simultaneously co-engage T-cells
and target antigen, resulting in a potent cytolytic T-cell response
against the tumor cells. In addition, COBRAs are designed with a
half-life extension moiety that is removed from the active mol-
ecule upon proteolytic cleavage. This allows for a sustained pres-
ence in the circulation of the inactive COBRA prior to tumor
target binding, and more rapid clearance of unbound active
COBRA molecules, thereby decreasing the potential for cytotoxic
activity in normal tissues (Figure 1).
Results
Here we report the novel design of the COBRA molecule MVC-101
and demonstrate its ability to engage CD3 and Epidermal Growth
Factor Receptor (EGFR) to elicit potent cytotoxic activity in vitro and
in vivo (Figure 2, 3).
Conclusions
In T-cell dependent cellular cytotoxicity (TDCC) assays, we demon-
strate that protease dependent activation increases the potency
of MVC-101, yielding a therapeutic with sub-picomolar potency.
We further demonstrate that administration of MVC-101 in mice
with established xenografts results in protease cleavage
dependent, T-cell mediated tumor regressions in multiple tumor
models (Figure 4). Finally, MVC-101 has an extended half-life
in vivo upon administration, and rapid clearance post proteolytic
activation, resulting in an improved safety profile over conven-
tional T-cell redirected bispecifics.
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Fig. 3 (abstract P758). Tumor regressions in mice and PK
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Fig. 2 (abstract P758). In vitro activity

Table 1 (abstract P758). EGFR expression and potency
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Background
Extracellular adenosine is a potent immunosuppressive metabolite.
While its level is normally low in circulating blood, it could reach over
1,000-fold higher in tumor microenvironment, at 50 to 100 μM [1-3].
Adenosine exerts its biological effect through adenosine receptors.
Available evidence suggests that A2aR is the key mediator for its im-
mune suppressive effect [4,5]. Several A2aR antagonists are in early
clinical development. While potent at low adenosine level, they loss
their activity totally when measured at the adenosine level found in
tumor microenvironment. DZD2269 was designed to fully block A2aR
in a wide range of adenosine concentrations. It has the right DMPK
properties consistent with once daily oral dosing. Results from GLP
toxicity studies support its clinical evaluation in healthy volunteers
and cancer patients.
Methods
The binding assay was measured by testing the ability of DZD2269
to replace radio-labelled ligand for each adenosine receptors. The
potency of A2aR antagonists and selectivity towards related recep-
tors was determined by measuring cAMP levels or calcium influx
change in adenosine receptor overexpressed CHO cells, following
NECA or ADO stimulation. Reversed adenosine induced Immune sup-
pression assay were quantified following compound treatment in the
presence and absence of NECA in CD3/CD28 stimulated PBMC.
NECA-stimulated mouse whole blood was utilized for measuring the
p-CREB level. In addition, in vivo anti-tumor activity of DZD2269
alone or in combination with anti-CTLA4, radiotherapy and chemo-
therapy was evaluated in several syngeneic models.
Results
DZD2269 binds to human A2aR with a Ki of 5.4nM. Adenosine or its
stable analogue NECA potently inhibited TNF-α, IFN-γ and IL-2 secre-
tion from human T cells in a dose-dependent manner. DZD2269 ef-
fectively overcame 10uM NECA (equal to 100uM adenosine) induced
immunosuppression and restored TNF-α, IFN-γ and IL-2 secretion. Ad-
enosine inhibited CD8+ cell proliferation which could be reversed by
DZD2269. The antitumor activities of DZD2269 was evaluated in sev-
eral syngeneic mouse tumor models. DZD2269 monotherapy re-
duced tumor growth in these models. The most profound anti-tumor
growth effects were found when DZD2269 was administered in com-
bination with anti-CTLA4 Ab, radiotherapy and chemotherapy. Our
results showed that p-CREB level could be a useful pharmacody-
namic biomarker. It negatively correlated with DZD2269 exposure in
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animal models. Inhibition of p-CREB to basal level was required for
achieving maximum efficacy.
Conclusions
DZD2269 is a potent, selective A2aR antagonist, which effectively re-
verses high adenosine induced immunosuppression. Its safety profile
supports its clinical evaluation in healthy volunteers and cancer
patients.
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Background
The ability of tumor cells to evade the immune system (immune es-
cape) as well as their acquired resistance to anti-cancer drugs consti-
tute important barriers to the successful management of cancer.
Interaction between the Programmed Death Ligand 1 (PD-L1) on the
surface of tumor cells with the Programmed Death-1 (PD-1) receptor
on cytotoxic T lymphocytes leads to inactivation of these immune ef-
fectors and, consequently, immune escape. Restoration of anti-tumor
immunity by blocking PD-1 signaling using antibodies has proven to
be beneficial in cancer therapy. However, systemic anti-PD-1 therapy
has been shown to induce Grade 3-4 colitis, pneumonitis and in-
creased LFTs. The ability to elicit local inhibition of PD-1 should cir-
cumvent the systemic toxicity of current anti-PD-1 therapy.
Ph-762 is a chemically modified self-delivering RNA inhibitor contain-
ing an asymmetric duplex structure (≤ 15 base pair duplex) and a
single-strand phosphorothioate tail specifically targeting PD-1 mRNA
expression. Ph-762 is efficiently delivered to the immune cells with-
out the need for specialized formulations or mechanical transfection
as is observed with current RNAi’s.
Methods
PD-1 mRNA knockdown was assessed by qRT-PCR on total cellular
RNA using Taqman probe sets. T cell phenotyping was performed
using flow cytometry. T cell IFN-γ release was assessed via ELISA.
Results
Ph-762 rapidly and efficiently transfected T cells. Ph-762 elicited a
concentration dependent silencing of primary human PD-1 mRNA
levels, IC50 of ~ 0.4 μM, with silencing persisting for up to 7 days
posttreatment while media alone and nontargeting control (NTC) did
not affect PD-1 mRNA levels. This in turn resulted in a concentration
dependent reduction in PD-1 surface protein expression (IC50 of ~
0.4 μM). Ph-762 transfection did not alter T cell viability when
compared to media control. Ph-762 CD3+CD8+ T cells were able to
recognize allogenic tumors as demonstrated by increased IFN-γ pro-
duction when co-cultured with melanoma cells. The increased
CD3+CD8+ functionality resulted in enhanced tumor cell kill when
compared to media alone or NTC. Similar effects were observed with
mPh-762 (murine surrogate) in mouse T cells.
Conclusions
These findings support the hypothesis that local PD-1 mRNA silen-
cing by Ph-762 is a viable approach for overcoming tumor-induced
immunosuppression resulting in enhanced T cell functionality and
tumor cell kill which warrants further investigation in patients.
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Background
Despite efficacy of current immunotherapy in specific cancers, most
tumors still develop resistance by exploiting different immune eva-
sion pathways. Bacterial nanocells (designated as EDVs; EnGeneIC
Dream Vector) can be loaded with a variety of chemotherapeutic
drugs and targeted with antibodies directed to the cancer cell sur-
face, to release a toxic payload intracellularly [1,2]. Here we present
evidence that targeted EDVs packaged with the highly toxic drug
PNU159682 (D682), resulted in an anti-tumor immune response and
resistance to tumor re-challenge.
Methods
Syngeneic mouse tumor models, CT26Ep12.1 (colon) and 4T1 (breast)
expressing EpCAM receptor were intravenously treated with saline,
1x10^9 EpCAM targeted EDVs (Ep-EDV), or 1x10^9 EpCAM targeted
nanocells loaded with PNU-159682 (Ep-EDV-D682). Tumors were
measured three times per week and tumors and spleen were isolated
for immune cell analysis by flow cytometry. Separately, mice received
4 doses of saline, 2x10^9 Ep-EDV, or 2x10^9 Ep-EDV-D682 and tumor
growth was monitored until tumors reached 1000 mm3 (endpoint).
Mice were re-challenged on day 15 with a tumor inoculation on the
other flank as was a Naïve cohort. Spleens were collected from con-
trol mice upon sacrifice and from surviving Ep-EDV-682 treated mice
50 days post initial tumor inoculation for flow cytometric analysis of
memory T-cell populations.
Results
Immune cells isolated from CT26Ep12.1 and 4T1 mice treated with
Ep-EDV-682 showed a significant increase in M1/M2 macrophages,
activation of NK cells concurrently with a predominantly Th1 cytokine
response. Dendritic cell maturation followed, generating anti-tumor
CD8+ T-cells. Mice exhibited a significant increase in long term sur-
vival, with 40% CT26Ep12.1 and 35% 4T1 showing complete regres-
sion and no relapse respectively. On rechallenge with tumor cells,
0% of CT26EP12.1 and 25% 4T1 mice formed tumors compared to
100% of saline controls and a naïve cohort. T- cell populations in the
spleens of surviving Ep-EDV-682 treated CT26Ep12.1 mice exhibited
significant increases in total T-cell numbers (CD3+) including both
CD4+ and CD8+ and both tumor models showed an increase in
memory T-cell populations.
Conclusions
Targeted nanocells carrying a super-cytotoxic payload are capable of
a dual attack on the tumor in syngeneic mouse models of colon and
breast cancer. Firstly, tumor cell killing occurs via a very effective
drug, followed by development of an anti-tumor immune response,
resulting in long-term survival and resistance to re-challenge. The
current study highlights the potential of targeted nanocells as a
novel and versatile cancer cyto- immuno-therapeutic.
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Background
Accumulating clinical data suggest that infiltration of solid tumors
with immunosuppressive myeloid cells is associated with a lower
likelihood of response to T cell checkpoint immunotherapy. As such,
modulation of the activation state and function of the myeloid com-
partment is potentially a critical next frontier in cancer therapy.
Immunoglobulin-like transcript 3 (ILT3, also known as LILRB4)
expressed on dendritic cells (DCs) has been previously implicated in
the promotion of antigen-specific tolerance, and we have found in-
creased expression of ILT3 on monocytic myeloid-derived suppressor
cells (MDSCs) that are effectors of antigen-independent immune
suppression.
Methods
To study the role of ILT3 in these aspects of immunity, we created
antibodies that are highly potent and selective for ILT3 over other
ILT family members.
Results
These antibodies effectively antagonized polarization by IL-10 to en-
hance dendritic cell activation state and enable T cell priming. Fur-
thermore, in a mixed lymphocyte reaction using IL-10 polarized DCs
and allogenic CD8+ T cells, anti-ILT3 combined with pembrolizumab
afforded greater CD8+ T cell activation compared to either agent
alone. Turning to MDSCs, we found that anti-ILT3 antibodies im-
paired the acquisition of a suppressive phenotype by monocytes co-
cultured with cancer cells, resulting in diminished suppression of au-
tologous CD8+ T cell activation. Finally, anti-ILT3 antibodies inhibited
tumor growth and stimulated an increase in markers of immune acti-
vation in a humanized mouse model of cancer, the subject of a com-
panion poster.
Conclusions
These data support the testing of anti-ILT3 antibodies in humans for
the treatment of cancer.
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Background
Target engagement (TE) and translational pharmacodynamics (PD)
biomarkers are critical in drug discovery and development. We ex-
plored and compared multiple TE & PD readouts after anti-ILT3 mAb
treatment in a humanized murine SK-MEL-5 tumor model: 1) ILT3 re-
ceptor occupancy on monocytic myeloid cells in the tumor and
blood vs. total blood soluble ILT3 (sILT3) levels; 2) levels of activation
markers HLA-DR and LOX-1 on monocytic myeloid cells that are asso-
ciated with antigen presentation and activation of T cells.
Methods
Hu-NSG mice with subcutaneous SK-MEL-5 or Panc 08.13 tumors
were treated with an anti-human ILT3 mAb. Cell surface ILT3 receptor
occupancy and activation markers were quantitated by FACS analysis.
Plasma anti-ILT3 mAb and total soluble ILT3 (sILT3) concentrations
were measured using electrochemiluminescence immunoassay.
Results
TE assessed by ILT3 occupancy on the surface of CD14+ myeloid cells
and by plasma total sILT3 levels was detected after single dose ad-
ministration of the anti-ILT3 mAb ranging from 0.003 to 20 mg/kg.
Levels of ILT3 receptor occupancy on CD14+ myeloid cells correlated
with the dose administered and exposure levels of anti-ILT3 mAb in
the plasma in both tumor models. ILT3 receptor occupancy in the
tumor and total sILT3 in the blood were saturated in the mice
treated with 10 mg/kg of anti-IL-3 mAb, while saturation of ILT3 re-
ceptor occupancy in the blood was reached at a lower dose (1 mg/
kg). The percentage of tumor myeloid cell ILT3 receptor occupied
correlated with total plasma sILT3 levels after mAb treatment. Expres-
sion of immune activation related markers LOX-1 and HLA-DR on
CD14+ myeloid cells were upregulated in a time and exposure
dependent manner in the SK-MEL-5 hu-NSG model that expresses
high levels of ILT-3, but not in Panc 08.13 with low ILT3 expression.
Conclusions
High levels of ILT3 receptor occupancy in the tumor were required
for the upregulation of immune activation markers in the humanized
tumor model. HLA-DR could be used as an immune response PD bio-
marker for assessing anti-ILT3 mAb activity in vivo. A proof-of-
concept was established for using total sILT3 in the blood as a surro-
gate for tumor TE after anti-ILT3 mAb treatment that could be used
for human dose projection.
Activity of the anti-ILT3 mAb in vitro and tumor efficacy in vivo is de-
scribed in a companion poster
Ethics Approval
The study was approved by Merck Institutional Animal Care and Use
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Background
Regulatory T cells (Treg) critically maintain immuno-suppression in
the tumor microenvironment, representing an attractive immuno-
oncology target. The Treg lineage is defined by expression of the
FOXP3 transcription factor, which controls immune-suppressive
functions.
Methods
We have discoverd a clinical candidate AZD8701, a next-generation
antisense oligonucleotide inhibitor of FOXP3 (utilizing the Ionis Gen
2.5 cEt-modified ASO platform).
Results
AZD8701 treatment knocked down FOXP3 in primary human Tregs
via free uptake (IC50 65nM), which was also associated with modula-
tion of known FOXP3 target genes including 25-50% reduction in
CTLA4, ICOS, CCR8 and GITR. Tregs treated with AZD8701 further ex-
hibited reduced suppressive functions in in vitro suppression assays,
which confirmed the functional effects of FOXP3 modulation. Finally,
AZD8701 promoted dose-dependent knockdown of FOXP3 in hu-
manized mice, including >50% FOXP3 knockdown at doses that are
predicted to correspond to clinically achievable doses. To support
the importance of FOXP3 in immuno-oncological settings, we charac-
terized murine surrogate FOXP3 ASOs in the context of syngeneic
tumour bearing mice. Murine FOXP3 ASOs similarly promoted >50%
FOXP3 knockdown in mice and were well tolerated with no overt
toxicological findings at high doses, over a maximum of 12 weeks of
treatment. Murine FOXP3 ASOs significantly attenuated tumour
growth in A20 and ID8-VEGF syngeneic models, which was associ-
ated with some complete tumour regressions. Moreover, we found
that mouse surrogate FOXP3 ASOs promoted additive/enhanced
therapeutic effects when combined with immune checkpoint block-
ade. Additionally, an increase in tumour infiltrated CD8+ T cells and
activation biomarkers (e.g. Granzyme B) correlated with increase anti-
tumour response in A20 tumour model.
Conclusions
In summary, AZD8701 represents a first-in-class clinical candidate to
target Tregs in cancer in a highly selective manner, and may provide
therapeutic benefit to patients either as a monotherapy or in com-
bination with immune checkpoint blockade.
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Background
Current immunotherapies have shown promise in treating multiple
cancer types but success remains elusive for cancers like pancreatic,
the majority of colorectal cancers as well as cholangiocarcinoma.
Poor prognosis in these tumor types is invariably linked to immune
dysfunction. Galectin-9, which is a fundamental immune modulator
and global immune suppressor, was previously identified as a mol-
ecule that plays a significant role in orchestrating and maintaining a
tumor-permissive immune environment. In light of this, we have
studied the relevance of galectin-9 as a biomarker and have devel-
oped LYT-200, a therapeutic, fully human IgG4 antibody to target
galectin-9.
Methods
A synthetic, human antibody library was screened via phage display
using purified carbohydrate binding domains (CRDs) of human and
mouse galectin-9. Blockade of galectin-9-receptor binding and signal-
ing by antibodies was assayed in both biochemical and cell-based
formats. Antibody efficacy was assessed in orthotopic pancreatic can-
cer and subcutaneous melanoma mouse models as single agent and
in combination with anti-PD1 and chemotherapy. Patient-derived
samples (FFPE tissues, organotypic tumor spheroids (PDOTs)), which
recapitulate complex tumor architecture, and patient blood samples
were analyzed by immunohistochemistry, flow cytometry and ELISA
to measure galectin-9 expression and compare with healthy controls
across tumor types. Additionally, PDOTs were treated with clinical
anti-galectin-9 antibodies and the resulting immune profile was
analyzed.
Results
Significantly higher levels of galectin-9 were detected across pa-
tient blood/tissue samples (n >100 patients) compared with
healthy controls. Analyses of PDOTs showed high levels of
galectin-9 on tumor, myeloid and T cells. Its high expression, for
example in pancreatic adenocarcinoma, suggest that galectin-9 is
a promising therapeutic target and a biomarker that correlates
with disease stage. From a therapeutic perspective, LYT-200 was
selected out of numerous antibody candidates as the lead clinical
clone based on its high affinity (dissociation constant < 1 nM) to
galectin-9 across species, high specificity, stability, and blocking
galectin-9 interactions with its ligands in biochemical and cell-
based assays. Treatment of tumor bearing mice with LYT-200 sig-
nificantly reduced in tumor size (p
Conclusions
LYT-200, a first-in-class human antibody that inhibits tumor-
permitting activity of Galectin-9 was developed. The data collectively
reveal novel galectin-9 biology and demonstrate therapeutic efficacy
of LYT-200. Blockade of galectin-9 using LYT-200 is an innovative and
promising strategy for treating aggressive solid tumors.
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Background
Tumour-associated peptide-human leukocyte antigen complexes
(pHLA) represent the largest pool of cell surface expressed cancer-
specific epitopes, making them attractive targets for cancer therapies.
Soluble bispecific molecules, that incorporate an anti-CD3 effector
function, are being developed to redirect T cells against these targets
using two different approaches. The first achieves pHLA recognition
via affinity-enhanced versions of natural TCRs (e.g. ImmTAC® mole-
cules), whereas the second harnesses an antibody-based format
(TCR-mimic antibodies). For both classes of reagent, target specificity
is vital considering the vast universe of potential pHLA molecules
that can be presented on healthy cells.
Methods
Using structural, biochemical, functional and computational ap-
proaches, we assessed the selectivity of two novel classes of T cell
redirecting pHLA-targeting bispecifics based on TCR-mimic anti-
bodies or high-affinity TCRs. Reagents included were chosen based
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Fig. 3 (abstract P767). Single Cell Cytometry with the
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on their recognition of identical, or closely related, pHLA determi-
nants of the NY-ESO-1157-165 cancer testis antigen-derived peptide,
SLLMWITQC, presented by HLA-A*02:01 (A2-SLL), the MAGE-A1161-
169/MAGE3-A3168-176 melanoma-associated antigen-derived pep-
tides, EADPTGHSY (A1-EAD) and EVDPIGHLY (A1-EVD), presented by
HLA-A*01:01, and the WT126-134 Wilms tumour antigen derived
peptide, RMFPNAPYL, presented by HLA-A*02:01 (A2-RMF).
Results
We demonstrate that affinity-enhanced TCRs engage pHLA using a
comparatively broad and balanced energetic footprint, with interac-
tions distributed over several HLA and peptide side-chains. As
ImmTAC molecules, these TCRs also retained pHLA-selectivity, with
potent killing of antigen-positive cell lines and minimal off-target ac-
tivity in cellular assays. Conversely, TCR-mimic antibodies tended to
exhibit binding modes focussed more towards hotspots on the HLA
surface and tolerate amino acid degeneracy. In cellular assays, the
antibody-based bispecifics exhibited greater cross-reactivity to
antigen-negative cell lines and as such, a reduced specificity window.
Conclusions
These findings extend our understanding of the basic principles that
underpin pHLA-selectivity and exemplify a number of molecular ap-
proaches that can be used to probe the specificity of pHLA-targeting
molecules, aiding the development of future reagents.
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Background
This poster illustrates an exciting new way to characterize cell popu-
lations far beyond traditional methods. Using Single-Cell Cytometry
removes common detection limitations of both flow and mass cy-
tometry. Here we describe Celsee’s ability to detect 60 different anti-
bodies in a single run.
Methods
25,000 cells were isolated using Celsingle 250K Slide on the Genesis
System and sample preparation protocol was performed. PBMCs
were stained with 60 oligo-labeled antibodies (BioLegend, CA, USA)
and sequencing was performed on the MiSeq (Illumina, CA, USA).
Analysis method via Seurat (Satija Lab).
Results
We observed signal from all 60 antibodies across the population of
thousands of cells analyzed. Plotting all cells together via dimen-
sional reduction provides a global view of similar and different sub-
populations present in our PBMC sample (Figure 1). Importantly, sep-
aration of populations such as T, B, and NK cells (Figure 2) were ob-
served. The T cell populations showed both CD8 and CD4 are
mutually exclusive as well as CD45RO and CD45RA (Figure 3). For the
B cell population, we observed signal across multiple CD markers as
expected (e.g. CD 19). As for NK Cells, expression of CD16, CD45RA,
and CD8 are in concordance with our observations. Aggregating data
across major cell types shows expression across all 60 antibodies
tested (Figure 4).
Conclusions
These data highlight the simplicity and feasibility of multiplexing
60 antibodies in a single run with the Genesis System. Whether
one wishes to analyze 10 markers or over 100, this application is
highly scalable both in cell number and number of markers ana-
lyzed. Given the obvious difficulties in legacy flow cytometry and
mass cytometry instruments, Single-Cell Cytometry is poised to
deliver limitless protein detection with Celsingle technology mak-
ing the Genesis System a practical and economical solution for
cytometry related experimentation.
Consent
Yad Deol, Shaun Connor, Jonathan Bell, Tyler Burns
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Fig. 1 (abstract P768). Low VIP levels in all murine melanoma
cell supernatants.

Fig. 2 (abstract P768). ANT-00 doesn’t have direct cytotoxic effects
on B16F10 cells.

Journal for ImmunoTherapy of Cancer Page 140 of 2372019, 7(Suppl 1):283
P768
Antagonism of signaling through the vasoactive intestinal peptide
receptor as a novel immunotherapy in preclinical models of
melanoma
Sruthi Ravindranathan, PhD1, Shuhua Wang, MD1, Rebecca Pankove, MS1,
David Francis2, Susan Thomas, PhD, BS2, Rohan Dhamsania, BS1 , Brian
Pollack1, Edmund Waller, MD, PhD, FACP1
1Emory University, Atlanta, GA, United States; 2Georgia Institute of
Technology, Atlanta, GA, United States
Correspondence: Rohan Dhamsania (rohan.dhamsania@emory.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P768

Background
Only 40% of the patients with metastatic melanoma respond to FDA-
approved immune-checkpoint blockade therapies. 25%-40% of these
patients relapse within 3 years of treatment [1]. Thus, it is imperative
to explore more rigorous cancer immunotherapies.
Vasoactive Intestinal Peptide (VIP) is a 28-aminoacid immunosuppres-
sive neuropeptide. Its potent immunosuppressive effects are shown in
mouse models of leukemia and lymphoma, with downregulation of
PD-1 and PD-L1 expression in activated T cells and dendritic cells re-
spectively, following treatment with peptide antagonist of VIP (ANT-00)
that competitively blocks binding of native VIP to VIP receptors [2].
ANT-00 treatment also significantly enhanced proliferation of splenic T
cells in-vitro2. Interestingly, according to the cancer genome atlas
(TCGA), metastatic melanoma patients with low VIP mRNA have better
survival than patients with high VIP mRNA expression in tumor (Figure
1A). Thus, we hypothesize that pharmacological inhibition of VIP-
signaling pathway would be efficacious in melanoma immunotherapy.
Methods
Murine melanoma cell lines: B16F10, B16F1, SM1 and D4M were
cultured in DMEM-based media for 24 hours and cell-free super-
natant was quantified for VIP concentration via VIP-specific com-
petitive Enzyme Immunoassay (EIA). Presence of VIP receptors on
B16F10 cells was confirmed using western blot. Cytotoxic effect
of ANT-00 on B16F10 cells was analyzed using MTT assay. C57BL/
6 mice inoculated with B16F10 cells were treated with ANT-00
before/after tumors were palpable. Treatment regimen involved
daily subcutaneous administration of 0.1-10ug of ANT-00 or ANT-
08 (a more potent VIP antagonist) throughout the duration of
treatment. Phenotypic differences in immune infiltrates were ana-
lyzed via flow cytometry.
Results
All melanoma cell lines secrete low levels of VIP (Figure 1B). Although
B16F10 cells express similar VIP receptors levels (Figure 2A), ANT-08 didn’t
have direct cytotoxic effect on B16F10 cells (Figure 2B, 2C). ANT-08 dosed
at 1-10ug/mouse/day-controlled tumor growth for up to 10 days of treat-
ment, with the anti-tumor effect diminishing with subsequent treatment
beyond 10 days (Figure 3E-G). Moreover, when B16F10 bearing mice were
treated daily with 1.0ug of ANT-08 for 10 days after tumors were palpable,
a significant improvement in survival was observed compared to PBS-
treated control animals (p<0.01, Figure 4). Immunophenotyping of infiltrat-
ing lymphocytes in excised tumors revealed that ANT-08-treated group
had significantly higher levels on proliferating CD4+ T cells (p=0.04) (Figure
4), supporting a role of VIP antagonism in activating anti-cancer immunity.
Conclusions
In preclinical melanoma models, pharmacological antagonism of VIP-
signaling significantly increased survival rates (Figure 4) by activating
adaptive T cell immunity. Thus, inhibiting VIP-signaling is a novel po-
tential immunotherapy for melanoma.
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Background
The tumor microenvironment (TME) has multiple mechanisms of im-
munosuppression, one being recruitment of arginase (ARG) express-
ing myeloid cells. ARG is an enzyme that catalyzes hydrolysis of L-
arginine into urea and L-ornithine. L-arginine is a semi-essential
amino acid required for optimal function of T cells and natural killer
(NK) cells. Arginine depletion in the TME inhibits T cell and NK cell
function resulting in immunosuppression [1]. Therefore, inhibition of
ARG can reverse immunosuppression and optimize anti-tumor
immunity.
Methods
Human CD8+ T cell and NK cell proliferation was evaluated in various
concentrations of L-arginine by measuring CellTrace Violet (CTV) dilu-
tion in response to stimulation (anti-CD3/anti-CD28 stimulation for
CD8’s; IL2/IL15 for NK’s.) Syngeneic mouse tumor models (MC38-
OVA, LLC) were assessed for anti-tumor activity and immune system
activation with an ARG inhibitor as a monotherapy and in combin-
ation with an anti-PDL1 checkpoint inhibitor. The ARG inhibitor was
administered orally BID at 30 mg/kg, and anti-PDL1 was dosed with
intraperitoneal injections 2QWx2 at 10 mg/kg. Four, ten and fourteen
days post-treatment, phenotype and activation status of T cell, NK
cell and CD103+ dendritic cell (DC) populations within tumor and
lymph nodes (LN’s) were evaluated using multi-color flow cytometry.
Furthermore, the functional response of CD8+ cytotoxic T cells was
evaluated by ex vivo restimulation with phorbol 12-myristate-13-
acetate (PMA) and ionomycin prior to analysis.
Results
Human CD8+ T cells and NK cells showed decreased proliferation
with decreased L-arginine concentration. L-arginine threshold for op-
timal proliferation was determined to be ~30 uM for CD8+ T cell and
~ 9 uM for NK cells. Furthermore, CD8+ T cells showed dose
dependent decreases in cytotoxic molecules (e.g. granzyme A, gran-
zyme B, perforin) with decreased L-arginine. While ARG inhibitor
monotherapy showed 30% tumor growth inhibition (TGI) in the
MC38-OVA tumor model in vivo, combining with anti-PDL1 signifi-
cantly improved efficacy (87% TGI), with 7/10 tumors regressing. An
in vivo PD combinaton study of ARG inhibitor with anti-PDL1 showed
increases in multiple tumor immune cell populations (~4-fold CD8+ T
cells, 2-fold NK cells, 2-fold CD103+ DCs) and increased CD8 T cell ac-
tivation. Moreover, ARG inhibitor resulted in an increase of IFNg and
TNFa producing CD8+ T cells in the periphery (draining LN).
Conclusions
Our pre-clinical data demonstrates that an ARG inhibitor in combin-
ation with a checkpoint inhibitor can reverse tumor immunosuppres-
sion leading to strong immune activation and anti-tumor responses,
suggesting arginase inhibitors could provide an opportunity to in-
crease activity of checkpoint inhibitors clinically.

References
1. Oberlies J, Watzl C, Giese T, Luckner C, Kropf P, Muller I, Ho AD, Munder

M. Regulation of NK Cell Function by Human Granulocyte Arginase. J
Immunol 2009; 182:5259-5267

Ethics Approval
The study was approved by AstraZeneca's Institutional Animal Care and Use

Committee (IACUC)

susan.cantin@astrazeneca.com


Journal for ImmunoTherapy of Cancer Page 142 of 2372019, 7(Suppl 1):283
P770
A novel class of multi-specific antibodies targeting NKp30 on
innate immune cells
Monia Draghi, PhD1 , Allison Nelson1, Amanda Oliphant1, Alan Leung1,
Jay Vekeria1, Zach Frye1, Claire Chottin2, Sara Haserlat1, Rachel Rennard1,
Caitlin Goshert1, Rachel McCrory1, Lucy Liu1, Kenneth Rogers2, Francois
Villinger2, Piotr Bobrowicz1, Michael Schmidt1, Jennifer Watkins-Yoon1
1Compass Therapeutics, Cambridge, MA, United States; 2New Iberia
Research Center, New Iberia, LA, United States
Correspondence: Monia Draghi
(monia.draghi@compasstherapeutics.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P770

Background
Cancer immunotherapies have demonstrated remarkable clinical bene-
fits and durable responses even for late-stage cancers. Most of the at-
tempts of current therapies in development are focused on harnessing
the adaptive immune system by unleashing antitumor T cell responses.
However, there is emerging evidence that cancers develop multiple
strategies to escape T cell recognition, hence approaches that do not
require T cell recognition should be explored. Tumors can be effectively
eradicated by natural killer (NK) cells and other innate-like lymphocytes
such as gamma delta T cells that can elicit potent anti-tumor response
in both mouse cancer models and patients. Therefore exploiting ther-
apies that enhance NK and gamma delta T cells response for the treat-
ment of cancer represents a promising and complementary approach
to current existing immunotherapies.
Methods
Using our common light chain discovery platform we have devel-
oped a novel class of multi-specific antibodies that bind to one or
two antigens at the surface of tumor cells and engage both CD16
and NKp30 activating receptors on NK and gamma deltaT cells.
Results
Unlike conventional monoclonal antibodies that require high levels
of target antigen for efficacy, our TAAxNKp30 engagers can potently
activate NK and gamma delta T cells to kill tumor cells that express
high, medium and low levels of tumor antigen. Furthermore, our
NKp30 engagers can activate NK cell subsets with low or null expres-
sion of CD16A without inducing off-target effect and NK-versus-NK
toxicity. Compass NKp30xBCMA engagers show efficacy in vivo and
when tested in cynomolgus monkeys, displays pharmacokinetics
similar to monoclonal antibodies and a favorable toxicity profile as
compared to BCMAxCD3 bispecific T cell engagers currently tested in
clinical settings. Furthermore, transcriptomic profiling of NK cells co-
cultured with BCMA positive tumor cells in the presence of
NKp30xBCMA reveals a differentiated immune signature as com-
pared to a BCMA-IgG1 monoclonal antibody.
Conclusions
Compass NKp30 engagers are highly differentiated from monoclonal
antibodies for their capability to activate different subsets of NK and
gamma delta T cells and induce killing of tumor cells expressing low
levels of tumor associated antigen. Our multi-specifics antibodies
show in vivo efficacy while maintaining a favorable toxicity profile as
compared to T cell engagers. They are highly manufacturable, with
expression, purity, stability and pharmacokinetics identical to mono-
clonal antibodies. Taken together, our results provide the rationale
for developing multifunctional NKp30 engagers for the treatment of
hematological and solid tumors.
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Background
NEO-201 is an IgG1 mAb reactive against many different carcinomas,
but not reactive against most normal tissues. Functional analysis re-
vealed that NEO-201 is capable of engaging innate immune effector
mechanism (ADCC, CDC and enhancing NK activity) to kill tumor
cells. Previous studies showed that NEO-201 attenuates growth of
human tumor xenografts in mice, and demonstrates safety/tolerabil-
ity in non-human primates with a transient decrease in neutrophils
being the only adverse effect observed. A clinical trial evaluating
NEO-201 in adults with chemo–resistant solid tumors is ongoing at
the NIH Clinical Center. Preclinical evaluation showed that NEO-201
reacts against human regulatory T cells (Tregs) and here we further
investigated the phenotypic and functional effects of NEO-201 on
human Tregs in vitro.
Methods
PBMCs were collected from 5 normal donors and used for pheno-
typic and functional analysis. EasySep StemCell Treg isolation kits
anti-biotin kits (biotin-labeled NEO-201 mAb) were used to isolate
Tregs from PBMCs. Phenotypic analysis was conducted by flow cy-
tometry for markers: CD4, CD25, CD127, FoxP3, CD15s, CD45RA,
CCR4, NEO-201 antigen, CEACAM5 and CEACAM6. The ability of NEO-
201-isolated Tregs to suppress autologous CD4+ T responder cell
proliferation was assessed using a co-culture suppression assay and
the ability of NEO-201 to mediate killing of opsonized Tregs was
evaluated using a CDC assay.
Results
The % of NEO-201+ cells in the population of CD4+CD25highCD127-
negFoxP3+CD15s+CCR4+Tregs ranged from 60%-80%. NEO-
201+Tregs were CD45RA negative. Isolated CD4+NEO-201+ Tregs
were capable of suppressing CD4+ T responder cell proliferation, and
NEO-201 mAb mediated CDC activity against Tregs.
Conclusions
NEO-201 reacts against human Tregs and can be used as a novel
marker to identify and to purify Tregs. Tregs isolated using NEO-201
mAb were functionally suppressive and could be eliminated by CDC.
This study demonstrates for the first time that this tumor-targeting
mAb may also mediate through a novel mechanism down regulating
Treg-mediated immunosuppression of anticancer immunity.
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Background
In diverse human and murine cancers, tumor necrosis factor receptor
2 (TNFR2) is heavily expressed in the tumor microenvironment on
regulatory T cells (Tregs) and myeloid-derived suppressor cells. Clin-
ical data consistently show TNFR2 overexpression in the tumor
microenvironment on Tregs after checkpoint failures. TNFR2 also
serves as an oncogene for direct tumor expansion. One major chal-
lenge to creating antagonistic antibodies to the TNF superfamily re-
ceptors has been that natural ligands such as TNF have a very high
affinity and strongly promote agonism. Using sequential receptor
peptide fragment mapping, we have made TNFR2 antagonistic anti-
bodies in which a select region of this receptor creates antagonism
resistant to TNF. Here we share new data on cell-specific and dispar-
ate TNFR2 expression in the tumor microenvironment and show that
these novel antibodies preferentially target the tumor microenviron-
ment, not peripheral Tregs.
Methods
We analyzed TNFR2 expression in humans using mean fluorescent in-
tensity (MFI) of TNFR2 on Tregs, T effector (Teff) cells and primary
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tumor cells from subjects with lymphoma vs controls and analyzed
over 1000 human cell lines from different primary tumor sites. We
studied the effect of dominant TNFR2 antagonists on secreted sol-
uble TNFR2 (sTNFR2), a marker of extreme agonism, by culturing hu-
man T cells with TNFR2 antagonistic antibodies. We also screened
dominant TNFR2 antagonists for their ability to kill cancer cells, kill
tumor cell lines, eliminate tumor-associated Tregs and induce Teff
proliferation in subjects with advanced Stage IV cutaneous T cell
lymphoma (CTCL, or Sézary syndrome) and cell lines of diverse tumor
origins.
Results
The TNFR2 antagonists killed tumor-residing Tregs and cancer cells
expressing the oncogene in vitro. This new antagonist class does not
require antibody-dependent cellular cytotoxicity (ADCC). Framework
class switching experiments show no need for Fc region function,
and the construction of F(ab)2 fragments also still shows efficacy.
Dominant TNFR2 antagonists rapidly stopped sTNFR2 secretion, a
known serum biomarker of poor cancer prognosis.
Conclusions
Dominant TNFR2 antagonists kill both tumor-residing Tregs and can-
cer cells expressing the oncogene in human specimens but not nor-
mal circulating cells. TNFR2 antagonistic antibodies may represent a
new cancer treatment approach.
Ethics Approval
A human studies protocol was approved by the Massachusetts Gen-
eral Hospital (MGH) Human Studies Committee (MGH-2001P001379)
and Stanford University Human Studies Committee (IRB 5538 and IRB
13844).
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Background
Oncolytic viruses (OVs) represent a new class of therapeutic agents
for the treatment of cancers that poorly respond to immune check-
point inhibitors. OV promote anti-tumor responses by a dual mech-
anism of action: the selective oncolysis of tumor cells, followed by
the development of systemic anti-tumor immune responses [1].
Methods
ONCR-177 is a highly engineered recombinant oncolytic Herpes Sim-
plex Virus (oHSV) designed to be a safe and efficacious therapy for
the treatment of solid tumor indications. ONCR-177 expresses five
transgenes selected for abscopal efficacy using an in vivo screen in
syngeneic tumor models: IL-12 for NK and T cell activation, CCL4 and
FLT3LG for expansion and recruitment of classical dendritic cells
(cDC), and antagonists to two clinically validated immune checkpoint
targets, PD-1 and CTLA-4, to counter T cell exhaustion. ONCR-177, or
its mouse surrogate virus mONCR-171, was tested in a series of ex-
periments designed to demonstrate local and systemic anti-tumor
activity, and mechanisms of action.
Results
In in vitro co-culture studies, DCs loaded with ONCR-177 oncolysates
were superior in stimulating MART1+ tumor antigen-specific T cells
compared to lysates from the unarmed vector. Intra-tumoral adminis-
tration of mONCR-171 resulted in durable local and distant complete
tumor regressions and survival benefit across several syngeneic bilat-
eral tumor models representing various degrees of HSV permissivity
and baseline T cell infiltration, including models reported to be resist-
ant to other oHSV therapies. Immune phenotyping by flow cytometry
of injected or contralateral CT26 syngeneic tumors after a mONCR-
171 intra-tumor (IT) treatment regimen demonstrated increased
numbers of activated NK cells, CD8 and CD4 T cells, and cDCs. The
proportion of Tregs decreased, resulting in elevated CD8/Treg ratios.
The tumor Ag response against AH1 a peptide derived from enve-
lope glycoprotein 70 (gp70) of endogenous murine leukemia virus
(MuLV) and expressed by BALB/c-derived CT26 colorectal carcinomas
[2] was recently assessed in order to measure specific anti-tumor re-
sponse after mONCR-171 IT delivery. The proportion of AH1 specific
T cells producing IFNɤ was significantly increased in mice treated
with mONCR-171 compared to the base vector. The quality of the T
cell response was enhanced, with an increase of polyfunctional T
cells expressing both IFNɤ and TNF, demonstrating a strong potenti-
ating effect of our payloads to the OV response.
Conclusions
In conclusion, ONCR-177/mONCR-171 potently activates local and
systemic anti-tumor immune responses that result in durable re-
sponses, extended survival, and the elicitation of protective immun-
ity. These encouraging preclinical data warrant the clinical
investigation of ONCR-177 in patients with metastatic cancer.
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Background
Photoimmunotherapy (PIT) is an investigational cancer treatment plat-
form that utilizes an antibody-dye (IRDye® 700DX, IR700) conjugate and
illumination with a non-thermal, red-light laser for selective cell killing.
These preclinical studies describe the intratumoral depletion of regula-
tory T cells (Tregs), a significant source of immune suppression, with an
anti-CD25-IR700 conjugate using photoimmunotherapy (CD25 PIT).
Anti-cancer activity and subsequent immune responses following CD25
PIT administered alone or in combination with anti-PD1 treatment were
evaluated in immunocompetent mouse models.
Methods
Immunocompetent mice inoculated with CT26 tumors were treated with
CD25 PIT alone or in combination with anti-PD1 treatment. Tumor vol-
ume was determined by caliper measurements in target (illuminated)
and distal (non-illuminated) tumors. Target tumors were harvested and
intratumoral immune responses were characterized by flow cytometry.
To evaluate the activation of systemic immune responses, cytotoxic T
lymphocyte assays were conducted with splenocytes derived from mice
treated with CD25 PIT alone or in combination with anti-PD1. Tumor re-
challenge studies were conducted to assess for a tumor-specific immune
memory response. Anti-cancer responses to CD25 PIT combined with
anti-PD1 treatment were also evaluated in CD8+ T cell-depleted mice.
Results
Single tumor bearing mice treated with saline, anti-PD1 antibodies, CD25
conjugate without PIT, CD25 PIT alone, or in combination with anti-PD1
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antibodies, resulted in complete response (CR) rates of 0% (0/15), 8.3%
(1/12), 0% (0/15), 50.0% (5/10), and 73.9% (17/23), respectively. CD25 PIT
combined with anti-PD1 led to synergistic anti-cancer activity in target
and distal tumors. All CR mice prevented formation of new tumors when
inoculated with the same tumor type, but tumor growth occurred when
inoculated with a different tumor type, suggesting a tumor specific im-
mune memory response. Flow cytometry analysis of intratumoral im-
mune responses revealed an increase of CD8+ T cells in the targeted
tumor one week after PIT treatment, with a majority of CD8+ T cells lack-
ing exhaustion markers (PD1-CTLA4-). CD25 PIT treatment also led to ex-
pansion of tumor antigen specific cytotoxic lymphocytes in the spleen.
CD8+ T cell depletion abrogated the anti-cancer responses induced by
CD25 PIT combined with anti-PD1 treatment.
Conclusions
Depletion of intratumoral Tregs by CD25 PIT resulted in the local acti-
vation of CD8+ T-cell mediated anti-cancer activity, and a systemic
tumor specific immune memory response. CD25 PIT treatment com-
bined with anti-PD1 therapy led to synergistic anti-cancer activity in
target and distal tumors. These results support the exploratory evalu-
ation of CD25 PIT in patients for the treatment of cancers that
present with Treg immunosuppression.
Ethics Approval
All animal studies conducted followed the guidelines put out by the
"Guide to the Care and Use of Laboratory Animals" by the National
Research Council.
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Background
Stimulating existing anti-cancer immune responses by activating T cell
costimulatory receptors of the Tumor Necrosis Factor Receptor Super-
family (TNFRSF) is potentially the next significant stage of cancer im-
munotherapy. Clustering of TNFRSF members is required to initiate
signal transduction and crosslinking of TNFRSF-specific antibodies via
Fcg receptor (FcgR) interaction is typically required to mimic this effect.
However, TNFRSF antibodies have been described which can initiate
crosslink-independent agonism and signal transduction by simply bind-
ing to their receptor. CD137 is a costimulatory TNFRSF member
expressed on activated T cells and interaction with CD137L results in in-
creased T cell proliferation, survival and cytotoxic activity. Some agonist
antibodies targeting CD137 have been shown to induce liver inflamma-
tion both in the clinic or in preclinical models, with the latter being as-
sociated with increased liver T cell infiltration.
Methods
To understand factors contributing to toxicity, different CD137 agonist
antibodies were compared for their ability to activate T cells in the pres-
ence or absence of secondary crosslinking antibodies, used to mimic the
effect of FcgR-mediated crosslinking in vivo. A bispecific antibody target-
ing OX40 and CD137 (FS120), with activity independent of FcgR-
mediated crosslinking, was also used to test the ability of using binding
to co-expressed receptors as an alternative mechanism of crosslinking.
The anti-mouse CD137 agonist antibodies as well as an anti-mouse
OX40/CD137 bispecific (FS120 surrogate) were also tested in vivo for their
ability to induce liver T cell infiltration, activation and proliferation.
Results
The CD137 antibodies tested showed varying levels of in vitro po-
tency in stimulating T cells and certain antibodies were able to in-
duce crosslink-independent activation. The CD137 antibody clone
present in urelumab, which induced hepatotoxicity in the clinic,
showed crosslink-independent activity and was more potent as com-
pared to the clone present in utomilumab, which was well tolerated in
the clinic. An anti-mouse CD137 antibody (clone 3H3) also showed
crosslink-independent activity and increased sustained liver T cell
infiltration, activation and proliferation as compared to a crosslink-
dependent clone (Lob12.3). FS120 surrogate showed activity in vitro
which was not associated with increased liver T cell infiltration in vivo.
Conclusions
CD137 agonist antibodies associated with increased liver inflammation
were found to be crosslink-independent, suggesting this factor may con-
tribute to their hepatotoxicity risk. FS120 surrogate did not show increased
liver T cell infiltration suggesting this has the potential to be a well-
tolerated and effective mechanism of crosslinking and agonising CD137,
as well as OX40, and is independent of FcgR-mediated crosslinking.
Ethics Approval
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Background
Over the last decade, various new therapies have been developed to
promote anti-tumor immunity. Despite interesting clinical results in
hematological malignancies, the development of bispecific killer cell
engager antibody formats directed against tumor cells and stimulat-
ing anti-tumor T-cell immunity has proved challenging, mostly due
to toxicity problems.
Interest has recently focused on the use of NK cells for therapeutic
interventions, as these cells have anti-tumor properties. NK cells ex-
press several activating receptors that can be targeted to induce NK
cell-mediated anti-tumor immunity, such as CD16, NKG2D, and the
natural cytotoxicity receptors NKp30, NKp44 and NKp46. The full acti-
vation of NK cells has been shown to require the co-engagement of
different cell surface receptors.
Methods
We report here the design, production and characterization of a new
generation of trifunctional NK cell engagers (NKCEs) consisting of
mAb fragments targeting the activating NK cell receptor NKp46 to-
gether with a Tumor Antigen (TA) and an Fc fragment, to promote
antibody-dependent cell-mediated cytotoxicity (ADCC) via the acti-
vating receptor CD16 expressed on NK cells. The approach used was
based on innovative IgG-Fc multispecific antibody formats and first-
in-class agonist anti-NKp46 mAbs activating NK cells only when
cross-linked by tumor cells, with no off-target effects.
Results
Trifunctional NKCEs were more potent in vitro than clinical therapeutic anti-
bodies targeting the same tumor antigen. They had similar in vivo pharma-
cokinetics to full IgG antibodies, no off-target effects and efficiently
controlled tumor growth in mouse models of solid and invasive tumors [1].
Conclusions
Trifunctional NKCEs targeting CD19, CD20 or EGFR as tumor antigens
triggered tumor killing by human primary NK cells in vitro. In vivo,
they induced NK cell accumulation in tumors and promoted tumor
clearance in preclinical mouse models of solid and invasive cancers.
Our multispecific technology provides a versatile platform with many
different format options and the potential to co-engage up to three ac-
tivating receptors on NK cells and two different tumor antigens on can-
cer cells. The trifunctional NKCEs reported here should favor NK cell
targeting to the tumor microenvironment, in which NKp46 expression
levels remain high in many tumor conditions, by contrast to CD16,
NKG2D, NKp30 and NKp44. The co-targeting of NKp46 and CD16 led to
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full NK cell activation. Together with the stronger anti-tumor activity of
these molecules in preclinical models than of gold standard mAbs, such
rituximab, obinituzumab and cetuximab, these results support the clin-
ical development of NKCEs for cancer immunotherapy, as a comple-
ment to existing immuno-oncology approaches.
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Background
Notch receptor-ligand interactions are an important regulation
governing T-cell-mediated immune responses and are highly
contextual. Dendritic cells (DC) expressing JAG1 on their cell sur-
face can drive naïve T-cells to a regulatory phenotype (Treg),
which are immunosuppressive and dampen antitumor immune
responses, whereas DC-expressed DLL1/4 can support Th1 or
cytotoxic T-cell responses, facilitating tumor regression. Activa-
tion of Notch receptors on T-cells requires polyvalent interac-
tions with ligand-bearing DC, whereas soluble monovalent
ligands act as competitive inhibitors and suppress Notch signal-
ing. We exploited this mechanistic detail of Notch receptor-
ligand interaction to design novel ligand-based reagents com-
prised of receptor binding domains that significantly improved
antitumor immune responses.
Methods
We engineered monomeric soluble JAG1 (N-EGF3, sJAG1) and multi-
meric clustered DLL1 constructs and evaluated their immunological
effects in lung and pancreatic cancer murine models. FACS was used
for immunophenotyping. ELISpot was used to evaluate cytokine pro-
duction. In vitro experiments were performed using T: DC (3:1 ratio)
co-culture with allogeneic BMDC and CD3+CD28-labeled beads. Mice
with CD11c (DC)-specific Dll1−/− and Jag2−/− were used to assess
ligand-specific T-cell responses. Correlative studies were performed
in tumor-infiltrating immune cells from primary human lung biopsies.
Results
Treating tumor-bearing mice with monovalent sJAG1 and multiva-
lent DLL1 elicit antigen-specific T-cells, significantly reduce Treg
frequency in spleen and lymph nodes, improve anti-tumor im-
munity, attenuate tumor growth, and increase IFN-γ production
by splenocytes and improve mice survival compared to untreated
mice. The frequency of effector CD8+T-cells increased upon
addition of ligand-based constructs to T+DC co-culture in vitro.
Remarkably, PD-1 expression by CD8+ T-effector memory (TEM)
cells was reduced 3-fold with sJAG1 treatment indicating their re-
duced exhaustion and improved effector activity by selective
ligand-mediated interventions. These observations were validated
in tumor-bearing mice with DC-specific Dll1−/− and Jag2−/−.
While DLL1 expression in mice was important for cytotoxic antitu-
mor immune responses, JAG2 expression sustained a Th2 re-
sponse. A highly significant correlation was observed between
the proportion of JAG1 or JAG2-expressing tissue-resident DCs
and the numbers of PD-1-expressing TEM cells in cells-infiltrating
human lung tumors. Our study substantiates a pre-clinical ration-
ale for incorporating selectively engineered Notch ligands to
modulate antitumor T-cell immunity.
Conclusions
Data demonstrate efficacy of functional Notch ligand-based con-
structs in reducing exhaustion and improving anti-tumor T-cell re-
sponses. The findings provide a strong rationale for the clinical
application of a new approach of Notch ligand-based therapeutics as
single agents or in combination to enhance efficacy of current im-
munotherapies in improving outcomes of solid tumors refractory to
checkpoint therapy.
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Background
The checkpoint inhibitor (CPI) class of immunotherapeutic drugs
demonstrates a key role for active T cells in anti-tumor immune re-
sponses and positive clinical outcomes in cancer treatment. However,
the role of B cells and their antibodies in anti-tumor immune re-
sponses is less clear. We propose that B cells might aid in tumor con-
trol by producing antibodies that target tumor antigens and thereby
induce tumor cell lysis or prime anti-tumor T cell responses. To this
end we built a proprietary technology called Immune Repertoire
Capture® (IRC™) to characterize the active B cell response in patients
whose immune systems are responding to disease [1]. We are now
using IRC™ to discover antibodies that can identify novel targets and
have established a screening and validation platform to identify
those antibodies with the potential to become next generation
therapeutics.
Methods
Our IRC™ technology was used to generate unbiased and virtually
error-free, natively paired heavy and light chain sequences of anti-
bodies expressed by individual B cells isolated from patient samples.
We expressed plasmablast-sourced antibodies that, in part, had evi-
dence of progressive affinity maturation and class switching and
then performed in vitro and in vivo studies to further characterize
each antibody for their (i) target identity, (ii) activity profile in vitro
(iii) ability to cause tumor growth inhibition, regression and immuno-
logic memory in vivo in a panel of model systems and (iv) safety pro-
file in non-human primates.
Results
Using our methodology we now report on ATRC-101, a fully human
IgG1/kappa engineered version of an antibody and identified by
IRC™ from a plasmablast B cell isolated from a patient with NSCLC
adenocarcinoma who had been treated, in part, with checkpoint in-
hibitor therapy. ATRC-101 binds to a novel target comprised of both
a polyadenylate-binding protein (poly(A)-binding protein) and polya-
denylated ribonucleic acid (poly(A) RNA). Despite the wide patterns
of distribution and gene expression reported for poly(A) RNA-binding
family members, thorough analyses of tissue sections via immunohis-
tochemistry (IHC) and immunofluorescence (IF) demonstrate that tar-
get expression is remarkably tumor-associated in both human and
mouse. In immunologically "cold" syngeneic mouse tumor models
such as EMT6, ATRC-101 demonstrates robust and persistent anti-
tumor activity as monotherapy. No safety signals are observed in
non-human primates at dose levels up to and including 100 mg/kg
in repeat dose studies.
Conclusions
Based on robust in vitro and in vivo data ATRC 101 is now being ad-
vanced to the clinic for evaluation in solid tissue malignancies.
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Background
TAA/CD3 bispecific antibodies are highly effective at depleting can-
cer cells and have achieved encouraging results in the clinical set-
ting. However, two prominent issues occasionally attenuate their
efficacy in patients: 1) pre-existing or treatment-emergent expression
of PD-L1 on tumor cells and 2) drug-induced cytokine bursts leading
to cytokine release syndrome (CRS). Addressing these two issues in
the context of a single, conveniently dosed, next-generation mol-
ecule could improve rates, and durations, of patient responses while
rendering CD3-mediated T cell-stimulation more tolerable. In service
of this goal, we constructed a HER2/PD-L1/CD3/HSA tetra-specific
MATCH4 molecule (ND022), whose αPD-L1 domain is affinity-tuned
to necessitate HER2-binding by the molecule in order to block PD-1
signaling and whose αHSA domain not only extends serum half-life,
but also potentially reduces cyto-kine release without surrendering
antitumoral efficacy.
Methods
We produced a novel HER2/PD-L1/HSA tri-specific scMATCH3
(ND030) and ND022 to evaluate the con-tribution of the αPD-L1 do-
main to tumor cell-depletion and to confirm that PD-L1-blockade is
restrict-ed to the cytolytic synapse. In a series of in vitro experiments,
we applied these molecules to co-cultures of reporter T cells or hu-
man peripheral blood mononuclear cells (hPBMCs) and either
HCC1954 (PD-L1+HER2+) or HCC827 (PD-L1+HER2−) cancer cell-lines.
We then applied both molecules, in a controlled experiment, to hu-
manized NOG mice xenografted with HCC1954 breast cancer cells to
evaluate antitumoral efficacy in vivo.
Results
Both ND030 and ND022 strictly inhibit PD-1-signaling on T cells
when such cells are co-cultured with a PD-L1+HER2+ cancer cell-line,
but not on HER2− cells, confirming cytolytic synapse-restricted PD-
L1-binding. Compared to a HER2/CD3 bispecific single-chain diabody,
ND022 depletes HER2+ cells with equal potency. When anchored to
HER2+ cells, ND030 less potently inhibits PD-1-signaling than nivolu-
mab in vitro, but its tumor-directed PD-L1-blockade results in
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superior antitumoral efficacy in vivo. ND022 outperforms trastuzu-
mab + nivolumab combination therapy in vivo, eliciting a complete
response in 8/8 mice.
Conclusions
ND022 is a next-generation tetra-specific molecule with exquisite an-
titumoral efficacy in HER2+ cancer models. The molecule’s prophylac-
tic αPD-L1 domain is inert in the absence of PD-L1/HER2 co-
expression but potently blocks PD-L1 on PD-L1+HER2+ tumor cells,
enabling safe administration to patients with both PD-L1+ and PD-L1
− tumors.
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Background
OX40 (CD134, TNFRSF4) is a type I transmembrane cell surface pro-
tein member of the TNF receptor superfamily transiently expressed
on recently activated T cells, present at a low level on memory CD4
T cells, and is expressed on activated and intratumoral T regulatory
cells. OX40 can also be expressed on B cells, CD8 T cells, neutrophils
and NK and NKT cells following activation. OX40 ligand binding to
OX40 results in signaling via TRAF family proteins and upregulation
of pro-survival molecules such as Bcl-2, Bcl-XL and survivin. In
addition, OX40 signaling in the absence of CD3 signaling may con-
tribute to homeostasis of OX40 expressing memory cells. Targeting
OX40 expressed by T regulatory cells has been shown to impact sup-
pressive capacity and to lead to the active depletion of OX40 positive
T regulatory cells from the tumor microenvironment. Finally, conver-
sion of naïve CD4+ T cells into T regulatory cells is inhibited by
OX40-mediated signals. We sought to create an anti-OX40 agonist
activity with both T cell stimulatory activities and with demonstrated
ability to inhibit T regulatory activity.
Methods
A set of anti-human hybridoma clones was created and screened
based on binding by ELISA and NFkB bioactivity in a reporter cell-
based assay. Four potential leads were humanized and tested for
binding affinity by Biacore analysis, cross-reactivity to cynomolgus
monkey OX40, reporter cell activity, IFN-g secretion in human cell
based MLR assays, inhibition of Tregulatory cell conversion in vitro,
and activity in human CD4 T cell activation assays.
Results
ABBV-368 was selected based on the best bioactivity in these assays.
Interestingly, the lead candidate was found to have a modest affinity
of 42 nM. ABBV-368 binds to the CRD II/III region and inhibits OX40L
binding. In an ADCC reporter cell assay, ABBV-368 showed ADCC ac-
tivity when target cells expressed high levels of OX40. ABBV-368
uniquely demonstrates an ability to signal NFkB in reporter cell lines
in the absence of crosslinking. ABBV-368 was tested for bioactivity in
human cell engrafted mouse models. ABBV-368 treatment resulted in
excellent anti-tumor activity in a humanized mouse tumor model, en-
hanced GVHD in a human PBMC induced model and showed anti-
tumor activity in a human OX40 transgenic mouse.
Conclusions
ABBV-368 is an anti-OX40 agonist with unique signaling activity that
is efficacious in human cell in vitro and in vivo models and repre-
sents a promising clinical candidate currently being evaluated in sev-
eral ongoing Phase I clinical trials (NCT03071757; NCT03893955;
NCT03818542).
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Background
T cell receptor (TCR) cross-reactivity or poly-specificity is thought to
be essential for adequate recognition of the potential pathogenic
repertoire. Furthermore, understanding a TCRs potential off-target
repertoire forms an important part of an immunotherapeutic TCR
safety profile. Understanding the extent to which TCRs targeting the
same antigen overlap in their off-target peptide repertoires will fur-
ther elucidate the molecular rules governing TCR cross-reactivity.
Methods
We characterised three newly isolated TCRs specific for the cancer
testis antigen NY-ESO-1 a.a 157-165 presented on HLA-A*02:01. We
describe TCR-pHLA crystal structures and use a novel single chain
HLA phage display approach to determine peptide variant specificity
profiles.
Results
We show that all three TCRs have different peptide specificity pro-
files, enabling recognition of distinct off-target peptides. Two of the
TCRs have overlapping specificity profiles and engage the same cen-
tral peptide feature, whereas a third TCR has a non-overlapping spe-
cificity profile. Although this third TCR engages NY-ESO-1-HLA-
A*02:01, the interaction involves an alternate NY-ESO-1 peptide con-
formation, recognising an antigenic feature which would typically be
buried and resulting in off-target peptides sharing little similarity
with the cognate peptide.
Conclusions
We demonstrate that TCRs targeting the same antigen can achieve
the necessary specificity to achieve self-tolerance despite recognising
distinct peptide repertoires. This reconciles how an individual’s lim-
ited TCR repertoire, following negative selection in the thymus, is
able to recognise a vastly larger antigenic pool. These findings sig-
nificantly advance our understanding of TCR-antigen specificity and
we anticipate that approaches such as these will play a crucial role in
increasing the safety of TCR-based immunotherapeutic molecules in
the clinic.
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Background
4-1BB (CD137/TNFRSF9) is an inducible costimulatory receptor be-
longing to the TNF receptor superfamily. Despite compelling preclin-
ical data, 4-1BB agonistic antibodies have been hampered by failure
to delineate hepatotoxicity from efficacy in the clinic [1]. Next gener-
ation strategies are focused on bispecific approaches aimed at
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promoting target-mediated clustering of 4-1BB to limit systemic and
liver toxicities [2,3]. Bicycles® represent a new class of drugs - fully
synthetic, constrained bicyclic peptides that have antibody-like affin-
ity and selectivity to their targets. Unlike traditional biologic ap-
proaches, the small size (~2 kDa) and tunable pharmacokinetic (PK)
parameters of Bicycles enable superior tumor penetration and allow
exploration into the relationship between pulsatile dosing and 4-1BB
activation while de-risking hepatoxicity concerns due to a differenti-
ated renal clearance mechanism combined with tumor-localized
activation.
Methods
We envisioned clustering and activation of 4-1BB could be achieved
by conjugating a 4-1BB binding Bicycle to a tumor antigen targeting
Bicycle. The synthetic simplicity and highly modular nature of the Bi-
cycle® platform enabled us to rapidly explore this hypothesis. The
functional activity of the molecules was analyzed using a suite of
relevant in vitro assays and animal models.
Results
Nectin-4/PVRL4 is highly expressed in numerous tumors, including
bladder, pancreatic, and lung. Synthetic “bispecific” Nectin-4/4-
1BB Bicycles exhibit extremely potent (EC50=~100 pM) and
Nectin-4-dependent 4-1BB agonism in an engineered 4-1BB re-
porter system and induce robust production of pro-inflammatory
cytokines when human peripheral blood mononuclear cells
(PBMCs) are co-cultured with Nectin-4-expressing tumor cells. Im-
portantly, 4-1BB agonism is also achieved in ex-vivo experiments
utilizing patient-derived lung tumor samples with an intact im-
mune microenvironment. We observed profound changes in im-
mune markers, including IL-2, and increased CD8+ T cell
proliferation only in lung tumors expressing Nectin-4. Excitingly,
we have demonstrated in vivo anti-tumor activity in a Nectin-4
overexpressing syngeneic tumor model. Daily dosing at 1mg/kg
led to tumor growth inhibition in 4 out of 5 animals including 2
complete responses despite the PK parameters predicting only
transient target coverage.
Conclusions
These data indicate that the biological effect of the bispecific Bi-
cycle agonist persists beyond the detection of the molecule in
systemic circulation and suggests that continuous coverage of
the target may not be necessary when activating 4-1BB with low
molecular weight and highly tumor penetrant Bicycles. We have
extended the Bicycle dual targeted approach to other tumor and
immune cell targets and have found this concept to be extremely
generalizable, paving the way for future novel non-biologic im-
mune cell engaging immunotherapies.
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Background
Promising clinical activity has been observed with multiple CD3 bis-
pecific antibodies (bsAbs) in hematological malignancies. In solid
cancers, a handful of trials assessing the clinical safety and prelimin-
ary efficacy of CD3 bsAbs are ongoing, yet clinical efficacy remains to
be established. The tumor antigen 5T4 (trophoblast glycoprotein) is
highly expressed in multiple solid tumors, while its expression in nor-
mal tissue is limited. Therefore, 5T4 is an attractive target for a CD3
bsAb approach. Here, we introduce DuoBody-CD3x5T4, a CD3 bsAb
targeting 5T4-expressing tumor cells.
Methods
DuoBody-CD3x5T4 is an Fc-silenced IgG1 bispecific antibody that
was obtained by controlled Fab-arm exchange of a humanized CD3ε
and a human 5T4 monoclonal antibody. The capacity of DuoBody-
CD3x5T4 to induce T-cell activation, T-cell-mediated cytotoxicity and
production of inflammatory cytokines was analyzed in vitro using co-
cultures of 5T4-expressing tumor cells and T cells isolated from
healthy donors (effector:target cell ratio 4:1, 72 h). Efficacy of
DuoBody-CD3x5T4 in vivo was tested in humanized mouse models
using cell line-derived (CDX) and patient-derived xenografts (PDX) ex-
pressing 5T4.
Results
The expression of 5T4 in different tumor types was confirmed by
flow cytometry across tumor cell lines, and immunohistochemistry in
TMAs for patient-derived samples. Functional characterization in vitro
showed that DuoBody-CD3x5T4 induced concentration-dependent T-
cell activation, cytokine production and cytotoxicity in co-cultures of
T cells and 5T4+ cell lines derived from various tumor types. EC50
values for T-cell-mediated cytotoxicity were in the subnanomolar
range. Functional activity was dependent on crosslinking of CD3 on T
cells with 5T4 on tumor cells, as control antibodies targeting either
CD3 or 5T4 alone did not induce T-cell activation, cytotoxic activity
or cytokine production. Furthermore, DuoBody-CD3x5T4 did not in-
duce T-cell-mediated cytotoxicity of CRISPR-Cas9-generated 5T4-
knockout tumor cells. Both CD4+ and CD8+ T cells could independ-
ently perform DuoBody-CD3x5T4-induced cytotoxicity. In addition,
DuoBody-CD3x5T4 showed anti-tumor activity in vivo in 5T4+ CDX
and PDX tumor models xenografted in humanized mice. Exploratory
biomarker studies, including analysis of T-cell activation and cyto-
kines in the blood after DuoBody-CD3x5T4 treatment, are currently
ongoing in these in vivo models. Results will be shared.
Conclusions
DuoBody-CD3x5T4 is a bispecific antibody that induces CD4+ and
CD8+ T-cell activation, cytokine production and T-cell-mediated cyto-
toxicity of 5T4-expressing tumor cells in vitro and in vivo. Due to its
mechanism of action, the broad expression of 5T4 across cancer indi-
cations and limited expression in normal cells, DuoBody-CD3x5T4 is a
promising novel drug candidate with potential anti-tumor effect
across different solid tumors.
Ethics Approval
The CDX animal experiments performed are in compliance with the
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(2010/63/EU) and are approved by the Ethical committee of Utrecht.
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given written informed consent and were carried out in accordance
with the German Animal Protection Law (LaGeSoBerlin, A0452/08).
The studies were approved by the local Institutional Review Board of
Charite University Medicine, Germany.
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Background
Tumor cell-extrinsic mechanisms, such as exclusion of cytotoxic T
lymphocytes (CTL) and immunosuppression by tumor associated
macrophages, myeloid-derived suppressor cells, and regulatory T
cells, contribute to immunotherapy primary resistance. Activation
and reprogramming of myeloid cells within the tumor microenviron-
ment (TME) can overcome this resistance. SBT6050 is a novel thera-
peutic comprised of a potent TLR8 agonist conjugated to a HER2-
directed monoclonal antibody, designed for systemic delivery and
tumor-localized activation of myeloid cells. We have recently re-
ported that treatment of tumor-bearing mice with a SBT6050 surro-
gate results in durable, single agent efficacy by activating
intratumoral myeloid cells and increasing neoantigen specific CTLs. A
sustained increase in intratumoral IFN-gamma, a potent inducer of
PD-L1, was also observed. Here, we extend these studies to evaluate
the efficacy and intratumoral pharmacodynamic activity of the
SBT6050 surrogate as a single agent and in combination with anti-
PD1 in tumor models with demonstrated primary resistance to
checkpoint inhibition (CPI).
Methods
SBT6050 activation and reprograming of myeloid cells was evaluated
in vitro using human myeloid cell:HER2-expressing tumor cell co-
culture assays with flow cytometry and MSD-based ELISA read-outs.
Efficacy and pharmacodynamic activity of the SBT6050 mouse surro-
gate alone or in combination with anti-PD1 was examined in vivo in
HER2-expressing EMT6 and CT26 tumor models.
Results
SBT6050 potently activates human myeloid cells to produce pro-
inflammatory and TH1 priming cytokines such as IL-12p40 and
IFN-gamma in the presence of HER2-expressing tumor cells. The
EMT6 and CT26 mouse tumor models demonstrate primary resist-
ance to CPI, likely due to low TIL and abundant myeloid cells.
Treatment of mice bearing these HER2-expressing tumors with
the SBT6050 surrogate resulted in robust, durable single agent ef-
ficacy. In addition to increasing TIL infiltrate, the SBT6050 surro-
gate upregulates PD-L1 and MHCI in the TME. Similarly, in vitro,
SBT6050 induces PD-L1 upregulation concomitantly with myeloid
cell activation. Given these findings, the SBT6050 surrogate was
evaluated in combination with anti-PD1. This combination en-
hanced the single agent efficacy observed with the SBT6050 sur-
rogate. Intratumoral pharmacodynamic activity associated with
combination therapy will also be presented.
Conclusions
These data show the potential for SBT6050 to reprogram an im-
munosuppressive TME and support the clinical evaluation of
SBT6050 as a monotherapy and in combination with CPI in HER2-
expressing tumors, including those with low pre-existing CTL infil-
trate. SBT6050 is projected to enter the clinic in 2020.
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Background
The promise of IL-12 as a treatment for cancer has never been ful-
filled despite numerous clinical trials. Severe toxicity due to systemic
exposure has impeded clinical development. Intratumoral (IT) admin-
istration of recombinant IL-12 (rIL-12) has been attempted to avoid
toxicity, but significant systemic exposure was detected within 30 mi-
nutes [1]. To address these limitations, we have created exoIL-12™, a
novel, engineered-exosome therapeutic that displays IL-12 on the
surface of an exosome. ExoIL-12 has restricted pharmacology within
the tumor upon IT administration resulting in superior in vivo efficacy
without systemic exposure.
Methods
IL-12 was displayed on the surface of exosomes by genetic fusion to
PTGFRN. Both human and mouse constructs were prepared. In vitro
potency of rIL-12 and exoIL-12 was determined by IFNγ-release as-
says using primary human or mouse target cells as appropriate. Syn-
geneic mouse models (B16F10, MC38) were utilized to characterize
anti-tumor immune responses of exoIL-12 or rIL-12 and comparisons
were based upon matched IL-12 concentrations as measured by
ELISA.
Results
The exoIL-12 constructs retained equivalent potency in vitro to
rIL-12 as demonstrated by IFNγ-release using primary human
PBMCs or murine splenocytes. Following IT injection, we found
that exoIL-12 demonstrated significantly greater anti-tumor activ-
ity than rIL-12. In the MC38 model, exoIL-12 was 100-fold more
potent than rIL-12 in tumor growth inhibition. Complete re-
sponses (CR) were observed in 63% of mice treated with exoIL-
12; in contrast, rIL-12 resulted in 0% CRs at an equivalent IL-12
dose. Systemic immunity was observed as evidenced by dose-
dependent increases in tumor antigen-specific CD8+ T cells in
the spleen using p15E tetramers. Re-challenge studies of CR mice
showed no tumor regrowth, suggesting immune-mediated rejec-
tion and memory T cell activity. In the B16F10 model, exoIL-12
achieved a 75% reduction in tumor growth and significantly re-
duced the number of lung nodules in mice intravenously chal-
lenged with B16F10 in addition to the effect on the primary
tumor in the flank. Using a specific immunoassay for IL-12p70,
rIL-12 was found to have a short tumor retention time of 3 h,
whereas exoIL12 was still detectable 48 h post-injection. This re-
sulted in exoIL-12 having prolonged IT IFNγ production.
Conclusions
ExoIL-12 is a novel cancer therapeutic candidate with tumor-retained
pharmacological activity and superior potency as compared to the
rIL-12.
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Background
KEYNOTE-045 (ClinicalTrials.gov identifier: NCT02256436) demon-
strated statistically and clinically meaningful improvements in overall
survival (OS) in 2L mUC subjects treated with pembrolizumab versus
investigator’s choice of vinflunine, docetaxel, or paclitaxel (median
survival, 10.1 versus 7.3 months; P < 0.001). IMvigor 211 (Clinical-
Trials.gov identifier: NCT02302807) showed no significant improve-
ment in the primary endpoint of OS (median survival, 11.1 versus
10.6 months; P = 0.41) in 2L mUC subjects treated with atezolizumab
versus investigator’s choice of chemotherapy. No head-to-head trial
has compared the efficacy of pembrolizumab versus atezolizumab
for 2L mUC patients.
Methods
To synthesize RCT evidence and indirectly compare the relative treat-
ment effects of pembrolizumab versus atezolizumab, fixed-effect
Bayesian network meta-analysis (NMA) was conducted to determine
the relative efficacy of both treatments. Hazard ratios (HRs) for OS
were estimated with 95% credible intervals (CrIs). Furthermore, an
anchored matching-adjusted indirect comparison (MAIC) was con-
ducted using individual patient-level data (IPD) from KEYNOTE-045
and published data from IMvigor 211. In the MAIC, to adjust for dif-
ferences in baseline potential effect modifiers between these trials,
data for subjects from KEYNOTE-045 were re-weighted to match the
baseline characteristics reported in IMvigor 211.
Results
Pembrolizumab consistently showed favorable OS benefit over atezo-
lizumab in both analytical approaches (NMA method: HR [95% CrI] =
0.83 [0.63-1.07]; MAIC method: HR [95% confidence interval] = 0.72
[0.53-0.97]).
Conclusions
These results suggest that pembrolizumab offers a better prob-
ability of prolonging OS compared to atezolizumab as 2L therapy
for mUC patients. In the absence of direct comparison and suffi-
ciently powered studies, these analyses provide valuable insight
on the relative efficacy of pembrolizumab versus atezolizumab for
patients, physicians and payers, using the best available methods
and evidence.
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Background
CD3ε is one of the key signaling subunits of the CD3 co-receptor
of the T cell receptor (TCR) complex. This TCR complex plays crit-
ical role in mediating T cell activation and cellular immune re-
sponse. In recent years, bispecific antibodies that target human
CD3ε and redirect T cell cytotoxicity toward tumor cells has been
extensively investigated and some have shown clinical success
and promise. However, due to the relatively low homology be-
tween the extracellular domain of human CD3 and mouse CD3,
many antibodies that recognize human CD3 do not cross-react
with mouse CD3. Hence, a murine model suitable for directly
evaluating CD3-specific therapy is needed.
Methods
To expedite the in vivo interrogation of human CD3-based therapeu-
tics, Biocytogen generated the B-hCD3ε mice where the extracellular
domain of human CD3ε replaces that of the mouse counterpart. Here
we present evidence that these humanized CD3ε mice demonstrated
normal T cell development compared with wild type C57BL/6 mice.
Results
B-hCD3ε mice responded well to anti-PD-1-mediated tumor suppres-
sion and exhibited T cell depletion by an anti-human CD3 antibody.
In addition, when stimulated with anti-CD3 antibody in vitro, T cells
of B-hCD3ε mice showed comparable level of production of cyto-
kines to that by T cells of wild type mice. Finally, in efficacy test, bis-
pecific anti-human CD3/CD19 antibody blinatumomab dose-
dependently inhibited MC38-hCD19 tumor growth in B-hCD3ε mice.
Conclusions
Taken together, Biocytogen’s B-hCD3ε mice are validated and ex-
hibit expected T cell profile, robust in vitro activity, and effica-
cious in vivo response to anti-human CD3 antibody and anti-
human CD3 bispecific antibody. These humanized B-hCD3e mice
present a useful model for accelerated in vivo evaluation of anti-
human CD3 therapeutics.
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Background
CTLA-4 and CD28 exemplify a co-inhibitory and co-stimulatory T cell
signaling axis by sharing common ligands CD80 and CD86, which
regulate antigen-specific T cell immunity. CTLA-4 acts as a checkpoint
to confine the magnitude of CD28 receptor mediated T cell activa-
tion and has been widely investigated as a target to boost antitumor
immunity.
ADG116 is a fully human antagonistic anti-CTLA-4 IgG1 monoclonal
antibody identified through our proprietary Phage display Dynamic
Precision Library (DPL) technology. Different from the clinically ap-
proved Ipilimumab, ADG116 binds to a unique evolutionally con-
served epitope on CTLA-4, which endows ADG116 a broad species
cross-reactivity to CTLA-4 of human, monkey and rodent origins, and
allows the extensive evaluation of its MOA and efficacy in various
mouse cancer models. Compared to Ipilimumab, ADG116 in vitro is a
weaker CTLA-4 checkpoint inhibitor in terms of its ligand relieving
activity to co-stimulate CD28 receptor signaling, while ADG116 has
much potent ADCC activity towards activated Treg cells but not ef-
fector T cells. In vivo, ADG116 alone exhibits robust dose-dependent
single agent anti-tumor activity in established tumors and/or in-
creases overall survival in syngeneic mouse models of liver, breast,
lung and colon cancers, as well as induces durable antigen-specific
memory immunity that protect animals from re-challenged tumor
cells. The activity of ADG116 to enhance activation and inflammatory
cytokine release of primed T cells in vitro and specifically deplete
intra-tumoral Treg cells in vivo, is consistent with the MOA by which
ADG116 acts through two distinct mechanisms: 1) functions as a
checkpoint inhibitor to directly enhance effector T cell activation,
and 2) functions as an ADCC targeting antibody to alleviate immuno-
suppression in tumor microenvironment through specific Treg deple-
tion in tumors but not in peripheral tissues. Both mechanisms are
involved in mediating its potent anti-tumor responses. In a human
CTLA-4 knock-in mouse tumor model, ADG116 exhibits more potent
anti-tumor efficacy than Ipilimumab, along with stronger intra-
tumoral Treg depletion. Weekly repeat-dose GLP toxicology studies
demonstrate a relatively good safety profile for ADG116 in rats and
cynomolgus monkeys, respectively.
These pre-clinical results provide strong support for further clinical
development of ADG116 as a novel anti-cancer immunotherapy
agent for a broad spectrum of human malignancies. ADG116 is
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currently being evaluated in the phase 1 first in human study in pa-
tients with advance/metastatic cancers in US.
Methods
It is not a clinical trial abstract.
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Background
Disialoganglioside GD2 is abundantly expressed on neuroblastoma (NB)
with little expression on normal cells, thus is a suitable target for im-
munotherapy. Chimeric anti-GD2 antibodies ch14.18 (dinutuximab) and
ch14.18/CHO (dinutuximab beta) were developed and are now mar-
keted in US and Europe resp. for passive immunotherapy of high-risk
NB. Active immunization based on GD2 following antibody therapy
may induce a long-lasting protective immunity to further extend the
therapeutic benefit of NB immunotherapy. Anti-idiotypic antibody
ganglidiomab to ch14.18 was raised and shown to carry an internal
image of GD2 in vitro and in murine models [1]. Here we describe re-
sults of a compassionate need program in NB patients vaccinated with
alum adsorbed ganglidiomab, following ch14.18/CHO immunotherapy.
Methods
Between 2012 and 2014, six high-risk NB patients (2-8 y); 4 in CR, 2 with
disease) following multimodal therapies including stem cell transplant
and ch14.18/CHO immunotherapy were repeatedly treated under com-
passionate need with 0,5mg alum adsorbed ganglidiomab by subcuta-
neous vaccination (5-10 vaccinations every 2 weeks). Blood for serum
measurements was withdrawn at various timepoints. Antibody re-
sponse to ganglidiomab and GD2 by ELISA as well as complement lysis
to a NB cell line was investigated. Last patient follow-up was in 2019.
Results
Vaccinations were well tolerated with mild transient local reactions
only. In immune sera of all patients a marked induction of antibodies
to ganglidiomab and to its variable regions was detected. In 3 of 6
patients also an induction of antibodies to GD2 was found. Induction
of cytolytic activity via complement of GD2+ LAN1 NB cells was seen
in 2 patients. All six patients were alive without evidence of disease
at their last follow up in 2019, i.e. 5 years after start of vaccinations.
Conclusions
Repeated s.c. injections of alum-adsorbed ganglidiomab may evolve
as additional well tolerated immunotherapy modality after ch14.18
antibody treatment to maintain a long-lasting immunity for preven-
tion of progression or re-occurrence of disease. A clinical trial pro-
gram is warranted to explore this hypothesis.
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Background
CD39-CD73-adenosine pathway plays an important immuno-
suppressive role within the tumor microenvironment (TME) as adeno-
sine receptor signaling suppresses effector T cells and enhances im-
mune inhibitory effects of Tregs and MDSCs. To overcome the
immunosuppression by adenosine in TME, we choose to target CD39
for two main reasons: 1). CD39 plays a pivotal role in converting
extracellular ATP into adenosine. Blocking CD39 enzymatic activity
will not only lead to the inhibition of adenosine generation, but also
maintain extracellular ATP which enhances T cell priming by den-
dritic cells (DCs). 2). CD39 is expressed highly in Tregs and exhausted
T cells, inhibition of CD39 activity will likely suppress Treg inhibition
and reinvigorate exhausted T cells.
Methods
We have generated a CD39 antibody, ES002, by traditional hybrid-
oma technology using human CD39 overexpressing HEK293 cells as
immunogen, and the antibody was subsequently humanized through
complementarity determining region grafting. ES002 binding to
CD39 and inhibition of ATPase activity were evaluated through
protein-based and cell-based assays. The immunological function of
ES002 was studied in an in vitro Elpiscience proprietary Immuno-
assay platform (ImmunoShine). The in vivo efficacy of ES002 was in-
vestigated in a multiple myeloma CDX cancer model. The effector
immune cells were each depleted to analyze their respective roles in
tumor growth inhibition.
Results
ES002, a humanized anti-hCD39 antibody, binds to human and
cynomolgus CD39 with sub-nanomolar binding affinity and effect-
ively blocks CD39 ATPase activity. We found that CD39 was
highly upregulated in Tregs within tumor microenvironment in
several cancer types including NSCLC, HCC and CRC. ES002 re-
versed Treg inhibition of IFN-gamma production by effector T
cells. ES002 enhanced the expression of costimulatory molecules
on monocytes and dendritic cells activated by ATP. ES002-
pretreated DCs can functionally enhance T cell proliferation and
IFN-gamma production in an MLR assay. ES002 significantly sup-
pressed tumor growth in a multiple myeloma CDX tumor model
and depleting antigen presenting cells (APC) or NK cells in these
animals completely abolished the anti-tumor activity of the
antibody.
Conclusions
We have successfully developed a potentially best-in-class anti-CD39
therapeutic antibody with strong efficacy in tumor growth inhibition.
The antibody appears to have dual functions. It suppresses Treg in-
hibition on effector T cells. It engages APC and NK cells for its antitu-
mor efficacy in vivo.
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Background
Altered metabolism is an important mechanism by which tumors
evade detection and destruction by the immune system. Meta-
bolic control of immune responses can occur through depletion
of essential nutrients or accumulation of toxic metabolic prod-
ucts in the tumor microenvironment that impair immune cell
function and promote tumor growth. The secreted enzyme inter-
leukin 4 (IL-4)-induced gene 1 (IL4I1) is an L-phenylalanine oxi-
dase that catabolizes phenylalanine and produces phenyl-
pyruvate and H2O2, an inhibitor of T cell proliferation. IL4I1 may
promote cancer progression by suppressing the cytotoxic activity
of T cells.
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Methods
IL4I1 enzymatic activity was measured using an HRP-coupled enzyme
assay. RNA in-situ hybridization was carried out on the RNAScope
platform. Syngeneic mouse tumor models were used to evaluate the
anti-tumor activity of small molecule IL4I1 inhibitor 220307. The level
of phenyl-pyruvate in tumor homogenates was measured by LC/MS.
Results
Interrogation of The Cancer Genome Atlas (TCGA) revealed high ex-
pression of IL4I1 in multiple solid tumor types and correlated with re-
duced overall patient survival (HR = 1.5, p = 4.4 x 10-15). Expression
of IL4I1 was further validated using RNA in-situ hybridization in hu-
man tumor microarrays. IL4I1 was found to be highly expressed in a
subset of cells in several solid tumor types, with notably high expres-
sion in ovarian tumors and B cell lymphomas.
We identified 220307, a potent, orally-bioavailable small-molecule in-
hibitor of IL4I1 (IC50 = 274 nM). Twice-daily oral administration of
220307 resulted in single-agent tumor growth inhibition in several syn-
geneic mouse tumor models (e.g. B16-F10 and LLC) and when com-
bined with immune checkpoint blockade, further reduced tumor
growth. Oral dosing of tumor-bearing mice with 220307 reduced the
levels of phenyl-pyruvate in the tumor, consistent with inhibition of
IL4I1 enzymatic activity. The anti-tumor activity of 220307 was immune
cell-mediated, since anti-tumor efficacy was abrogated in CD8-depleted
mice or in SCID mice, and 220307 had no direct anti-proliferative activ-
ity on tumor cells grown in vitro (IC50 > 50 μM). These data support an
immune-mediated anti-tumor effect of IL4I1 inhibition by 220307.
Conclusions
These results indicate that small-molecule inhibition of IL4I1 may rep-
resent a novel strategy for cancer immuno-therapy.
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Background
Guanylyl Cyclase C (GUCY2C) is a regulator of intestinal homeostasis
and is expressed in more than 90% of colorectal cancer (CRC), as well
as in other gastrointestinal malignancies [1]. Target expression in nor-
mal tissues is largely restricted to the apical side of intestinal epithe-
lial tight junctions, which could allow for preferential uptake of
GUCY2C targeted biologics by tumors that have disrupted tight junc-
tion architecture. Here we demonstrate tumor selective uptake and
potent efficacy with a half-life extended, GUCY2C-CD3 bispecific mol-
ecule that recruits CD3-positive T cells to induce cytotoxicity of
GUCY2C expressing tumors in several CRC models in vivo. Addition-
ally, to address immune evasion mechanisms, rational combinations
of the bispecific are explored with immune checkpoint blockade
agents, as well as by blocking angiogenesis, which has been reported
to enhance T cell infiltration into tumors [2].
Methods
GUCY2C-CD3 mediated activity was evaluated in vivo in several cell
line-and patient derived-xenograft models of CRC, using adoptive
transfer of human T cells in established subcutaneous and orthotopic
tumors. Immunohistochemistry was performed to demonstrate bio-
distribution of the drug and recruitment of activated T cells in
GUCY2C expressing tumors vs normal tissues. We also performed
CYTOF analyses on GUCY2C-CD3 treated tumors and tumor infiltrat-
ing lymphocytes (TILs) to identify markers of immune evasion. Com-
bination studies with Anti-PD-1/PD-L1 checkpoint blockade agents,
and with an Anti-VEGF-A antibody were performed using the adop-
tive transfer model.
Results
GUCY2C-CD3 bispecific showed preferential biodistribution to
GUCY2C expressing xenograft tumors compared to normal tissue.
The drug demonstrated potent dose-dependent efficacy in several
CRC models with no signs of toxicity. Bispecific treated tumors not
only showed recruitment of activated T cells to the tumor site, but
also upregulated checkpoint mechanisms, such as PD-L1 on tumors
and exhaustion markers on TILs. Consequently, Anti-PD-1/PD-L1
checkpoint blocking antibodies provided enhanced efficacy when
combined with GUCY2C-CD3. Additionally, significant combination
benefit was observed when GUCY2C-CD3 was combined with an
Anti-VEGF-A blocking antibody.
Conclusions
Our preclinical data demonstrate that a GUCY2C-CD3 bispecific can
selectively target colorectal tumors, including those with KRAS or
BRAF mutations, which are difficult to treat with currently approved
therapies. This bispecific shows combination benefits with T cell
checkpoint blockade agents, as well as anti-angiogenesis agents, in-
dicating that single agent activity with GUCY2C-CD3 can be further
enhanced with mechanisms that address immune evasion.
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Background
Although immune checkpoint inhibitors (CPI) targeting the CTLA-4
and PD-1/PD-L1 pathways have demonstrated significant clinical ac-
tivity in many cancers, many patients fail to respond, or they develop
acquired resistance due at least in part to insufficient anti-tumor T
cell activation and/or exhaustion. Based on this hypothesis, CPIs have
been combined with T cell costimulation and shown to enhance and
sustain anti-tumor responses preclinically. ALPN-202 is a variant
CD80 vIgD™-Fc fusion protein that mediates PD-L1-dependent CD28
costimulation and inhibits the PD-L1 and CTLA-4 checkpoints (Figure
1). Studies were conducted to characterize the unique mechanism of
action of this molecule and further elucidate CD80/PD-L1 biology.
Methods
X-ray crystallography and cell-based reporter assays were used to
demonstrate the simultaneous binding of PD-L1 and CD28 to the sin-
gle CD80 IgV domain of ALPN-202. PD-L1-dependent CD28 costimu-
lation was evaluated using primary human T cells stimulated by
antigen presenting cells (APC) with or without surface PD-L1. ALPN-
202 anti-tumor activity was mechanistically evaluated in vivo using a
human PD-L1-transduced MC38 tumor model, by combining ALPN-
202 treatment with anti-PD-L1, anti-CTLA-4, or anti-CD28 blocking
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antibodies. Anti-tumor activity was evaluated by serial tumor volume
measurements, and intratumoral immune responses were assessed
by flow cytometry and/or RNA-Seq analyses.
Results
The CD80 vIgD:PD-L1 crystal structure was elucidated at a resolution of
3.15 Å, revealing a non-overlapping binding interface distinct from the
previously published CD28:CD80 interaction (Figure 2). Using cell-based
reporter and cytokine release assays, monomeric and dimeric CD80
vIgD domains elicited conditional CD28 costimulation which was
blocked when combined with anti-PD-L1 or anti-CD28 antibodies. In
vivo, ALPN-202 demonstrated activity superior to PD-L1 blockade alone,
while coadministration with either anti-CD28 or anti-PD-L1 prevented
ALPN-202-mediated conditional CD28 costimulation resulting in re-
duced anti-tumor activity and RNA signatures consistent with lower T
cell infiltration and activation (Figures 3 and 4).
Conclusions
The CD80 IgV domain utilizes separate, non-competing epitopes to bind
CD28 and PD-L1. Exploitation of this attribute via directed evolution-
based discovery has yielded ALPN-202, a variant CD80 vIgD-Fc fusion
protein capable of simultaneously engaging PD-L1 on tumor cells and
CD28 or CTLA-4 on T cells, conferring the unique abilities to block both
the PD-L1 and CTLA-4 checkpoints as well as eliciting conditional CD28
costimulation only in the presence of PD-L1. The significantly superior ac-
tivity of ALPN-202 over CPI-only therapies in vitro and in vivo suggests
that conditional CD28 costimulation, together with checkpoint inhibition,
may result in meaningfully improved clinical anti-tumor responses.
Ethics Approval
Animal experiments and euthanasia protocols performed in this
study were approved by the Alpine Immune Sciences Institutional
Animal Care and Use Committee (IACUC protocol IR 17-01)
Fig. 1 (abstract P793). Schematic of Proposed ALPN-202
Mechanisms of Action

Fig. 2 (abstract P793). Crystal Structure of ALPN-202 IgV Bound to
PD-L1 IgV

Fig. 4 (abstract P793). Anti-PD-L1 Reduces ALPN-202-Mediated
Anti-Tumor Activity
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Background
4-1BB (CD137) is a member of TNF superfamily involved in the acti-
vation of several immune cells including T cells and NK cells. Agon-
ism of this receptor is a promising immunotherapeutic approach as
there is ample evidence suggesting that the systemic administration
of agonistic anti–4-1BB antibodies is effective pre-clinically [1] how-
ever it’s success in clinical trials is limited due to hepatotoxicity and
Fcγ receptor–mediated hyperclustering. Bicycles® represent a new
therapeutic modality - fully synthetic, constrained bicyclic peptides.
We hypothesized that Bicycle 4-1BB agonists with rapid clearance,
minimal liver exposure, and no Fc receptor interaction may induce 4-
1BB mediated anti-tumor activity while avoiding liver toxicity. Fur-
thermore, with an optimized 4-1BB-binding Bicycle in-hand, we are
now developing a new set of tumor-specific immune cell agonist
therapies to obtain potent activation of immune cells exclusively at
the tumor site. The modular nature of Bicycle® platform allowed us
to rapidly generate fully synthetic dual targeting Bicycles linking
immune-agonising molecules to a tumor target such as
Erythropoietin-producing hepatocellular A2 receptor (EphA2). EphA2
overexpression is observed in human cancers and correlates with
tumor progression. Here, we present substantial preclinical data dem-
onstrating the potent immunomodulatory activity of EphA2/4-1BB
targeting Bicycles.
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Methods
Tumor targeting EphA2/4-1BB Bicycles are chemically synthesized
using our proprietary Bicycle platform and the molecules are tested
for activity in various in vitro assays and relevant animal models.
Results
EphA2/4-1BB Bicycles engage EphA2 and 4-1BB simultaneously with
nanomolar potency. EphA2/4-1BB Bicycles showed enhanced 4-1BB
reporter signaling in co-culture assays consisting of cancer cell lines
endogenously expressing EphA2 and 4-1BB Jurkat NF-kB/luc reporter
cells. Moreover, these dual targeting Bicycles also potentiate cytokine
secretion by human primary immune cells when co-cultured with
EphA2-expressing cells. In addition, EphA2/4-1BB molecules demon-
strate increased immune cell mediated cancer cell killing in T cell
mediated cell killing assays. The agonistic activity of these molecules
is fully dependent on tumor target expression, as such activity is ab-
sent in co-culture with target-null cell lines. In vivo testing of EphA2/
4-1BB Bicycles in PBMC-humanized mice bearing HT29 xenografts
showed an increased proportion of CD8+ T cells in tumor tissue but
not in the circulation, suggesting a local tumor target specific activa-
tion of T cells without systemic 4-1BB agonism.
Conclusions
The unique ability of EphA2/4-1BB dual targeting Bicycles to precisely
and potently activate immune cells in tumors without systemic im-
mune activation is very promising and provides us a rationale for de-
veloping first-in-class Bicycles to target EphA2+ cancers.
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Background
Monoclonal antibody therapies have transformed cancer treatment.
These antibodies can be broadly characterized into two categories,
immune modulating and direct targeting antibodies. Immune modu-
lating antibodies modify immune cell function regardless of tumor
antigen expression while direct targeting antibodies bind directly to
antigens on tumor cells and mediate their anti-tumor functions
through inhibiting signaling, targeting toxins or by additionally inter-
acting with immune cells or complement through their Fc domains.
A promising candidate for direct targeting antibodies for cancer ther-
apy is Mucin-1 or MUC1, a protein over-expressed and hypoglycosy-
lated on many epithelial tumors compared to normal cells.
Hypoglycosylated MUC1 peptide was used in the first non-viral
prophylactic cancer vaccine trial in healthy individuals at risk for
colon cancer. A dozen antibodies were cloned from one individual
who had a strong IgG response to the vaccine [1]. Importantly, in all
patients who made antibodies to the vaccine, there have not been
adverse events in >8 years, increasing the likelihood that these
agents could be safely used as passive antibody therapies in patients
that have cancer.
Methods
Each antibody was tested for its ability to bind to multiple different
MUC1+ cancer cells and to interact in co-cultures with NK cells, mac-
rophages, and complement to mediate antibody-dependent cellular
cytotoxicity (ADCC), antibody-dependent cellular phagocytosis
(ADCP) and/or complement-dependent cytotoxicity (CDC). Because
MUC1 contains a variable number of tandem repeat (VNTR) domain
containing 20-120 repeats, multiple antibodies can bind to a single
MUC1 molecule. Different MUC1 constructs were tested of varying
repeat lengths. Additionally, some constructs kept the extracellular
domain tethered to the membrane, unable to be shed from the cell
surface, as is the case for several endogenous mucins.
Results
Several of the antibodies could mediate ADCC and ADCP, although
none of the antibodies mediated an appreciable amount of CDC. In
contrast to published studies of anti-CD20 (rituximab) and anti-CD52
(alemtuzumab) the amount of antibody binding did not always cor-
relate with increased antibody effector function.
Conclusions
Fully human MUC1 IgG1 antibodies generated in healthy individuals
at risk for cancer were capable of mediating immune effector func-
tions such as ADCC and ADCP and are candidates for further testing
as human therapeutics. Because the amount of antibody binding did
not always correlate with increased functionality, these results sug-
gest properties other than antigen density control efficiency of direct
targeting antibody tumor cell elimination and are currently under
investigation.
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Background
The immunosuppressive role of adenosine attracts attention of
many researchers as an interesting target for anticancer therapy.
High concentration of adenosine detected in many types of tu-
mors affect different subpopulations of infiltrating immune cells
e.g. T lymphocytes, NK cells, dendritic cells and macrophages. Ad-
enosine acts on the immune cells mainly via A2A or A2B recep-
tors and maximal therapeutic effect can be achieved by dual
antagonism to both receptors. Here we present the data for
equipotent dual A2A/A2B antagonists that exert nanomolar po-
tency in tumor-like adenosine-rich environment.
Methods
We are demonstrating how our inhibitors restore adenosine depleted
immune functionality in the series of functional in vitro assays in pri-
mary cells. This includes the cytokine release by activated CD4+ and
CD8+ human T-lymphocytes (driven by A2A) and dendritic cells
(driven by A2B). Additionally we have observed effective inhibition of
surrogate PD biomarker phospho-CREB (cAMP response element-
binding protein) tested in human whole blood assay. Murine syngen-
eic models are used to demonstrate antitumor efficacy.
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Results
By head-to-head comparison of inhouse developed dual A2A/A2B an-
tagonists to compounds currently pursued in clinical development
we have demonstrated the best-in-class characteristics of our mole-
cules. Our compounds maintain sub- or low nanomolar antagonistic
potency in a high adenosine conditions on both A2A and A2B recep-
tor. Multilevel pharmacological characterization spans whole range
from receptor binding and cAMP accumulation assay in cell lines
overexpressing target receptors to functional assays in primary hu-
man immune cells demonstrating the reversal of immune suppres-
sion induced by adenosine. Our compounds showed superior activity
in antagonizing adenosine-mediated immunosuppression in T-cells
(cytokines IL2 and TNFα in CD4+ and CD8+), NK cells (cytotoxicity
against target cancer cells), moDCs (cytokines IL12 and TNFα, effect
driven specifically by A2B receptors) and macrophages (suppression
of adenosine induced VEGF release by M2). High activity of our com-
pounds in human whole blood assay demonstrates that low nano-
molar concentration is sufficient to fully antagonize adenosine.
Therapeutic efficacy in combination with checkpoint inhibitors has
been confirmed in syngeneic in vivo mouse models.
Conclusions
New class of dual A2A/A2B adenosine receptor antagonists combines
two crucial activities which addresses distinct, cell type mediated
mode of action of adenosine related immunosupression. The dual
A2A/A2B antagonism profile as well as the ability to antagonize both
receptors at very high adenosine conditions are key features differen-
tiating current series from other adenosine receptor antagonist in
clinical development.
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Background
Transgene-enhanced oncolytic adenoviruses (OVs) represent a prom-
ising novel therapeutic option for the treatment of cancer especially
for patients with chemotherapy- and immunotherapy-resistant, ad-
vanced, aggressive, and systemic disease. The precise mechanisms
by which intratumorally injected OVs trigger an immune response
and induce an abscopal effect on distant lesions remain undefined.
BETA-PRIME, a type 5 adenovirus, which carries a TGF-beta trap trans-
gene that binds to and neutralizes the immunosuppressive cytokine,
TGF-beta, has been shown in an immunocompetent mouse model to
eradicate both locally injected and non-injected tumors. Single dose
biodistribution of the TGF-beta trap transgene was evaluated in
tumor bearing mice, providing a possible explanation for its systemic
activity.
Methods
In 129S1 immunocompetent mice bearing ADS-12 tumors (mouse
lung carcinoma), BETA-PRIME was injected intratumorally and intra-
venously at the following dose levels in groups of 25 mice each
(Table 1)
Group Dosed Article Route Dose Level (per animal) Term
Group 1 None - 0 Untreated
Group 2 Vehicle IT Vehicle 0.1mL IT Vehicle
Group 3 Vehicle IV Vehicle 0.2mL IV Vehicle (high volume)
Group 4 BETA-PRIME IT 5E8 VP /0.1 m IT Low Dose
Group 5 BETA-PRIME IT 5E9 VP /0.1 mL IT Medium Dose
Group 6 BETA-PRIME IT 5E10 VP /0.1 mL IT High Dose
Group 7 BETA-PRIME IV 1E11 VP /0.2 mL IV High Dose
Group 8 Vehicle IV 0.1 mL IV Vehicle (low volume)
Group 9 BETA-PRIME IV 5E9 VP /0.1 mL IV Low Dose
Soluble TGF-beta trap was detected in the serum using ELISA
Results
A single viral injection resulted in long-term TGF-beta trap expression
of over a week in the serum from all doses of intravenous and intra-
tumoral groups while in vehicle treated mice TGF-beta trap was not
detected. In the high dose IV group the TGF-beta trap was detected
at concentrations of 210-585 ng/ml while in high-dose intratumoral
mice circulating TGFb trap was detected at concentrations of 4-13
ng/ml.
Conclusions
Despite local injection of BETA PRIME, systemic levels of the TGF-
beta trap transgene were observed, which demonstrates that the
virus follows the “think globally act locally” dictum and may in part
account for evidence of regression of non-injected, distant tumor
lesions.
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Background
Chemerin (RARRES2) is an innate leukocyte chemoattractant known
to recruit cells that express its chemotactic receptor (CMKLR1) along
its concentration gradient. Chemerin downregulation has been
shown in several tumor types, but not specifically investigated in
prostate cancer. Our previous work has shown that augmented che-
merin in the tumor microenvironment can suppress tumor growth
by recruitment of immune effector cells. Here, we show in preclinical
models of immune competent prostate cancer that chemerin can act
as a potent tumor suppressor, and may play a role in immunosurveil-
lance during tumorigenesis.
Methods
Transgenic Adenocarcinoma of the Mouse Prostate (TRAMP) C1 and
C2 cells were lentivirally transduced with murine RARRES2. Monoclo-
nal cell populations were obtained by limiting dilution. Constitutive
chemerin secretion was evaluated by ELISA, and functional chemo-
taxis assays used to confirm the ability of secreted chemerin to re-
cruit CMKLR1+ immune cells. In vitro cell proliferation and surface
expression of markers (eg MHC, PDL1) were examined on control
and chemerin-expressing tumor lines. Control or chemerin-
expressing TRAMP lines were inoculated subcutaneously into male
C57BL/6 mice. Tumor growth was serially assessed. To study the ef-
fect of chemerin/CMKLR1 on immunosurveillance of spontaneous
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tumorigenesis, B6 TRAMP WT mice were crossed with CMKLR1 knock-
out (KO) or RARRES2 KO mice.
Results
No significant difference in in vitro cell proliferation, nor differences
in expression of CMKLR1, MHC class I, CD-1d, CD44, or PD-L1 levels
was found between control or chemerin-expressing lines. Tumors
were palpable (~50 mm3) in TRAMP C1 control after 4 weeks after in-
oculation, and tumors reached ~1000 mm3 at 8 weeks. Tumor
growth was significant delayed in the chemerin-expressing TRAMP
C1 cohort (< 0.04).
Conclusions
Here we show for the first time that modulation of chemerin, an in-
nate leukocyte chemoattractant, can result in significant prostate
tumor suppression using an immune competent preclinical model.
Deficiency of chemerin/CMKLR1 in TRAMP transgenic mice leads to
significant increase in prostate tumor growth, suggesting a role for
immune surveillance. Profiling of tumor infiltrating leukocytes, im-
mune subset depletion studies, and gene expression profiling is
ongoing.
Ethics Approval
The study was approved by Washington University's IACUC institu-
tional review board, approval number 20170174.
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Development of PY314, a monoclonal antibody that selectively
depletes tumor-associated macrophages, for the treatment of solid
tumors
Venkataramna Sriram, PhD, Mikhail Binnewies, Joshua Pollack, Erick Lu,
Nadine Jahchan, Xiaoyan Du, Aritra Pal, Evan Greger, Kevin Baker, Michel
Streuli, PhD , Len Reyno
Pionyr Immunotherapeutics, South San Francisco, CA, United States
Correspondence: Michel Streuli (michel.streuli@pionyrtx.com)
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Background
The proportion of patients who benefit from checkpoint inhibitor
(CPI) therapy is modest, and additional immune pathways need to
be targeted to improve overall patient outcomes. The abundance of
immune-suppressive, tumor-associated macrophages (TAMs) is
thought to be a key CPI resistance mechanism. To target TAMs, we
developed monoclonal antibodies (mAbs) that specifically bind the
cell surface protein Triggering Receptor Expressed on Myeloid Cells 2
(TREM2).
Methods
We developed a lead anti-TREM2 mAb, termed PY314, that was de-
signed to deplete TREM2-positive TAMs. PY314 binding to TREM2
was evaluated using surface plasmon resonance and cell binding as-
says. In vivo efficacy and pharmacodynamic studies were conducted
in a variety of syngeneic mouse tumor models. Cellular and molecu-
lar characterization of post-treatment tumor immune infiltrates was
performed using flow cytometry and RNA sequencing.
Results
The PY314 mAb binds with high affinity to human, cynomolgus and
mouse TREM2. Administration of PY314m, a murinized version of
PY314, to tumor-bearing mice resulted in the reduction of TAMs in a
variety of mouse syngeneic tumor models, including the CT26 and
EMT6 models. More specifically, PY314m depleted MHC class II-low,
M2-like TAMs, which are pro-tumorigenic. In EMT6 tumors, PY314m
single agent treatment significantly shifted the TAMs within the TME
from a M2-like phenotype to an inflammatory M1-like phenotype,
and treatment resulted in a 40% cure rate. PY314m treatment in
combination with an anti-PD-1 mAb in mice harboring CT26 tumors,
that are otherwise resistant to anti-PD-1 treatment, resulted in a
~40% cure rate. Analysis of intratumor immune cell infiltrates sug-
gested that TAM modulation resulted in enhanced functional activity
of T cells within the TME. These results demonstrate that PY314 in
combination with anti-PD-1 can convert CPI-resistant tumors into
treatment responsive tumors. Furthermore, tumor rechallenge studies
using animals cured of their tumors demonstrated that the PY314m/
anti-PD-1 mAb combination treatment resulted in secondary tumor
rejection, suggesting the development of long-term immunological
memory. In pilot, four-week, multi-dose mouse and non-human pri-
mate toxicokinetic studies, PY314 was generally well tolerated at all
tested doses.
Conclusions
Collectively, the available preclinical and nonclinical data support
PY314 immunotherapy, alone or in combination with a CPI, in cancer
patients who are resistant or refractory to CPI therapies, to improve
both the overall response rates as well as the durability of responses.
First in human clinical testing will start in 2020.
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Development of the first in class immunotherapy targeting
immuno-suppressive δ1 containing γδ T cells for the treatment of
pancreatic ductal adenocarcinoma and other solid tumors
Tanya Panchenko, PhD1, Wei Wang1, Eric Denbaum1, Takamitsu Hattori1,
Akiko Koide, PhD1, Aleksandra Filipovic, MD, PhD2, George Miller1,
Shohei Koide1
1NYU Langone, New York, NY, United States; 2PureTech Health, London,
United Kingdom
Correspondence: Shohei Koide (Shohei.Koide@nyulangone.org)
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Background
Targeting and engineering γδ T cells has recently emerged as an or-
thogonal therapeutic approach in oncology with capacity to modu-
late both innate and adaptive immune properties. In solid tumors
such as pancreatic ductal adenocarcinoma (PDA), melanoma, glio-
blastoma, ovarian, and breast cancer, γδ1 T cells express
immunosuppression-related molecules and possess a pro-
tumorigenic capacity. We have shown that intra-tumoral γδ T cells
from PDA, colorectal cancer (CRC) and hepatocellular carcinoma
(HCC) potently suppress patients’ αβ T cells. To harness the thera-
peutic potential of γδ1 T cell blockade, we developed highly specific,
fully human antibodies against δ1-subset of γδT cell receptor (γδ1-
TCR).
Methods
We determined the amino acid sequences of tumor specific δ1-TCR
chains from primary PDA, CRC and gastric cancer samples. Multiple
γδ-TCR proteins were produced and used to screen a proprietary syn-
thetic, human antibody library using phage display. Surface plasmon
resonance and bead-based assays were used to measure binding af-
finity and specificity. Affinity maturation was performed to improve
cross-reactivity to monkey γδ1-TCR. Cell based assays were used to
evaluate antibody-dependent cell cytotoxicity and phagocytosis
(ADCC and ADCP). The levels of γδ1-T cell infiltration was measured
in patient tumors. Efficacy in reversing immunesuppression was
assayed using patient-derived organotypic tumor spheroids (PDOTS,
n = 32), which recapitulate complex tumor architecture.
Results
Because the tumor-derived δ1 chains showed diverse CDR3 se-
quences, we developed antibodies that bind diverse δ1 TCRs. Our
first-in-class anti-δ1 antibodies had low nanomolar affinity to δ1 TCRs
and showed no binding to δ2 TCRs. Our lead clinical candidate
showed no preference for the γ chains of the TCR, which enables it
to target diverse set of γδ1-TCRs. It had equivalent affinity for the hu-
man and cynomolgus monkey γδ1-TCRs and was potent in mediat-
ing cell based ADCC and ADCP. We showed that patient tumors can
have a high δ1 T cell infiltration (up to 40% of the total T cell infil-
trate). Our lead candidate achieved reproducible and robust efficacy
in the up-regulation of pro-inflammatory T cell activation markers in
PDOTS from a diverse set of gastrointestinal tumors. Furthermore, γδ
knockout mice had an improved response to checkpoint inhibitors,
anti-PD1 and anti-CTLA4, in melanoma and lung cancer models.
Conclusions
We have defined a novel therapeutic immuno-oncology strategy and
translated it to develop a lead clinical candidate anti-δ1 monoclonal
antibody. Our efficacious, novel immunotherapy has the potential to
be transformative for the treatment of cancers where γδ1 T cells
drive a pro-tumorigenic, immunosuppressive environment.
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Single cell immuno- and cancer marker profiling of non-small cell
lung cancer tissue: Checkpoint marker expression on CD103+,
CD4+ T-cells correlates with circulating tumor enumeration
Kaylan Handique, PhD1, Bruce Patterson, BS, MD2, Lianne McLean, BA1 ,
Will Chow, PhD1, Priya Gogoi, PhD1, Vishal Sharma, PhD1

1Celsee, Inc., Ann Arbor, MI, United States; 2IncellDx, San Francisco, CA,
United States
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Background
~40% of newly diagnosed lung cancer patients have tumors that
have metastasized and non-small cell lung cancer (NSCLC) has a
poor prognosis. Advances in treatment, such as targeted therapy
and immunotherapy have significantly improved NSCLC patient
outcome. In a collaborative study, between Celsee, IncellDx, Cytek
Biosciences, and Qognit, single-cell immune and cancer marker
profiling of primary tumor cells was employed to investigate pos-
sible signatures that might predict the presence or absence of
circulating tumor cells (CTCs). This low- cost screening tool could
be used to select patients for ongoing CTC monitoring for dis-
ease progression and response to therapy. A comprehensive
study on 10 NSCLC was performed on patient tissue samples
with paired blood samples.
Methods
Solid tissue biopsy samples were dissociated into single cells and
stained with a total 26 immune, and cancer markers (aneuploidy)
that were then analyzed with high-parameter flow cytometry. A total
of 72 pairwise comparisons were assessed as biomarkers for their
correlation with CTC number. Strong correlations were observed be-
tween CTC number and the frequency of PD-1 expressing lympho-
cytes. This was evident with the CD103+CD4+ T lymphocytes which
are indicative of T- regulatory cells that are proximal to the tumor.
(The PD-1/PD-L1 pathway is a target for NSCLC immunotherapy.) As
part of the study, the lower limits of the reproducible detection
(LOD) of the Genesis System was evaluated. 5 PD-L1+ CTCs were re-
producibly detected in 4 mL of whole blood. This represents a cap-
ture rate as low as 1 in a 1,000,000 cells, which is much higher than
the 50-60% capture rate observed with legacy systems.
Results
Correlations in CTC number and the frequency of immune PD-1+
lymphocytes with the PD-1+CD103+CD4+ T lymphocytes which are a
biomarker for T- regulation cells, are proximal to the tumor. CTC
number is correlated with the frequency of PD-L1+ cancer cells and
cancer DNA markers. CTC number inversely correlated to the fre-
quency of CD44+E-cadherin- cancer cells. Unsupervised clustering
analysis based on the biomarker analysis separated the CTC negative
patients from the CTC positive patients.
Conclusions
Profiling multiple immune and cancer markers on cancer samples
with multi- parametric flow cytometry yielded protein expression in-
formation at the single cell level. Clustering analysis of the proteomic
data revealed a signature driven by PD-1 expression on CD103+CD4+
T cells that was predictive of the presence of CTCs. High efficacy of
cell capture and accuracy of the Genesis System make it ideal for
CTC enumeration and monitoring (Figures 1-6).
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CUE-101, a novel HPV16 E7:pMHC:IL-2:Fc fusion protein, enhances
tumor antigen specific T cell activation for the treatment of
HPV16-driven malignancies
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Background
Human papilloma virus (HPV)-driven cancers cause significant morbid-
ity and mortality worldwide. CUE-101 is a novel therapeutic fusion pro-
tein designed to selectively activate tumor antigen-specific (AgS) T cells
to treat HPV16-driven cancers. CUE-101 is comprised of two human
leukocyte antigen (HLA) molecules presenting an HPV16 E7 peptide,
four affinity-attenuated human interleukin-2 (IL-2) molecules, and an ef-
fector attenuated human immunoglobulin G (IgG1) Fc domain.
Methods
Human E7-specific T cells (Astarte Biologics, Bothell, WA) and human
PBMCs were tested to demonstrate cellular activity and specificity of
CUE-101, while in vivo activity of CUE-101 was assessed in HLA-A2
transgenic mice. Anti-tumor efficacy with a murine surrogate (mCUE-
101) was tested in the TC-1 syngeneic tumor model. Tetramer staining
and flow cytometry identified cell populations and activation markers.
Results
The mutated IL-2 domains of CUE-101 exhibit reduced functional activ-
ity relative to wildtype IL-2. In AgS T cells, CUE-101 selectively binds
and induces receptor signaling and concentration-dependent IFNγ se-
cretion. From E7(11-20)-responsive PBMCs, CUE-101 selectively expands
AgS CD8+ T cells in a concentration-dependent manner with minimal
expansion of regulatory T cells. The AgS T cells expanded by CUE-101
treatment are polyfunctional cytotoxic T lymphocytes as shown by pro-
duction of IFNγ, TNF-alpha, and cytotoxic granules in response to native
peptide-loaded presenting cells. Furthermore, CUE-101 induces expan-
sion of an oligoclonal T cell repertoire comparable to that expanded
with peptide/IL-2. In vivo studies in HLA-A2 mice confirm that intraven-
ous administration of CUE-101 elicits polyfunctional AgS cells from
naïve and peptide-immunized mice without significantly altering the
frequencies of other immune lineages. A CUE-101 surrogate demon-
strates anti-tumor activity both alone and in combination with an anti-
PD-1 antibody in the TC-1 model. Efficacy in this model was associated
with expansion of E7 peptide-reactive T cells and establishment of im-
munologic memory as shown by tumor rejection upon rechallenge
with TC-1 cells in the absence of additional dosing.
Conclusions
Consistent with its design, CUE-101 demonstrates selective expansion
of an HPV16 E7(11-20)-specific population of cytotoxic CD8+ T cells
in vitro and in vivo. These results support its potential for clinical effi-
cacy in an ongoing Phase 1 trial (NCT03978689).
Ethics Approval
All animal studies were approved under SmartLabs Institutional Ani-
mal Care and Use Committee protocol MIL-100 and were performed
in compliance with federal guidelines.
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Background
Engineered Toxin Bodies (ETBs) are comprised of a deimmunized
Shiga-like toxin-A subunit (DI-SLTA) genetically fused to an antibody-
based targeting domain. Multiple ETBs are now in clinical develop-
ment. Our next evolution of the platform, antigen seeding technol-
ogy (AST), retains the primary characteristics of these ETBs - self-
internalization, routing to the cytosol, and enzymatic and irreversible
inactivation of ribosomes by DI-SLTA - but in addition, can also de-
liver a viral antigen for presentation in complex with MHC-I to resi-
dent viral-specific cytotoxic T lymphocytes (CTLs). The fusion protein
provides a powerful, dual mechanism of action to specifically target
and destroy PD-L1 positive tumor and inhibitory immune cells.
Methods
In vitro activity of ETBs was measured by cell viability and kinetic im-
aging of labeled target cells in an effector T-cell co-culture assay. Re-
peat dosing studies in non-human primates (NHPs) and murine
models harboring human PD-L1 positive patient derived tumors were
used to evaluate tolerability and efficacy.
Results
ETBs targeting PD-L1 showed potent and specific activity across hu-
man tumor cell lines at picomolar concentrations in vitro. PD-L1 posi-
tive monocytes, but not PD-L1 negative lymphocytes, from human
peripheral blood are targets of these ETBs. In co-culture assays, AST
capable ETBs had a deeper response when target cells express both
PD-L1 and the appropriate MHC-I allele in the presence than in the
absence of antigen specific CTLs. In vivo, PD-L1 targeted ETBs in-
duced tumor growth delay and regression and provided a survival
benefit in multiple NSCLC PDX models with variable PD-L1 staining,
as compared to controls. These ETBs were also tolerated in repeat
dosing NHP studies.
Conclusions
The potent and direct activity of ETB mediated tumor cell destruction
is demonstrated across tumor cell lines from multiple indications, on
PD-L1 positive immune cells ex-vivo, and by tumor growth and sur-
vival benefits in PDX models. Potency differences observed in vitro
across ETBs correlate with efficacy on low PD-L1 models. Additional
in vivo models to further elucidate the potential of the exemplary
AST capable ETBs are ongoing, and clinical trials are expected to initi-
ate next year. The AST capable, PD-L1 targeted ETBs provide dual
novel mechanisms to deplete PD-L1 positive cells and control malig-
nancies. Both the DI-SLTA mediated direct cell kill and activation of
viral-specific CTLs circumvents a need for high mutational burden or
anti-tumor immune-cell infiltrate at the tumor site, providing a po-
tential treatment option for patients whose disease has progressed
after checkpoint therapy.
Ethics Approval
In vivo animal studies were approved by Champions Champions
Oncology’s Institutional Animal Care and Use Committee (2017-TOS-
001).
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Vito Palombella, PhD, Jonathan Hill, PhD
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Background
IL-27, a heterodimeric member of the IL-12/IL-23 cytokine family,
consists of two subunits, IL-27p28 and Epstein-Barr virus-induced
gene 3 (EBI3). IL-27 signals through a heterodimeric receptor com-
posed of glycoprotein (gp130) and IL-27 receptor subunit alpha (IL
27RA). Binding of IL-27 to its receptor induces signaling through the
JAK-STAT pathway to alter immunoregulatory receptor and proin-
flammatory cytokine expression in immune cells, limiting the inten-
sity and duration of T-cell responses during infection and cancer.
Given the immunoregulatory function of IL-27, it was hypothesized
that blockade of IL-27 signaling may represent a novel and promis-
ing strategy to treat cancer.
Methods
To explore the therapeutic potential of IL-27 blockade, SRF388, a
first-in-class, fully human anti IL-27 monoclonal antibody that binds
to the p28 subunit of IL-27 with high affinity, was developed. The
ability of SRF388 to inhibit IL-27-induced phenotypic changes in hu-
man peripheral blood mononuclear cells (PBMCs) was assessed
in vitro. To explore the ability of SRF388 to inhibit IL-27 signaling
in vivo, mice overexpressing recombinant human IL-27 (rhIL 27) were
treated with SRF388, and T cells were analyzed by flow cytometry. Fi-
nally, the antitumor activity of IL-27 blockade with SRF388 was
assessed in mice.
Results
SRF388 prevented IL-27 from binding to IL-27RA, inhibited IL-27-
induced STAT1 phosphorylation in human cell lines and primary T
cells, and blocked IL-27-responsive immunoregulatory receptor ex-
pression in human PBMCs. Ectopic expression of rhIL 27 in mice pro-
moted the expression of PD-L1, Tim-3, Tigit, and Lag-3 on murine T
cells, a response that was fully inhibited by the administration of
SRF388. Treatment of human PBMCs with rhIL-27 altered the expres-
sion of many of the same markers. Moreover, IL-27 counteracted the
activity of PD-1 blockade in upregulating cytokine production by ac-
tivated human PBMCs. Notably, SRF388 blocked all of these IL-27-
mediated responses. Lastly, blockade of IL-27 signaling with SRF388
demonstrated antitumor activity in mice.
Conclusions
Collectively, these data demonstrate that IL-27 exerts multiple im-
munosuppressive effects and that SRF388, a first-in-class antibody
targeting IL-27, can potentiate antitumor responses in cancers that
rely on IL-27-mediated immune escape.
Ethics Approval
Mice were used in compliance with protocols approved by the IACUC
of Mispro Biotech Services, Cambridge, MA (#2017-03-21SUR-1),
Charles River Accelerator and Development Lab, Cambridge, MA
(#CR-008), or Charles River Laboratories, Worcester, MA (#I023).
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Background
GITR is a member of the TNF superfamily. Multiple studies in mice
have demonstrated that GITR ligation by an agonist antibody induces
an enhanced anti-tumor immune response to tumors in various
mouse models. In humans, the therapeutic effect of GITR agonist
antibodies has been limited. The difference in bioactivity may be ex-
plained by the dimeric vs. trimeric organization of the endogenous
forms of the mouse and human GITR-L, respectively. Our current
study provides a structural framework for understanding how to
achieve optimal GITR clustering using novel engineered GITR-L-based
constructs that overcome the limited bioactivity induced by GITR
antibody-based therapeutics in humans.
Methods
The human GITR/GITR-L complex was co-expressed, purified, crystal-
lized, and structure solved by an initial molecular replacement solu-
tion using monomeric ELR1 as the search model (PDB: 3WVT). The
resulting complex structure was used to design novel GITR-L con-
structs to maximize their co-stimulatory potential. Trimeric GITR-L
was fused to an Fc-effector null heavy chain isotype, with increasing
oligomeric organization up to a hexameric construct design. The con-
structs were tested in an anti-CD3 mediated human PBMC co-
stimulation assay to evaluate bioactivity by testing cell viability, IL-2
and IFN-γ secretion.
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Results
We described the first crystal structure of the human GITR/GITR-L
complex at a resolution of 2.85 Å which revealed an unusual
receptor-mediated non-covalent dimer of two GITR-GITR-L trimeric
assemblies forming a hexagonal network. Trimeric GITR interacts with
its trimeric GITR-L in the canonical cysteine-rich domain-dependent
modality. Peptide mapping revealed an o-glycosylation site in the
CRD1 subdomain of GITR which induced partial heterogeneity. Struc-
ture based alignment of GITR demonstrated good superposition with
4-1BB and OX40. The CRD3-mediated GITR homodimer interface con-
tains a network of hydrophobic interactions at the c-terminus, which
suggest a propensity for native oligomerization. Since free GITR-L or
bivalent antibodies cannot create the optimized clustering demon-
strated by the crystal structure, we sought to achieve enhanced bio-
activity by engineering novel GITR-L constructs which achieve
various levels of GITR clustering. T cell co-stimulation was shown to
increase with higher GITR-L oligomeric organization. Superior in vitro
bioactivity was observed with a hexameric GITR-L complex construct.
Conclusions
Our data suggests that GITR-L or bivalent antibody-mediated GITR
agonism on T cells is critically dependent on the receptor’s structural
conformational geometry. Guided by the crystal structure of the
GITR/GITR-L, we found that optimized receptor organization induces
enhanced bioactivity of human T cells in vitro. These novel engi-
neered GITR-L moieties may represent a new strategy to design ef-
fective co-stimulatory biotherapeutics.
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Background
There is a critical, unmet clinical need for effective therapies for
osteosarcoma, a rare bone cancer that primarily affects adolescents
and young adults. The rarity and heterogeneity of these cancers have
hindered research in this field. Comparative oncology studies in nat-
urally occurring osteosarcoma in companion dogs provide opportun-
ities to advance development in a clinically realistic setting where
the tumors resemble their human counterparts but where the bar-
riers of rarity and cost are lowered. Vesicular stomatitis virus (VSV) is
a rapidly replicating, robustly immunogenic oncolytic virus platform
with demonstrated cytotoxicity in canine osteosarcoma cell lines. The
aim of this study is to evaluate neoadjuvant VSV-IFNβ-NIS therapy for
osteosarcoma using a comparative oncology approach, and
characterize anti-tumor immune responses in spontaneous canine
osteosarcoma.
Methods
Dogs with spontaneous osteosarcoma were enrolled in a veterinary
clinical trial. Dogs were randomized to receive neo-adjuvant oncolytic
VSV-IFNβ-NIS (109 TCID50/kg) or placebo followed by standard of
care (SOC) amputation and carboplatin chemotherapy. Tumor tissues
and peripheral blood mononuclear cells were collected pre-and post-
VSV therapy to characterize local and systemic antiviral and antitu-
mor immune responses.
Results
28 dogs were enrolled and treated on the study. Intravenous VSV-
IFNβ-NIS was well-tolerated and post infusion symptoms included
mild, transient fever and evidence of acute cytokine responses.
Preliminary efficacy analyses show survival outcomes exceed that of
historic control populations treated with standard of care. Tumor
pathology indicated the presence of tumor necrosis and inflamma-
tion in VSV treated dogs. Patient specific osteosarcoma cell lines
were isolated following surgical tumor resection and tested in vitro
to characterize susceptibility to VSV infection and oncolysis. Experi-
ments are underway to characterize T-cell responses against virus
and tumor associated antigens. We will evaluate correlation of tumor
pathology, in vitro tumor cell line susceptibility, and antiviral and an-
titumor immune responses to survival outcomes.
Conclusions
Neoadjuvant VSV treatment is well-tolerated, and shows preliminary
evidence of biological activity and clinical efficacy. Updated results
describing anti-tumor immunity that is attributable to oncolytic VSV
and its effects on patient outcomes will be presented. These data will
indicate if intravenous neoadjuvant VSV-IFNβ-NIS therapy improves
clinical outcomes in canine osteosarcoma and inform clinical studies
to evaluate this therapeutic approach as an addition to current
chemotherapy protocols for osteosarcoma patients. These studies
may shed light on the relative roles of viral oncolysis and immune re-
sponses in mediating tumor killing and indicate biomarkers that are
indicative or predictive of clinical efficacy in heterogeneous cancer.
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Background
Adaptive immunity to cancer cells has been shown to form a crucial
part of cancer immunotherapy. We investigated whether an anti-
tumor antibody could be isolated from a patient with metastatic mel-
anoma that was tumor-free for 6 years following adoptive transfer of
ex vivo expanded autologous T cells [1].
Methods
Peripheral blood memory B cells were immortalized using AIMM’s
immmortalisation technology (ectopic Bcl-6 and Bcl-xL expression)
[2] and analyzed for the presence of tumor-reactive B cells.
Results
The AT1412 antibody was identified by virtue of its differential bind-
ing to melanoma cells as compared to healthy melanocytes. AT1412
was found to bind a cancer-selective palmitoylated form of the tetra-
spanin CD9. CD9 is a broadly expressed protein involved in multiple
cellular activities. Crystal structure of the CD9 large extracellular loop
in complex with an AT1412 Fab fragment revealed that AT1412 binds
the CD9 epitope in an extended and unfolded conformation. In
addition to melanoma, AT1412 binds other tumor types including
gastric, colon- and pancreatic cancer.
AT1412 was shown to induce antibody dependent cellular cytotox-
icity (ADCC) of cancer cells in both 2D and spheroid cell cultures. In
addition, AT1412 demonstrated activation of monocytes, most likely
via activation of CD9 on platelets-bound monocytes. Chemokines
such as CCL5/RANTES and CCL2/MCP1 were induced by AT1412 acti-
vated platelets and monocytes, respectively.
In mice carrying a human immune system (HIS-mice) [3] AT1412
strongly enhanced tumor rejection of A375 and SKMEL-5 tumor cells.
AT1412 treatment was shown to enhance tumor infiltration of CD8 T
cells and macrophages. AT1412 efficacy was further synergistically
enhanced when combined with an anti-PD1 antibody (nivolumab).
To address safety the effect of AT1412 on human platelet aggrega-
tion was studied. In contrast to other CD9 targeting antibodies,
AT1412 was shown not to induce aggregation of human platelets.
This was confirmed in a single-dose study in cynomolgus monkeys
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using increasing dose levels of AT1412. Although a transient drop in
circulating platelet counts was observed upon antibody injection,
AT1412 was well tolerated up to 10 mg/kg antibody (highest dose
tested) and did not lead to other adverse events nor were any co-
agulation factors affected.
Conclusions
Taken together, applying AIMM’s proprietary B-cell immortalization
technology [2] we isolated a tumor-selective anti-CD9 antibody
(AT1412). AT1412 was shown to induce tumor rejection as a single
agent and enhances the activity of anti-PD-1 antibodies. Preliminary
data from single-dose administration in monkeys suggested that
AT1412 can be safely administered. Preclinical development of
AT1412 is currently ongoing.
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Background
Heat Biologics is focused on developing and optimizing a next gen-
eration cellular vaccine platform that incorporates a tumor antigen
chaperone (gp96-Ig) with costimulation into a single tumor cell line
overexpressing a host of cancer associated neoantigens.
Viagenpumatucel-L (HS-110), a human lung adenocarcinoma cell line,
stably transfected to express gp96-Ig, is being tested in a phase 1/2
clinical trial (NCT#02439450) for NSCLC. A similar line was generated
that complements HS-110, providing costimulation in the form of se-
creted OX40-Ig (HS-130).
Methods
As a model, mouse surrogates of each human product (mHS-110 and
mHS-130) were generated to activate and expand adoptively trans-
ferred OVA-specific T cells (OT-1) responding to tumor challenge with
B16F10 cell line over expressing OVA. To identify the best ratio of
mHS-110 to mHS-130, multiple dose ratio and dose escalation studies
were performed to measure T cell expansion (peripheral and intratu-
moral) in the context of tumor challenge.
Results
Combining mHS-110/gp96-Ig with mHS-130/OX40L-Ig at a ratio of 1
to 1.3, i.e, 339 ng/10^6 cells/24 hrs of gp96-Ig to 441 ng/10^6 cells/
24 hrs of OX40L-Ig provided the optimal dose combination for long-
term survival and expansion of tumor specific CD8+ T-cells, tumor in-
filtrating lymphocytes (TILs) and greatest tumor growth inhibition
(TGI). The no observed effect level (NOEL) was determined to be 38
ng of gp96-Ig to 50 ng of OX40L-Ig with the minimum active bio-
logical effect level (MABEL) being 113 ng gp96-Ig to 147 ng OX40L-
Ig. Dosing mice with mHS-130, HS-130 and an OX40 agonist as a
positive control, the no observed adverse event level (NOAEL) was
determined to be 20 mg/kg for the OX40 agonist antibody, 219.5 ng/
animal or 0.01097 mg/kg of human OX40L-Ig/24 hrs for HS-130, and
387.2 ng/animal or 0.01936 mg/kg of mouse OX40L-Ig/24 hrs. The
serum cytokines detected in response to cellular injection were those
frequently associated with acute innate immune responses (CXCL10,
MCP-3, CCL4, TNFalpha, CXCL1).
Conclusions
Best dose group combination mHS-110/gp96-Ig to mHS-130/OX40L-
Ig was at a ratio of 1 to 1.3, at a dose rate of 339 ng/10^6 cells/24
hrs of gp96-Ig to 441 ng/10^6 cells/24 hrs of OX40L-Ig, with a NOEL
of 38 ng gp96-Ig to 50 ng OX40L, a MABEL of 113 ng gp96-Ig to 147
ng OX40L-Ig. These results support the clinical translation of this ap-
proach of combining a T cell activation platform with costimulation.
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Background
As clinical outcomes improve for immunotherapeutic regimens
based on PD-1/L1 blockade, the proportion of cancer patients
who develop resistance to PD-1/L1 blockade will increase. Some
resistance mechanisms, including MHC-I and β2M downregulation,
reflect the nature of PD-1/L1 as a T-cell centric checkpoint. Re-
cent clinical success by groups targeting non-T cell immune cells
has highlighted the potential of enhancing macrophage or NK
cell targeted immunotherapies for the treatment of a wide variety
of cancers. Future combinatorial approaches will likely utilize
agents targeting multiple different immune cells to effectively
arm both the adaptive and the innate immune systems. As a
prime example of this, the anti-NKG2a monoclonal antibody Mon-
alizumab, has shown promising preclinical and clinical anti-cancer
effects, especially when combined with an ADCC competent anti-
body [1]. Therefore, targeting non-classical innate immune check-
points has the potential to synergize with currently approved
cancer therapies. Here we report the generation of a two-sided
fusion protein, CD86-Fc-NKG2a, which was designed to provide
competitive inhibition of the NK-centric HLA-E checkpoint, which
providing co-stimulation to T cells via CD28.
Methods
Human and mouse variants of CD86-Fc-NKG2a were produced and
characterized using a variety of biochemical assays to determine the
correct molecular weight, subunit composition and binding affinity;
molecular assays to characterize in vitro cell binding, in vitro func-
tional activity, in vitro lysis capabilities; and anti-tumor efficacy in
multiple syngeneic model systems.
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Results
The NKG2a domain bound recombinant and cell-expressed HLA-E
with high affinity. The CD86 domain bound recombinant CD28 and
CTLA-4, with a higher affinity for CTLA-4. CD86-Fc-NKG2a also stimu-
lated NF-kB signaling in CHO/CD28/NFkB-luciferase cells. When
tested head-to-head in a therapeutic CT26 murine tumor model,
mCD86-Fc-NKG2a demonstrated stronger anti-cancer activity com-
pared to anti-NKG2a antibody controls. The combination of the
CD86-Fc-NKG2a with anti-PD1 and anti-CTLA-4 antibodies was effect-
ive in controlling tumor growth in immune competent mice. In vitro
cell lysis assays, with PBMCs and isolated NK cells, have further eluci-
dated the effect of CD86-Fc-NKG2a on NK cell mediated tumor cell
death.
Conclusions
The data presented here demonstrates the feasibility and function of
a dual fusion protein, designed to competitively inhibit the NKG2a/
HLA-E NK checkpoint pathway, while providing costimulation via
CD86. CD86-Fc-NKG2a provided superior tumor control in compari-
son to NKG2a blocking antibodies, and was further improved in the
setting of CTLA-4 or PD-1 blockade. Combined inhibition of NK and T
cell checkpoint pathways may reduce the probability of PD-1 resist-
ant disease due to downregulation of MHC-I or other antigen-
presentation mechanisms.
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Background
Despite the profound clinical impact that immune checkpoint in-
hibitors (ICIs) have had, they benefit only a fraction of cancer pa-
tients due in part to the multitude of immunosuppressive
networks within the tumor microenvironment (TME). Therefore,
strategies to selectively re-program the TME from that of im-
munosuppression to immune stimulation are anticipated not only
to improve the clinical efficacy of ICI, but also that of other im-
munotherapeutic approaches. Oncolytic viruses (OVs) encoded
with rational combinations of immune modulatory agents (IMA)
have the potential to be the ideal platforms for such TME repro-
gramming. To be successful however, OVs must be engineered to
allow for intravenous delivery and tumor selective infection, repli-
cation and transgene expression to deliver clinically-relevant con-
centrations of IMA directly to TME. Finally, as viruses are
evolutionarily designed to subvert the immune response, such
immunosuppressive components of the virus must be removed
to optimize their ability as immunotherapeutic agents.
Methods
Using a combination of functional genomics and bio-selection strat-
egies, we generated a novel Vaccinia Virus (VACV) backbone, de-
noted as SKV, having augmented oncolytic activity, improved tumor
selectivity and less immunosuppression compared to wild-type VACV.
We next engineered SKV to encode three potent immune modula-
tors; anti-CTLA4 antibody, membrane tethered IL12p35 and FLT3L.
Various immunocompetent syngeneic mouse tumor models and
human xenograft tumor models were used to characterize this engi-
neered virus, TBio-6517.
Results
SKV generates more potent anti-tumor effects and shows enhanced
synergy with ICIs compared to that of other clinical VACV candidates.
SKV increases tumor T-cell infiltration while decreasing the number
of Treg cell and g-MDSC levels. Tumor-selective transgene expression
has been demonstrated in murine tumor models in which thera-
peutic payload concentrations were achieved within the tumor (e.g.
>7.5 ng/mL FLT3L) without any detectable transgene product de-
tected in the systemic circulation. Expression of the therapeutic pay-
loads in TBio-6517 increased survival and tumor control compared to
the SKV backbone control in syngeneic mouse tumor models, includ-
ing humanized CTLA-4 immune checkpoint knock-in mice.
Conclusions
Our new best-in-class recombinant VACV robustly stimulates systemic
anti-tumor immunity and has a substantially improved pre-clinical
safety profile compared to other VACV clinical candidates. Additional
ongoing toxicity and efficacy studies are being conducted prior to
clinical evaluation of the novel virus construct.
Ethics Approval
This study was approved by the University of Ottawa’s ACVS Animal
Care Committee.
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Background
To improve the proportion of patients who benefit from checkpoint
inhibitor (CPI) therapy additional immune pathways likely need to be
targeted. Tumor-associated macrophages (TAMs), myeloid-derived
suppressor cells (MDSCs), and tumor-associated neutrophils (TANs)
exhibit a spectrum of functional phenotypes ranging from immuno-
suppressive M2-like macrophages or N2-like neutrophils that pro-
mote tumor growth to pro-inflammatory M1-like macrophages and
N1-like neutrophils that promote anti-tumor immunity. Therapies that
shift the balance of inhibitory myeloid cells towards a more pro-
inflammatory phenotype are expected to positively impact anti-
tumor immune responses and convert CPI-resistant tumors into CPI-
sensitive tumors.
Methods
Human whole blood, peripheral blood mononuclear cells, isolated
myeloid cells, or dissociated tumor cells were treated with monoclo-
nal antibodies (mAbs) and analyzed by flow cytometry and Meso
Scale Discovery. In vivo efficacy and pharmacodynamic studies were
conducted in MC38, CT26, and EMT6 tumor models. Cellular and mo-
lecular characterization of tumors was performed using flow cytome-
try and RNA sequencing.
Results
We identified Triggering Receptor Expressed on Myeloid Cells 1
(TREM1) as a target on TAMs, TANs, and MDSCs, and developed anti-
human and anti-mouse TREM1 mAbs, termed PY159 and PY159m, re-
spectively. These mAbs activated downstream signaling pathways, in-
duced secretion of a highly selective subset of pro-inflammatory
factors, and increased the expression of HLA-DR and CD40, which
play critical roles in antigen presentation and T cell activation. Mo-
lecular profiling of PY159m-treated syngeneic tumors demonstrated
activation of innate and adaptive immune pathways, suggesting that
PY159 therapy repolarizes TREM1-positive myeloid cell into pro-
inflammatory cells. In vivo, PY159m had anti-tumor activity in a num-
ber of syngeneic tumor models. PY159m in combination with anti-
PD-1 converted anti-PD-1 resistant tumors into treatment-sensitive
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tumors. Furthermore, mice cured of their tumors by PY159m combin-
ation therapy were resistant to tumor re-challenge suggesting that
targeting myeloid cells promotes long-term immunological memory.
A survey of the immune infiltrates by both flow cytometry and RNA
expression from a variety of indications showed that TREM1-positive
myeloid cells were present at a high frequency in all tested tumors.
In a pilot, single-dose non-human primate tolerability/pharmacoki-
netic (PK) study PY159 was generally well tolerated at all tested
doses.
Conclusions
The available preclinical and nonclinical data support PY159 im-
munotherapy, alone or in combination with a CPI, in cancer patients
who are resistant or refractory to CPI therapies, to improve both the
overall response rates as well as the durability of responses. First in
human clinical testing will commence in 2020.
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Background
Many peptide vaccines have failed in clinical trials due to insufficient
efficacy. Therefore, improving the efficacy of peptide vaccines is es-
sential for cancer vaccine development. Long peptide vaccines are
expected to have a better antitumor effect than short epitope vac-
cines. We thus developed three novel long peptide vaccines,
TAS0314, TAS0315 and TAS0316, composed of 12 HLA-A2-, A24- or
A3 superfamily-restricted cytotoxic T lymphocyte (CTL) epitopes with
arginine linkers. The purpose of this preclinical study was to evaluate
the immunological characteristics of TAS0313, a cocktail vaccine of
TAS0314, TAS0315 and TAS0316, using HLA knock-in (KI) mice.
Methods
We immunized HLA-A2, -A24 and -A31 KI mice with TAS0313, and
evaluated the epitope-specific CTL induction in lymph nodes using
an interferon-γ ELISPOT assay. The antitumor effect against B16F10
tumor cells expressing HLA-A24 and TAS0314 epitope was evaluated
using HLA-A24 KI mice treated with either TAS0313 monotherapy or
TAS0313 in combination with anti-PD-(L)1 monoclonal antibody
(mAb). Epitope-specific CTLs in tumors were measured by epitope-
specific HLA tetramer staining.
Results
TAS0313 induced all of the detectable epitope-specific CTLs in the
HLA KI mice. Prophylactic immunization with TAS0314 significantly
inhibited subcutaneous tumor growth on day 14 after tumor inocula-
tion (Vehicle: 359.59 mm3; TAS0314: 127.07 mm3).
Combination treatment with TAS0314 and anti-PD-1 mAb signifi-
cantly prolonged the survival of mice when compared to TAS0314 or
anti-PD-1 mAb monotherapy. The tumor-free rate was 53.33% in the
combination TAS0314 and anti-PD-1 mAb group, 13.33% in the
TAS0314 monotherapy group, and 0.00% in the anti-PD-1 mAb
monotherapy group.
Immunization with TAS0314 induced epitope-specific CTL infiltration
into tumors (5.06% of the CD8 T cells). Furthermore, combination
treatment with TAS0314 and anti-PD-1 mAb remarkably increased
the CTL infiltration (16.8% of the CD8 T cells).
Conclusions
We demonstrated that TAS0313 can enhance CTL induction and anti-
tumor effects in vivo. In addition, the combination therapy of
TAS0313 and anti-PD-1 mAb resulted in a synergistic antitumor effect
by increasing the infiltration of epitope-specific CTLs into tumors.
Based on these results, Phase I/II studies evaluating the efficacy of
combination therapy with pembrolizumab in urothelial carcinoma
patients and monotherapy in glioblastoma patients are currently
underway.
Ethics Approval
All animal studies were approved by the Taiho Institutional Animal
Care and Use Committee.
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Background
The interferons, including IFNα/IFNβ (type I) and IFNγ (type II) are es-
sential mediators of anti-cancer immunity. To achieve efficient target-
ing of IFNs to tumor sites, we have developed antibody (Ab)-IFN
fusion protein technology [1]. A fusion protein targeting human
CD20 (anti-huCD20-huIFNα) exhibited stronger direct anti-
proliferative effects, complement-dependent cytotoxicity (CDC), Ab-
dependent cell-mediated cytotoxicity (ADCC), and in vivo potency
against B-cell lymphoma xenograft models compared to the parent
Ab rituximab. Based on these results, a phase I, first-in-human, dose-
escalation trial of anti-huCD20-huIFNα for B-cell non-Hodgkin lymph-
oma is now underway (NCT02519270). We now report on the con-
struction and characterization of anti-CD20 fusions containing IFNγ,
the IFN species secreted by effector CD8+ T cells, NK cells, and NKT
cells.
Methods
The VH and VL regions from antibody 2B8 recognizing human CD20
were engineered in recombinant form with human IgG1 constant re-
gions, and fused at the C-terminus with mIFNgamma. Tumor cell pro-
liferation in vitro was measured by [3H]-thymidine incorporation,
ADCC by LDH release using mouse splenocyte effectors, CDC by PI
exclusion, and in vivo tumor growth using the huCD20-expressing
syngeneic mouse B cell lymphoma 38C13-huCD20. Tumor-infiltrating
lymphocytes were measured by flow cytometry.
Results
Anti-hCD20-mIFNγ suppressed the in vitro proliferation of 38C13-
huCD20 lymphoma cells by up to 70% (at 1 nM). Anti-hCD20-mIFNg
also showed enhanced ADCC against lymphoma cells compared with
unfused, parent antibody (16-20% at E:T ratio of 20:1, versus 9-12%,
respectively) (Figure 1), while CDC was identical to unfused antibody.
In vivo efficacy with 70-80% cures was demonstrated in mice bearing
established subcutaneous 38C13-huCD20 tumors, with systemic (i.v.)
injection of 100 mcg anti-hCD20-mIFNγ fusion protein on days 5, 6,
7, and 9 after tumor inoculation, in repeated experiments. Mechanis-
tic studies showed that depletion of natural killer (NK) cells (using
anti-asialo-GM1) significantly abrogated tumor clearance (p=0.01),
while depletion of macrophages (clodronate liposomes) had lesser,
borderline effects (p= 0.05) (Figure 2), and depletion of complement
(cobra venom factor) or T cells (CD4+ or CD8+) had no significant ef-
fects on tumor eradication. Subcutaneous mouse B cell lymphomas
treated with intratumoral injections of anti-hCD20-mIFNγ displayed
increased tumor-infiltrating CD8+ T cells (mean 20.6% versus 5% in
PBS-treated controls, p=0.008), and CD4+ T cells (mean 15.3% versus
6.6%).
Conclusions
Anti-hCD20-mIFNγ fusion protein has in vitro and in vivo efficacy in a
syngeneic, immunocompetent model of B cell lymphoma, with NK
cells and possibly macrophages implicated in the mechanism(s) of
tumor eradication.
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Background
Antibody-based immunotherapies have demonstrated improved
anti-tumor responses and success in the clinic. Nevertheless, a major-
ity of patients either do not respond or develop resistance to single
agent checkpoint inhibitors, thus driving exploration into the rational
design of combination therapies. Expression of secreted and trans-
membrane proteins, including checkpoint molecules, involves cotran-
slational translocation, which is facilitated by the ribosome-signal
recognition particle-Sec61 complex [1]. Amino-terminal signal se-
quences unique to each protein direct nascent polypeptides through
the Sec61 channel into the endoplasmic reticulum for expression
and function. While many Sec61-targeting compounds have demon-
strated anti-tumor effects by broadly inhibiting protein translocation,
some compounds have been identified to exert signal sequence-
specific blockade [2]. Here we present small molecule inhibitors of
Sec61 capable of selectively targeting multiple co-inhibitory immune
checkpoint proteins.
Methods
Target protein inhibition was assayed using HEK293 cells overex-
pressing constructs comprised of signal sequences fused to a lucifer-
ase reporter. Resistance to novel Sec61 inhibitors was assessed in cell
lines overexpressing wild-type or R66I-mutant Sec61, which was
previously shown to confer resistance to published Sec61 inhibitors
[3]. Tumor cells or T cells were incubated with compound in vitro,
and surface expression of immune checkpoint proteins was exam-
ined by flow cytometry. T cell functions were examined in vitro fol-
lowing anti-CD3/anti-CD28 stimulation or in T cell co-culture systems.
Cytokine production was measured by electrochemiluminescence-
based assay. CD73 enzymatic activity was measured in cell-based as-
says using the AMP-Glo™ assay.
Results
We identified a series of compounds that selectively block Sec61-
dependent cotranslational translocation of select immune checkpoint
proteins. In particular, the compounds more readily inhibited PD-1,
B7H3, CD47, CD73, and CD96 compared to other co-inhibitory mole-
cules, such as TIGIT, TIM3 and CTLA-4. Following in vitro compound
treatment, decreased PD-1 and CD96 surface expression was ob-
served on activated T cells. Furthermore, the compounds enhanced T
cell production of interleukin-2 and interferon gamma in mixed
lymphocyte reactions. Select inhibitors also down-regulated surface
expression of CD73 on SKOV3 tumor cells. Consistent with this result,
compound treatment of SKOV3 cells reduced CD73 hydrolysis of
AMP, suggesting these inhibitors may rescue CD73-mediated sup-
pression of T cell functions.
Conclusions
Small molecules targeting Sec61-dependent cotranslational transloca-
tion provide a new approach for blocking multiple immune check-
point proteins with a single agent. We have identified novel Sec61
inhibitors that have the capacity to regulate T cell functions and/or
the tumor microenvironment. Based on these data, in vivo studies
will further elucidate the efficacy of Sec61 inhibitors as
immunotherapeutics.
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Background
Glutamine is an essential amino acid for rapidly proliferating cancer
cells, thus depriving the same fuel from immune cells and contribut-
ing to tumor immune evasion. DRP-104 was designed as a novel pro-
drug of the broad acting glutamine antagonist 6-Diazo-5-oxo-L-
norleucine (DON). DRP-104 is inert in its prodrug form, affords high
levels of plasma and gastro-intestinal (GI) tissue stability; has high
tumor cell permeability and preferential tumor versus plasma/GI tis-
sue distribution for DON. Here we sought to (1) characterize in vitro
biochemical and biological activities, (2) identify the immune-
modulatory mechanism of action, and (3) evaluate in vivo anti-tumor
efficacy of DRP-104 as a single agent.
Methods
Anti-tumor and immunomodulatory effects of DRP-104 were evalu-
ated in vitro using biochemical, cellular and functional assays. Tumor
distribution was assessed by LC-MS/MS. Metabolomic analysis was
performed by Metabolon. Immuno-phenotyping was performed in
tumor and blood samples by flowcytometry, Nanostring, and Lumi-
nex. Tumor growth inhibition and survival analysis was performed in
syngeneic tumor models.
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Results
DRP-104 and its active moiety DON showed glutamine dependent in-
hibition of cancer cell growth in vitro, correlating with broad glutam-
ine pathway inhibition. In vivo, DRP-104 is preferentially converted to
DON in tumors and has minimal plasma/GI tissue distribution. Meta-
bolomic profiling in tumor samples showed widespread changes in-
dicative of disruption of tumor anabolism and canonical cancer
metabolism pathways. In addition, glutamine and various other
amino acids were significantly increased while several immune-
suppressive metabolites were decreased. DRP-104 treatment resulted
in substantial and broad changes in various immune cell infiltrates,
such as increased TIL, T, Tmem, NK and NKT cells. T cells were more
proliferative and less exhausted, NK cells showed increased activation
markers and TAMs were polarized to M1 phenotype. DRP-104 treat-
ment resulted in significant reduction in PD-L1 expression on tumors,
macrophages and dendritic cells. Pro-tumorigenic proteins, such as
VEGF and IL-8, were decreased. Finally, DRP-104 showed significant
tumor growth inhibition including curative effects as a single agent
in mouse syngeneic tumor models.
Conclusions
DRP-104 is a novel, broad acting glutamine antagonist with potent
single agent anti-tumor activity. DRP-104 treatment causes not only
wide-spread shutdown of glutamine pathways resulting in dramatic
metabolic remodeling of the TME but also results in enhanced infil-
tration and function of immune cells involving both innate and adap-
tive immunity. This unique mechanism of action suggests DRP-104
may function as a novel metabolic checkpoint inhibitor and supports
clinical development of DRP-104 to potentially treat a wide variety of
cancers.
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Background
Prior research demonstrates tumours with low neoantigen burden re-
spond poorly to T-cell checkpoint blockade, with neoantigen-specific
T-cell responses important to tumour regression [1]. Endoplasmic
reticulum aminopeptidase 1 (ERAP1) is an enzyme that trims pep-
tides loaded into classical and nonclassical MHC molecules [2]. Inhib-
ition of ERAP1 creates neoantigens, resulting in improved
immunogenicity, generation of CD8 T cell responses and tumor
growth inhibition [3,4]. Presentation of novel peptides also leads to
the activation of NK cells through KIRs and NKG2A in vitro and
in vivo [5,6]. We report the generation and activity profile of novel,
potent and selective ERAP1 inhibitors as novel oral immunotherapy
agents.
Methods
A suite of in vitro assays was established to profile the potency, affin-
ity and selectivity of several lead series and select lead candidates. In
vitro and ex vivo CETSA measurements were used to measure target
engagement. Pharmacodynamic measurements included Class I MHC
expression in CT26 [3] and SIINFEKL/H-2Kb in CAG-Ova Tg mice by
FACS [7]. Immunopeptidomics [8] were applied to both human and
mouse cell lines treated with ERAP inhibitors to profile peptide
changes and identify new peptides or changes in peptide levels as a
consequence of ERAP inhibition.
Results
Optimised lead series potently inhibit ERAP1 across key species and
ERAP1 haplotypes. In addition to a correlation between lead series
enzymatic activity and ERAP1 affinity, biochemical potency translates
into cell-based target engagement measurements in mouse and hu-
man cell lines and PBMC. ERAP1 modulation (siRNA /lead com-
pounds) dose dependently increases overall length of the
immunopeptidome and changes a proportion of the repertoire
resulting in presentation of novel neoantigens and tumour associ-
ated antigens. In vitro treatment of CT26 downregulates Ld, Kd and
Dd in line with published data from ERAP knockout mice [2]. Leads
with optimised PK, bioavailability and target engagement were ad-
ministered orally to CAG-OVA transgenic mice downregulating SIIN-
FEKL/H-2Kb in a dose dependent manner confirming published
in vitro data [9] and demonstrating in vivo PD. Profiling is ongoing in
in vivo tumor growth inhibition and PD studies, and human primary
CD8 and NK assays to select a lead candidate.
Conclusions
We have identified potential first in class, potent and species cross
reactive small-molecule inhibitors of ERAP1 that modify the immune
peptidome creating neoantigens. Extensive preclinical development
is ongoing to generate a transformative therapeutic that could be
used as monotherapy or in combination with other immunotherapies
such as checkpoint blockade.
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Background
Certain Epidermal growth factor receptor (EGFR) mutations are tar-
gets of tyrosine kinase inhibitors (TKIs) and predictive biomarkers of
clinical response to TKI therapy. However, NSCLC patients with EGFR
exon-20 insertions respond poorly to TKI therapy. Considering higher
sequence divergence correlated with more immunogenic of neoanti-
gen, we investigated whether EGFR exon-20 insertion-based neoanti-
gen peptide could stimulate effective T-cell immunity against NSCLC.
Methods
The immunogenic T cell epitopes of EGFR exon-20 insertions coding
peptide were predicted using multiple public bioinformatic

peter.joyce@greywolftherapeutics.com
jinpu_yu@hotmail.com


Journal for ImmunoTherapy of Cancer Page 167 of 2372019, 7(Suppl 1):283
algorithms referring on their expression level and major histocom-
patibility complex (MHC) class I-binding capacity. The most immuno-
genic EGFR exon-20 insertion-based neoantigen peptides were
synthesized to validate its efficacy to induce specific anti-tumor T-cell
immunity in vitro.
Results
Ninety-one types of insertions in EGFR exon-20 were identified,
among which two types occurred with considerable high mutation
frequencies: V769_D770insASV (19.02%) and D770_N771insSVD
(19.2%). Both EGFR exon-20 insertions coding peptide displayed
higher MHC class I binding score than other insertions, which implied
more immunogenicity to induce effective T-cell immunity. Therefore,
PBMCs of a NSCLC patient with V769_D770insASV insertion in EGFR
was collected and primed with V769_D770insASV coding long pepti-
de(E-ASV) in vitro for 14d, and specific anti-tumor CD8+ T cells were
induced and amplified which produced significant high level of
interferon-γ (IFN-γ) upon E-ASV re-stimulation.
Conclusions
E-ASV could induce cytotoxic T lymphocyte (CTL) responses in vitro,
and EGFR exon-20 insertion-based neoantigen peptide might be-
come an alternative immunotherapeutic approach for NSCLC.
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Background
CD38 is a transmembrane protein with relatively low expression
levels on immune cells and some non-hematological tissues.
Under disease conditions, CD38 is expressed in a number of
hematological malignancies. In particular, high levels of CD38 ex-
pression are found in malignant cells from patients with multiple
myeloma (MM) and germinal center B-cell diffuse large B-cell
lymphoma (DLBCL) [1,2]. Therefore, eliminating these tumor cells
by targeting CD38 is an attractive therapeutic option. Isatuximab
is an investigational anti-CD38 monoclonal antibody with promis-
ing clinical activity in patients with relapsed/refractory multiple
myeloma (RRMM) [3, 4]. Antibody-dependent cellular cytotoxicity,
mediated by natural killer (NK) cells, is regarded as a key mech-
anism of isatuximab anti-myeloma activity [5–7]. MM cells are
known to suppress NK cells through the production of immuno-
suppressive cytokines and the induction of checkpoint inhibitor
PD-1/PD-L1 expression [8, 9].
Methods
To determine potential mechanisms that may affect the efficacy of
isatuximab, we conducted in vitro studies using a panel of CD38 ex-
pressing MM and DLBCL cell lines, as well as primary MM cells from
patients. MM cells were exposed to isatuximab and peripheral blood
mononuclear cells (PBMCs) that had been cultured in the presence
or absence of the MM cells. The expression of the checkpoint inhibi-
tor PD-1 and PD-L1 was measured at regular intervals in NK cells co-
cultured with MM cells. To investigate whether cytokines present in
the MM tumor environment could induce PD-L1 expression on MM
cells or affect isatuximab antitumor activity we treated MM cell lines
with recombinant IL-6, TGFβ1, and IFNα.
Results
PD-1 expression on PBMCs was induced shortly after co-culture with
MM cells. The activity of isatuximab-mediated ADCC was decreased
in MM cell exposed PMBCs, suggesting that PD-1 expression on NK
cells plays a critical role in restricting the functionality of NK cells and
isatuximab-mediated ADCC. We also observed decreased cytolytic ac-
tivity and isatuximab-mediated ADCC against MM cells following NK
cell exposure to TGFβ1. PD-1 expression was unaltered by TGFβ1
exposure.
Conclusions
Our observations demonstrate that ADCC is a key mechanism for the
antitumor activity of isatuximab and provides a rationale supporting
the testing of isatuximab in combination with anti-TGFβ or anti-PD1
antibodies to determine whether isatuximab-mediated killing of
CD38-expressing tumor cells is improved.
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Background
Emerging evidence suggests that combining radiotherapy (RT) and
immunotherapy (IT) may enhance outcomes for metastatic non-small
cell lung cancer (NSCLC) patients. However, there remains limited
data on the immunomodulatory effects of extracranial RT. This study
examined real-world practice patterns, predictors of survival, and
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comparative effectiveness of extracranial radioimmunotherapy
(RT+IT) versus early-incorporation IT alone (defined as receiving IT
within 120 days of diagnosis) based on sequencing, irradiated site,
and dose-fractionation in patients with metastatic NSCLC.
Methods
Patients diagnosed with stage IV NSCLC between 2004-2016 treated
with IT alone or RT+IT were identified in the National Cancer Data-
base. The Cochrane-Armitrage trend test assessed for significant
trends in practice patterns over time. OS was analyzed using Cox
proportional hazards models and the Kaplan-Meier method. Propen-
sity score matching with respect to diagnosis year, age, race, sex, co-
morbidity index, insurance status, facility type, histology, organs with
metastasis, and chemotherapy receipt was performed to account for
baseline imbalances. Biologically effective doses (BED) were stratified
based on the median (30Gy/10 fractions=39Gy10), and SBRT was de-
fined as above median BED in ≤5 fractions.
Results
Early-incorporation IT utilization increased from 0.3% in 2010 to
13.2% in 2016 among patients with stage IV NSCLC (p<0.0001). Rates
of RT+IT also increased from 38.8% in 2010 to 49.1% in 2016 among
those who received IT (p<0.0001). On unadjusted analysis, patients
who received RT+IT demonstrated worse OS compared to patients
who received IT alone (11.2 versus 13.2 months median OS, log-rank
p<0.0001). Increasing BED was associated with improved OS, and
SBRT+IT was associated with improved OS compared to IT alone (25
versus 13.2 months median OS, log-rank p<0.0001). There were no
significant differences in OS based on sequencing of IT relative to RT
(log-rank p=0.4333) or irradiated site (log-rank p=0.1395). On multi-
variate analysis, factors associated with improved OS included
chemotherapy receipt (HR 0.86, p=0.0058), treatment at academic fa-
cilities (HR 0.83, p<0.0001), and SBRT (HR 0.60, p=0.0009); after
propensity-score matched multivariate analysis, patients who re-
ceived above median BED (excluding SBRT) also showed improved
OS (HR 0.85, p=0.0485).
Conclusions
Utilization of RT+IT in metastatic NSCLC is increasing. SBRT+IT was
associated with improved OS on multivariate analysis, and RT+IT in
propensity-score matched patients receiving ≥39Gy10 was associated
with improved OS on multivariate analysis. There were no significant
differences in OS based on RT+IT sequencing or site irradiated.
Whether these observations reflect patient selection or possible im-
munomodulatory benefits of RT is unclear and warrants further
study.
Ethics Approval
The Institutional Review Board deemed this study exempt from re-
view given the de-identified nature of the data.
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Background
Ovarian cancer is generally asymptomatic until the advanced stages.
The majority of patients will eventually die of their disease [1]. Our
goal is to investigate novel therapies which can improve this
outcome.
c-mesenchymal-epithelial transition receptor (c-MET) is a receptor
tyrosine kinase which is upregulated in ovarian cancer. The disease
promoting properties of c-MET in tumors is primarily due to the over-
expression of the wild type gene, and binding to its ligand hepato-
cyte growth factor (HGF) [2,3]. In our laboratory, we found c-MET
expression in 52/ 54 (96 %) ovarian cancer patient sections (28/ 54;
52% with high expression). c-MET signaling controls tumor growth,
invasion, resistance to therapy, the maintenance of cancer stem cells,
and immune suppressive pathways, which may all contribute to
worsening of ovarian cancer [4,5,6].
Methods
The c-MET/ HGF pathway is often studied in the context of its
tumorigenic properties, but the focus of this research was to
study its potential to regulate T cell immune responses in ovarian
cancer, with the future goal of using this molecule in combin-
ation therapy design. We hypothesize that attenuation of the c-
MET/ HGF pathway may induce anti-tumor effector T cell immune
responses, thereby overcoming underlying immune suppression
in ovarian cancer. Ovarian cancer was induced in C57BL/6 (H-
2Kb) mice by intraperitoneal injection of syngeneic ID8-RFP ovar-
ian tumor cells. We studied the efficacy of a c-MET inhibitor Cap-
matinib (INCB28060) monotherapy on disease outcome by
measuring immune responses in spleen cells.
Results
c-MET inhibitor Capmatinib treatment of mice resulted in an aver-
age ascites volume of 4.34 ml (Figure 1), and vehicle treatment
9.2 ml (> 2 fold decrease, n=5/ group). The average weight in-
crease was 6.5 mg with Capmatinib treatment, versus 9.8 mg ve-
hicle mice (n=5, p=0.06, borderline significant by t-test). We
measured the anti-tumor potential of spleen cells stimulated with
anti-CD3 antibody. A higher percent of CD8+ T cells secreted
anti-tumor cytotoxic molecule granzyme B from Capmatinib
treated mice (62.8%), in comparison with (49.6) vehicle (Table 1).
Additionally, in cells of Capmatinib treated mice, 3 of 5 (60%) re-
leased greater than 5000 pg/ml granzyme B (Figure 2), compared
with only 1 of 5 (20%) from vehicle treated mice.
Conclusions
With these anti-tumor responses, the performance of Capmatinib
for ovarian cancer treatment is promising. Pre-clinical studies are
ongoing with this inhibitor alone and in combination with anti-
programmed death-1(PD-1) antibody for better outcome, and
studies are planned to use this treatment with conventional
therapy.
References
1. Siegel R, Miller K, Jemal A. CA Cancer J. Clin. Cancer Statistics. 2019; 69: 7-

34
2. Sawada K, Radjabi A, Shinomiya N, Kistner E, Kenny H, Becker A.R,

Turkyilmaz M, Salgia R, Yamada S, Vande Woude G, et al. C-Met Overex-
pression is a Prognostic Factor in Ovarian Cancer and an Effective Target
for Inhibition of Peritoneal Dissemination and Invasion. Cancer Res. 2007;
67: 1670-1679.

3. Zhang Y, Xia M, Jin K, Wang S, Wei H, Fan C, Wu Y, Li X, Li X, Li G, et al.
Function of the C-Met Receptor Tyrosine Kinase in Carcinogenesis and
Associated Therapeutic Opportunities. Mol. Cancer. 2018; 17:45.

4. Trusolino L, Comoglio P. Scatter-Factor and Semaphorin Receptors: Cell
Signalling for Invasive Growth. Nat. Rev. Cancer 2002; 2: 289-300.

5. Bardelli A, Corso S, Bertotti A, Hobor S, Valtorta E, Siravegna G, Sartore-
Bianchi A, Scala E, Cassingena A, Zecchin D. et al. Amplification of the
MET Receptor Drives Resistance to Anti-EGFR Therapies in Colorectal Can-
cer. Cancer Discov. 2013; 3: 658-673.

6. Sierra J, Tsao M. C-MET as a Potential Therapeutic Target and Biomarker
in Cancer. Ther. Adv. Med. Oncol. 2011; 3; 21-35.

Ethics Approval
Studies were conducted with the approval of our IACUC board (protocol LU

205167).

mdrakes@luc.edu


Table 1 (abstract P821). See text for description

Fig. 1 (abstract P821). See text for description

Fig. 2 (abstract P821). See text for description

Journal for ImmunoTherapy of Cancer Page 169 of 2372019, 7(Suppl 1):283
P822
Evidence that a germline genetic variant impairs a robust anti-
tumor immune response in a substrain of C57BL/6 mice
Jessica Fessler, BS, Vyara Matson, PhD, Thomas Gajewski, MD, PhD
University of Chicago, Chicago, IL, United States
Correspondence: Thomas Gajewski
(tgajewsk@medicine.bsd.uchicago.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P822

Background
Among the factors that influence response to immunotherapy, germ-
line genetics has been linked to outcome [1,2]. Identifying genetic
variants in murine models that influence antitumor immunity may
prove important to understanding how germline differences impact
immunotherapy efficacy more generally, and could identify novel
therapeutic targets.
C57BL/6 mice represent an important model system for in vivo ex-
perimentation, but strain-level discrepancies have prompted recent
scrutiny. Mice housed under different conditions or from different
vendors can harbor distinct commensal communities, resulting in
profound phenotypic differences [3,4]. Additionally, genetic drift over
decades of breeding at different facilities has led to the designation
of “substrains” within the C57BL/6 classification with some genetic
differences already defined.
Methods
Mice obtained from Envigo, Taconic, and Jackson labs were injected
subcutaneously with various C57BL/6-derived cell lines including the
melanoma line B16.F10.SIY (B16.SIY) expressing a model antigen to
quantify tumor-specific immune response [5]. Tumor growth was
measured over time, and T cell responses and phenotyping mea-
sured in the spleen and tumor. Fecal 16S rRNA gene amplicon se-
quencing was performed. Whole-genome sequencing was performed
from DNA isolated from bulk mouse splenocytes and aligned to the
C57BL/6J genome.
Results
Tumors grew significantly faster in mice purchased from the vendor
Envigo compared to mice acquired from either Jackson or Taconic,
and showed a significantly impaired antitumor CD8+ T cell response.
Manipulation of Envigo microbiota through co-housing with either
Taconic or Jackson mice, or oral gavage of fecal material did not in-
fluence tumor control suggesting little to no contribution of the
microbiota. To determine whether a genetic abnormality unique to
Envigo mice may account for their weak anti-tumor immune re-
sponse, we bred Envigo mice to either Jackson or Taconic mice and
studied tumor control in the F1 and F2 generation. We found that
both the Envigo-Jackson F1 and Envigo-Taconic F1 uniformly resem-
ble the slower growing Jackson and Taconic tumors. The Envigo-
Jackson or the Envigo-Taconic F2 generation, however, showed vari-
able control, following Mendelian inheritance with 25% of the F2
exhibiting Envigo-level fast tumor growth. Using bone marrow chi-
meras, we found that the inferior Envigo tumor control tracked with
the hematopoietic compartment rather than with the host. Whole-
genome sequencing revealed Envigo-specific polymorphisms and
genetic variants distinct from both Jackson and Taconic mice. De-
tailed genetic analysis is on-going.
Conclusions
Our results indicate that mice from Envigo likely harbor a germline vari-
ant that impairs their anti-tumor immune response. Current work is fo-
cused on identifying the variant mediating inferior anti-tumor immunity.
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Background
Immunological destruction of tumors is a multistep, coordinated
process that can be targeted at several critical points along the cancer
immunity cycle to elicit tumor rejection, and to prevent emergence of
cancer. Despite regulatory approval of many immune-based interven-
tions in the past decade, a number of barriers remain to be addressed
in order to fully harness the therapeutic potential of the immune sys-
tem and improve outcomes for cancer patients. In 2016, the Cancer
Moonshot Blue Ribbon Panel convened by the NIH recommended to
“create a translational science network devoted to immunotherapy” [1].
Methods
The Immuno-Oncology Translational Network (IOTN) was created in 2018
to improve the efficacy, durability, and safety of immunotherapy across
the spectrum of human cancers, and develop immunoprevention ap-
proaches that will prevent cancers before they occur [2]. The consortium
structure of the IOTN will enable rapid translation of basic discoveries to
translation and clinical application by fostering highly collaborative team
science. The NIH program stewardship of the IOTN is led by a trans-NIH
adult immunotherapy implementation team, which provides scientific
and programmatic oversight to ensure the IOTN meets the goals defined
by the Cancer Moonshot Blue Ribbon Panel.
Results
The IOTN currently consists of 12 research groups spanning
immunoprevention, novel therapeutic targets, cell-based therap-
ies, neoantigen and TCR approaches, multimodal therapies,
immuno-suppression and immuno-responsiveness. These studies
are conducted in diverse tumor types, including brain, breast,
colon, liver, lung, oral, ovarian, prostate and skin cancers. These
efforts include a Cellular Immunotherapy Data Resource (CIDR)
program and a Data Management and Resource-Sharing Center
(DMRC). CIDR provides a data registry for collecting outcomes of
patients receiving cellular immunotherapies. DMRC provides over-
all administrative, software development, data analytical and data
coordinating support to facilitate research integration across the
IOTN, as well as outreach to other Cancer Moonshot initiatives
and the larger scientific community. To synergistically tackle sci-
entific gaps that cannot be addressed by individual research pro-
jects, the IOTN has formed six working groups: 1) Bioinformatics
and Computational Biology, 2) Cancer Antigens, 3) Immune Mech-
anisms, 4) Immuno-radiotherapy, 5) Immuno-prevention, and 6)
Translational and Cellular Therapy. The IOTN will expand in 2019
to include additional immunoprevention and immunotherapy re-
search projects, as well as new initiatives including immuno-
engineering centers and immune-related adverse events research
projects.
Conclusions
The major anticipated deliverable of the IOTN collaborative consor-
tium is the acceleration of clinical translation of basic discoveries to
overcome barriers that limit the efficacy of immunotherapy across
the spectrum of human cancers.
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Background
In women, breast cancer is the most common cancer and the first
leading cancer-caused deaths worldwide. Up to 30% of the breast
cancer patients overexpressed HER2, and trastuzumab is the most
commonly prescribed HER2-targeted therapy among those patients.
Besides HER2, a tumor-associated glycan Globo H has also been
shown to be overexpressed in breast cancer patients, and its preva-
lence is ~61% of total patients. Therefore, targeting Globo H as thera-
peutics will benefit more breast cancer patients. Here, we developed
an anti-Globo H bispecific antibody (BsAb) for breast cancer therapy.
Methods
The humanized anti-Globo H mAb was incorporated into the asym-
metric IgG-like bispecific antibody platform developed by our insti-
tute. The anti-Globo H moiety targets the Globo H+ breast cancer
and the anti-CD3 moiety recruits and activates T cell. The in vitro T
cell activation and cytokine secretion was examined. The anti-tumor
efficacy of this novel T cell engager was evaluated in the HCC1428
breast cancer xenograft animal model.
Results
Asymmetric IgG-like BsAb usually generates mispairing species. The
anti-Globo H BsAb developed from our platform showed a high ratio
of correct pairing. Besides that, it activates various cytokines in a tar-
get cell-dependent manner which elevates its safety profile. The
BsAb eradicates the Globo H+ breast cancer in vitro and in vivo.
Conclusions
In summary, the asymmetric IgG-like anti-Globo H bispecific antibody
possesses great efficacy in killing breast cancer both in vitro and
in vivo. The toxicology study of this novel biologics will be evaluated
before filing IND for clinical trials.
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Background
Immune checkpoint inhibitor (anti-PD1) therapy is approved for use
in MSI(hi) and EBV+ advanced metastatic gastric cancer (GC) patients;
however it is not known which GC patient sub-group with primary
disease would best respond in the adjuvant setting. To address this
issue, we assessed the immune context data of primary GC using
high dimensional data analysis in a clinically comprehensive cohort
of gastric cancer patients.
Methods
Using a clinically annotated primary GC cohort [1], we analyzed the
immune context of each tumor using multiplex immunohistochemis-
try (mIHC) and transcriptome analysis (Affymetrix array). We assessed
immune cell type, density and spatial relationships with tumor cells;
immune cells identified included T cells (CD8+, CD4+, CD4+FoxP3+
and CD8-CD4-) and CD3-CD56+ cells. We correlated the mIHC, tran-
scriptome analysis and clinical data to define a GC immune signature
associated with good clinical outcome. Using mass cytometry, we
also investigated systemic immune changes associated with the
good vs poor GC outcome patients (Figure 1A-E).
Results
Increased GC patient survival correlated with infiltration of the tumor
core by significantly increased T cells, in particular CD4+FOXP3+ T
cells (Figure 1F). In the GC tumor core of patients with a good clinical
outcome, spatial analysis showed increased CD4+FOXP3+ T cells
were closely associated with CD8+ T cells, and not tumor cells (Fig-
ure 2A-B). We confirmed the same finding in a separate validation
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cohort (Figure 2C). Furthermore, increased tumor core CD8+ and
CD4+FOXP3+ T cells (CD8highCD4FOXP3high) was an independent
predictor for prolonged GC patient survival, regardless of established
clinical variables (Figure 2D-E). Gene ontology analysis revealed
CD8highCD4FOXP3high GC was strongly associated with an
interferon-gamma (INF-γ) gene signature (Figure 3A-B), this INF-γ
gene signature was also predictive of better survival in a combined
analysis of publicly available GC datasets (Fig 3C), increased GC
tumor PDL1 expression (Figure 3D) and has also been predictive of
response to anti-PD-1 therapy [2]. Finally, systemic immune system
changes were observed in CD8highCD4FOXP3high GC patient tu-
mors, including significantly increased effector and central memory
CD4+ T cells, and decreased PDL1+ dendritic cells (Figure 4A-C). Fi-
nally, a model depicts primary GC immune context features associ-
ated with good vs poor clinical outcome (Figure 4D).
Conclusions
Our study showed a new biomarker (CD8highCD4FOXP3high) in pri-
mary GC patients for good clinical outcome, this biomarker was
prognostic across all GC molecular sub-groups. Importantly, the bio-
marker associated gene signature indicates there is potential for im-
munotherapy strategies in the adjuvant setting to improve GC
patient outcomes.
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Background
Background: A standard treatment for refractory advanced SCAC has
not yet been established; however, preliminary Phase 1b/2 results
with PD-1 inhibitors showed promising activity [1, 2]. INCMGA00012
is a humanized IgG4 monoclonal antibody that recognizes human
PD-1 and has demonstrated acceptable tolerability with evidence of
clinical activity in a Phase 1 study of solid tumors (NCT03059823) [3,
4, 5, 6]. This trial is evaluating the safety and efficacy of
INCMGA00012 in patients with locally advanced or metastatic SCAC,
including those with well-controlled HIV infection.
Methods
Methods: This is a single-arm Phase 2 trial in patients ≥18 years old
with disease progression during or following 1 or 2 prior systemic
treatments for metastatic SCAC, which must have included a
platinum-based treatment. Patients with well-controlled HIV disease
are eligible. All patients have measurable disease per RECIST v1.1. Ap-
proximately 81 patients will be enrolled. INCMGA00012 is adminis-
tered as a flat dose at the recommended phase 2 dose (RP2D) of 500
mg Q4W for up to 2 years. The primary endpoint of the study is over-
all response rate (ORR) according to RECIST v 1.1. HIV control will be
assessed as an exploratory endpoint.
Results
Results: As of July 22 2019, 32 patients have received at least one
dose of INCMGA00012. Median (range) age was 64 (39-81) years. The
majority of patients were female (68.8%), white (90.9%), and had
ECOG performance status of 0 (28.1%), 1 (68.8%), or 2 (3.1%). Three
patients were known to be HIV-positive. Median time on treatment
was 2 months (0.14, 10.25). Updated safety and efficacy data will be
reported at the meeting.
Conclusions
Conclusions: Immunotherapy holds promise as a treatment for
platinum-refractory SCAC. INCMGA00012 is an investigational PD-1
inhibitor with favorable pharmacology that is being developed for
SCAC and a wide range of solid tumors. Preliminary results from this
large Phase 2 trial will be presented. This trial will provide important
clinical data for a rare tumor type with limited treatment options.
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Background
CD40 plays multiple roles in anti-tumor immune responses, including
within the tumor microenvironment (TME). Agonist anti-CD40 mAbs
have demonstrated anti-tumor activity in pre-clinical and clinical
studies. CDX-1140 is a human IgG2 anti-CD40 mAb with unique char-
acteristics selected to achieve optimal agonist activity at doses asso-
ciated with TME penetration. CDX-1140 may synergize with CDX-301,
a dendritic cell growth factor known to increase CD141+ DCs critical
for tumor antigen cross-presentation.
Methods
A Phase 1 dose-escalation (DE)/expansion study evaluating safety,
PK, PD, and clinical activity of CDX-1140 monotherapy (advanced
solid tumors/NHL) and in combination with CDX-301 (advanced solid
tumors) (NCT03329950). DE evaluates CDX-1140 0.01-3.0 mg/kg
(monotherapy) and 0.09-3.0 mg/kg (combination) Q4W. In combin-
ation DE, CDX-301 75 mcg/kg sc daily x 5 is given prior to the first
two CDX-1140 infusions. Biomarker assessments include characteriz-
ing effects on peripheral blood immune cells and cytokines and on
the TME in paired tumor biopsies. Backfill and/or expansion cohorts
will further explore the activity of monotherapy and combination.
Results
CDX-1140 monotherapy DE through 3.0 mg/kg across 10 tumor types
(n=32; 30 solid tumor/2 NHL) is complete without reaching a MTD.
Treatment related AEs (>20%) were arthralgia, nausea and fatigue.
Transient and mostly low-grade increases in liver transaminases were
seen in some patients. Treatment-related SAEs in ≥ 1 monotherapy
patient included: fatigue (n=2; both grade 3), cytokine release syn-
drome (n=2; grade 2 and 3), pneumonitis (n=2; both grade 3), nausea
(n=1; grade 3) and pyrexia (n=1; grade 1). CDX-1140 exposure in-
creased with dose (T1/2 ranged from 0.4-3.0 days). Serum cytokine
increases and changes in peripheral immune cells demonstrated im-
mune activation consistent with CD40 agonism. Of the clinically eva-
luable monotherapy patients (n=24), four had SD lasting up to 5.4
months.
In combination, 14 patients have been dosed through 0.72 mg/kg of
CDX-1140 and DE is ongoing. Treatment related AEs (>20%) have
been myalgia and fatigue; with no treatment related SAEs. Enhance-
ment of some serum cytokine levels, e.g., IL-12p40, compared to
CDX-1140 monotherapy, was observed. A patient with gastro-
esophageal cancer treated in combination (CDX-1140 0.36 mg/kg)
has an unconfirmed PR, with 41% reduction in target lesions (liver
and lymph node).
Conclusions
To date, CDX-1140 has shown the expected PK, PD, and safety
profile up to 3 mg/kg. Combination with CDX-301 has been well
tolerated, with evidence of enhanced biological and clinical activ-
ity. Analyses are planned to explore the treatment effects on the
TME. Additional combinations, including with checkpoint block-
ade, are planned.
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Background
In early clinical studies, tebentafusp (IMCgp100; a TCR-anti-CD3 bis-
pecific ImmTAC against melanocyte-associated lineage antigen
gp100) showed monotherapy activity in advanced melanoma with
mechanism-related changes in circulating cytokines and T cells [1].
Grouping of cytokine-mediated AEs across bispecific clinical pro-
grams has been inconsistent. In FIH study IMCgp100-01, investigators
reported infrequent, severe CRS (1%) and separately reported other
cytokine-mediated AEs. To understand kinetics, outcome and bio-
logic correlates of cytokine-mediated AEs, we reviewed IMCgp100-01
using the Lee grading criteria [2], which groups these AEs under the
umbrella term CRS.
Methods
84 HLA-A2+ advanced melanoma patients received tebentafusp. Per
protocol, patients did not receive corticosteroids as CRS prophylaxis.
CRS was evaluated post-hoc according to Lee [2]. Circulating cyto-
kines were measured in serum taken over the first 24-48 hours (n=
69).
Results
The most frequent treatment-related AEs (any grade) per investigator
that are also cytokine mediated per Lee criteria were mostly mild to
moderate and included fever (57%), fatigue (42%), nausea (40%),
headache (23%). Investigators separately reported 3 cases of CRS
(G1=2, G3=1). Based on sponsor review using Lee criteria, we find a
similar incidence of any grade CRS (60%), the majority of which is
mild (45%) generally transient fever, fatigue, nausea, headache; mod-
erate (10.7%); with low severe (3.6%) and no G4/G5.
CRS generally started within 24 hours of tebentafusp administration,
typically resolved within 3 days, and most commonly occurred after
the first dose with decreased frequency and severity after subse-
quent doses. Patients were able to continue tebentafusp treatment
despite CRS (2 patients discontinued due to CRS). Treatment of ≥G2
CRS included intravenous fluids (19 patients), intravenous steroids (7
patients), oxygen (5 patients), and epinephrine (1 G3 patient). No pa-
tients received tocilizumab. Six patients achieved a partial response
(three each had G2 and G1 CRS). ≥G2 CRS was not associated with
age, baseline absolute lymphocyte count, or disease burden. Consist-
ent with the hypothesized mechanism of action supported by pre-
clinical data, tebentafusp induced transient increases in peripheral
cytokines within hours of administration, which tended to be greater
in patients with higher grade CRS.
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Conclusions
We confirmed the low incidence of severe CRS reported by investiga-
tors and regrouped cytokine-mediated AEs under the umbrella of
CRS. Without mandatory corticosteroid pre-treatment, CRS was gen-
erally low grade, reversible with standard management including IVF
and short course corticosteroids, decreased in frequency and severity
after initial doses and infrequently led to discontinuation. Patients
with higher grade CRS tended to have greater increases in serum
cytokines.
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Background
Actin cytoskeleton dynamics act as platforms for gene regulation and
key signaling transduction pathways involved in the cross-talk
among tumor cells and cellular and non-cellular components of the
tumor microenvironment (TME). The actin regulatory protein hMENA
undergoes tissue specific splicing, generating two alternatively
expressed isoforms hMENA11a and hMENAΔv6 that respectively in-
hibit or increase cell invasiveness [1], TGFβ [2] and β1 integrin signal-
ing and the secretion of several key extracellular matrix (ECM)
proteins [3] and is crucial in TGFβ mediated-EMT [2]. Early node-
negative NSCLC patients show a prolonged disease-free survival
when expressing high tumor hMENA11a/low stromal FN1[3]. Re-
cently, tertiary Lymphoid Structures (TLS), sites of transient lymphoid
neo-genesis and determinants of antitumor immunity, have been as-
sociated with a favorable clinical outcome in NSCLC patients [4].
Methods
The pattern of hMENA isoform expression, TLS presence and
localization and stromal fibronectin were evaluated in 94 primary tu-
mors of node negative NSCLC patients by immunohistochemistry.
We evaluated the role of hMENA isoform expression on lymphotoxin
beta receptor (LTBR), by gain and loss of function, RNA-SEQ and
QRT-PCR.
Results
We found that TLS localized within the tumor area (TLS-AT) are pre-
dictive of a longer disease free survival in N0 NSCLC patients,
whereas the presence of peritumoral TLS (TLS-PT) does not associate
with the patient survival, but with higher tumor grade. TLS-AT pres-
ence is significantly correlated with hMENA11a expression in tumor
cells, whereas the presence of TLS-PT correlates with the absence of
hMENA11a. We evidenced that a low level of stromal FN along with
the expression of hMENA11a, associated with TLS-AT.
Searching for the mechanisms involved, we found that the hME-
NA11a knock out in NSCLC cells modulates the expression of several
genes: down-regulates the TLS regulator LTβR and up-regulates FN1.
Finally, we found that the depletion hMENA11a in the H1650 NSCLC
cells induces the reduction of the chemokine CXC-chemokine ligand
13 (CXCL13) a critical cytokine induced after LTβ-LTβR signalling [5]
[6].
Conclusions
Our findings indicate that the alternative splicing of hMENA is crucial
in the reciprocal signaling between tumor cells and their immune
microenvironment, by participating in tertiary lymphoid structure
neo-genesis and spatial distribution.
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Background
We are testing in vitro 2 candidate vaccine adjuvants (lipid A struc-
tures) that are generated by using bacterial enzymatic combinatorial
chemistry (BECC). We have selected two BECC compounds (438 and
470) designed by Dr. Bob Ernst at the University of Maryland, Balti-
more to be used as adjuvants to the RG1-VLP vaccine for the
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prevention of human papillomavirus (HPV) infection and associated
cancers. Adjuvantation of the RG1-VLP vaccine formulated with
aluminum hydroxide and the BECC compounds could result in a
more effective HPV vaccine that induces more robust and longer-
lasting protection, increases HPV strain-specific coverage, allows
fewer injections and decreases manufacturing costs.
Methods
Mice were vaccinated 3X IM with 2 ug RG1-VLP + 25 ug of BECC438
or BECC470 formulated +/- Alhydrogel (alum) and compared to alum
alone or PHAD, a commercial TLR4L. HPV16 L1 subunit and RG1 L2
epitope-specific Ab titers were measured in the sera by ELISA.
Neutralizing Ab titers were measured using a cell-based assay in
which antisera from vaccinated mice were used to inhibit in vitro in-
fection of LoVo-T cells with HPV pseudovirions expressing alkaline
phosphatase.
In study 2, blood was collected at earlier time points to determine if
the addition of BECC compounds induced significant humoral im-
munity at earlier time points.
After 3X IM vaccinations with RG1-VLPs + alum or alum/BECC,
spleens were harvested and HPV16 L1 VLP-specific IFN-g ELISPOT
was performed on splenocytes.
Results
BECC compounds improve HPV16-L2-specific Ab production in mice
BECC compounds improve neutralizing Ab production to several HPV
strains
BECC compounds accelerate anti-HPV humoral responses
BECC compounds accelerate appearance of HPV-neutralizing Abs
Induction of T cell responses by BECC
Conclusions
Combining the adjuvants Alhydrogel and BECC compounds increases
the magnitudes of antibodies specific to HPV16 L1 and the RG1-
specific L2 epitope as well as of neutralizing titers to HPV16/18/39/6.
BECC470 outperforms BECC438 as well as standard TLR4 agonists
PHAD and 3D-PHAD to augment anti-HPV humoral responses in sev-
eral key assays.
BECC470 accelerates the appearance of L1 and L2 antibody levels
after 2 vaccinations to equal or exceed levels achieved by Alhydrogel
alone after 3 vaccinations.
The presence of BECC470 also induces a substantial T cell response
specific to HPV16 L1 VLPs that is absent with Alhydrogel alone.
Adjuvant optimization of the RG1-VLP vaccine with TLR4 agonist
BECC compounds may lead to VLP dose sparing and an accelerated
schedule, resulting in enhanced protective immunity while saving
time and cost of goods.

Regulatory, Financial, and Access Considerations
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Background
Certain cancers occur at higher rates in people living with HIV
(PLWH) as compared with the general population and are a leading
cause of mortality among PLWH in developed countries [1]. Anti-
programmed death (ligand) 1 (PD-(L)1) therapies are approved to
treat cancers that affect PLWH, however HIV is a common exclusion
criterion in clinical trials. Collaborative efforts by multiple professional
groups have led to recently published guidelines on modernizing
clinical trial eligibility to include PLWH [2,3]. In 2007 the National
Cancer Institute (NCI) Cancer Therapy Evaluation Program (CTEP)
began efforts to include PLWH in clinical trials culminating with
changes to its formal protocol templates in early 2018. We reviewed
CTEP approved final protocols for anti-PD(L)1 agents and compared
HIV-specific eligibility criteria in the initial letter of intent (LOI) with
the final protocol to evaluate the effectiveness of CTEP policy to in-
clude PLWH in immunotherapy clinical trials.
Methods
LOIs including anti-PD(L)1 agents (nivolumab, pembrolizumab, atezo-
lizumab, durvalumab) submitted to CTEP with study approval be-
tween January 2014 and May 2018 were included in this analysis.
Only LOIs approved for protocol development that proceeded to
final activated clinical trials were included. Studies designed specific-
ally for PLWH were excluded. We compared the frequency of PLWH
inclusion at initial LOI submission and final approved protocol.
Results
Eighty-seven studies were included in this analysis; 39 included nivo-
lumab, 23 pembrolizumab, 19 atezolizumab, and 6 durvalumab.
Sixty-eight trials were pilot, phase I, phase I/II, or phase II. Nineteen
studies were phase II/III or III. At the LOI-stage, 14 of 87 proposals
(16%) included PLWH. Eleven of 68 pilot/I/II LOIs (16%) and 3 of 19
phase II/III or III LOIs (16%) included PLWH. After CTEP policy inter-
vention, 61 of 87 final approved protocols (70%) included PLWH.
Forty-seven of 68 pilot/I/II protocols (69%) and 14 of 19 phase II/II or
III protocols (74%) included PLWH. Also, of 36 LOIs that initially ex-
cluded PLWH, 24 (67%) included PLWH in their final approved
protocols.
Conclusions
CTEP advocacy had a meaningful impact on inclusion of PLWH in
anti-PD(L)1 clinical trials independent of study phase. These data
demonstrate that collaborative efforts lead to inclusion of underrep-
resented populations in clinical trials and suggest interventions for
other underrepresented populations including patients with other
chronic viral infections, brain metastases, and end-organ dysfunction
can be effective. These data also demonstrate that efforts to include
PLWH have not yet reached parity with other comorbid conditions,
such as diabetes or heart disease.
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Background
SC administration of immuno-oncology (I-O) therapies is being ex-
plored as a less-invasive and more-convenient alternative to IV ad-
ministration. However, further research is needed to fully understand
the additional benefits that the SC route can offer. This review aimed
to evaluate comparative data on the efficacy, safety, and
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pharmacokinetics/pharmacodynamics (PK/PD) of these two adminis-
tration methods in oncology, along with differences in time require-
ments, costs, and patient reported outcomes.
Methods
Literature published from 2009–2019 was identified through OVID®-
indexed databases and supplemented with conference proceedings,
recursive searching, and additional clinicaltrials.gov searches. Studies
of any design that provided comparative data between IV and SC
formulations on the following outcomes were included: efficacy,
safety, PK/PD, HRQoL, time savings, adherence, persistence, prefer-
ence, satisfaction, and cost.
This SLR focused on the following anti-cancer therapies, for which
both IV and SC formulations are either being developed in phase 3
clinical trials or are approved by either the FDA or EMA: alemtuzu-
mab, atezolizumab, blinatumomab, bortezomib, daratumumab, pem-
brolizumab, pertuzumab, rituximab, and trastuzumab.
Results
A total of 100 publications met the inclusion criteria. Most publica-
tions reported on trastuzumab (38), rituximab (26), or bortezomib
(25); fewer publications reported on alemtuzumab (3), daratumumab
(3), rituximab/trastuzumab (4), and alemtuzumab/rituximab/trastuzu-
mab (1).
In 48 publications, SC had non-inferior efficacy relative to IV formula-
tions; statistically significant differences were reported in only 3 pub-
lications. The relative tolerability of SC and IV formulations was also
similar across 68 publications. However, in 9 publications, SC trastu-
zumab and rituximab appeared to be associated with higher inci-
dence of (mostly low-grade) injection-site reactions compared to IV
infusion. When pharmacokinetic outcomes were reported, overall sys-
temic exposure to therapy was similar between formulations.
SC administration was also associated with time savings, based on 39
publications, with reduced health-care professional (HCP) time and
patient chair time being major factors. In combination with other fac-
tors, such as reduced drug wastage, this led to overall cost savings
with SC administration.
In 33 publications that considered preference, SC formulations were
associated with higher treatment satisfaction and were preferred by
patients and HCPs. Data on HRQoL, however, were rarely reported.
Conclusions
Our SLR suggests that SC and IV formulations had generally similar
efficacy and tolerability profiles, while SC administration led to sub-
stantial cost and time savings and was usually preferred by patients
and HCPs. Therefore, SC I-O therapy presents several advantages
over IV, and switching from IV to SC administration could be benefi-
cial from multiple stakeholder perspectives.

Timing of Immunotherapy Administration

P833
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Background
The immune system is a dynamic homeostatic entity which fluctu-
ates in response to antigenic stimulation but provides overall stabil-
ity, with the capacity to generate an active immune response when
required. The nature of this fluctuation is currently poorly under-
stood, but has likely significant ramifications for when antigen is de-
livered for vaccination, or when other immunomodulatory agents are
administered to influence immune system function. Immune reactiv-
ity usually commences at first exposure to antigen, including first ex-
posure to tumour antigens. We aimed to investigate whether there
was any difference on tumour growth compared with controls ac-
cording to when Interleukin-2 (IL-2) was administered after tumour
transplantation (Day 0).
Methods
B16 F0 melanoma was transplanted into C57BL/6 mice and a peri-
tumoural dose of 20,000 IU of IL-2 (or PBS vehicle control) was given
on different days after transplantation to observe for any effect on
tumour growth determined by the timing of the day of dose deliv-
ery. IL-2 or PBS control treatments were administered to comparator
groups on days 4, 5, 6, 7, 8, 9 and 10, and again on day 14 after the
day of transplantation (Day 0). A linear mixed-effects model com-
pared ‘tumour size’ (logarithmic transformation) versus interaction of
Day (categorical version) and control/treatment group, controlling for
repeated measurements over time.
Results
IL-2 exerted a repeatable effect observed only on Day-7 after trans-
plantation causing statistically significant reduced tumour growth
over comparable control (PBS) treated animals. Control untreated tu-
mours were over double the size of tumours treated with IL-2 admin-
istered at Day-7. The extent of this effect was not obtainable for IL-2
injection administered under identical conditions but on other days
either before or after Day-7 after transplantation, indicating that a
potential ‘window of sensitivity’ to immunotherapy treatment might
exist.
Conclusions
There appears to be a differential in-vivo effect on control of tumour
growth depending on the day of delivery of IL-2 after transplantation
and first antigen exposure. This unusual timing effect requires further
study and might have important implications for the timing of ther-
apy delivery and could explain some of the differential variable ef-
fects observed with human immunotherapies.

Tumor and Stromal Cell Biology
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Background
The bi-directional communication mediated by paracrine loop be-
tween cancer cells and cancer associate fibroblasts (CAFs) critically af-
fects tumor growth and aggressiveness.
TGF-β is a key regulator of epithelial mesenchymal transition (EMT),
an inducer of CAF activation and extracellular matrix (ECM) produc-
tion, suggesting its mechanistic role in cancer cell-CAF crosstalk.
Recently, stromal-TGFβ signaling has been associated with T cell ex-
clusion and poor response to immune checkpoint PD-1/PD-L1 block-
ade, suggesting the relevance of identifying stromal-derived TGF-β
mediated pathways [1,2].
The actin regulatory protein hMENA has been implicated in the
metastatic progression of several human cancers. Our group identi-
fied two tissue specific splicing-derived isoforms, the epithelial hME-
NA11a and mesenchymal hMENAΔv6 [3]. The expression of
hMENAΔv6, along with the lack of hMENA11a, is crucial for TGFβ-
mediated EMT [4], and the pattern of hMENA isoform expression rep-
resents a prognostic factors in PDAC and early stage NSCLC patients
[4,5,6].
We have recently identified a role for hMENA/hMENAΔv6 in CAF acti-
vation and function and herein, we aimed at identifying their role in
the TGFβ-mediated crosstalk between cancer cells and CAFs in
NSCLC and PDAC
Methods
The role of hMENA isoforms in TGF-β-CAF activation was analyzed by
loss and gain of function experiments. To analyze hMENA-driven
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regulation of TGF-β ligands (TGF-β1,TGF-β2, and TGF-β3) we
employed the Bio-Plex Pro™.
To study the role of hMENA expression in CAFs on cancer cell signal-
ing pathway activation, we cultured cell lines with sihMENA-CAF-
conditioned media and analyzed their effect on the phosphorylation
of AKT,ERK,STAT1/3 by immunoblotting
Results
We found that hMENA/hMENAΔv6 overexpression identify a sub-
set of CAFs with pro-tumoral functions in NSCLC and PDAC.
hMENA/hMENAΔv6 silencing in CAFs downregulated the expres-
sion of TGF-βR1 and 2, inhibited the TGF-β signaling activation,
in turn impairing the autocrine TGF-β- mediated CAF activation
and functions.
Moreover, hMENA/hMENAΔv6 silencing significantly decreased
the secretion of the three TGF-β ligands, modulated TGF-β-
mediated cytokine/chemokines secretion and affect the para-
crine signaling pathways involved in cancer cell invasiveness.
Reciprocally, hMENA silencing in NSCLC cells specifically regu-
lates the expression and secretion of TGFβ-2 and impairs the
activation of CAF-TGF-β signaling mediated by tumor cell
secretoma.
Conclusions
In conclusion these novel findings provide the evidence for a
crucial role of hMENA and its tissue specific splicing program as
regulator of TGF-β-mediated cross-talk between tumor cells and
CAFs. We highlight the importance of inhibiting hMENA-
mediated signaling pathways also in view of the new advance
of combined immunotherapy and TGF-β inhibitors in the clinical
practice
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Background
Immunosuppressive tumour microenvironments (TME) reduce the ef-
fectiveness of immunotherapies for the treatment of cancer [1].
Hyper-sialylation of glycoproteins and glycolipids has been linked to
increased immune evasion, drug resistance, tumour invasiveness and
metastasis in cancer [2]. Increased levels of sialic acid on the surface
of cancer cells has been associated with an increase in cancer cell
survival via the modulation of immunosurveillance [3]. Non haemato-
poietic stromal cells (MSCs), the precursor to cancer associated fibro-
blasts (CAFs) play a vital role in tumour progression by enhancing a
tumour promoting microenvironment [4]. This study investigates if
MSC/CAF sialylation contributes to enhanced immunosuppression in
the colorectal tumour microenvironment
Methods
Using a Balb/c immunogenic, syngeneic model of colorectal cancer,
we characterised silayltransferase expression and the cell surface si-
alic acid profile of tumour associated MSCs exposed to tumour cell
secretome, using RNA sequencing and lectin-based flow cytometry
respectively. Immunosuppression was determined using an ex vivo
CFSE based co-culture system. T-lymphocytes were co-cultured with
conditioned MSCs and T-lymphocyte proliferation and activation was
assessed by flow cytometry. To investigate the role of sialic acid in
MSC-mediated immunosuppression, tumour conditioned MSCs
(CAFs) were treated with a sialyltransferase inhibitor (SI). SI treated
tumour conditioned MSCS were co-cultures with activated lympho-
cytes and phenotype, proliferation and activation were assessed by
multicolour flow cytometry.
Results
Our results show overexpression of silayltransferase expression and
α2,6-sialic acid cell surface expression on MSCs/CAFs exposed to
tumour cell secretome for 72 hours. Tumour conditioned stromal
cells overexpress Siglec ligands as determined by SIglec E Fc chimera
binding.. We observed that inflammatory tumour conditioned MSCs
significantly suppressed activation and proliferation of CD4+ and
CD8+ T-cells. Siglec E expression was enhanced on co-cultured CD8+
T cells suggestive of sialic acid dependent inactivation. Inhibiting si-
alic acid on cell surface using SI inhibitor over a 72h period, con-
firmed that this effect was dependent on sialylation. Siglec E
expression was inhibited, resulting in enhanced effector function fol-
lowing SI treatment. These effects were also observed in a model of
multiple myeloma, indicating that MSC sialylation is not restricted to
the colorectal tumour microenvironment.
Conclusions
These results indicate for the first time that non-haematopoietic stro-
mal cells in the tumour-microenvironment express high levels of si-
alic acid which contribute to their ability to suppress activated T-
effector cells. Understanding how glycosylation of stromal cells, and
more specifically sialylation is regulated and functions to enhance
immunosuppression in the TME could uncover novel immune check-
points to reactivate anti-tumour immunity
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Background
Cancer stem-like cells (CSCs) are a small subpopulation of cancer
cells that have unique characteristics such as tumor-initiating cap-
acity and cellular stress tolerance. These cells have a huge impact on
the field of cancer therapy since they are resistant to standard che-
moradiotherapy and responsible for disease recurrence [1, 2].
Methods
We have studied the immunopathological properties of CSCs derived
from colon, breast, and gynecological cancers to develop CSC-
targeted immunotherapy. The following characteristics were revealed
in the present study.
Results
#1 CSC-specific antigens: CSCs expressed several germ cell-
specific genes, and some of them had crucial roles in the main-
tenance of tumor initiation capacity. Importantly, they were
highly immunogenic since antigen-specific cytotoxic T-cells
(CTLs) were efficiently induced from peripheral blood lympho-
cytes. The CTLs exerted specific cytotoxicity against CSCs. Adop-
tive transfer of the CTLs efficiently protected tumor growth in
mouse models.
#2 Fibroblastic niche for CSCs: CSCs recruited fibroblasts, which en-
hanced the tumor initiation capacity and immune resistance of CSCs.
Gene expression analysis revealed that fibroblast growth factor 4
(FGF4) and FGFR2, a receptor for FGF4 were involved in the fibroblas-
tic niche of CSCs. siRNA-mediated knockdown of FGFR2 abrogated
the pro-tumorigenic character of the fibroblasts.
#3 Innate immune resistance of CSCs: Some CSCs constitutively
expressed PD-L1 on the cell surface through the activation of PI3K/
AKT signaling.
Conclusions
Based on these unique properties of CSCs, we propose a niche-
targeted combination immunotherapy for cancer.
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Background
Anticancer versus protumor behavior of tumor microenvironment
(TME) largely depends on tumor cell-macrophage interactions which
are regulated by nitric oxide (NO) in mouse models as well as pa-
tients. NO induces diverse effects in cancer cells and TME based on
its localized flux. High expression of inducible nitric oxide synthase
(NOS2) and co-expression with high cyclooxygenase 2 (COX2) is asso-
ciated with poor prognosis in ER- breast cancer patients and pharma-
cological inhibition of these two proteins reduces primary tumor
growth in nude mouse tumor models [1, 2]. However, the role of the
immune system in this effect is largely unknown. As tumors are nutri-
ent deprived, we hypothesized that NO flux dependent metabolic
changes in TME could determine the outcome of the tumor-immune
system crosstalk.
Methods
4T1 mammary tumor model in wild type (wt) and Nos2 knockout
(Nos2-/-) BALB/c mice was utilized to study the effects of host Nos2
and Cox2 on tumorigenesis and pulmonary metastasis. Bone marrow
derived macrophages (BMDMs) from wt and Nos2-/- mice were stim-
ulated with cytokines to produce low, medium and high NO flux and
effects on metabolism were studied using seahorse bioanalyzer and
microscopy. Effects of varying NO flux on local oxygen tension (pO2)
was analyzed using a novel, in vitro chamber system that forms cell-
generated hypoxic and metabolic gradients by restricting the diffu-
sive exchange of oxygen and metabolites to a monolayer of cells–
analogous to diffusion between capillaries and nearby tissue.
Results
Absence of Nos2 in the immune system reduces pulmonary me-
tastasis while pharmacological inhibition of Cox2 delays tumor
growth preferentially in Nos2-/- mice. High NO flux delayed onset
of hypoxia and improved local pO2. Nos2high cells harbored
depolarized mitochondria and were Cox2low. Also, Nos2 and
Cox2 expression in 4T1 mouse tumors was spatially distinct, and
paracrine Nos2/Cox2 regulation by prostaglandin E2 (Cox2 prod-
uct) and NO, respectively modulated inflammatory status and
treatment response.
Conclusions
High levels of NO such as those from inflammatory murine macro-
phages regulate several effects in neighboring cells due to a cumula-
tive effect of the metabolic changes occurring in Nos2high single
cells through localized extracellular NO flux. Maintenance of higher
levels of NO requires Nos2 and Cox2, which are spatially separated in
cultured cells and tumor tissues. Importantly, while Cox inhibition re-
duces primary tumor volume, Nos2 inhibition reduces lung metasta-
sis suggesting that the spatial localization of Nos2 and Cox2 may
provide diagnostic and therapeutic options for targeting these ag-
gressive cell niches.
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Background
Despite the clinical success of immune checkpoint blockade therapy
in providing durable responses in advanced cancers such as melan-
oma, its use as a monotherapy in patients with pancreatic cancer has
shown little efficacy [1]. We have previously shown that hypoxia in
the tumor microenvironment acts as a major barrier to host immun-
ity, and that the hypoxia-activated prodrug TH-302 (Evofosfamide)
potentiates CTLA-4/PD-1 blockade therapy [2]. Mechanistically, TH-
302 decreased tumor hypoxia and increased accumulation of CD31+
endothelial cells, suggestive of improved oxygen supply and
normalization of tumor vasculature. While TH-302 initiates a cellular
remodeling process that diminishes tumor hypoxia, it remains un-
clear to what extent this involves alterations in tumor angiogenesis
directly versus indirectly, and thus whether hypoxia reduction could
be improved through concurrent anti-angiogenic therapy.
Methods
We utilized TH-302 and a vascular endothelial growth factor
receptor-2 (VEGFR-2) blocking antibody (DC101) to assess the rela-
tionship between blockade of angiogenesis and the hypoxia reduc-
tion activity of TH-302. Using an orthotopic, transplantable model of
pancreatic cancer, we investigated the use of DC101 and TH-302 to
impact tumor hypoxia, vessel normalization, and infiltration of CD8+
T cells.
Results
We found that orthotopic transplanted pancreatic tumors contain
hypoxic tumor niches that lack T cell infiltration. High-dose DC101
(40mg/kg) in combination with TH-302 (50mg/kg) significantly in-
creased the frequency of tumor infiltrating CD8+ T cells relative to
mice treated with TH-302 alone. Preliminary data suggests that com-
pared to low-dose DC101 (10mg/kg), the combination of 40mg/kg
DC101 and TH-302 increases the percentage of hypoxia-exposed
CD8+ T cells and is associated with expansion of intercellular adhe-
sion molecule 1 (ICAM-1)+ expressing CD31+ cells. Additionally, com-
bination DC101 and TH-302 promote major histocompatibility
complex (MHC)-II presentation and simultaneously reduces pro-
grammed death-ligand 2 (PD-L2) expressing endothelium.
Conclusions
We found that the combination of DC101 and TH-302 promotes infil-
tration of CD8+ T cells. This is in part associated with re-activation of
tumor endothelium to a pro-inflammatory state favoring T cell adhe-
sion and extravasation. These results indicate that combining TH-302
mediated tissue remodeling with VEGFR-2 blockade can enhance
both reduction of hypoxia and induction of tumor immunity in a re-
fractory model of pancreatic cancer.

References
1. Royal RE, Levy C, Turner K, et al. Phase 2 Trial of Single Agent Ipilimumab

(Anti-CTLA-4) for Locally Advanced or Metastatic Pancreatic
Adenocarcinoma. J Immunother. 2010;33:828-33.

2. Jayaprakash P, Ai M, Liu A, Budhani P, Bartkowiak T, Sheng J, et al.
Targeted hypoxia reduction restores T cell infiltration and sensitizes
prostate cancer to immunotherapy. J Clin Invest. 2018;128(11):5137-49.
P839
DNA demethylating agent sensitizes lung cancer cells to immune
attack of γδ T cells
Rueyhung Weng, PhD, Chien-Ting Lin, Hsuan-Hsuan Lu, Chong-Jen Yu,
Hsing-Chen Tsai
National Taiwan University Hospital, Taipei, Taiwan, Province of China
Correspondence: Hsing-Chen Tsai (htsai@ntu.edu.tw)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):P839

Background
Decitabine, a DNA demethylating agent, is known to induce a viral
mimicry interferon response and facilitate T cell killing in a major
histocompatibility complexes (MHC)-dependent manner. Abundant
evidence has indicated that tumor may evade immune attack
through downregulation of surface proteins including MHC mole-
cules. It remains unclear whether and how decitabine may alter sur-
face immune-related molecules and augment other types of
immunotherapy.
Methods
We treated human lung cancer cells with decitabine at clinically-
relevant low doses, and isolated cell surface proteins using biotin-
affinity purification. To obtain a comprehensive picture of surface
proteins altered by decitabine, we employed an unbiased high-
throughput approach using Stable Isotope Labeling by Amino acids
in Cell culture (SILAC)-based quantitative proteomics. We performed
in vitro functional assays and in vivo animal studies to examine γδ T
cell-mediated anti-tumor immunity enhanced by decitabine. We con-
ducted CRIPSR-knockout and overexpression experiments to uncover
key decitabine-mediated immune molecules on lung cancer cells for
γδ T cell cytolysis.
Results
A total of 351 surface proteins in A549 cells were upregulated in
decitabine-treated cells. Gene ontology analysis of these proteins re-
vealed γδ T lymphocyte activation as the top enriched immune path-
way, which was known to exert anti-tumor immunity in an MHC-
unrestricted manner. We further demonstrated that pretreatment of
various lung cancer cell lines with decitabine markedly enhanced γδ
T cell killing in coculture assays. Of all decitabine-induced proteins,
we found that intercellular adhesion molecule 1 (ICAM1) was a key
molecule involved in the cancer-γδ T cell interaction. Through over-
expression and knockdown experiments, we further demonstrated
that ICAM1 protein levels on the cancer cell surface correlated with
the susceptibility of decitabine-treated cancer cells to γδ T cell killing.
Combination treatment of decitabine followed by adoptive transfer
of γδ T cells in lung cancer xenograft mouse models showed much
better therapeutic efficacy than either treatment alone. Moreover,
higher ICAM1 levels were observed in tumor tissues responsive to
the therapy.
Conclusions
Our data demonstrated sensitization effects of decitabine to γδ T cell
therapy in lung cancer cells through ICAM1 upregulation. This pro-
vides novel molecular basis for coupling DNA demethylation agents
with MHC-unrestricted γδ T immunotherapy in the treatment of lung
cancer.
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Background
The recent success of immunotherapeutic approaches has demon-
strated that the immune system plays a critical role in fighting can-
cer. Syngeneic mouse tumor models retain intact immune systems
and therefore are particularly relevant for studying immunologically
based targeted therapies, either alone or in combination with other
drugs. Although developed decades ago, the immunologic and mo-
lecular characteristics of syngeneic mouse tumor models and their
microenvironment have been poorly investigated. In this work, we
set out to characterize a panel of commonly used murine syngeneic
tumor models covering all the major cancers in order to investigate
the correlations between different parameters and improve preclin-
ical model selection for target validation and drug development.
Methods
We are currently characterizing 5 syngeneic tumor models in C57BL/
6 mice (B16, LL2, PAN02, EO771, MC38) and their microenvironment
by flow cytometry and RNA sequencing. For flow cytometry analysis
we use antibody panels to identify various myeloid and lymphoid
cells and a panel to characterize the composition of other tumor as-
sociated cells such as cancer associated fibroblasts (CAFs) and endo-
thelial cells. Furthermore, we monitor tumor sizes and measure the
relative physical stiffness of tumor tissues by shear rheology. Lastly,
we sort CAFs and perform RNA sequencing.
Results
The flow cytometry analysis revealed striking differences across the
different models, especially in relation to the ratio of CD45+ cells
within the tumor. Models such as B16F10 and EO771 displayed par-
ticularly low immune infiltration levels while, in contrast, we have
found that the PANO2 model has a significantly higher level of
CD45+ cells compared to all the other models. The MC38 and LL2
models displayed intermediate levels of immune infiltration but are
associated with increased levels of myeloid immunosuppressor cells
such as mMDSC. Furthermore, we have focused our attention on the
extracellular matrix components and found positive correlation be-
tween the percentage of CAFs and the relative physical stiffness of
tumor tissues for models such as EO771 and PANO2. Ongoing RNA-
seq analysis of the tumors and CAFs will hopefully provide significant
insights in the biology of these tumors and their microenvironment.
Conclusions
Thus far, we can conclude that the characterization of syngeneic
tumor models and their microenvironment reflects the immunologic
diversity observed in the clinic and provides a resource to select rele-
vant models to study and test the efficacy of immunotherapies
in vivo.
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Background
The NCG (NOD-Prkdcem26Cd52Il2rgem26Cd22/NjuCrl) model was
created by simultaneous CRISPR/Cas9 editing of the Prkdc and
Il2rg loci in the NOD/Nju mouse. NCG mice are severely immuno-
deficient enabling xenotransplantation of human immune cells
for studying human immune responses to new therapies. In this
study we characterized the hematopoietic output of humanized
mice.
Methods
Charles River NCG mice (n=14) were inoculated with cord blood de-
rived human CD34+ stem cells. Following engraftment body weights,
general health status and survival was monitored. Additionally, per-
ipheral blood (PB) and selected tissues were analyzed for the pres-
ence and composition of human immune cells by multicolor flow
cytometry.
Results
NCG mice remain humanized up to 34 weeks post-engraftment. Over
time the mean hCD45+ levels in PB can reach 83.67%, whereas on
average between 1.85-14.22% of single live cells were residual
mCD45+ leukocytes. Circulating human lymphocyte subsets (total T,
CD4, CD8, DP, B, NK, iNKT, CD30) could be quantified in PB at Days
92, 124, 180 and 236 post-engraftment. Study survival rate was 100%
up to Day 226 with 63% surviving up to Day 250. Current studies are
ongoing to monitor CD34+ donor variability. Of note, at Days 124
and 180 the average proportion of mature B-cells was lower com-
pared to other subsets and time points. Individual mice (n=4) sus-
pected of graft-versus-host disease (GvHD) showed increased CD30
expression on T-cells and higher CD4:CD8 ratios, when compared to
non-GVHD mice (n=7), coupled with changes in clinical signs. Bone
marrow, PB, spleen, liver and lung tissues were collected at Days 166
(n=3) and 223 (n=3) post-engraftment. Phenotyping by flow cytome-
try defined human immune cells in each tissue compartment that
retained the ability to differentiate into common lymphoid (total and
proliferating T, CD4, CD8, Tregs) and myeloid populations (CD11b,
DC, M1, M2 macrophages). Distribution of both lineages was pre-
served without subset loss up to 31 weeks post-engraftment. Like-
wise, splenic T-lymphocytes secreted cytokines (IFN-γ, IL-2, TNF-α)
after PMA/Ionomycin stimulation.
Conclusions
The Charles River NCG mouse has been developed as a new human-
ized model with stable graft function. Phenotypic data acquired by
flow cytometry demonstrate reconstitution of human immune cells.
These repopulate and maintain lymphoid and myeloid differenti-
ation, where T-lymphocytes can also generate polyfunctional re-
sponses. Both lineages are detectable in the periphery and infiltrate
mouse tissues. This new model needs to be further evaluated for
testing human immunotherapies in pilot tumor cell line studies.
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Background
Actin cytoskeleton dynamics act as platforms for gene regulation and
key signaling transduction pathways involved in the cross-talk
among tumor cells and cellular and non-cellular components of the
tumor microenvironment (TME). The actin regulatory protein hMENA
undergoes tissue specific splicing, generating two alternatively
expressed isoforms hMENA11a and hMENAΔv6 that respectively in-
hibit or increase cell invasiveness [1], TGFβ [2] and β1 integrin signal-
ing and the secretion of several key extracellular matrix (ECM)
proteins [3] and is crucial in TGFβ mediated-EMT [2]. Early node-
negative NSCLC patients show a prolonged disease-free survival
when expressing high tumor hMENA11a/low stromal FN1[3]. Re-
cently, tertiary Lymphoid Structures (TLS), sites of transient lymphoid
neo-genesis and determinants of antitumor immunity, have been as-
sociated with a favorable clinical outcome in NSCLC patients [4].
Methods
The pattern of hMENA isoform expression, TLS presence and
localization and stromal fibronectin were evaluated in 94 primary tu-
mors of node negative NSCLC patients by immunohistochemistry.
We evaluated the role of hMENA isoform expression on lymphotoxin
beta receptor (LTBR), by gain and loss of function, RNA-SEQ and
QRT-PCR.
Results
We found that TLS localized within the tumor area (TLS-AT) are pre-
dictive of a longer disease free survival in N0 NSCLC patients,
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whereas the presence of peritumoral TLS (TLS-PT) does not associate
with the patient survival, but with higher tumor grade. TLS-AT pres-
ence is significantly correlated with hMENA11a expression in tumor
cells, whereas the presence of TLS-PT correlates with the absence of
hMENA11a. We evidenced that a low level of stromal FN along with
the expression of hMENA11a, associated with TLS-AT.
Searching for the mechanisms involved, we found that the hME-
NA11a knock out in NSCLC cells modulates the expression of several
genes: down-regulates the TLS regulator LTβR and up-regulates FN1.
Finally, we found that the depletion hMENA11a in the H1650 NSCLC
cells induces the reduction of the chemokine CXC-chemokine ligand
13 (CXCL13) a critical cytokine induced after LTβ-LTβR signalling [5]
[6].
Conclusions
Our findings indicate that the alternative splicing of hMENA is crucial
in the reciprocal signaling between tumor cells and their immune
microenvironment, by participating in tertiary lymphoid structure
neo-genesis and spatial distribution [7, 8].
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Background
While immune checkpoint inhibitors targeting the programmed-death
receptor-1 in recurrent and/or metastatic head and neck squamous cell
carcinoma (HNSCC) (all regions) showed an encouraging 11% increase
in 2-year overall survival (OS) (from 6-17%) [1], those data at the same
time stress the need for the identification of additional, targetable, sup-
pressive pathways in this disease. Glycoprotein-A repetitions
predominant (GARP), a docking receptor for the latent transforming
growth factor-beta (TGF-β) complex, facilitates TGF-β activation. Since
TGF-β is a known immune-suppressive cytokine, we assessed GARP ex-
pression on oral squamous cell carcinoma (OSCC) specimen and ana-
lyzed whether its expression relates to clinical outcome.
Methods
Formalin-fixed paraffin embedded OSCC surgical resection specimen
collected between 2005-2014 at our institute (n=56) were stained with
anti-human GARP (clone: Plato-1) or an IgG2b isotype control antibody.
DAB was used for visualization. Sections were scanned on a Vectra Po-
laris scanner, and images were analyzed using Phenochart. For some
patient samples (n=38) CD45 immune infiltrate data within the tumor
region were available. All patient materials were handled and used fol-
lowing the medical ethical guidelines as described in the Code of Con-
duct for Proper Secondary Use of Human Tissue of the Dutch
Federation of Biomedical Scientific Societies or written informed con-
sent was obtained in accordance with the Declaration of Helsinki.
Graphpad Prism 8 software was used for statistical analyses.
Results
GARP expression was detected in 57% of OSCC (32/56). The majority of
the GARP+ tumors (n=24) displayed a marginal expression pattern for
GARP, with GARP being expressed on tumor cells located at the tumor in-
vasive border. A diffuse expression pattern, with all tumor cells expressing
GARP, was observed in 19% (n=6) of GARP-positive tumors. Two tumors
had both marginal and diffuse expression. CD45+ immune infiltration
within the total tumor area (tumor core plus invasive margin) was similar
for GARP-negative and GARP-positive tumors. Survival analysis showed a
significantly reduced 5-year OS for GARP-positive versus GARP-negative tu-
mors with a hazard ratio of 2,90 (95% CI: 1,30 – 6,46; p<0.02 by Log-rank
Mantel-Cox test). Though low in number in the current cohort, patients
with tumors with only diffuse expression had an even poorer outcome
compared to GARP-negative and marginal-GARP expressing tumors.
Conclusions
We found clear expression of GARP on OSCC tumor cells in over fifty
percent of the patient samples. Expression of GARP on OSCC was linked
with a poor prognosis. Ongoing research is focused on determining the
immune suppressive effects of tumor-derived GARP expression.
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Background
Evaluation of the mutational landscape of cancers has revealed sig-
nificant correlation between mutation burden and response to im-
munotherapy in cancers such as melanoma and non-small cell lung
carcinoma[1,2]. Clear cell renal carcinoma (RCC) is considered an ex-
ception as it has a low SNV (single nucleotide variant) burden and yet,
a similar response rate. Factors within the tumor microenvironment
(TME) play a critical role in regulating response to targeted immuno-
therapy. While it is well-accepted that ccRCC is characterized by T-cell
infiltrates (TILs), differential activation states and effect of
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immunomodulatory cells remain unexplored. In this multi-institutional
study, we applied next-generation sequencing technologies to ccRCC
patient specimens to determine the immune cells within the TME as
well as explore alternative sources of tumor-specific mutations.
Methods
Whole exome sequencing and RNA sequencing was performed on
matched normal and tumor tissue from ten ccRCC patients (nuclear
grades I-IV) undergoing surgical resection. Peripheral blood and tumor
tissue were processed and cryopreserved for later use. We also se-
quenced approximately 20,000 immune cells at the single-cell level
from tumor and matched adjacent normal tissue for two of these pa-
tients, using the 10X Genomics platform. SNVs and insertion/deletions
(indel) were annotated and tumor/normal analysis was performed
using DRAGEN’s somatic variant caller. Multi-dimensional reduction of
single-cell data along with multiple iterations of PAM clustering with
feature selection was implemented using iterClust algorithm.
Results
The visualization of immune-repertoire of RCC revealed a higher fraction
of lymphoid infiltrate (~70-75%) than myeloid in a relatively stable ratio
across both patients, with tumor containing a slightly higher fraction of
lymphoid cells. Cross-referencing with known immune markers eluci-
dated clusters of functionally exhausted cells, activated T cells as well as a
distinct population of monocytes expressing high levels of complement
factors C1QA, B, C and ApoE, exclusively in the tumor tissue.
The Indel analysis on the ten patients detected higher number of total in-
sertions/deletions in tumor leading to the formation of ~3000 frameshift
mutations and 186 gene fusion events. Tumor/normal analysis also iden-
tified expression of several endogenous retroviral (ERV) env proteins in-
cluding ERVMER34-1, ERVV-1 and ERV3-1. Further analysis of
transcriptionally active ERVs and their functional role is currently ongoing.
Conclusions
This study demonstrates the abundance of immune cell subtypes in
the ccRCC TME, identifying a tumor-specific myeloid population. Add-
itionally, detection of tumor-specific somatic variants beyond point
mutations provide alternative sources of potential neoantigens in
low mutation burden tumors such as renal cancer.
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Background
Cancer immunotherapy, in particular immune checkpoint blockade,
has shown great promise in the treatment of advanced cancer. How-
ever, response rates remain low and only a subset of patients experi-
ence clinical benefit. One of the major challenges remains the
persistence of a specific anti-tumor immune response within an im-
munosuppressive tumor microenvironment. Lactate dehydrogenase
C (LDHC) is a promising novel target as it features a highly tumor-
specific expression with an important role in metabolic reprogram-
ming. Therapeutic targeting of LDHC could inhibit tumor growth by
dysregulation of aerobic glycolysis, while releasing the anti-tumor im-
mune response from the acidic immunosuppressive microenviron-
ment with little off-target effects. In this in vitro study, we
investigated the potential benefit of targeting LDHC in relation to its
function in triple negative breast cancer (TNBC) cells and modulation
of the tumor immune microenvironment.
Methods
Transcriptomic data from TCGA and METABRIC were mined for LDHC
gene expression in breast cancer. A loss-of-function TNBC cell line model
was established to study the effect of LDHC targeting on clonogenic abil-
ity, genomic stability and cellular senescence. In addition, immune modu-
lation by LDHC was assessed using the ProteomeProfiler cytokine
antibody array and through evaluation of PD-L1 tumor cell expression.
Results
Interrogation of TCGA and METABRIC RNA-seq data revealed that
LDHC was markedly upregulated in TNBC compared to non-TNBC
(Figure 1A), with a significant poorer overall and disease-specific sur-
vival in TNBC patients with higher LDHC expression (Figure 1B). Silen-
cing of LDHC increased polyploidy (Figure 2A-B) as a likely result of
microtubule dysfunction and mitotic slippage (Figure 2C) followed by
increased cellular senescence (Figure 2C) and reduced clonogenicity
(Figure 2D). Together these findings indicate that targeting LDHC
could significantly reduce tumor burden. Furthermore, LDHC silen-
cing induced substantial dysregulation of immunosuppressive cyto-
kines illustrating the potential immunomodulatory effects of LDHC
targeting (Figure 3A-B). For instance, LDHC silencing reduced the ex-
pression of factors involved in M2-macrophage polarization (CD14,
Serpin E1, CHI3L1, IGFBP2, IL-10), inhibition of tumor infiltration of T
cells and macrophages (MIF, CHI3L1, IL-10) or myeloid-derived sup-
pressor cell infiltration (MIF, CD14). Moreover, LDHC silencing in-
creased the ratio of non-glycosylated/glycosylated PD-L1 with
primarily nuclear localization, thus negatively affecting the stability
and immunosuppressive function of PD-L1 (Figure 3C-D).
Conclusions
Our findings demonstrate a positive correlation between LDHC ex-
pression and worse survival in specifically triple negative breast can-
cer. We provide in vitro evidence of the therapeutic potential of
targeting LDHC to mitigate cancer cell growth and survival in
addition to improving immunosurveillance.
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Fig. 3 (abstract P845). LDHC and tumor
microenvironment modulation
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Background
Standard treatment of oropharyngeal squamous cell carcinoma
(OPSCC) is associated with high morbidity, whereas immunothera-
peutic approaches using PD-1:PD-L1 checkpoint blockade only show
moderate response rates in OPSCC patients. Therefore, the develop-
ment of a complex therapeutic protocol combining checkpoint inhib-
ition with other targets is needed for optimal responses. The
importance of tumor-infiltrating B cells (TIL-Bs) in shaping antitumor
immunity has been underestimated.
Methods
In this study, we assessed the density and distribution of TIL-Bs in
FFPE samples from 2 independent cohorts of OPSCC patients. Than
we assessed the phenotype of TIL-Bs by means of flow cytometry in
fresh samples immediately after radical surgery. The acquired data
were corelated with the clinical outcome of the patients.
Results
Here, we observed that CD20+ TIL-Bs and CD8+ T cells formed non-
organized aggregates with clearly interacting cells and the densities
of both intraepithelial CD20+ B cells and B/CD8+ T cell interactions
have prognostic significance for the overall survival of OPSCC pa-
tients. Furthermore, a high density of TIL-Bs was associated with an
activated B cell phenotype and a high density of direct B cell/CD8+ T
cell interactions significantly correlated with the abundance of
HPV16-specific CD8+ T cells.
Conclusions
Our results indicate that high abundance of TIL-Bs and high density
of direct B cell/CD8+ T cell interactions can preselect patients with
excellent prognosis who would profit from less invasive treatment.
Furthermore, including B cells as an additional target in novel immu-
notherapeutic protocols may help to establish the desired sustained
antitumor T cell responses in OPSCC patients.
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Background
Dysregulation of long noncoding RNA (lncRNA) H19 has been impli-
cated in hepatocellular carcinoma (HCC), but the concrete regulatory
mechanism is lack of research. Our study aims to systematically study
the role and regulation of H19 in HCC and find prognostic bio-
markers and potential targets for HCC.
Methods
We mined gene expression profiles of 457 HCC samples from TCGA
and TJMUCH cohorts (GSE116174 and GSE116182) and further vali-
dated in 64 FFPE HCC tissues. Genetically modified HCC cell lines
HepG2 were applied to investigate the pathological functions of
lncRNA H19 and its interaction with corresponding target miRNAs
and mRNAs.
Results
LncRNA H19 overexpression in situ was significantly correlated with
poor prognosis of HCC patients, which induced EMT, promoted stem-
ness and accelerated invasion of HCC cells in vitro. Co-expression
network analysis indicated lncRNA H19 negatively correlated with
miR-193b and positively correlated with MAPK1 gene, which impli-
cated that lncRNA H19 served as a sponge molecule to hijack miR-
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193b and protect MAPK1 from miR-193b-mediated gene knockdown.
Forced overexpression of H19 attenuated miR-193b-mediated inhib-
ition on multiple driver oncogenes (EGFR, KRAS, PTEN and IGF1R)
and MAPK1 gene, thus triggered EMT and stem cell transformation
in HCC. LncRNA H19 positively correlated with CD68+ TAMs in situ
which induced H19 overexpression and activated H19-centered
ceRNA network to promote HCC aggressiveness in vitro.
Conclusions
TAMs-induced lncRNA H19 promotes HCC aggressiveness via trigger-
ing and activating the miR-193b/MAPK1 axis, mediates the crosstalk
between HCC and immunological microenvironment, and causes
poor clinical outcomes. LncRNA H19 is a valuable predictive bio-
marker and potential therapeutic target in HCC.
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Background
TGF-β1 and BMP7 are important members of TGF-β superfamily,
which have similar downstream transduction pathways and interfere
mutually. The antagonistic effects between both pathways has been
widely studied in kidney disease and bone formation, and less stud-
ied in HCC. This study is intended to elucidate the crosstalk between
TGF-β1/ BMP-7 pathways in the progression and invasion of HCC.
Methods
The immunohistochemistry staining method was used to exam the
expressions of TGFBR2, TGFBR1, BMP7, BMPR2 and ACVR1 proteins in
64 HCC samples. Genetically modified HCC cell lines HepG2 and
Hep3B were applied to investigate the related molecule mechanisms
of antagonistic effects of TGF-β1 and BMP7 pathway in HCC.
Results
In 64 HCC samples, the expression of TGFBR2 was significantly
negatively correlated with ACVR1 expression. TGFBR2-ACVR1+
HCC patients showed higher portal vein invasion and shorter sur-
vival time than non-TGFBR2-ACVR1+ HCC patients, which implied
that down-regulated TGFBR2 and up-regulated ACVR1 dramatic-
ally promoted HCC invasion and metastasis in vivo. We separately
knocked down TGFBR2 and overexpressed ACVR1 in HCC cell
lines HepG2 and Hep3B cells, and found that down-regulated
TGFBR2 and up-regulated ACVR1 dramatically promoted HCC in-
vasion via enhancing EMT and stemness in vitro. The global
miRNA profiling analysis indicated that miR17 cluster (including
miR-17, miR-18a, miR-19a, miR-19b, miR-20a and miR-92a) are the
key triggers to cause the imbalance of TGF-β1/BMP7 pathways.
The overexpression of MIR17HG inhibited the TGF-β pathway, but
activated the BMP7 pathway simultaneously, which promoted
HCC invasion and progression in vitro and vivo. The multicolor
immunofluorescence staining assay indicated that the recruitment
of M2-polarized tumor associated macrophages (M2-TAMs) in HCC
tissues positively correlated with the imbalance of the TGF-β1/
BMP-7 pathways and poor clinical outcome. And co-culture of
HCC cells with TAMs dramatically enhanced the levels of miR17
cluster and promoted HCC EMT.
Conclusions
In summary, the miR-17 cluster promoted M2-TAMs related cell ag-
gressiveness via inducing the imbalance of TGF-β1/BMP7 pathways
in HCC.
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Background
Vitiligo, an immune-related adverse effect (irAE) which targets normal
melanocytes in the skin, is associated with significantly improved
overall survival in metastatic melanoma patients treated with im-
munotherapy [1]. The presence of tissue resident memory T cells
(TRM) correlates with better prognosis in multiple cancer types
and our lab previously showed that the generation of potent
TRM responses against melanoma cells depends on the induc-
tion of autoimmune vitiligo [2,3]. The present studies test the
hypothesis that TRM in melanoma patient’s vitiligo skin shares
the same TCR clonotypes with tumor infiltrating lymphocytes
(TILs) which indicates that TRM provides durable, long-term
tumor protection.
Methods
Seven melanoma survivors who received immunotherapy with the
irAE of vitiligo were recruited to the study. Genomic DNA was ex-
tracted from matched skin, tumor and blood specimens and TCRβ
chain deep sequencing was performed by Adaptive Biotechnologies.
Fresh matched tumor, skin and blood samples from four patients
were collected, and paralleled single cell RNA (scRNA) and single cell
TCR (scTCR) sequencing were performed using the 10X platform.
Gene expression profiles were analyzed using the Seurat V3.0 pack-
age. Matched TCR clonotypes were identified as those TCRβ chain se-
quences in bulk level TCR sequencing, or paired TCRα, β chain
sequences in scTCR sequencing, that are the same between different
tissues.
Results
TRM-like CD8 T cells were found in all melanoma patients’ vitiligo
skins. Instead of a single population, one of the TRM-like CD8 T cell
populations had highly upregulated IFN-γ, TNF, CXCR3, GZMA, GZMB,
NKG7 and PFN1 genes (TRM-IFNG), while the other population
expressed high levels of AP-1 transcription factors (TRM-AP1).
Matched T-cell clonotypes were found among tumor, skin and blood
and phenotypes. These clonotype-matched T cells included both
TRM-like and circulating memory T cells. Tumor-skin matched TCR
repertoire had significantly higher clonal expansion level than tumor-
blood matched TCR repertoire. The TCR repertoire of TRM-like T cells
with matched clonotypes were more clonally expanded compared to
that of the circulating memory T cells. Focusing on the TRM-like
population, TRM-IFNG had a higher enriched level of matched T-cell
clonotypes between tumor and skin compared to the TRM-AP1
population. Using TCGA metastatic melanoma patients’ datasets, pa-
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tients with TRM-IFNGhigh TRM-AP1high gene expression profiles had
better prognosis compared to patients with TRM-IFNGlow TRM-
AP1high gene expression profiles.
Conclusions
These data suggest that TRM-like CD8 T cells with TCR clonotypes
matched between tumor and skin maintains a tumor protecting
population in long-term melanoma survivors’ vitiligo skin.
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Background
Despite the unprecedented success of immune checkpoint blockade
(ICB) therapy, many patients still respond poorly, owing to multiple
resistance mechanisms. Among these mechanisms, myeloid cells,
constitute the largest populations of immune cells in the tumor
microenvironment, and are considered as one of the major barriers
for successful therapy and the promoters for immune evasion and
metastasis.). Despite the frequent clinical observation that patient
with high levels of tumor-infiltrating myeloid cells usually fail to re-
spond to ICB therapy and correlate with worse prognosis (ref), little is
known about the crucial mechanisms governing these cells. Conse-
quently, limited approaches have been developed to effectively abol-
ish the intratumoral myeloid cells to restore sensitivity to ICB
therapy.
Methods
To address these knowledge gaps, we employed single-cell sequen-
cing (scRNA-seq) to assess transcriptional and metabolic changes in
myeloid cells that associated with resistance to PD-1 blockade in pre-
clinical cancer models.
Results
Our study revealed that the resistant tumor was dominated by im-
munosuppressive myeloid cells enriched for a fatty acid metabolism
gene expression signature, which can be used as biomarker to distin-
guish responders from non-responders. Mechanistically, our data
suggested that this fatty acid metabolism in intratumoral myeloid
cells was regulated by Pim1, a serine/threonine kinase. Supporting
this notion, genetic deletion of Pim1 in myeloid cells repressed
PPARγ pathway activity, which in turn substantially abrogated the
fatty acid oxidation and immunosuppressive function. More
intriguingly, using AZD1208 to pharmacologically inhibit Pim kinase
disrupted the myeloid cell-mediated immunosuppressive microenvir-
onment and promoted T cell-mediated tumor regression, working
synergistically with anti-PD-L1 therapy in various solid tumor models.
Additionally, sensitivity to ICB in non-responders can be restored by
selective treatment with AZD1208.
Conclusions
Overall, we have identified Pim1 as a metabolic modulator in MDSCs
that may cause ICB resistance and can be therapeutically inhibited to
sensitize non-responsive tumors to ICB therapy.
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Background
To fully exploit the potential of adoptive cell transfer (ACT) therapy,
an improved understanding of in vivo T-cell trafficking and engraft-
ment following transfer is paramount. In vivo tracking of adoptively
transferred cells by PET/CT represents an attractive imaging technol-
ogy for ACT due to the quantitative capacity with high spatial and
temporal resolution [1]. We have developed a flexible copper-64-
micelle-based cell labeling system, which allows for prolonged cell
tracking.
Methods
The labeling protocol was optimized for T-cell copper-64-micelle
labeling in vitro and >90% loading efficiency was achieved with
intact cell viability. Stability of the copper-64-micelles labeled T-
cells was evaluated by co-incubating the T-cells with celltrace
stained splenocytes for three and 24 hours. Following co-
incubation, cells were FACS-sorted and copper-64 activity in
population determined. The radiolabeled T-cell population dis-
played a 10-14-fold higher copper-64 activity level compared to
celltrace+ splenocytes. In vivo, labeled T cell biodistribution and
tumor accumulation in mice were investigated using PET/CT im-
aging in relation to radiation and various cancer immunother-
apies. PET/CT scans were performed at multiple time-points up to
40 hours after ACT.
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Results
Whole-body irradiated mice displayed significantly higher copper-64
activity (4.6 +/- 0.1% of injected dose) in the thymus compared to con-
trols (2.1 +/- 0.1% of injected dose). Additionally, there was correspond-
ence between T cell number of the injected clone in selected organs
and radioactivity. This demonstrates that the signal is T-cell specific and
retained in vivo in T-cells over time. We investigated the activity of la-
beled T-cells in tumors treated with an intratumoral sustained release
depot of a TLR7 agonist (TLR7 Immunogel). The TLR7 Immunogel has
been demonstrated to increase tumor protein levels of chemokines;
CXCL-10, IFN-gamma, and TNF-alpha, with importance for T-cell accu-
mulation. PET/CT imaging showed that accumulation of ACT labeled T-
cells was increased by pre-treating tumors with TLR7 Immunogel.
Conclusions
This flexible radiolabeling technology provides a novel method for
tracking T-cells in vivo over several days. The flexibility of the system
offers labeling of multiple murine and human cell populations, for
high-resolution in vivo cell tracking.
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Background
Biomarkers that predict clinical response in stage II-III melanoma are critical
to helping clinicians weigh benefits of immunotherapy against potential
toxicities. Individual biomarkers are often insufficient to clearly stratify pa-
tients, thus the combination of transcriptomic and tissue-based immune
biomarkers may help identify more precise and predictive biomarkers. We
previously found that the ratio of CD8+ cytotoxic T lymphocytes (CTLs) to
CD68+ macrophages and melanoma immune profile (MIP), a 53 immune
gene signature, both predict recurrence and disease specific survival (DSS)
in patients with primary stage II-III melanoma [1,2].
Methods
We performed quantitative multiplexed immunofluorescence (qmIF)
and nanoString analysis on a cohort of 78 patients with stage II-III
melanoma and known DSS who were diagnosed at Columbia Univer-
sity Irving Medical Center (CUIMC) between 2000 and 2012. MIP was
computed based on gene expression using nanoString, and the CTL/
macrophage ratio was found using qmIF. We assessed the similarity
of each sample’s gene expression profile to the cellular subtype sig-
natures from LM22, the reference standard for CIBERSORT. Differen-
tial expression was evaluated using t-test with Benjamini-Hochberg
(BH) correction. We used Spearman correlation to evaluate the asso-
ciation of the top immune genes (>1 fold change) with the CTL/
macrophage ratio. We combined the CTL/macrophage ratio with MIP
using the log-rank (Mantel-Cox) test to compare low- to medium-risk,
low- to high-risk, and medium- to high-risk patients.
Results
We found that recurrent patients had decreased M1 and increased
M2 macrophage signatures relative to non-recurrent patients (p=
0.042 and p=0.048, respectively) using CIBERSORT. The M1 macrophage
signature further correlated with density of HLA-DR+ macrophages as
assessed by qmIF (p=0.022). Next, we evaluated the differential expres-
sion of genes in MIP identifying 9 with >1.0 log-fold change and signifi-
cant by BH. We then evaluated the correlation of these 9 genes with
stromal density of CD3+, CD8+, and CD68+, as well as the ratio of CTL/
macrophage as determined by qmIF. Importantly, the CTL/macrophage
ratio had no correlation with these 9 genes, allowing for combination
of MIP with the CTL/macrophage ratio. This composite biomarker sig-
nificantly distinguished low- and medium-risk patients from high-risk
patients (Figure 1, p=0.0031 and p=0.0258, respectively).
Conclusions
Combining multiple modalities to stratify patients into risk groups is
a critical step to improving the management of melanoma patients.
Here, we find that a composite biomarker consisting of the MIP sig-
nature and CTL/macrophage ratio successfully stratifies patients into
three risk groups predictive of DSS, thus highlighting the potential
use of combination biomarkers for adjuvant therapy.
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Background
Acute myeloid leukemia (AML) is a molecularly and clinically hetero-
geneous hematological malignancy. Although immunotherapy may
be an attractive modality to exploit in AML, the ability to predict the
groups of patients and the types of cancer that will respond to im-
mune targeting remains limited [1-2]. Herein, we aimed to determine
whether prognostic molecular lesions, including TP53 mutations, cor-
relate with the AML immune milieu and identify a patient subgroup
that may benefit from immunotherapy approaches.
Methods
The Cancer Genome Atlas (TCGA) discovery cohort consisted of RNA-
sequencing data from 162 AML patients with complete cytogenetic
and clinical annotation. The second public cohort consisted of RNA-
sequencing data from 281 AML patients treated on the Beat AML
Master Trial. Immune cell type-specific and biological activity scores
were computed as previously published [3]. GeoMx(TM) Digital
Spatial Profiling (DSP) [4] was used to characterize the expression of
31 immuno-oncology-related proteins in FFPE bone marrow (BM)
samples from 10 patients with newly-diagnosed AML (SAL cohort).
Results
Immune gene sets stratified TCGA-AML patients into two distinct
clusters expressing genes associated with adaptive immune re-
sponses and an interferon (IFN)-gamma-dominant tumor microenvir-
onment (TME) and gene modules capturing BM infiltration with
monocytes, macrophages and other myeloid cells. Patients with
adverse-risk molecular lesions, including somatic TP53 and RUNX1
mutations, clustered in the immune-infiltrated subgroup (Fig. 1A-B).
In contrast, the majority of TCGA-AML cases with favorable/inter-
mediate-risk molecular lesions were classified as immune-depleted.
Similarly, 16 out of 17 TP53-mutated Beat AML cases (validation co-
hort) expressed high levels of CD8 transcripts, markers of cytotoxicity
and downstream IFN signaling genes compared to TP53 wild-type
(WT) cases. We next analyzed protein profiles in BM specimens from
a third independent AML series (SAL cohort) using GeoMx DSP (Fig.
1C). We identified four microenvironmental protein signatures (SIG1-
4). Abnormalities in SIG3 genes (i.e., mRNA up-regulation, gene amp-
lification, deep deletion and mis-sense mutations of PD-L1, FoxP3,
cytotoxicity molecules, PTEN and BCL2) were predominantly ob-
served in TCGA patients with IFN-gamma-dominant AML and corre-
lated with higher tumor mutational burden, adverse cytogenetic
features, TP53 mutational status and worse clinical outcomes (Fig.
1D). Mechanistically, IFN-gamma inhibited chemotherapy-induced
cell death in TP53-mutated Kasumi-1 AML cells treated with PRIMA-1
[6], a TP53 reactivator (Fig. 1E).
Conclusions
Congruent with previous reports in breast cancer with genetic in-
stability [5], this study provides evidence for a correlation between
IFN-gamma-dominant AML subtypes and TP53 mutations, an estab-
lished adverse prognosticator, and could support the implementation
of immunotherapy clinical trials in this specific patient subgroup.
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Background
Chimeric antigen receptor (CAR) T cell therapy has proven to be
highly effective in treating hematologic malignancies, and major ef-
forts are being made to achieve similar efficacy in solid tumors. The
greater potency of CAR-T cells compared to antibody therapeutics
demands a more stringent CAR-T target safety assessment to avoid
adverse events resulting from “on-target/off-tumor” activity. Further-
more, it is critical to track and monitor CAR+ T cells within the con-
text of intact tissue and tumor to understand the mechanisms
underlying off-tumor toxicity and efficacy in tumor killing.
Methods
We employed the RNAscope in situ hybridization (ISH) technology to
assess target expression specificity and to track CAR-T cell distribu-
tion and activation in xenograft and host tissues using the RPMI-
8226 xenograft mouse model.
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Results
For the CAR-T target candidates, BCMA and ROR1, RNA ISH revealed
that BCMA was only expressed in the xenograft tumor and in no
mouse organs, while ROR1 was found to be expressed at low levels
in mouse lung and liver, as well as in the xenograft tumor. Duplex
RNA ISH assays with probes targeting the CAR 3’ UTR and either IFNG
or GZMB mRNA allowed for highly sensitive and specific detection of
CAR-T cells and their activation state in both tumor and normal tis-
sues from vehicle, anti-BCMA CAR-T cell, or anti-ROR1 CAR-T cell
treated mice. Activated anti-BCMA CAR-T cells expressing GZMB and
IFNG were found only in the xenograft tumor, where BCMA was
expressed. In contrast, activated anti-ROR1 CAR-T cells were found al-
most exclusively in mouse lung and liver, with very few anti-ROR1
CAR-T cells being found in the xenograft tumor, consistent with the
previously observed pulmonary and hepatic toxicity of anti-ROR1
CAR T cells that was not predicted by IHC analysis of ROR1 protein
presumably due to lack of antibody sensitivity. Lastly, a multiplex
ISH-IHC approach confirmed the presence of activated BCMA CAR-T
cells in the xenograft tumor through simultaneous detection of the
BCMA CAR 3’ UTR, IFNG, GZMB, and CD3.
Conclusions
These data demonstrate how the RNAscope assay can be utilized for
CAR-T cell efficacy and safety/toxicity assessment in preclinical
models by detecting very low levels of target antigen expression in
off-tumor tissues and monitoring CAR-T cell pharmacodynamics and
activation in tumor models and can also be applied for assessing
TCR-T cell activity in tumors.
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Background
Treatment of metastatic melanoma has vastly improved over the
past decade due to the rise of immunotherapy. Adoptive cell therapy
(ACT) of tumor-infiltrating lymphocytes (TIL) has yielded a 40-50% re-
sponse rate in this subset of patients. Although this living therapy
yields durable responses, it is unknown why some patients do not re-
spond or are not afforded lasting protection. Previously, we have
demonstrated that phenotypic differences of the infused TIL, LDH
levels, as well as number and type of prior systemic therapies impact
responses. To gain further insight into the role of genetic alterations
and response to TIL therapy, we interrogated pre-treatment tumor
tissue from TIL treated patients.
Methods
Tumor samples were collected from 74 patients from MD Anderson
Cancer Center (MDACC) and 10 patients from Moffitt Cancer Center.
A subset of patients from MDACC also had tumor biopsies collected
at recurrence (n=6). Whole exome sequencing (WES), and RNA se-
quencing, were assessed along with response, progression free sur-
vival (PFS), and overall survival (OS).
Results
WES on pre-treatment tumor tissue first revealed that a high neoanti-
gen burden is predictive of long-term OS, but is not associated with
PFS or response to treatment. Interestingly, when compared with
mutation rates found in TCGA, we found mutations of the genes
KCNQ2 and SFTA3 were enriched in the overall patient cohort from
both centers (1.9 vs 13% for KCNQ2 and 0.6 vs 6% for SFTA3). To our
knowledge, this observation was never reported prior and could be
linked to the difference in stage of the disease between TCGA
(mostly stage III) and our cohort (stage IV). When assessing the clonal
evolution in the biopsies collected at recurrence vs the matched pre-
treatment tumor tissue, no common driver DNA alteration could be
identified, however changes in the prevalence of tumor subclones
could be observed. RNA sequencing analysis revealed three genes
significantly enriched in patients experiencing long-term PFS, long-
term OS, and response to therapy (PDE1C, RTKN, and NGFR), while
one gene enriched with the inverse outcomes (ELFN1).
Conclusions
Using genetic information, we uncovered potential biomarkers for re-
sponse to TIL ACT in metastatic melanoma which can be assessed
prior to treatment. This analysis also highlights potential routes of
immune escape.
Trial Registration
Trial NCT00338377 was conducted at UT MD Anderson Cancer Center
and trials NCT01005745, NCT01701674, and NCT01659151 were con-
ducted at Moffitt Cancer Center.
Ethics Approval
This study was approved by UT MD Anderson Cancer Center's and
Moffitt Cancer Center's Ethics Board.

O6
Enhanced presence of a myeloid-like NK cell subpopulation is
associated with MHC class I-deficient tumor escape
Yimin Du, PhD1, Curtis Perry, MD, PhD2, William Damsky, MD, PhD2,
Katherine Hastings, PhD2, Patricia Rodriguez-Morales1, Dan Chen, PhD1,
Kacie Traina1, Ivy Phung3, Ting Zhou2, Aaron Ring, MD, PhD2, Katerina
Politi, PhD2, Susan Kaech, PhD1

1Salk Institute for Biological Studies, La Jolla, CA, United States; 2Yale
University, New Haven, CT, United States ; 3University of California San
Diego, La Jolla, CA, United States
Correspondence: Susan Kaech (skaech@salk.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O6

Background
Recent advances in immunotherapies (e.g. anti-PD-1 or –CTLA-4)
aiming to enhance anti-tumor immunity have shown promising
results in cancer patients. However, resistance to these therapies
is a major challenge we face today [1]. An emerging mechanism
of cancer resistance to immune checkpoint inhibitors is impair-
ment of major histocompatibility class I (MHC-I) antigen presenta-
tion through disruption of B2M (encoding a critical component of
MHC-I) [2]. While it is intuitive that compromised CD8 T-cell re-
sponses are directly responsible for defective control of tumors
with low or absent MHC-I, it is critical that we better understand
why other immune cells, especially natural killer (NK) cells, also
fail to suppress the growth of these types of tumors, as they are
known for their rapid and effective response targeting infected
cells with low or absent MHC-I expression [3].
Methods
Using CRISPR/Cas9-mediated genetic knockout of B2M in our murine
melanoma model, as well as single-cell RNA sequencing (sc-RNAseq)
and flow cytometry, we were able to effectively probe the phenotype
and function of tumor-infiltrating NK cells.
Results
Our preliminary sc-RNAseq analysis indicated that B2M-/- (B2M-
KO) tumoral NK cells appear to acquire a “neo-phenotype” ac-
companied by increased expression of myeloid cell-like genes
(Figure 1). We hypothesize these genetic changes underlie the
functional impairments in MHC-I-deficient tumoral NK cells. Fur-
ther validation using both standard (Figure 2) and imaging-
based flow cytometry indicated that B2M-KO tumoral NK cells
exhibit enhanced co-expression of CSF1R and C5AR, two mole-
cules that are critical for myeloid survival and differentiation
and are known to disrupt effector CD8 T-cell and NK cell func-
tions. Moreover, our analysis revealed impaired effector and
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Fig. 3 (abstract 06). Anti-CSF1R treatment leads to delayed B2M-KO
tumor growth
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cytotoxic capacity of C5AR/CSF1R co-expressing NK sub-
population. Additionally, treating tumor-bearing B6 mice with a
CSF1R inhibitor led to delayed B2M-KO tumor growth that is
NK-dependent (Figure 3).
Conclusions
We hereby demonstrate enhanced presence of a myeloid-like NK
sub-population in the context of B2M or MHC-I deficiency in our
murine melanoma model, for which such phenotype is linked to
compromised anti-tumor immunity. Future works will seek to find
out if myeloid-like phenotypes are observed in tumoral NK cells in
human cancer patients. Our research, therefore, has significant impli-
cations in cellular and therapeutic targeting for CD8 T-cell resistant
tumors.
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Fig. 2 (abstract 06). B2M-KO tumoral NK cells have higher
C5AR/CSF1R co-expression
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Background
Chimeric antigen receptor (CAR)-T therapy has shown great promise
against relapsed/refractory multiple myeloma (MM) by targeting the
B cell maturation antigen (BCMA), an example being Poseida’s P-
BCMA-101 product candidate. Nevertheless, the need to manufacture
an individualized product from highly variable patient material,
lengthy vein-to-vein time and high manufacturing cost remain chal-
lenges of autologous CAR-T. Employing the nonviral piggyBac® (PB)
DNA Modification System in combination with the high-fidelity Cas-
CLOVER™ (CC) Site-Specific Gene Editing System , we have developed
P-BCMA-ALLO1, an off-the-shelf allogeneic CAR-T cell product candi-
date aimed at overcoming the limitations of autologous therapy.
Methods
For manufacture of P-BCMA-ALLO1 from healthy donor T cells, the
PB system is used to stably deliver the transgene, while the CC sys-
tem is used to knockout expression of T cell receptor (TCR) and MHC,
while avoiding unwanted off-target cutting. We also use a propri-
etary “booster molecule” to increase the yield, enabling the produc-
tion of hundreds of patient doses from a single manufacturing run.
P-BCMA-ALLO1 final product is >95% CAR+, >99.5% TCR-KO and is
comprised of a high percentage of desirable TSCM cells (CD45RA+,
CD62L+), similar to P-BCMA-101, contributing to safety and
durability.
Results
Preclinical evaluation of P-BCMA-ALLO1 demonstrated potent effi-
cacy in coculture assays against multiple BCMA+ cell lines. In
addition, P-BCMA-ALLO1 secreted IFNγ and mediated robust (70-
90%) killing of cell targets. Moreover, product generated from mul-
tiple different donors showed strong potency in an NSG xenograft
model implanted with RPMI-8226, an aggressive human MM-derived
tumor model. Untreated animals showed rapid tumor progression
and succumbed to disease within the standard 5-7 weeks. In con-
trast, mice treated with P-BCMA-ALLO1 from any donor showed re-
duction of tumor burden below the limit of detection by caliper
within ~2 weeks and remained tumor-free for the duration of the
study. TCR-KO P-BCMA-ALLO1 cells were readily detectable in the
blood of tumor-bearing animals, demonstrating good durability in
mice.
Conclusions
Altogether, P-BCMA-ALLO1 exhibited potent effector function in pre-
clinical studies and will be rapidly advanced into the clinic for the
treatment of MM.
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Background
CD47 is a widely expressed receptor that controls innate and adap-
tive immunosurveillance by engaging its counter receptor SIRPα or
by binding to its ligand Thrombospondin-1 (TSP1). TCGA data shows
that high expression of TSP1 is associated with low survival probabil-
ity of melanoma patients and its expression is elevated in metastatic
melanoma versus localized lesions.
Methods
TSP1 expression was examined by single cell RNA sequencing in mel-
anoma patient’s peripheral blood mononuclear cells (PBMCs) and
was validated by ELISA . Expression of CD47 was examined by Flow
cytometry. T cell antigen-specific responses were determined using
isolated CD8+ T cells from Pmel-1 transgenic mice in an in vitro cell
impedance platform. Cellular bioenergetics was measured using a
Seahorse® bioanalyzer. Mechanisms of TSP1/CD47 regulation of the
tumor microenvironment were examined in the B16 melanoma
model and oxygen tension was measured by photoacoustic imaging.
Results
scRNAseq shows that TSP1 expression localizes to the myeloid popu-
lation (CD163+, CD11b+) and it is induced in patients after the first
cycle of anti-PD1 therapy suggesting that TSP1 could serve as a po-
tential marker of immune checkpoint blockade (ICB) response (N=16,
*p
Conclusions
Our data indicates TSP1/CD47 expression serves as markers of ICB re-
sponse and targeting this pathway may impact cell bioenergetics to
reduce tumor burden.
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Background
T cells modified with a chimeric antigen receptor (CART) target-
ing CD22 have demonstrated exciting efficacy in clinical trials, in-
ducing remission in 70% of patients with relapsed and refractory
B-precursor acute lymphoblastic leukemia (B-ALL) including those
resistant to CD19 targeted immunotherapy [1,2]. However, follow-
up data from these trials has demonstrated that a considerable
percentage of patients will relapse following CD22-directed CAR T
cell therapy (CD22-CART), commonly with decreased leukemic ex-
pression of CD22.
Methods
In this study, we investigated the mechanistic connection of antigen
density to CART function measured by the phosphoproteomic signa-
ture upon CAR stimulation. To model a spectrum of leukemic CD22
expression, we used previously-generated variants of the NALM6 B-
ALL cell line which are modified to stably express varying levels of
CD22. We studied CD22-CART signaling in the presence of these cell
lines using phospho-flow cytometry. We further evaluated CD22-
CART efficacy in vivo using a murine xenograft model of refractory B-
ALL.
Results
We found that decreased CD22 antigen density on target
leukemia cells is associated with a diminished percentage and
intensity of ERK phosphorylation in CD22-CART, an indicator of T
cell activation. These findings were corroborated by an observed
decrease in the T cell activation markers PD-1 and CD69 as
leukemic CD22 expression decreased. In an attempt to improve
CD22 CART efficacy in the setting of low antigen density, we ex-
plored multiple mechanisms to improve CD22-CART signaling.
Using a high affinity variant of the CD22-CAR (CD22-CARTV1), we
noted increased in both the p-ERK intensity and percentage of
p-ERK-positive CART in response to CD22lo leukemia in vitro,
which led to improved in vivo leukemic clearance and CAR per-
sistence. Additionally, using the BRAF inhibitor Vemurafenib, we
were able to increase the intensity of p-ERK in CD22-CART. Fi-
nally, we noted that PD1hi and CD69hi CD22-CART demon-
strated a higher percentage of p-ERK after antigen stimulation,
suggesting that expression of these markers may be predictive
of CART response.
Conclusions
Together, our results indicate the promise of the high affinity CD22-
CARTV1 for the treatment of CD22lo leukemia and suggest that
modification to CART design and targeted therapies to enhance sig-
naling are viable, clinically relevant strategies to improve CART effi-
cacy and persistence.
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Background
Cancer therapy has been revolutionized by immunotherapy in recent
research or clinic[1-4]. Two forms of immunotherapy have demon-
strated significant clinical activity: antibodies targeting checkpoint
proteins[5] and adoptive cellular therapy (ACT). Among ACT, chimeric
antigen receptor (CAR) engineered T cell has gained great success
targeting hemopoietic malignancy[6-8]. These receptors take advan-
tage of scFv from antibody specific to antigen expressed on tumor
surface and activate the T cells targeting tumor cells once interact
with tumor cells[9-13].
Despite promising clinic outcome in hemopoietic tumor therapy, CAR-T
cell therapeutic performance in solid tumor patients is less satisfac-
tory[14,15]. The potential challenge includes the difficulty of CAR-T to mi-
grate and persist in solid tumor where the immunosuppressive tumor
microenvironment (TME) greatly restricts the function of CAR-Ts. One sig-
nificant obstruct for the study of CAR-T cells for solid tumor treatment is
the lack of reliable orthotopic tumor models that can be implanted
orthotopically into immunocompetent animal and treated using CAR-Ts.
Methods
Here, we took the advantage of orthotopic NT2 mammary tumor in
FVB-Neu mice, a model in which T cells develop central tolerance to
Neu-expressing tumors, similar to human patients presenting with
HER-2+ breast tumors[16]. Neu expressing tumors can be targeted
by anti-Neu CAR-Ts we developed from antibody hybridoma, which
is similar to the HER-2/neu-specific CAR T cells currently used in clin-
ical trials.
Results
We demonstrated conventional method expanded CAR-T with IL-7
and IL-15 (7/15 CAR-Ts) failed to induce in vivo tumor growth control
in established mammary tumors regardless of approaches to alter
the TME. However, CAR transduced CD4 and CD8 T cells cultured
under Th17 condition (Th/Tc17 CAR-Ts) has better persistence and
expansion in vivo compared to 7/15 CAR-Ts. Furthermore, the en-
hanced cytolysis of Th/Tc17 CAR-Ts was licensed by locally STING
agonist treatment, and lead to short term tumor growth control. Fi-
nally, the combination of TME modulation by myeloid-derived sup-
pressive cells (MDSCs) depletion led to profound tumor regression in
mice receiving Th/Tc17 CAR-Ts with STING administration, and the
tumor resolution was accompanied with cytokine release like symp-
tom that caused mortality in animals with the fastest tumor
shrinkage.
Conclusions
In conclusion, we found STING agonist administration can enhance the
therapeutic effect of Th/Tc17 CAR-T in vivo against breast tumor in im-
munocompetent host and further combinational of MDSC depletion
can lead to tumor clearance with CRS like symptom. Our work provides
significant new insight into approaches to improve CAR-T efficacy for
solid tumor, which can be rapidly translated into clinic.
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Background
Immune checkpoint blockade has become a pillar of oncology for its
effectiveness in treating some patients with advanced cancers. How-
ever, ≤90% of patients develop minor to severe immune-related ad-
verse events (irAEs), marked by normal tissue inflammation and
significantly associated with a higher tumor regression rate [1]. Glu-
cocorticoids often administered to manage irAEs may blunt anti-
tumor immunity. This study was undertaken to investigate the func-
tional relationship between anti-tumor and anti-self immunity that
could uncover more refined approaches to both irAE management
and tumor control.
Methods
Under the Johns Hopkins Legacy Gift Rapid Autopsy Program,
multiple biopsy samples were collected over 6 years from diagno-
sis to death in a melanoma patient experiencing both tumor re-
gression and irAEs after receiving anti-PD-1 and anti-CTLA-4.
Fourteen specimens including tumor, inflamed and non-inflamed
normal tissues were collected. Laser-capture microdissected (LCM)
anti-tumor and anti-self inflammatory infiltrates from eight FFPE
samples were subjected to gene expression profiling (GEP) by
multiplex qRT-PCR for 123 immune-related genes; infiltrates from
six of these samples underwent TCRVB sequencing and deep
learning analysis. Expression of 14 immune cell subset and regu-
latory molecules was assessed in 12 samples by immunohisto-
chemistry (IHC).
Results
GEP revealed genes abundantly expressed across all samples, includ-
ing those involved in MHC and antigen presentation (B2M, CD74,
HLA-DRA), IFN signaling (STAT1, CXCL9), innate immunity (LYZ,
DDX58/RIG-I), and immunosuppression (TGFB1, TIGIT, LGALS9/galec-
tin-9, HAVCR2/Tim-3). Some genes were poorly expressed across all
samples, including those related to lineage differentiation or function
of neutrophils (CEACAM8/CD66b, CSF2/GM-CSF), Th2 cells (IL4, IL13),
and Th17 cells (IL17, IL22, IL22RA2, IL23A). Inflammatory infiltrates in
normal tissues significantly over-expressed genes associated with
regulatory T cells (FOXP3, CD4, TGFB1), immunosuppression (SOCS1,
CSF1R, IL27&EBI3, KLRG1), and the COX2 pathway (IL1B, PTGER1/EP1,
PTGER4/EP4). Focal LCM&GEP was more informative than quantita-
tive whole slide IHC analysis. TCRseq revealed relatedness among
samples from normal tissue inflammation, however dominant clones
were not shared with tumor infiltrates.
Conclusions
Rapid autopsy in an individual with melanoma allowed a unique op-
portunity to study the effects of immune checkpoint blockade on
tumor regression and normal tissue inflammation in multiple organs.
We found enhanced immunosuppression in inflamed normal tissues,
reflecting intrinsic homeostatic mechanisms. TCRseq indicated that
anti-tumor and anti-self immunity may be parallel processes caused
by distinct T cell clones. Individual genes upregulated in irAEs, such
as IL1B, EP1 and EP4 (prostaglandin receptors), are targetable with
existing drugs and may present new opportunities to specifically sup-
press irAEs while promoting anti-tumor immunity.
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Background
Many studies examining tumor immunology and the effects of radi-
ation therapy (RT) and PD-1 checkpoint blockade immunotherapy
(CBI) have focused on T-cells or myeloid cells. However, B-cells are a
critical arm of the adaptive immune system and generate antibodies
targeting tumors for eradication. Nevertheless, the role of B-cells in
response to RT or CBI and resultant patient outcomes remains largely
unknown. Here we studied B-cells in HPV-associated squamous cell
carcinomas and identified dramatic changes induced by RT and CBI,
and novel B-cell markers associated with improved overall survival.
Methods
For human studies we analyzed two independent databases of
tumor RNA-seq from over 800 head and neck (HNSCC) and cervical
cancer patients, including a prospective validation cohort. We per-
formed proteomics array on samples from patients treated with CBI
and RT to analyze antigen specific B-cell responses. For murine stud-
ies syngeneic head and neck models were used including MEER and
AT-84. C3H and C57B/6 mice with palpable flank tumors were treated
with combinations of RT and CBI. B-cell surface markers in the
spleen, lymph nodes, and tumor were analyzed by flow cytometry.
BCR sequencing was performed and analyzed using ImmunoSeq
platform. Single-cell RNA sequencing (scRNA seq) was performed
using the 10X Genomics platform and analyzed using Seurat v3.
Results
RT and CBI induced dramatic changes in systemic B-cell activation,
T1 and T2- type B-cells, memory cells, plasma cells, and antigen spe-
cificity. B-cell depletion significantly increased tumor growth using
HNSCC models. BCR sequencing identified that CBI and RT increase
the maximum productive frequency and clonality, and modified
CDR3 length. scRNA seq of sorted B-cells identified striking increases
in B-cell germinal center development after CBI and RT. Proteomics
analysis revealed remarkable increases in IgG antibody levels in pa-
tients with objective responses after CBI and RT. Finally, analysis of
tumor RNA sequencing data from two independent databases of
over 800 patients identified CD19 and IGJ as novel B-cell specific
prognostic biomarkers for 3-year overall survival (OS; 3-year OS haz-
ard ratio = 0.545, P < 0.001).
Conclusions
RT and CBI activate multiple B-cell subpopulations, modulate B-cell
germinal center formation and maturation, and enhance B-cell medi-
ated antigen-specific immune responses. Furthermore, we discovered
CD19 and IGJ as novel B-cell prognostic biomarkers for 3-year overall
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survival in patients with HPV-associated squamous cell carcinomas.
These findings establish a key role for B-cells in HPV-associated
tumor biology and reveal a novel B-cell mediated immune mechan-
ism by which PD-1 blockade may improve patient outcomes.
Ethics Approval
Patients in the JHU cohort were recruited under protocol NA_00-
36235, which was approved by the JHU IRB. Patients in the University
of California, San Diego (UCSD) cohort were recruited under IRB ap-
proved protocol UCSD HRPP 151570 (ClinicalTrials.gov Identifier:
NCT02843165).
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Background
Although anti-PD1 antibodies have produced durable control in
some patients, most do not respond to this therapy and even those
who do often develop resistance. The mechanisms underlying im-
munosuppression and resistance to PD1 inhibitors in lung cancer are
not well understood, raising fundamental questions about the drivers
of this resistance and how to enhance antitumor immune function to
overcome treatment resistance. Here, we report that overexpression
of bone morphogenetic protein (BMP)-7, a member of the TGF-beta
superfamily, represents a new mechanism for resistance to anti-PD1
therapy in preclinical models and in patients with disease progres-
sion on immunotherapies.
Methods
Paraffin-embedded tissues from mouse and patients treated with
pembrolizumab or ipilimumab were examined via IHC. BMP7 and cy-
tokines/chemokines serum levels were analyzed by Elisa. Macro-
phages and CD4+T cells were isolated using magnetic beads and
used in co-culture experiments. Anti-PD1-resistant 344SQ murine
lung cancer cells (p53R172HΔg/+K-rasLA1/+) and parental cells were
inoculated into syngeneic 129Sv/Ev mice, which were treated with
anti-PD1, follistatin, anti-CTLA-4 or anti-PDL1. Tumor tissues were an-
alyzed as follows: methylation status by reduced representation bisul-
fite sequencing and pyrosequencing methylation assay; protein
levels by reverse-phase protein array. Tumor-infiltrating lymphocytes
were isolated for flow cytometry and gene expression analyses using
Nanostring. Prism 8.0 software and R were used for statistical
analyses.
Results
BMP7 was upregulated in mouse and human tumors resistant to im-
munotherapies, and BMP7 levels were higher not only in blood from
mice bearing resistant tumors but also in pretreatment blood from
patients with disease progression on anti-PD1. BMP7 specifically reg-
ulated p38α expression via SMAD1 activation in mouse and in cancer
patients with progression on immunotherapies. BMP7 is secreted by
tumor cells and acts on immune cells, promoting downregulation of
p38α and p38α-regulated cytokines and chemokines IL-1alpha, IL-
1beta, TNF-alpha, RANTES, IFN-gamma, and IL-2. We found increased
numbers of CD4+ and CD8+ IFN-gamma+ T cells and decreased per-
centages of M2 macrophages in BMP7-knockdown tumors treated
with anti-PD1 compared with control. Knockdown of BMP7 or its
neutralization via follistatin in combination with anti-PD1, anti-CTLA4
or anti-PDL1 extended survival and re-sensitizes resistant tumors to
immunotherapies.
Conclusions
Our studies revealed that BMP7 impinged effector T cell functions
while favoring the generation of immunosuppressive cells precluding
response to immunotherapy. Knockdown of BMP7 or its
neutralization via follistatin in combination with anti-PD1 re-
sensitizes resistant tumors to immunotherapies. Collectively, our re-
sults support that targeting BMP7 may represent a new approach to
overcome resistance to checkpoint blockade in cancer.
Ethics Approval
All analyses were approved by the UT MD Anderson Cancer Center
institutional review board (protocols 2014-1020 and 2013-0882). All
mouse studies were approved by the Institutional Animal Care and
Use Committee (IACUC) of The University of Texas MD Anderson
Cancer Center before their initiation; animal care was provided ac-
cording to IACUC standards, and all mice had been bred and were
maintained in our own specific pathogen-free mouse colony.
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Background
Immune checkpoint blockade therapies have transformed the
landscape of cancer care. Durable clinical responses have been
observed in a subset of patients with historically difficult-to-treat
cancer types. Despite these successes, many patients do not re-
spond, indicating a primary resistance. Additionally, a significant
proportion of patients develop progressive/recurrent disease after
an initial clinical benefit, known as secondary resistance, a setting
in which tumors may arise under a strong immune selection
pressure. Further work is needed to elucidate and target second-
ary mechanisms of resistance, which may in turn improve treat-
ment outcomes for patients.
Methods
To identify genes critical to immunotherapy resistance, B16.SIY cells
were transduced with a genome-scale gRNA lentivirus to generate
loss of function mutants. In vitro-primed CD8+ T cells isolated from
2C/Rag2–/– TCR transgenic mice specific for the SIY antigen were co-
cultured with transduced B16.SIY tumor cells. Resistant mutants were
identified by sequencing the gRNAs of survival clones. Ifngr2 and
Jak1 mutants were identified from the screen. Based on these results,
we generated Ifngr2 and Jak1 deficient mutants using CRISPR-Cas9
gene editing. To investigate the role of genes in tumor growth and
immune responses in vivo, the mutants were transplanted into B6
mice and the mice were subsequently treated with anti-PDL1 anti-
body. The tumor microenvironments were analyzed by flow
cytometry.
Results
The genome-wide CRISPR screen identified Ifngr2 and Jak1 mutants
resistant to CD8+ T cell killing in vitro. However, when implanted into
mice, these mutant tumors paradoxically were better controlled im-
munologically and the anti-tumor CD8+ T cell response was aug-
mented. This phenotype mapped to defective PD-L1 upregulation on
mutant tumor cells which improved the anti-tumor efficacy of CD8+
T cells. To reconcile these observations with clinical reports of anti-
PD-1 resistance linked to emergence of IFN-γ signaling mutants,
wild-type and mutant tumor cells were mixed prior to implantation
and anti-PD-L1 treatment, to recapitulate tumor cell heterogeneity.
Under these conditions, IFN-γ signaling mutant tumor cells indeed
grew out.
Conclusions
Our results illustrate the complexity of functions for IFN-γ in anti-
tumor immunity and demonstrate that intra-tumor heterogeneity
and clonal cooperation can contribute to patterns of immunotherapy
resistance.
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Background
Immune checkpoint blockade (ICB) has provided robust, dur-
able responses for a subset of patients. Initial studies focused
on high-mutation burden, or “mutator,” cancers identified po-
tential protein, mutational, and gene expression biomarkers for
patient response. While emerging clinical data indicates ICB
may also contribute to treatment of “non-mutator” cancers,
such as renal cell carcinoma and glioblastoma, we and others
have found established clinical biomarkers exhibit minimal ac-
tivity at predicting response in non-mutator patient cohorts.
Methods
To analyze predictive biomarkers for ICB response, we gathered
11 non-mutator patient cohorts across 5 different tumor
lineages treated with ICB, along with molecular profiling data
including gene expression profiling, PD-L1 immunohistochemis-
try, tumor mutation burden (TMB), and relevant clinical infor-
mation. Mechanistic studies using flow cytometry, microscopy,
and quantitative cellular fractionation were performed using
human and mouse cell lines. Pre-clinical mouse models of ICB
treatment were used to validate ICB response mechanisms and
analyze immune populations with multispectral imaging.
Results
We demonstrate accurate prediction of ICB response in all 11
non-mutator patient cohorts spanning 5 tumor lineages using a
gene expression signature indicative of replication stress response
(RSR) defects. Across these cohorts the average area under the
receiver-operator characteristic (ROC) curve was 0.82 (range 0.72-
1.00). No other evaluated biomarker, including mutation/neoanti-
gen burden, PD-L1 immunostaining, and the T cell inflamed gene
expression signature, was able to predict outcomes across these
cohorts. Pre-clinical studies show that RSR defect-high tumor cells
undergo RPA exhaustion downstream of aberrant origin firing,
leading to accumulation of immunostimulatory cytoplasmic DNA.
Consistent with this, pharmacological induction of RSR defects in-
duced accumulation of cytoplasmic DNA and sensitivity to ICB,
whereas suppression of origin firing reduced cytoplasmic DNA
causing ICB resistance. Both multispectral immunostaining of pre-
clinical models and in silico analysis of patient cohorts failed to
uncover any conserved relationship between infiltrating immune
populations and response to ICB.
Conclusions
The RSR defect gene signature can accurately identify patients who
will benefit from ICB across numerous non-mutator tumor lineages,
and the benefits of ICB may be further expanded by pharmacological
induction of the RSR defect phenotype.
Ethics Approval
All samples used were collected in accordance with their re-
spective institutes' Ethics Boards. All animal studies were ap-
proved by IACUC at The University of Texas MD Anderson
Cancer Center.
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Background
Single agent PD-1/L1 inhibition is efficacious in MCRC patients
(pts) with high microsatellite instability (MSI-H). For the vast
majority of MCRC pts with MS stable (MSS) phenotype the role
of immunotherapy still needs to be determined. Based on the
induction of immunogenicity by chemotherapy, particular oxali-
patin and immunogenic cell death by cetuximab in combin-
ation with chemotherapy the standard 1st line regimen
FOLFOX and cetuximab in combination with avelumab was
evaluated.
Methods
The single arm phase II AVETUX trial combined mFOLFOX6 and
cetuximab with avelumab (10mg/kg day 1 from cycle 2 onwards) in
RAS/BRAF wildtype (local lab) MCRC pts. Primary endpoint was 12
month progression-free survival rate. Secondary endpoints included
overall response rate (ORR), tolerability, overall survival and transla-
tional research evaluating tissue including PD-L1 expression (tumour/
immune cells) and serial ctDNA. Efficacy analyses were done by
intention to treat (ITT).
Results
Overall 43 pts were enrolled. Median age was 61 (range 29-82),
14 pts (33%) were female and 39 (91%) left sided. 30 pts (70%)
had liver mets and 17 (40%) liver mets only. 2 pts were MSI-H,
one MSI-low and 40 MSS. Besides immediate and otherwise un-
explained fever in 4 pts treatment was well tolerated and avelu-
mab was not associated with unexpected adverse events to
standard FOLFOX/cetuximab. Central tissue review found 4 pts
to be ineligible due to low frequent KRAS or BRAF mutation
(15-31%). Thus, ITT included 39 pts. The ORR was 79.5%, includ-
ing 6 complete (CR) and 25 partial responses (PR). Further 5
stable diseases were noted, thus disease control rate was
92.3%; 2 pts had progression and 1 was not evaluable. Early
tumor shrinkage (ETS) rate (≥20% after 8 weeks) was 79.5% (1
CR, 27 PR and 3 SD with ≥20% -
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Conclusions
The AVETUX regimen was feasible producing a high rate of re-
sponses in MSS pts mainly occurring within the first 8 weeks. The
noted ORR/ETS of 79.5% warrants further evaluation in a randomized
trial.
Trial Registration
NCT03174405
Ethics Approval
The study protocol was approved by the local ethics committees
(PVN 5447), and was also subject to authorization by the competent
authority.
Consent
Written informed consent was obtained from the patient for publica-
tion of this abstract. A copy of the written consent is available for re-
view by the Editor of this journal.

O17
A novel enantio-specific cationic lipid R-DOTAP + HPV16 E6 & E7
antigens induces potent antigen-specific CD8+ T cell responses in-
vivo in subjects with CIN and high-risk human papillomavirus
infection
Lauren Wood, MD1, Lance Edwards, MD2, Daron Ferris, MD3, Nicole
Nevadunsky, MD4, Sara Isani, MD4, Greg Conn, PhD1, Frank Bedu-Addo,
PhD1, Mark Einstein, MD5

1PDS Biotechnology, Berkeley Heights, NJ, United States ; 2Suffolk Obstetrics
and Gynecology, Port Jefferson, NY, United States ; 3Augusta University,
Augusta, GA, United States ; 4Montefiore Medical Center, Bronx, NY, United
States ; 5Rutgers-NJMS, Newark, NJ, United States
Correspondence: Lauren Wood (lwood@pdsbiotech.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O17

Background
Persistent human papillomavirus (HPV) 16 DNA infection is associated
with up to 60% of cervical cancers as well the high grade cervical
intraepithelial neoplasia (CIN) that precedes them. Current treatment
strategies focus on excision of these virally mediated precancerous
lesions and cancers, which lead to preterm birth and other issues
highlighting an unmet clinical need for medical therapeutics. Thera-
peutic vaccines to date have been limited in their ability to generate
high levels of HPV16-specific CD8 cytolytic T cells (CTL) in vivo. Here
we describe a phase I dose escalation study of PDS0101, a novel
multi-functional HPV16-specific immunotherapy which acts via anti-
gen cross presentation and induction of type I interferons [1] in
women with high-risk (hr) HPV infection and CIN. (NCT02065973)
Methods
Twelve females (median age 33 years, range 24-51), with confirmed
CIN1 and hrHPV DNA infection received PDS0101 administered sub-
cutaneously at doses of 1.0, 3.0 and 10.0 mg of R-DOTAP with a fixed
2.4 mg dose of HPV16 peptide mix. Vaccines were administered at
Days 1, 22 and 43, with immune monitoring pre-treatment, 14 days
after each vaccination and at Day 133. HPV16-specific CD8+ T-cell in-
duction was assessed by Granzyme B ELISPOT. All subjects were
monitored for safety and tolerability of vaccination.
Results
Four of 12 subjects (33%) had HPV16, with 8 subjects (67%) having
two or more HPV genotypes. A total of 15 HPV genotypes were doc-
umented (mean 2.5 genotypes/subject). Two subjects had high pre-
existing HPV responses. The remaining 10 subjects had low HPV16-
specific T-cell responses pre-vaccination: 100% (10/10) developed
vaccine-induced HPV16-specific T-cell responses on day 14: 9 of 10
(90%) had IFN-γ responses while 6 of 9 (67%) had granzyme B re-
sponses. Comparable CD8 T cell reactivity was observed in the 3.0
and 10.mg R-DOTAP cohorts as assessed by mean fold-increase over
baseline as shown in Table 1. All doses were well tolerated with the
most common toxicity of self-limiting local injection site reactions
that resolved within several days.
Conclusions
PDS0101 is associated with induction of potent HPV16-specific CD8 T
cells with a granzyme B cytolytic profile and is safe and well toler-
ated. The 3.0 mg R-DOTAP dose has been selected for further studies
in subjects with high grade CIN2/3 and HPV16DNA infection as well
as HPV16-related head and neck cancer.
Trial Registration
NCT02065973
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Background
Neoantigen (NeoAg) peptides derived from protein-coding somatic
mutations displayed at the tumor cell surface by human leukocyte
antigen (HLA) molecules demonstrate exquisite tumor specificity and
can elicit tumor-specific T cell-mediated immunity to facilitate tumor
rejection [1]. NeoAg vaccines have shown great promise for inducing
such antitumor T-cell responses in multiple cancer types [2-3]. Based
on our previous case study of a non-small cell lung cancer (NSCLC)
patient who experienced regression of multiple lung tumors follow-
ing NeoAg vaccination [4], we initiated a phase Ib clinical trial to
immunize 24 additional advanced-stage NSCLC patients, with pri-
mary endpoints being to determine safety and feasibility, and sec-
ondary endpoints to assess patient survival in addition to the
immunogenicity of NeoAg vaccine peptides.
Methods
Personalized peptide vaccines were designed based on mutational
profiling of a panel of 508 cancer-associated genes. Vaccine peptides
were chosen primarily based on the highest predicted binding affin-
ity of mutation-encoding NeoAgs to each patient’s individual HLA
class I and class II allotypes. Each patient was immunized subcutane-
ously with a unique mixture of short and long NeoAg peptides dis-
solved in saline along with topically-applied Imiqimod to provide co-
stimulation. The 24 patients each received a minimum of 12 weekly
immunizations followed by clinical response evaluation by CT scans
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taken 3 to 4 months following the initiation of vaccination. Patients
with EGFR mutations (n=16) were given the option of continuing
EGFR inhibitor (EGFRi) therapy concurrent with NeoAg vaccination,
despite previously experiencing disease progression on EGFRi.
Results
Following NeoAg vaccination, 7 RECIST-based objective clinical re-
sponses were observed, with all responders being amongst the 16
patients harboring EGFR mutations. Immune monitoring demon-
strated robust EGFR NeoAg-specific T cell responses in 5 responding
patients, with 3 patients generating dominant CD8+ T-cell responses
against a single NeoAg peptide encompassing the widely shared
L858R driver mutation. Importantly, patients that continued receiving
EGFRi therapy showed significantly extended overall survival com-
pared to patients who stopped EGFRi prior to immunization (13.8 vs.
7.6 months, P=0.038) . Molecular and cellular analyses showed that
EGFRi impacted multiple immunomodulatory pathways in EGFR-
mutated lung tumor cells to favor immune cell infiltration and HLA-
mediated antigen presentation, providing a potential mechanism of
synergy with NeoAg vaccination.
Conclusions
These findings identify shared EGFR mutations as immunogenic
NeoAgs with therapeutic potential, and suggest that EGFRi in com-
bination with NeoAg vaccination may facilitate improved clinical out-
comes for patients with NSCLC, even in the setting of prior EGFRi
failure.
Trial Registration
This clinical trial was approved by the internationally-recognized
Chinese Clinical Trials Registry (ChiCTR) (Trial#: ChiCTR-IIR-16009867,
“Phase I clinical research of personalized neoantigen peptide vaccine
for non-small cell lung cancer". Weblink: http://www.chictr.org.cn/
showproj.aspx?proj=16736)

References
1. Schumacher, T. N. & Schreiber, R. D. Neoantigens in cancer

immunotherapy. Science. 348, 69-74, 487 (2015).
2. Ott PA, Hu Z, Keskin DB, et al. An immunogenic personal neoantigen

vaccine for patients with melanoma. Nature. 517 13, 217-221 (2017).
3. Hilf N, Kuttruff-Coqui S, Frenzel K, et al. Actively personalized vaccination

trial for newly diagnosed glioblastoma. Nature. 521 565, 240-245 (2019).
4. Li F, Chen C, Ju T, et al. Rapid tumor regression in an Asian lung cancer

patient following personalized neo-epitope peptide vaccination. Oncoim-
munology. 5, e1238539 (2016).

Ethics Approval
This study has been performed in accordance with the Declaration of

Helsinki and was approved by the Ethics Committee of Tianjin Beichen
Hospital, Tianjin, China.

O19
Final results from a phase 2 study using off-the-shelf activated
natural killer (aNK) cells in combination with N-803, an IL-15
superagonist, in patients with metastatic Merkel cell carcinoma
(MCC)
Shailender Bhatia, MD1, Candice Church, PhD2, Kelly Paulson, MD, PhD1,
Robert Pierce, MD3, Paul Nghiem, MD, PhD1, John Lee, MD4, Bridget
Adcock, BS5, Patrick Soon-Shiong, MD4, Sunandana Chandra, MD6

1University of Washington; Fred Hutchinson Cancer Research Center, Seattle,
WA, United States ; 2University of Washington, Seattle, WA, United States ;
3Fred Hutchinson Cancer Research Center, San Diego, CA, United States ;
4ImmunityBio, Inc, Culver City, CA, United States; 5ImmunityBio, Inc., Culver
City, CA, United States ; 6Northwestern University Feinberg School of
Medicine, Chicago, IL, United States
Correspondence:Shailender Bhatia (sbhatia@uw.edu), Sunandana
Chandra (sunandana.chandra@northwestern.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O19

Background
Metastatic MCC, a virus-associated cancer, is associated with high
objective response rates (ORRs) to PD-1/PD-L1 blockade. Unfortu-
nately, ~50% of patients are refractory due to MHC-I downregula-
tion and other mechanisms of immune evasion. Allogeneic aNK
cells are cytotoxic to tumor cells with deficient MHC-I, and N-803
increases the number and cytotoxicity of NK and memory CD8+
T cells. aNK plus N-803 therapy could reverse refractoriness to im-
mune checkpoint inhibitors (ICI) in MCC (and other immunogenic
cancers).
Methods
In this phase 2 trial, aNK monotherapy (2×10^9 cells/m^2, ex-
panded on-site) was administered intravenously on days 1 and 2
of each 2-week cycle; a subsequent protocol amendment added
subcutaneous N-803 (10 μg/kg) on day 1 prior to aNK infusion.
Key eligibility criteria included unresectable stage III or IV MCC,
and ≤ 2 prior systemic therapies. Endpoints included ORR by
RECIST 1.1, progression-free survival, safety, and immunologic
changes in the tumor microenvironment.
Results
Seven subjects were enrolled; 3 received aNK monotherapy, and 4
received aNK plus N-803. Two of 7 subjects had objective responses
(ORR=29%; one partial response [PR] and one unconfirmed complete
response [CR]); one patient had stable disease lasting 5.5 months.
Treatment was safe, without immune-related adverse events (AEs),
treatment-related AEs of grade ≥ 3, or serious AEs. Intriguing
changes were noted clinically in superficial tumors in several patients
within hours of aNK infusion. One heavily pretreated subject, who
was refractory to pembrolizumab despite high PD-L1 expression, ex-
perienced an impressive clinical and radiologic CR at ~4 months with
aNK monotherapy before experiencing PD at 6 months, resulting in
treatment discontinuation. Rechallenging with pembrolizumab after
aNK therapy resulted in a durable CR ongoing at 36 months. Serial
tumor biopsies after aNK treatment revealed increased CD8+ and
CD4+ T-cell infiltration, and increased expression of markers for im-
mune cells, antigen presentation genes, and interferon gamma
genes. Another subject treated with combination therapy had initial
pseudoprogression, resulting in treatment discontinuation, but sub-
sequently had an impressive PR (>85% stable regression, ongoing at
22 months) without additional treatment.
Conclusions
aNK (with/without N-803) therapy was well tolerated, and led to clin-
ical benefit in 3 of 7 patients, including reversal of ICI-refractoriness
in one patient. This trial provides proof of concept for aNK-based
therapy in MCC and supports an upcoming registrational trial
(NCT03853317) using cryopreserved NK cells (not requiring on-site
expansion) plus N-803 plus avelumab in patients with advanced MCC
refractory to treatment with ICIs.
Trial Registration
NCT02465957
Ethics Approval
This study was approved by Western IRB; approval number 1156905.
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Background
Many patients (pts) with advanced melanoma experience disease
progression despite receiving immune checkpoint inhibitors (ICI). Re-
sistance to ICIs may be due to an immunosuppressive tumor micro-
environment. Oncolytic viruses have the unique ability to both prime
and boost immune responses. ONCOS-102 is a granulocyte-
macrophage colony stimulating factor (GM-CSF) expressing oncolytic
adenovirus (Ad5/3-D24-GMCSF). A prior phase I study demonstrated
both innate and adaptive immune responses in various solid tumors.
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The aim of this study is to assess the safety, clinical and immune re-
sponses in pts with advanced melanoma who have progression des-
pite prior PD-1 blockade.
Methods
Eligible pts had advanced or unresectable melanoma progressing
after PD-1 blockade. Pts received 3 intra tumoral injections of
ONCOS-102 at 3x1011 viral particles on days 1, 4 and 8 followed by
pembrolizumab (2mg/kg or 200mg flat dose) on day 22 and then
every 3 weeks until week 27. Biopsies were performed at baseline,
Week 3 and Week 9. Primary objective was safety of the treatment.
Secondary objectives: Objective Response Rate (ORR, defined as CR
or PR), Clinical Benefit Rate (CBR, defined as PR, CR or SD) by
RECIST1.1 at 27 weeks, and changes in immune cell subsets.
Results
9 pts were enrolled. Median age 73 years (40-87), 4/9 female, AJCC stage
III (6 pts) and stage IV (3 pts). All pts had prior anti-PD1. 4 pts had previ-
ous anti-CTLA4, 3 T-VEC, 2 BRAFi/MEKi, 1 IL-2 and 1 TLR9 agonist.
RECIST1.1 confirmed responses were seen in 3/9 pts (33%) with one CR
and two PR. CBR was also 33%. The most common AEs were chills and
fever associated with adenovirus replication. There were no Dose Limiting
Toxicities. 5 SAEs were seen in 3 pts, including one pt with infectious col-
itis related to ONCOS-102. Innate immune activation defined as >2-fold
increase in pro-inflammatory cytokines and circulating CD8+ and
PD1+CD8+ T cells was seen in all pts. Multiplex IHC in 7 paired tumor bi-
opsies confirmed lesional infiltration of CD8+ T-cells in all pts and
PD1+CD8+ T-cells in 6/7 pts. IFNy ELISPOT revealed 2 patients with de
novo tumor specific T-cells (MAGE-A1, NY-ESO-1) and 2 patients with
MAGE-A1 and/or NY-ESO-1 at baseline that increased during the study.
Conclusions
ONCOS-102 combined with pembrolizumab is tolerable and appears
to induce systemic and lesional immune activation that can lead to
objective responses in anti-PD-1 refractory melanomas. An expansion
cohort is currently enrolling pts to receive up to 24 weeks of ONCOS-
102 injections.
Trial Registration
ClinicalTrials.gov NCT02879669
Ethics Approval
This study was approved by the IRBs of Memorial Sloan Kettering
Cancer Center, Fox Chase Cancer Center and the University of Mary-
land Greenebaum Comprehensive Cancer Center.
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Background
TETs (composed of thymomas and thymic carcinomas) are PD-L1-
expressing tumors with low tumor mutation burden, and particularly
with thymomas, defective immune tolerance that increases the risk
of paraneoplastic autoimmunity. We have previously demonstrated
activity of avelumab with an increased incidence of skeletal and car-
diac muscle inflammation in a small cohort of thymoma patients.
The present study aims to confirm the safety and activity of avelu-
mab and evaluate cyclosporine A (CsA) for secondary prophylaxis
against immune myositis and isolated troponin elevation.
Methods
Patients with recurrent TETs and no active autoimmune disease were eli-
gible and received avelumab 10 mg/kg intravenously q2weeks. Primary
objectives were evaluation of safety (by CTCAE v4.0) and response rate
(by RECIST v1.1). Patients developing non-life-threatening immune-
related adverse events (irAEs) resumed avelumab after appropriate man-
agement. CsA was used for secondary prophylaxis against musculoskel-
etal irAEs at the lowest effective dose. Immune activation was assessed
by flow cytometry and ELISA. This study is approved by the NCI Institu-
tional Review Board and registered in clinicaltrials.gov (NCT03076554).
Results
Twenty-three subjects (12 thymoma, 11 thymic carcinoma; 10 female;
median age 56 yrs) were enrolled between April 2017 and October
2018. Twenty-two subjects were evaluable for response. Among thym-
oma patients: partial response: 2 (17%), stable disease: 10 (83%).
Among thymic carcinoma patients: partial response: 2 (20%), stable dis-
ease: 6 (60%), progressive disease: 2 (20%). After a median potential
follow-up of 18.6 months, median progression-free survival for thym-
oma patients was 6.4 months (95% CI: 3.7 months – not estimable) and
14.7 months (95% CI: 1.3 months – not estimable) for patients with
thymic carcinoma. irAEs occurred in 12 (52%) patients (thymoma 58%,
thymic carcinoma 45%). Most common irAEs of any grade included
myositis (17%), sicca syndrome (13%), myocarditis and thyroiditis (9%
each). Avelumab rechallenge with CsA secondary prophylaxis was feas-
ible in 3 of 4 (75%) patients with myositis with no further issues. irAEs
caused treatment discontinuation in 3 (13%) patients. No treatment-
related deaths occurred. All patients had high pre-treatment soluble
PD-L1 levels compared with healthy donors. Low baseline B-cell counts
correlated with clinical response and occurrence of some irAEs.
Conclusions
Avelumab is safe and active in TET patients. CsA can prevent recurrence
of immune myositis. This is the first reported use of CsA for this indica-
tion with implications on the feasibility of immunotherapy for patients
with thymoma and/or underlying autoimmunity. This trial is being
amended to increase accrual ceiling with a phase II design.
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Background
Despite advances in surgery, radiation therapy, and chemotherapy,
glioblastoma (GBM) remains a highly lethal disease, and has been rela-
tively refractory to anti-checkpoint therapy, presumably because of lim-
ited host anti-tumor immune responses. Treatment with an effective
vaccine could increase immune responses and improve survival.
Methods
This phase II trial was approved by the Western IRB. AV-GBM-1,
patient-specific dendritic cell vaccines loaded with autologous tumor
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antigens from self-renewing cancer cells, is administered as an adjunctive
therapy after completion of standard optimal therapy which includes
maximum safe surgical resection followed by concurrent treatment with
radiation therapy and temozolomide chemotherapy. Key eligibility criteria
are a diagnosis of primary GBM, age 70 or less at the time of tumor har-
vest, successful establishment of a short-term cancer cell line, successful
leukapheresis collection of monocytes, and a Karnofsky Performance Sta-
tus of 70 or greater at the time of enrollment, which takes place just prior
to starting chemoradiation. Tumor is collected at the time of surgery from
which a short-term cell line is derived. Dendritic cells are produced by in-
cubating peripheral blood monocytes with GM-CSF and IL-4. The antigen
source is a lysate of irradiated tumor cells from the cell culture. After com-
pletion of concurrent chemoradiation, vaccine doses admixed with GM-
CSF are injected subcutaneously at week 1, 2, 3, 8, 12, 16, 20, and 24 for
up to eight doses. The objective is to achieve a 75% survival rate15
months from enrollment, which would be a 50% increase over results
achieved with standard therapy alone.
Results
Cell line success rate for submitted GBM samples is 39/41 with 3 in progress.
A satisfactory leukapheresis product has been obtained for 34/35 patients,
but was repeated for 4. 30 of a planned 55 patients have been enrolled for
intent-to-treat. 24 have started treatment; 3 have completed all 8 doses, 3
discontinued early for disease progression, 18 are currently in treatment. 121
doses have been administered in total. Proteomic analysis of blood samples
obtained at baseline and at the time of each vaccine injection, has demon-
strated Th1, Th2, and Th17 immune responses in 7/8 patients. No significant
toxicity directly attributed to the vaccine has been reported.
Conclusions
Although logistically complex, this patient-specific vaccine approach
is feasible. Furthermore, the vaccine has been well-tolerated and has
induced immune responses in nearly all patients analyzed to date.
[NCT03400917]
Trial Registration
ClinicalTrials.Gov . NCT03400917
Ethics Approval
The study was approved the Western Institutional Review Board, ap-
proval number 20182582
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Background
Sitravatinib is a spectrum-selective TKI which targets TAM receptors
(Tyro3, Axl, MerTK), split family receptors (VEGFR2 and c-Kit) and c-
Met. Inhibition of these receptor tyrosine kinases may enhance anti-
tumor activity by reducing Type 2 tumor-associated macrophages,
regulatory T cells and myeloid derived suppressor cells and enhan-
cing a T cell-mediated anti-tumor immune response. Given these
pleiotropic immune-enhancing effects, we hypothesized that the
combination of sitravatinib with nivolumab will restore or enhance
CPI clinical activity in pts with immunotherapy-resistant UC.
Methods
Study 516-003 objectives include evaluation of safety and efficacy in
patients (pts) with advanced or metastatic UC. Cohort 1 includes UC
pts who have disease progression on or after CPI and were previ-
ously treated with platinum-based chemotherapy. Sitravatinib is ad-
ministered orally, daily, in 28-day cycles; nivolumab is administered
intravenously, either 240 mg every 2 weeks or 480 mg every 4
weeks. A target sample size of 17 pts with futility based on the Pre-
dictive Probability Design (PPD) is used, with the option to expand if
clinically active. Other objectives include pharmacokinetics (PK) and
correlative biomarkers.
Results
The 516-003 study met its prespecified measure of clinical activity in
Cohort 1 with 3 confirmed responses in the first 17 evaluable pa-
tients, warranting expansion of enrollment, which is ongoing. As of
26 July 2019, Cohort 1 has enrolled 25 pts with 21/25 having had >
1 on-study tumor assessment and 13/25 having had > 2 on-study
tumor assessments. Sixteen out of 21 pts have demonstrated tumor
reductions. Six out of 21 pts have achieved a partial response (PR): 3
confirmed (including 1 unconfirmed Complete Response on 2nd
tumor assessment) and 3 unconfirmed. Clinical benefit rate (CBR), de-
fined as confirmed response or SD on > 2 study assessments with
treatment duration > 14 wks, was observed in 9/13 pts. Among pts
with reported adverse events (AEs), treatment-related AEs (≥20% of
pts; all-grades in decreasing frequency) included fatigue, diarrhea,
decreased appetite, dysphonia, increased alanine aminotransferase,
nausea, increased lipase, palmar-plantar erythrodysesthesia syndrome
(PPE), increased aspartate aminotransferase, hypertension, dysgeusia,
proteinuria, and vomiting. Grade 3 treatment-related AEs in > 1 pt in-
cluded hypertension, fatigue, diarrhea, increased lipase, and PPE.
There were no Grade 4 or 5 treatment-related AEs. Updated safety,
PK and efficacy data will be presented.
Conclusions
The combination of sitravatinib with nivolumab is clinically active
with manageable side effects in pts with advanced or metastatic UC
who progressed on CPI and were previously treated with platinum-
based chemotherapy.
Ethics Approval
The study was centrally approved by WIRB, IRB tracking number
20181442.
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Background
Concurrent chemotherapy and radiation is a bladder sparing strategy
for management of muscle invasive bladder cancer (MIBC). However
many patients are not candidates for chemotherapy due to comorbid
conditions, performance status, or having received prior chemotherapy
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with progression. We are conducting a study in a chemotherapy ineli-
gible patient population with the primary objective of comparing the
12-month rate of progression-free (PFS) survival achieved with the
combination of nivolumab, a programmed death (PD-1) inhibitor, and
radiation therapy in localized/locally advanced urothelial cancer pa-
tients, to a historical control reference rate.
Methods
Eligible patients have MIBC, are not candidates for standard chemo-
radiation strategy due to any of the following; performance status of
2, creatinine clearance < 60ml/min, cardiac disease, neuropathy, or
intolerance to previous treatment. Creatinine clearance >40ml/min,
normal marrow and liver function were required. The primary end-
point is progression free survival rate at 12 months. Nivolumab is
started within 3 days of radiation therapy and is administered at the
dose of 240 mg intravenously every 2 weeks for a maximum of 6
months. Radiation therapy is per standard of care for bladder cancer.
Imaging and cystoscopy and biopsy evaluation is required at months
3, 6 and 12 and then annually until progression.
Results
14 evaluable patients; median age 71 years- (range 54 to 95 years)
12 males and 2 females, 3 African American and 11 Caucasian have
been enrolled. 11 patients have completed radiation therapy. 3 pa-
tients had prior intravesical therapy and 2 had prior systemic chemo-
therapy with cisplatin and gemcitabine. 2 patients were clinical T3
/T4 and one patient had pelvic LNpathy. The regimen was well toler-
ated with Nivolumab and radiation therapy. No severe treatment re-
lated adverse events were noted. 5 patients needed steroids due to
immune mediated adverse events. 8 patients are evaluable after one
assessment and 3 patients demonstrated complete remission. PDL-1
expression is being tested. Preliminary immune evaluation results in-
dicate an improvement in CD4:CD8 ratio, natural killer (NK) cell ex-
pansion as well as enhanced expression of T cell and NK cell
activation markers .
Conclusions
Concurrent nivolumab and radiation therapy is tolerable and showed
promising efficacy in an elderly population with multiple comorbidi-
ties. Immune correlates data will be available for the treated patients
and will be reported.
Trial Registration
The Clinical trials.gov no NCT03421652
Ethics Approval
The study was approved by Wayne State University's Ethics Board,
approval number 083417MP2F

O25
Dominant negative PD1 armored CART cells induce remission in
relapsed or refractory Non-Hodgkin Lymphoma (NHL) patients
Cheng fei Pu, Lei Xiao
Innovative Cellular Therapeutics, Shanghai, China
Correspondence: Lei Xiao (xiaolei@ictbio.com)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O25

Background
The chimeric antigen receptor (CAR) T cell treatment has been demon-
strated as an effective therapy to treat relapsed/refractory B cell malig-
nancy. However, tumor microenvironment influences and affects the
efficacy of CAR T treatment. For example, programmed death ligand 1/
2 (PDL1/2) may inhibit the CAR T cells via interaction with up-regulated
programmed cell death protein 1 (PD1) after T cells activation, sup-
pressing the tumor-killing capability of the CAR T cells.
Here, we generated CAR T expressed an anti-CD19 CAR molecule
and a dominant-negative PD1 molecule. Compared with conven-
tional CART cells, these “armored” CART cells showed the enhanced
capability of tumor-killing and more “memory-like” phenotypes after
multiple-round tumor challenging . These results suggest dominant-
negative PD1 molecules may protect CART cells from exhaustion in
the tumor microenvironment.
Methods
We designed a CAR lentivirus vector that consisted of a humanized
CD19-specific single-chain variable fragment (scFv), a 4-1BB
costimulatory domain, and a CD3ζ signaling domain. Patient’s CD3 T
cells were transduced with CAR lentivirus. Quality controls for fungi,
and endotoxin etc were performed. After infusion, serial peripheral
blood samples were collected, and the expansion and cytokine re-
lease of CART cells were detected. The evaluation of response level
for patients were performed at month 1,month 3,and month 6 by
PET/CT.
Results
Further, we reported the findings of a clinical trial for six relapsed or re-
fractory B-cell non-Hodgkin lymphoma (NHLs) patients treated using
our armored CAR T cells. These six patients failed multiple rounds of
chemotherapy and radiotherapy. In the clinical trial, the patients were
infused with autologous CAR T cells range from 1×10e6/kg to 8×10e6/
kg. PET/CT showed significant tumor shrinkage and SUV max declines
in all six patients, and the ongoing responses were monitored . The
best overall response rate (ORR)was 100% .
Conclusions
The results of these six patients in the clinical trial showed that our
armored CAR T cells achieved the significant anti-bulky lymphoma
response while causing limited and tolerated cytokine release syn-
drome and central nervous system toxicity. Thus, dominant-negative
PD1 molecules may increase CAR T cells persistence in patients, en-
hancing the efficacy of CAR T cells for treating blood cancer. Finally,
dominant-negative PD1 can be used as a platform technology and
may be applied to other adoptive cellular immunotherapies such as
TCR-T or TIL in the treatment of solid tumors. We are continuing to
monitor current patients and recruit more patients for the clinical
trial.We are continuing to recruit more patients for the clinical trial.
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Background
AXL is an RTK implicated in EMT, immune suppression and resistance
to anti-PD1 therapy. Bemcentinib (BGB324), a first-in-class, oral, se-
lective and potent AXL kinase inhibitor, enhances anti-PD1 efficacy in
pre-clinical models.
Methods
This is a PhII single-arm, 2-stage study with bemcentinib (200mg/d)
and pembrolizumab (200 mg/q3wk) for previously-treated, IO-naïve
patients with Stage IV lung adenocarcinoma. Primary endpoint was
ORR according to RECIST 1.1 with pre-defined minimum requirement
of 18% RR in the first Stage (n=24) to proceed to Stage 2. Secondary
endpoints included DCR, PFS, OS and safety. Updated biomarker ana-
lysis and correlations with clinical endpoints will be presented, in-
cluding quantification of tumor and immune cell AXL, PD-L1 protein
expression, and genetic and transcriptome analysis.
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Results
Enrolment for both stages is complete. As of July 2019, 50 patients have
been dosed with the combination. Median age 65 years (range: 39-82),
60% male. All patients received one prior line of platinum-based chemo-
therapy or an approved EGFR/ALK-directed therapy. AXL status was avail-
able for 33 patients: 19 AXL-positive, 14 AXL-negative. PD-L1 status was
available for 42 patients: 4 TPS >50%, 16 TPS 1-49%, and 22 TPS <1%.
Most common TEAEs (occurring in >25% of patients) were asthenia/fa-
tigue (54%, 18% grade 3+), transaminase increases (46%, 20% grade
3+), diarrhoea (32%, no grades 3+) and decreased appetite (28%, no
grade 3+). All cases of transaminase increase were reversible and man-
aged with concomitant administration of systemic corticosteroids and
interruption of study treatments, or Grade 1 (mild) events.
To date, 43 patients were radiologically evaluable, with 10 PRs ob-
served (ORR 23%). 17 AXL-positive patients were radiologically evalu-
able, with 6 responses observed (35%), as opposed to 2 (15%) in the 13
radiologically evaluable AXL-negative patients. Of the 10 responders, 4
had a TPS 50% (1 AXL-positive); 2 did not have a PD-L1 status available
(1 AXL-positive, 1 unknown).
In Stage 1, mPFS was 4.0 months overall (95% CI 1.9 –NR) and 5.9
months in AXL-positive pts (n=10; 3.0 - NR). mPFS for the entire co-
hort continues to mature and will be reported at the meeting.
Conclusions
Promising clinical activity has been seen, particularly in pts with AXL-
positive disease and including patients with PD-L-negative tumours.
Overall, bemcentinib in combination with pembrolizumab was well
tolerated. Updated results will be reported at the meeting, including
PFS for all Cohort A patients as well as further biomarker data.
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Background
Neoantigens are generated by non-synonymous somatic mutations
and could be recognized by self T cells and elicit neoantigen specific T
cell responses[1]. Scientists have shown that adoptive transfer of tumor
infiltrating lymphocytes could induce durable remissions for patients
with epithelial cancers[2,3]. We hypothesized that TIL therapy may in-
duce remissions in anti-PD1-refractory patients. Therefore, we initiated
a phase I trial to evaluate the safety and preliminary activity of TIL ther-
apy in anti-PD1-refractory non-small cell lung cancer (NSCLC) patients
and characterize the corresponding neoantigen specific T cells.
Methods
Eligible patients received TIL harvest, followed by 4 cycles of nivolu-
mab, with 2 serial CT scans. Patients with enlarging or new tumors
proceeded to receive lymphodepletion with cyclophosphamide/flu-
darabine (Cy/Flu), TIL infusion and IL-2. Tumors from these patients
were resected, morselized and tested using whole exome sequen-
cing and RNA sequencing. Tumor fragments were cultured and only
reactive ones were pooled and expanded for TIL infusion. Predicted
neoantigen epitopes were prioritized using customized algorithms
and synthesized for validation assays. Reactive neoantigens were se-
lected using ELISA/ELISpot assay and neoantigen specific T cells were
identified according to their TCRVβ sequences.
Results
Of 15 patients enrolled to date, 14 had successful TIL expansion. Of 12
patients who received TIL therapy, 3 have achieved a confirmed partial
response (PR). The median overall survival (OS) for all enrolled patients
has not yet been reached. We have discovered neoantigen-specific T
cells and followed the number of neoantigen specific T cells using
TCRVβ sequencing. Neoantigen specific T cell clonotypes increased sig-
nificantly after TIL therapy, and were retained at a relatively high level
for a long time. However, some neoantigen recognition was lost in the
TIL of a new recurrent tumor, indicating acquired resistance to TIL treat-
ment may occur in some patients. In an example, allelic editing of a
neoantigen was detected in a recurrent tumor, showing that fitness
pressure may be exerted upon tumor cell clones after TIL treatment.
Conclusions
Adoptive cell transfer with TIL and nivolumab for NSCLC had accept-
able toxicity and durable responses in this ongoing trial. TIL therapy
can increase the number of neoantigen specific T cells, which medi-
ated antitumor effects in responders.
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Background
MPM is an aggressive disease with few therapeutic options. VISTA, a
distinct immune checkpoint protein separate from the PD-1/PD-L1
pathway, is involved in inhibition of anti-tumor responses and is
expressed on infiltrating lymphocytes and tumor cells in approxi-
mately 90% of MPM patients. CA-170, a small molecule that targets
both VISTA and PD-L1, has shown anti-tumor activity in multiple
in vivo models and early phase trials provided evidence of a favor-
able safety/PK profile with signs of anti-tumor activity in immune
checkpoint inhibitor (iCPI)-naïve patients. CA-170-101 is a Phase 1
dose finding study in advanced solid tumors and lymphomas in
which a cohort of 12 MPM patients was evaluated for anti-tumor
activity.
Methods
MPM patients were enrolled into two pharmacologically active dose
levels of 200 or 1200 mg BID. The primary objectives were to deter-
mine safety, tolerability and RP2D, and secondary objectives included
pharmacokinetics and anti-tumor activity, PFS and ORR. Patients had
histologically-confirmed disease, ≥1 prior therapy including
pemetrexed-platinum doublet, no prior ICI, measurable disease per
RECIST, ECOG 0-1, life expectancy >3 months, and adequate organ
function. Paired tumor biopsies were obtained when clinically
feasible.
Results
As of July 2019, 12 patients with MPM were treated with CA-170. 11
of 12 patients have discontinued due to disease progression (or
death due to disease progression); 1 patient remains on study treat-
ment at 1200 mg BID. As of the data cut-off, 5 of 11 patients evalu-
able for response (>1 post-baseline tumor assessment) had stable
disease per RECIST. One patient remains on study treatment for over
21 weeks with stable disease. An additional 4 patients were on study
drug for over 12 weeks. No partial or complete responses were re-
ported according to RECIST or immune-related Response Criteria. Ser-
ious immune-related adverse events were not observed in CA-170-
101. The safety profile of CA-170 is distinct from other known iCPIs
monoclonal antibodies.
Conclusions
Evidence of immune-modulating activity was observed in non-
clinical experiments of peripheral blood and tumor tissue specimens.
Modest anti-tumor activity was observed in patients with resistant/re-
fractory mesothelioma. CA-170 was well tolerated and shows favor-
able clinical PK. Clinical trial information: NCT02812875.
Trial Registration
NCT02812875
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Background
Stereotactic body radiotherapy (SBRT) and immune checkpoint inhib-
ition have been combined safely with preliminary suggestion of en-
hanced treatment effect. Agonism of CD137 or depletion of
immunosuppressive myeloid cells by anti-colony stimulating factor 1
receptor (CSF1R) antibodies have been shown in preclinical studies
to enhance each therapy and overcome resistance. The safety and ef-
ficacy of SBRT plus multiple checkpoint antibodies is unknown.
Methods
This is a single-institution, phase I study of multisite SBRT to 1-4 me-
tastases with nivolumab (nivo) (480 mg IV every 4 weeks) and non-
randomized administration of either (1) urelumab (ure) (CD137 agon-
ist, 8 mg IV every 4 weeks) or (2) cabiralizumab (cab) (anti-CSF1R, 4
mg/kg IV every 2 weeks). Key eligibility criteria include ECOG 0-1 and
progression on standard therapies. The primary endpoint is dose-
limiting toxicity (DLT) defined as grade 3+ according to the CTCAEv4
occurring ≤3 months from the start of treatment. The recommended
organ-specific SBRT doses will be associated with a ≤33% rate of
DLTs. Secondary endpoints include RECIST response, progression-free
survival, and overall survival. Pre- and post-SBRT biospecimens are
collected for molecular correlative studies.
Results
Fifty-one eligible patients with 21 different tumor types including pri-
marily non-immunotherapy responsive histologies have been en-
rolled and treated as of May 2019. Twenty-eight patients are
evaluable for DLTs at 3 months with 3 (11%) experiencing ≥1 DLT.
DLTs were observed in 1/6 (17%), 1/7 (14%), and 1/6 (17%) patients
receiving SBRT to metastases in the peripheral lung, central lung,
and abdominal/pelvic organs, respectively, while 7 patients receiving
SBRT to the liver and 2 patients receiving SBRT to osseous metasta-
ses did not experience DLTs. Three of 11 (27%) patients receiving
nivo+cab and 0/17 patients receiving nivo+ure with SBRT experi-
enced DLTs. DLTs have included grade 3 maculopapular rash (n=1)
and grade 4 creatine phosphokinase elevation (n=2). Of 29 treated
patients evaluable for modified RECIST target lesion response, 1 (3%,
0 cab/1 ure) experienced a complete response, 5 (17%, 2 cab/3 ure)
experienced a partial response, 9 (31%, 4 cab/5 ure) experienced
stable disease, and 14 (48%, 6 cab/8 ure) experienced progressive
disease. Enrollment and follow-up continue with closure to accrual
anticipated in August 2019.
Conclusions
Multisite SBRT plus nivo+cab or nivo+ure preliminarily demonstrates
acceptable toxicity with suggestion of anti-tumor activity worth on-
going exploration.
Trial Registration
ClinicalTrials.gov, NCT03431948
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O30
A Phase 1 study of AK104, a tetrameric bispecific antibody that
targets PD-1 and CTLA-4 in patients with advanced solid tumors
Ben Markman, MBBS FRACP1, Ben Markman, MBBS FRACP1, Ben Tran2,
Hui Gan, MBBS PhD3, Amy Prawira, MD4, Jermaine Coward5, Xiaoping
Jin6, Baiyong Li6, Max Wang6, Yu Xia6, Jayesh Desai, MBBS FRACP2 ,
Jayesh Desai, MBBS FRACP2, Michael Millward7
1Monash Health and Monash University, Melbourne, Australia ; 2Peter
MacCallum Cancer Centre, Melbourne, Australia ; 3Austin Health,
Melbourne, Victoria, Australia ; 4St Vincent’s Hospital Sydney, Toronto, ON,
Canada ; 5Icon Cancer Care, Brisbane, Australia; 6Akeso BioPharma, Inc.
Zhongshan, Anhui, China; 7Linear Clinical Research, Nedlands, Australia
Correspondence: Jayesh Desai (jayesh.desai@petermac.org)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O30

Background
AK104 is a tetrameric PD-1/CTLA-4 bispecific antibody, based on the
Akeso Tetrabody platform [1]. A number of studies have shown that
combined PD-1 and CTLA-4 blockade is associated with a higher re-
sponse rate in multiple tumor types. Toxicity associated with anti-
CTLA-4 agents in particular is dose limiting, thereby limiting full po-
tential for PD-1 and CTLA-4 combination therapy. AK104 introduces
novel T cell targeting mechanisms of action that may provide an im-
proved therapeutic index and a favorable toxicity profile compared
to PD-1 and CTLA-4 combination therapy.
Methods
A multicenter, Phase I, open-label dose escalation and expansion
study in solid tumors (NCT03261011) began in Oct 2017, evaluating
the safety, efficacy and recommended phase 2 dose of AK104 admin-
istered IV every 2 weeks (q2w). For dose escalation, pts were enrolled
at dose cohorts of 0.2, 0.5, 1.0, 2.0, 4.0, 6.0 and 10.0 mg/kg. Pharma-
codynamic studies examined Ki67 expression on peripheral T-cells
and receptor occupancy (RO).
Results
As of 8 July 2019, 40 pts, median age 66.5 years [31-85], have re-
ceived AK104 at doses of 0.2 mg/kg (n = 1), 0.5 mg/kg (n = 3), 1.0
mg/kg (n = 6), 2.0 mg/kg (n = 3), 4.0 mg/kg (n = 3), 6.0 mg/kg (n =
21) and 10.0 mg/kg q2w (n = 3). Median number of doses was 4 (1–
26). Treatment-related adverse events (TRAEs) occurred in 62.5% of
pts. G3 TRAEs occurred in 10% [4/40], there were no G4 TRAEs. TRAEs
leading to treatment discontinuation occurred in 7.5% [3/40]). Most
frequent TRAEs were rash (23%), infusion reaction (15%), fatigue
(15%), nausea (13%), and pruritus (10%)(Figure 1). Of 21 evaluable
pts treated at doses ≥ 2 mg/kg, ORR was 28.6% (6/21) and disease
control rate (DCR) was 47.6% (10/21) (Figure 2). Six responders re-
main on treatment (Gastric cancer, TNBC, mesothelioma, and large-
cell neuroendocrine carcinoma each and 2 MSI-H CRC). Peripheral
CD4+ T-cells demonstrated dose dependent increases in Ki-67 ex-
pression at D8.
Conclusions
AK104 can be given safely in patients up to 10.0 mg/kg and has
demonstrated encouraging anti-tumor activity with ORR 28.6%
when dosed >2mg/kg in a mixed patient population. Enrolment
is currently ongoing at 10.0 mg/kg and in dose expansion co-
horts. Updated data, including PK, Ki67, RO and other biomarkers
based on pair biopsies will be presented. The mechanism under-
lying improved safety profile of tetrameric PD-1/CTLA-4 bispecific
AK104 will be discussed.
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Background
INT230-6 is a novel formulation of cisplatin(CIS) and vinblastine(VIN)
with an amphiphilic cell penetration enhancer(SHAO), designed spe-
cifically for intratumoral (IT) administration. Nonclinical experiments
indicate that the drug rapidly diffuses into cells including into the
nucleus with dispersion throughout tumors. Cell death, dendritic cell
influx, antigen presentation and T-cell engagement result.
Methods
This phase 1/2 study evaluated five injections of INT230-6 into mul-
tiple superficial or deep tumors. Dose was determined by tumor vol-
ume with intrapatient dose escalation permitted. Patients were
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treated every two weeks with injections of up to 50% new fluid vol-
ume at each visit (potential for 200% additional fluid volume admin-
istered prior to the first tumor imaging assessment). Blood samples
were analyzed by flow cytometry, and on study tumor samples ana-
lyzed by multiplex immunohistochemistry. Conventional CT/MRI
tumor assessments were performed every 2 months.
Results
Thirty-eight heavily pretreated subjects (median 3 prior therapies
(range 0-9)) have been dosed. Median age was 59 (42-76). Fourteen
different cancer types were accrued. PK analysis revealed limited ex-
posure of CIS and VIN in blood and supports that the majority of
INT230-6’s active agents are retained in the tumor (consistent with
low incidence of systemic AE’s despite IT doses of INT230-6 contain-
ing twice the amount of VIN for a standard 3.5 mg/m2 IV dose).
There were no DLTs. The majority of drug-related AEs were grade 1/
2. The most frequent treatment-related adverse event was injection-
site pain (44%). Circulating CD8+ T-cells increased above baseline in
most patients, with 40% of evaluable patients having a marked
>30% increase. Paired biopsies were available in 5 patients and re-
vealed >70% reduction in viable tumor cells in 3 out of 5 cases.
Injected lesions demonstrated infiltration of CD4 and CD8 T-cells and
reduction in FoxP3 Tregs. Several injected lesions showed asymptom-
atic tumor increases on the early scans (often with decreased con-
trast uptake), which decreased below baseline on subsequent scans
while others showed tumor reduction already at the 2 month time
point. The protocol suggested to continue treatment despite radio-
graphic progression until clinical deterioration. Ten non injected tu-
mors in 7 patients showed tumor shrinkage.
Conclusions
INT230-6 is well tolerated when administered intratumorally at doses
given to date. Pharmacodynamic assessments support a notable re-
duction in viable cancer cells and increases in CD4/CD8 T-cell infil-
trates. RECIST assessments may be compromised due to large drug-
volume injections and immune cell infiltration. However, imaging
suggests variable necrosis and tumor reductions in both injected and
non-injected lesions.
Trial Registration
NCT 03058289
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Background
Siglec-15 (S15) is a member of the Siglec family (Sialic acid-
binding Immunoglobulin Lectins), a distinct subgroup of immuno-
globulin (Ig) superfamily proteins involved in discriminating self
and non-self-immune regulation [1]. Recent studies have shown
that S15 mediates suppression of T cell proliferation and nega-
tively regulates T cell function. The expression of S15 and PD-L1
are mutually exclusive in NSCLC and other cancers, which sup-
ports S15 as a potential target for the treatment of cancer pa-
tients who are refractory to PD-1 directed therapies. NC318 is a
first-in-class monoclonal antibody that blocks S15-mediated im-
mune suppression and prevents tumor growth by normalizing T
cell function and restoring anti-tumor immunity in the tumor
microenvironment [2].
Methods
NC318-01 is a multi-center, first-in-human, phase 1/2, open-label,
non-randomized study to determine the safety and tolerability, de-
fine the maximum tolerated dose or pharmacologically active dose,
and assess the preliminary efficacy of NC318. The phase 1 compo-
nent uses a 3+3 dose escalation design to determine the recom-
mended phase 2 dose (RP2D) of NC318. Primary endpoints include
safety and tolerability. Secondary endpoints include assessment of
pharmacokinetics, response rate (measured every 8 weeks),
progression-free survival, and overall survival. Exploratory analyses in-
clude investigation of biomarkers associated with treatment benefit.
Results
As of August 2019, 43 patients have been dosed across 6 dose cohorts
(8mg - 800mg Q2W). The most common tumor types enrolled in-
cluded: 10 NSCLC, 7 ovarian, 6 melanoma, 3 breast, and 3 CRC. NC318
has been well tolerated with no DLTs. The most common treatment-
related AEs included diarrhea (4- grade 1 and 2-grade 2), pruritis (3-
grade 1 and 1- grade 2), rashes (grade 1 and 2), arthralgias (2- grade 1),
elevated amylase (grade 1, 2, and 3), and elevated lipase (grade 3 and
4). Tumor responses were evaluable in 32 patients; 11 patients have
not reached their first assessment, and their efficacy data will be re-
ported at the conference. Single agent activity has been seen in NSCLC
including 1 CR (ongoing at 41 weeks), a PR (ongoing at 14 weeks), 1
stable disease with tumor reduction (ongoing for 26 weeks), and 2 with
stable disease. NSCLC BORR: 2/7 or 29%, DCR: 5/7 or 71%.
Conclusions
NC318 has been well tolerated across multiple dose levels and has
shown encouraging anti-tumor activity when administered as mono-
therapy. Single agent anti-tumor activity was observed in 5 of 7
NSCLC subjects refractory to PD-1 therapies.
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Background
Metastatic sarcomas represent a significant therapeutic challenge
considering the few systemic treatment options and suboptimal sur-
vivorship. Tumor mutational burden (TMB), tumor-infiltrating lympho-
cytes, and PD-L1 expression have been identified as biomarkers of
response to ICB in certain cancers; however, their role in sarcoma re-
mains limited. We conducted a Phase-II trial (NCT02815995) in pre-
treated patients with metastatic sarcoma (mixed histologies) using
durvalumab (anti-PD-L1) in combination with tremelimumab (anti-
CTLA-4), and identified measures of diversity in the TCR in re-
sponders through molecular profiling.
Methods
We obtained tumor biopsies at baseline and after 6 weeks of treat-
ment and performed whole-exome, TCR and RNA-sequencing, along
with multiplexed-immunofluorescence (mIF). Preliminary analysis was
conducted using alveolar soft part sarcoma (n=9) and synovial sar-
coma (n=5) cohorts, comprised of 7 samples derived from re-
sponders and 7 samples from non-responders. TMB was calculated
using mutations filtered against matched peripheral blood. TCR se-
quencing was conducted using high template producing samples.
Differentially expressed genes (DEG) were assessed between re-
sponders and non-responders using baseline samples with adequate
tumor purity. Further immune deconvolution was conducted using
MCP-counter in baseline and on-treatment samples. mIF was con-
ducted on a panel of T-cell and myeloid cell markers.
Results
TMB was not found to be predictive of response within these pa-
tients. Transcriptomic profiling through targeted immune gene as-
sessment using MCP-counter revealed higher CD8 T-cell (p=0.0055)
and NK-cell proportions (p=0.0086) in responders. Correspondingly,
tumor shrinkage was found to be correlated with activated cytotoxic
CD8+ T-cell density by mIF at baseline. The most significantly-
enriched DEGs in responders at baseline included CCL20, CXCL10,
CXCL11 and BTLA (p
Conclusions
Together, these results highlight the potential significance for multi-
lineage immune cell enrichment containing high-frequency func-
tional oligoclonal TCRs as prognostic and predictive factors for re-
sponse to ICB in sarcoma.
Trial Registration
NCT02815995
Ethics Approval
The study was approved by MD Anderson's Ethics Board, protocol
number 2015-1071.
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Background
Neoadjuvant PD-1 blockade produces major pathological responses
(MPR) in ~30% of patients (pts) with high-risk resectable melanoma
(MEL) with durable relapse-free benefit, and increased circulating ac-
tivated CD8+ T cells [1,2]. CMP-001 comprises a CpG-A oligodeoxynu-
cleotide packaged within a virus-like particle. It is designed to
activate tumor-associated plasmacytoid dendritic cells (pDC) via TLR9
inducing an interferon-rich tumor microenvironment and anti-tumor
CD8+ T cell responses. CMP-001 together with pembrolizumab re-
sulted in objective, durable tumor responses with tolerable toxicities
in PD-1 refractory MEL [3]. The goal of the present phase II study is
to evaluate the pathological, clinical and immunological activities of
Nivo and IT CMP-001 in the neoadjuvant setting in high-risk resect-
able MEL.
Methods
Pts with stage III B/C/D MEL were enrolled. Pre-operatively, CMP-
001 was dosed at 5mg subcutaneous (SC, 1st), then 10mg IT
(2nd-7th) weekly for 7 doses. Nivo was dosed 240mg q2weeks
for 3 doses over a 7-week period. Post-operatively, Nivo was
dosed 480mg q4weeks with CMP-001 5mg q4 weeks SC for 48
weeks. Primary endpoints included MPR rate, safety, and dose-
limiting toxicities (DLT). Secondary endpoints were radiographic
response, relapse-free survival (RFS) and overall survival (OS).
Pathological response was assessed depending on residual vol-
ume of tumor (RVT) using prior cutoffs [4-6]: 0% (complete re-
sponse, pCR); 0%<RVT<RVT50% (non-response, pNR). Radiographic
response was assessed using RECIST v1.1. Sequential blood draws
and tumor biopsies were collected. Tumor biopsies were evalu-
ated for CD8+ T cell infiltrates and multiparameter flow cytome-
try evaluated circulating immune cells.
Results
20 pts have been enrolled, while 16 are evaluable for response. In 16
evaluable pts, disease sub-stage is IIIB (50%), IIIC (38%), IIID (12%). No
DLTs were observed. Radiographic response seen in 50% (N=8), while
38% (N=6) had stable disease and 2 (13%) had progressive disease.
MPR seen in 76% of pts with pCR 10 (63%) and pMR 2 (13%); while 1
pt (6%) had pPR and 3 pts (19%) had pNR. Responses to neoadjuvant
therapy associated with increased CD8 T cell infiltrates and circulat-
ing PD1+/Ki67+ CD8+ T cells.
Conclusions
Neoadjuvant Nivo and IT CMP-001 has an acceptable toxicity profile
and promising efficacy with 76% pCR/pMR in 16 evaluable pts which
has prompted trial expansion. Median RFS is unreached in re-
sponders. Our findings suggest that Nivo and IT CMP-001 increases
the clinical efficacy of PD-1 blockade alone with minimal additional
toxicity in neoadjuvant MEL. Findings suggest that the proposed
combination augments anti-melanoma CD8+ T cell immune re-
sponses in tumors and peripherally.
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Background
Although checkpoint inhibitor(CPI) therapy has emerged as an effect-
ive treatment option for various cancers, there is an unmet need for
therapies to produce more durable and deeper responses in meta-
static melanoma. Safety and clinical activity of bempegaldesleukin(-
BEMPEG;NKTR-214), a CD-122 preferential IL-2 pathway agonist, plus
the anti-PD1 CPI nivolumab(NIVO), was evaluated in PIVOT-
02(NCT02983045), a multicenter phase 1/2 study in multiple solid
tumor settings. At SITC2018, PIVOT-02 reported encouraging prelim-
inary clinical activity and safety data in metastatic melanoma (ORR,
53%; CR, 24%)[1,2]. We plan to report updated results in 1L meta-
static melanoma patients, and the first report of PFS.
Methods
41 patients with previously untreated stage IV metastatic melan-
oma received >1 dose of BEMPEG(0.006mg/kg) + NIVO(360mg)
q3w. Patients were categorized by PD-L1 status. Response was
assessed every 3 cycles by RECISTv1.1. Per protocol, ORR was
evaluated in the efficacy-evaluable population (≥1 post-baseline
scan) by independent central radiology review (N=38; 3 patients,
non-efficacy-evaluable:1 unrelated treatment-emergent AE;2 pa-
tient decisions). Baseline immunohistochemistry(IHC) analysis for
PD-L1 was performed (using Dako PD-L1 IHC 28-8 pharmDx) and
defined as PD-L1 negative
Results
At a median follow-up of 12.7 months*, 38 patients were evaluable
for efficacy. Table 1 shows BEMPEG plus NIVO was associated with
clinical activity regardless of PD-L1 status. Confirmed ORR was 53%
(20/38), and 34% (13/38) achieved a complete response. 42% (16/38)
had 100% reduction in target lesions. Median time to response was 2
months, and median time to complete response was 7 months. Me-
dian duration of response was not reached (range:11mo-NR). BEM-
PEG plus NIVO was well tolerated, with TRAEs similar to those
previously reported, with 14.6%(6) patients experiencing a ≥Grade 3
TRAE, and 9.8%(4) discontinuing treatment due to any TRAE. As of
July 10, 2019, all 10 patients reported on treatment on March 29th,
2019 remain on treatment or achieved maximum response. At time
of presentation, updated clinical results, including PFS, with ~18
months of follow-up will be reported.
Conclusions
BEMPEG plus NIVO is associated with robust clinical activity in 1L
metastatic melanoma, as demonstrated by a high rate of durable re-
sponses that deepened over time. Based on these data, the FDA
granted Breakthrough Therapy Designation for this combination
therapy for patients with untreated unresectable or metastatic mel-
anoma, and a Phase 3 trial evaluating the combination of BEMPEG
plus NIVO vs NIVO alone in this setting is currently enrolling
(NCT03635983).
Trial Registration
NCT02983045
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Background
CV8102 comprises a non-coding RNA complexed with a cationic pep-
tide signaling via TLR-7/-8 and RIG-I [1-2]. After intratumoral (IT) injec-
tion CV8102 was shown to activate T, NK cells at the injection site
and draining lymph nodes. Dose-dependent antitumor activity and
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synergism with PD-1 blockade was shown in preclinical models (see
abstract by Meister et al.).
The ongoing phase I trial is investigating IT CV8102 either as a single agent
or in combination with systemic anti-PD-1 antibodies in patients (pts) with
advanced melanoma (MEL), squamous cell carcinoma of the skin (cSCC) or
head and neck (hnSCC) and adenoid cystic carcinoma (ACC).
Methods
Pts with MEL, cSCC, hnSCC or ACC not amenable to curative therapy
are eligible for single agent CV8102. Pts with MEL or hnSCC indicated
for anti-PD-1 therapy or stable/slowly progressing disease after ≥12
weeks of anti-PD-1 are eligible for the combination therapy.
Eight CV8102 IT injections are being administered over 12 weeks into
superficial injectable lesions, while patients benefiting from the single
agent therapy may receive further treatments. In an initial dose escalation
part the maximum tolerated and recommended single agent/combin-
ation-doses (MTD, RD/RCD) will be defined. Tumor response according to
RECIST 1,1/irRECIST and immune responses in the peripheral blood and
tumor tissue (optional) are being assessed. After determination of the
RD/RCD, expansion cohorts are planned in several indications.
Results
As of July 01, 2019, 18 pts have been treated with single agent
CV8102 (25-300 μg) and 10 pts have received CV8102 (25-200 μg) in
combination with anti-PD-1 antibodies. No dose limiting toxicities oc-
curred so far and the majority of treatment emergent AEs were mild
to moderate injection site reactions and flu-like symptoms.
After single agent CV8102 treatment one MEL pt achieved a
complete response of injected and non-injected lesions and seven
pts stable disease including two pts showing regressions of non-
injected lymph node lesions (1 hnSCC and 1 MEL pt). Dose escalation
is continuing and updated safety, efficacy and immune response
data of the single agent and combination cohorts will be presented.
Conclusions
IT CV8102 single-agent and in combination with systemic anti-PD-1
antibodies appears well tolerated to date and showed evidence of
single agent activity with shrinkage of injected and non-injected le-
sions. Updated results will be presented.
Trial Registration
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Background
The use of adoptive T cell therapy (ACT) has yielded promising clin-
ical results, but improvements are needed. Transferred T cells
experience prolonged antigen exposure during ACT and efficacy
might improve if combined with PD1 axis blockade. However, limited
data combining ACT with PD1 axis blockade has been published.
Methods
To assess whether ACT was improved with the combination of PD1
axis blockade, antigen-tagged retroviral constructs were used to gen-
erate B16-OVA and B16-gp33 tumors. These tumors were targeted by
OT-I and P14 TCR transgenic T cells, respectively. After implanted tu-
mors became palpable, mice underwent total body irradiation lym-
phodepletion and were subsequently treated with T cells and/or
anti-PD1 antibody.
Results
Two independent T cell models demonstrated that ACT combined
with anti-PD1 showed improved treatment compared to either ther-
apy alone. To isolate the role of transferred T cells, mice lacking
adaptive immunity (Rag1-KO) were utilized as tumor-bearing hosts.
The efficacy of anti-PD1 as a monotherapy and the added benefit
when combined with ACT were abolished in Rag1-KO hosts. These
data were corroborated in mice specifically devoid of alpha-beta T
cells (Trac-KO) as well as in mice containing T cells with a restricted
TCR repertoire (irrelevant TCR transgenic). Antibody blockade has the
confounding property of neutralizing PD1 systemically, altering sig-
naling of the PD1 axis on both transferred cells and endogenous
cells. The intrinsic role of the PD1 pathway on transferred T cells was
further interrogated by engineering T cells with PD1-targeting miRNA
or over-expression of PD1 without the cytoplasmic signaling domain.
Both methods of intrinsic disruption of the PD1 pathway provided
no added benefit to ACT in tumor-bearing wild-type animals. An-
other method of demonstrating that anti-PD1 activity was acting via
endogenous T cells was utilizing PD1-KO T cells for ACT. PD1-KO T
cell transfer combined with anti-PD1 conferred an added treatment
benefit compared to either therapy alone. Moreover, endogenous T
cells in the tumor increased in number after anti-PD1 treatment,
while transferred T cells remained constant. Lastly, the efficacy of
anti-PD1 therapy was lost when treating less immunogenic B16 tu-
mors that were engineered with ubiquitin-tagged antigen constructs,
rather than RFP-antigen constructs. This finding demonstrated that
PD1-sensitive endogenous T cells were targeting antigens within
RFP.
Conclusions
These data demonstrate that blocking the PD1 axis does not directly
benefit adoptively transferred T cells. Rather, the benefit of anti-PD1
is dependent on the presence of endogenous T cells specific for im-
munogenic tumor antigens.
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Background
Given that immune checkpoint blockade (ICB) therapy only bene-
fits a subset of cancer patients, much effort is currently being
invested in the search for combination treatments that could in-
crease the “visibility” of tumors to the immune system in order
to sensitize them to ICB therapy[1]. We previously reported an ef-
ficacious immunotherapy termed AIPV [2], containing a tumor-
targeting antibody, half-life-extended IL-2, anti-PD-1 and a lymph-
node-targeting vaccine. Here we show that a minimalist “priming”
therapy derived from AIPV, administered once, rapidly remodels
the tumor microenvironment and initiates an immune attack that
leads to tumor eradication upon subsequent ICB therapy in mul-
tiple mouse tumor models.
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Methods
To define the minimal AIPV-derived “priming” therapy, we explored
all possible sub-combinations of the four components of AIPV and
verified the result in a several mouse tumor models. To be broadly
relevant for clinical translation, we substituted the tumor-specific
antibody in AIPV to a pan-tumor-targeting antibody surrogate 2.5F-
Fc, which recognizes integrins that are overexpressed by many hu-
man and murine tumors. We further analyzed tumor antigen release,
tumor antigen uptake by dendritic cells (DCs), CD8+ T cell activation
by DCs in tumor-draining lymph nodes (TDLNs), and the number of
immune infiltrates in therapy-primed B16F10 tumors.
Results
We identified AIP as the minimally required combination to prime re-
sponsiveness to ICB treatment, which successfully cured more than
75% of large established syngeneic mouse tumors, including aggres-
sive B16F10 melanoma and lung cancer models that harbor low
tumor mutational burden and fail to respond to ICB therapy alone. In
mechanistic studies, we found that compared to untreated and ICB-
treated tumors, AIP-primed tumors showed higher levels of tumor
cell death, which triggered more cross-presenting DCs to take up
tumor antigens and activate CD8+ T cells in TDLNs, preceding a later
wave of T cell infiltration. Moreover, the therapeutic benefit resulted
from not only effector T cells but also innate immune cells, especially
NK cells and macrophages that contributed to the initial tumor cell
killing. Intriguingly, we found that NK cells secreted XCL1 and FLT3L
to recruit and maintain cross-presenting DCs in the tumor, and de-
pletion of NK cells completely abolished AIP-induced increases in the
number of intratumoral cross-presenting DCs and activated T cells.
Conclusions
In summary, we identified a minimalist “priming” therapy that suc-
cessfully synergizes with subsequent ICB treatment. Mechanistic
studies indicate that the engagement of innate immune cells to initi-
ate the “cancer-immunity-cycle” and expand cross-presenting DCs is
important to the success of this combination therapy.
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Background
About 13-20% of breast cancer (BC) patients are HER2 positive
(HER2+) and receive trastuzumab (T), an anti-HER2 monoclonal
antibody, but 40-60% of them relapse. We have demonstrated
that tumor necrosis factor alpha (TNFα) induces the expression
of the transmembrane glycoprotein mucin 4 (MUC4), that
shields T epitope in HER2, impairing its antitumor effects. Also,
we have shown that Etanercept (E), an inhibitor of soluble and
transmembrane TNFα (sTNFα, tmTNFα), downregulated MUC4
expression and sensitized de novo T-resistant BC xenografts to
T [1]. The aim of this work was to study the participation of
MUC4 on T resistance in vivo, on T-mediated antitumor innate
immune response, and to evaluate the role of sTNFα on MUC4
expression.
Methods
We used the T-resistant JIMT-1 cell line transduced with a doxycyc-
line (Dox)-inducible MUC4 shRNA construct (JIMT-shMUC4). To block
TNFα, we used E or the dominant negative-TNFα protein INB03 (DN).
Nude mice bearing JIMT-1-shMUC4 tumors (~50 mm3), were ran-
domly assigned to the experimental (+Dox 2mg/ml in drinking
water) or control group (−Dox). Both groups were treated with IgG,
T, E (all 5 mg/kg), DN (10 mg/kg), T+E or T+DN i.p. twice a week and
tumor volume was monitored routinely. MUC4 expression was deter-
mined by Western Blot in tumor extracts. Tumor-infiltrating immune
cells were evaluated by immunofluorescence and analyzed by flow
cytometry.
Results
In control groups, only T+E and T+DN administrations were able to
inhibit tumor growth (72% and 75%, respectively, P
Conclusions
This is the first report to show that sTNFα is responsible for MUC4
regulation and that MUC4 is the major player in TNFα-induced T re-
sistance in vivo. In addition, MUC4 favors an immunosuppressive
tumor microenvironment. We propose that patients with HER2+ and
MUC4+ tumors should be treated with T and TNFα-blocking agents
to avoid resistance.
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Background
CPI-006, a humanized IgG1 Fc gamma receptor binding-deficient
anti-CD73 antibody blocks CD73 enzyme activity and has adenosine
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independent, immunomodulatory activity including activation of lym-
phocytes (expression of CD69, CD83, CD25), effects on T and B cell
trafficking, and increases in expression of markers on antigen pre-
senting cells (CD86, HLA-DR)[1]. We report immunologic, safety and
preliminary efficacy data from a Phase 1/1b study, with CPI-006
monotherapy and combination with ciforadenant, an adenosine-A2A
receptor (A2AR) antagonist (NCT03454451).
Methods
Dose escalation/expansion design with CPI-006 monotherapy (IV, q21
days) and combination with ciforadenant (100mg oral BID). Eligibility
included patients with cancers progressed on standard therapies.
Blood was evaluated for lymphocyte subsets and IgH sequencing
was performed to assess B cell receptor (BCR) clonality; tumor biop-
sies evaluated by immunohistochemistry.
Results
25 patients with median 4 prior therapies enrolled (15 monotherapy,
doses 1mg/kg to 18mg/kg; 10 combination, 1mg/kg to 12mg/kg). No
DLT was observed and MTD not reached. Most common adverse events
Gr 1/2 nausea, fatigue and infusion reactions. PBMC CD73 occupancy by
CPI-006 for >21 days was seen at ≥ 6mg/kg (occupancy dose; OD, N=12
patients) and blockade of enzyme activity of CD73 in tumor was achieved
at 12mg/kg. In blood of all 11 evaluable patients treated at ≥ OD, there
was reduction in circulating CD73+ B cells (median −64%) at 0.5 hr with
partial recovery by day 21. Returning B cells demonstrated upregulated
HLA-DR with the proportion of memory B cells expanded (median +40%
in CD27+, IgD−). No change in serum immunoglobulins was seen. Circu-
lating T, NK cells and monocytes were reduced at 0.5 hr but recovered
by 24 hrs. Memory CD4 T cell numbers in blood increased >20% in 5 of
10 patients tested with three of those patients showing reduction in
tumor. Tumor regression was observed in 4 of 8 evaluable patients at ≥
OD (Figure 1) including best overall response of −28% and −21% in 2 pa-
tients with RCC and −18% in mCRPC. BCR analysis showed that treatment
induced the generation and expansion of new B cell clones in blood of 2
of 3 patients studied including one of the responding RCC patients.
Conclusions
CPI-006 is an anti-CD73 antibody with immunomodulatory activity. Acti-
vation markers and changes in circulating lymphocytes are consistent
with trafficking to nodal sites and sensitization of T and B cells. Prelim-
inary evidence of anti-tumor activity has been observed without enrich-
ment for tumor CD73 expression or adenosine gene signature.
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Background
Pancreatic ductal adenocarcinoma (PDAC) largely fails to re-
spond to FDA-approved immunotherapy, with a 5-year survival
rate of only 5-7 % [1]. Intriguingly, according to the cancer gen-
ome atlas (TCGA), human pancreatic cancers have exceptionally
high levels of vasoactive intestinal peptide (VIP) mRNA expres-
sion in the tumor (Figure 1A). VIP is an immunosuppressive
neuropeptide which when added to activated T cells decreases
their proliferation and polarizes them towards the Th2 pheno-
type [2]. Thus, we hypothesized that VIP plays a crucial role in
immune paralysis associated with PDAC and that pharmaco-
logically inhibiting VIP signaling could enhance treatment re-
sponse in PDAC tumors.
Methods
Levels of VIP in cell culture supernatant and serum of human or
mouse blood was detected using VIP specific enzyme immuno-
assay. Subcutaneous or orthotopic mouse PDAC models were
generated by injecting 1 million murine PDAC cells, MT5 or lu-
ciferase transfected KPC (KPC.luc), near the flank or on a matri-
gel into the tail of pancreas of immunocompetent C57BL/6
mice, respectively. Peptide VIP antagonists, ANT-00 or ANT-08
(more potent version) were subcutaneously administered every
day to inhibit VIP signaling in-vivo followed by intraperitoneal
administration of anti-PD1 or rat IgG2a (isotype) every 3 days
for a duration of 10 days. Tumor growth was monitored by
measurements with Vernier calipers or via IVIS imaging and in
some cases confirmed with 9.4T MRI imaging. Immunological
differences between the treatment groups were determined via
flow cytometry and/or immunofluorescence staining of spleen
or tumor.
Results
Our results show that peripheral blood of untreated human pan-
creatic cancer patients have significantly higher levels of VIP
when compared to healthy volunteers (Figure 1B). Similarly,
mouse PDAC cell lines also produce significantly high levels of
VIP both in-vitro and in-vivo (Figure 1C&D). Treatment with ANT-
00+anti-PD1 in subcutaneous MT5 and KPC models, resulted in
significant improvement in median survival that was associated
with increased CD8+ T cell infiltration into the TME (Figure 2).
The treatment strategy also resulted in significantly reduced
tumor burden in the orthotopic mouse models of PDAC (Figure
3). Additionally, splenocytes from ANT-08+anti-PD1 treated mice
with orthotopic PDAC tumors had more IFN gamma-secreting
CD8+ T cells and lower numbers of myeloid derived suppressor
cells and plasmacytoid dendritic cells, when compared to control
group (Figure 4).
Conclusions
Expression of high levels of VIP is a targetable mechanism of im-
mune escape in PDAC. Inhibiting VIP signaling along with checkpoint
blockade significantly improves treatment response in murine PDAC
models.
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Background
Head and neck squamous cell carcinoma (HNSCC) is caused by either
infection with human papillomavirus (HPV+) or tobacco use (HPV-).
Immunotherapy for metastatic or recurrent head and neck squamous
cell carcinoma (HNSCC) is FDA-approved regardless of HPV status,
but only ~15-20% of patients achieve a clinical response [1-2]. Many
targets for CD8+ T cells are being investigated for clinical efficacy [3],
but the potential of other cell types to enhance antitumor immunity
has yet to be fully realized.
Methods
Single-cell RNAseq (scRNAseq) libraries (10X Genomics, 3’ v2)
were generated by sorting CD45+ cells (i.e. all immune popula-
tions) from peripheral blood mononuclear cells (PBMC) and tumor
infiltrating leukocytes (TIL) from immunotherapy naïve HNSCC pa-
tients. CD45+ cells from healthy donor PBMC and tonsil tissues
from sleep apnea patients undergoing tonsillectomy were also
used for scRNAseq. Clustering, differential gene expression ana-
lysis, and gene set enrichment analysis were used for scRNAseq
analysis. Seven-color immunofluoresence (IF) was performed on
the same tissues used for scRNAseq. A Kolmogorov-Smirnov test
was used to determine enrichment scores from bulk mRNAseq
from The Cancer Genome Atlas (TCGA), and log-rank tests were
used for survival analyses.
Results
We identified 132,302 single cells from 6 healthy donor PBMC, 5
tonsils, 18 paired PBMC/TIL from HPV- patients, and 9 paired
PBMC/TIL from HPV+ patients. Interestingly, B cells, CD4+ Tconv,
and myeloid cells had divergent transcriptional profiles between
HPV- and HPV+ TIL, while CD8+ T cells and CD4+ Treg were rela-
tively similar. In HPV+ HNSCC, CD4+ Tconv expressed a T follicu-
lar helper (TFH) signature (including co-expression of CXCR5,
PDCD1, ICOS and ASCL2), while those in HPV- HNSCC predomin-
antly had an effector-memory signature. We next used the TFH
signature derived from scRNAseq to generate a TFH enrichment
score for HNSCC patients in TCGA. This analysis revealed better
progression-free survival (PFS) in patients with a high versus low
TFH signature (hazard ratio=0.39; p=0.0098). In multivariate ana-
lysis controlling for 9 covariates, high TFH signatures remained
associated with better PFS (hazard ratio=0.041, p=0.02). Consist-
ent with the scRNAseq data, IF analysis revealed co-localization of
CD4+ Tconv and B cells in tertiary lymphoid structures, suggest-
ing a functional role for TFH in HNSCC.
Conclusions
Our “top-down” single-cell transcriptional analysis of immune cells in
HNSCC reveals an unappreciated hierarchy of immune heterogeneity.
Immunotherapeutics should be tailored to unique properties of the
tumor microenvironment, such as boosting the function of CD4+
TFH in HPV+ HNSCC.
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Background
Classic Hodgkin lymphoma (cHL) is a germinal-center derived B-cell
lymphoma which is rich in non-malignant T cell infilitrates [1]. The
malignant cHL cells manipulate the tumor microenvironment, which
in turn has the potential to be used as a prognostic marker and
therapeutic tool [2,3,4]. Mass cytometry (CyTOF) is a high-complexity
cytometry technology that has been successfully applied to immune
profiling in cancer contexts [5,6,7]. We used mass cytometry to pro-
file the cHL tumor microenvironment in a cohort of eight cHL pa-
tients and seven non-malignant lymphoid tissue controls.
Methods
Eight viably cryopreserved single-cell suspension samples from tumor
biopsies at time of diagnosis were obtained from the prospective
lymphoma biobank at the Mayo Clinic, Rochester. Seven similarly
prepared de-identified samples from patients with non-malignant
diagnoses (four tonsils and three lymph nodes) were used as con-
trols. Samples were stained with a 31-marker surface immunopheno-
typing panel which was designed to detect all major immune
compartments with an emphasis on further characterization T cells.
Four cHL and four control samples had additional markers added to
their panel (PDL1 and CD30) in order to identify the cHL malignant
cells. Samples were acquired using a CyTOF2 instrument. Resulting
data was analyzed using the Astrolabe Cytometry Platform (a stan-
dardized analysis pipeline) and additional R code, including t-SNE
and follow-up statistics.
Results
The combination of high-complexity cytometry with a standardized
analysis pipeline reveals an accurate profile of the immune system
(Figure 1:panels A, B). Cell subset phenotypes and frequencies vary
dramatically between the cHL patients and controls (Figure 1:panels
C, D). Specifically, the method recapitulated known trends where the
B cell compartment shrinks in cHL while the T cell compartment ex-
pands [1] (Figure 1:panel E). Subset frequencies between the cHL pa-
tients exhibited a higher variation than donors, including three
patients whose B cell frequencies were comparable to the non-
malignant samples. Further investigation within each compartment
identified a five-fold increase in the frequency of EMRA CD4+ T cells
and differential expression of CCR4 and CD69 in B cells. Finally, we
adapted a method from minimal residual disease (MRD) to correctly
detect the Hodgkin lymphoma malignant cells.
Conclusions
Our study shows that high-complexity immune profiling of the tumor
microenvironment of cHL is feasible using CyTOF. This powerful tool
has the potential to be utilized in the evaluation of immune-related
prognostic markers and provide insight into targets and mechanisms
with therapeutic potential in this disease.
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Background
High-risk human papilloma virus type 16 (HPV16) induces the major-
ity of cervical and oropharyngeal cancers. Patients with HPV16+ oro-
pharyngeal squamous cell carcinoma (OPSCC) and an intratumoral
type 1 T cell response against the viral oncoproteins E6 and E7 (im-
mune response positive (IR+)) have a much better prognosis after
(chemo)radiotherapy than HPV16- OPSCC. Analysis of the tumor
microenvironment (TME) revealed that HPV16+IR+ OPSCC were
highly infiltrated by CD4+CD161+ T cells with an effector memory
phenotype and their numbers correlated with improved survival. To
understand how CD4+CD161+ T cells contribute to better survival,
the aim of this study is to examine the regulation and role of
CD4+CD161+ T cells in HPV16+ cancers.
Methods
The TME was analysed by multispectral immunofluorescence on ar-
chived formalin-fixed paraffin-embedded tumor tissue, and flow cy-
tometry on cryopreserved tumor infiltrating lymphocytes obtained
from freshly isolated tumor tissue. DC subtypes were sorted from
healthy individuals. HPV16-specific CD4+ T cell clones with or with-
out CD161 expression were derived from OPSCC and cervical cancer
patients. Proliferation and cytokine production were analysed by
tritium-thymidine incorporation, flow cytometry and/or ELISA.
Results
Analysis of myeloid cell populations in the TME revealed a dense in-
filtration with a fairly unknown population of CD14-CD33-CD163+
myeloid cells and cell numbers correlated with a strong T cell infil-
trate and improved survival. A more in-depth analysis of these cells
by flow cytometry and multispectral immunofluorescence demon-
strated that these cells represent a genuine DC population. In an allo-
geneic setting, blood-derived CD163- and CD163+ DC stimulated
memory T cell proliferation, but IFNγ was mainly produced by
CD161+ T cells. Interestingly, activated CD163+ DC produced higher
levels of IL-12 and IL-18 than their CD163- counterparts. These cyto-
kines are known inducers of a type 1 immune response and block-
ade of IL-12 and IL-18 impaired IFNγ production by T cells stimulated
with these DC. Furthermore, IFNγ-production by cognate antigen-
stimulated patient-derived HPV16-specific CD4+ T cells clones was
enhanced by the addition of IL-12 and IL-18. Notably, under subopti-
mal antigen conditions, HPV16-specific CD4+CD161+ T cells pro-
duced more IFNγ in response to IL-12 and IL-18 than their
CD4+CD161- counterparts.
Conclusions
In conclusion, intratumoral CD163+ DC contribute to a stronger anti-
tumor response through the production of IL-12 and IL-18 which
amplifies especially the type 1 response of CD4+CD161+ T cells as
these cells are more sensitive to IL-12 and IL-18 than their CD161-
counterparts.
Ethics Approval
This study was approved by the Leiden University Medical Center
(LUMC) Ethics Board, approval number P07-112 and P08-197.

O45
Overexpression of CD200 is a stem cell-specific mechanism of T
cell evasion in AML
Shelley Herbrich, MS, Gheath Alatrash, DO, PhD, Richard Davis, MD,
Michael Curran, PhD, Marina Konopleva, MD, PhD
The University of Texas MD Anderson Cancer Center, Houston, TX,
United States
Correspondence: Marina Konopleva (mkonopleva@mdanderson.org)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O45

Background
Acute myeloid leukemia (AML) stem cells (LSC) are capable of
surviving current standard chemotherapy and the likely source of
deadly, relapsed disease. To identify potential immunotherapeutic
targets, we sourced multiple large, publically available datasets
and identified CD200 as a potential stem-cell specific immune
checkpoint in AML. CD200 has been shown to have an immuno-
suppressive effect on macrophages [1] and NK cells [2] and corre-
lates with a high prevalence of FOXP3+ regulatory T cells [3].
Additionally, CD200 has been implicated as a poor prognostic
marker in AML [4]. To date, we have screened 40 primary AML
patient samples by flow cytometry, 95% of which are positive for
CD200.
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Methods
To study the functional role of CD200 in AML, we generated a CD200
overexpression model in the OCI-AML3 cell line (with no basal ex-
pression) and characterized changes in proliferation, survival, and
gene expression. To examine the immune function of CD200 in AML
in vitro, we performed a series of mixed lymphocyte reactions where
normal PBMCs were cultured with the CD200+ or CD200- leukemia
cells and measured by flow cytometry for apoptosis, proliferation, or
intracellular cytokine production. Finally, we established a
humanized-PBMC mouse model in which we tracked the engraft-
ment and overall survival of the CD200+/- OCI-AML3 cells.
Results
CD200 overexpression did not affect the proliferation rate or viability
of the AML cells. However by RNAseq, CD200+ cells significantly
downregulated genes involved in inflammatory response and those
regulated by NF-κB in response to TNFα; indicating a potential intrin-
sic role in suppressing the immune microenvironment of AML LSCs.
In vitro, healthy PBMCs significantly reduced the production of in-
flammatory cytokines (including TNFα and IFNγ; Fig1 A,B) and cyto-
toxic enzymes (including GzmA, GzmB, Perforin, and sFAS ligand;
Fig1 C,D) in the presence of AML cell-bound CD200. Interestingly, this
did not translate into direct AML cell killing in this system. In vivo,
OCI-AML3 CD200+/- cells showed no difference in engraftment, pro-
gression, and overall survival in immunodeficient NSG mice. How-
ever, when mice were humanized using healthy PBMCs (Fig 1E),
CD200+ leukemia progressed rapidly, escaping elimination by T cells,
compared to CD200- control leukemic cells (Fig 1F).
Conclusions
We have identified CD200 as a putative stem cell-specific immuno-
modulatory target that aids in establishing an immunosuppressive
microenvironment and allows cells to escape immune detection and
destruction resulting in disease progression. These findings indicate
a utility of CD200 as a novel immune checkpoint target for the devel-
opment of therapeutic strategies in AML.
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Background
To expand the promise of immunotherapy, anti-PD-1 checkpoint in-
hibition is being applied to non-T cell-based strategies, including NK
cells. Given that expression of PD-1 by NK cells remains controversial,
we set out to characterize the phenotype and function of tumor infil-
trating NK (and T) populations, including PD-1 and TIGIT, in human
cancer patients.
Methods
We evaluated peripheral blood and tumor specimens from sarcoma
and colon cancer patients and blood from post-allogeneic, T cell re-
plete HSCT patients with diverse hematologic malignancies. We also
assessed intra-tumoral lymphocytes from subcutaneous tumor-
bearing mice (CT26 colon, 4T1 mammary, B16 melanoma, and 3LL
lung) with paired mouse splenocyte populations to validate findings
from human specimens. Immune phenotype and function were ana-
lyzed by flow cytometry. Cell types were quantified, including expres-
sion of PD-1 and TIGIT.
Results
Within human tumors, T cells (CD3+CD56-) consistently outnum-
bered NK cells (CD3-CD56+) within soft tissue sarcomas (2.6 x 10^5±
3.9 x 10^5 vs 5.5 x 10^4±8.5 x 10^4 per million live cells), but not
within colorectal cancer (2.1 x 10^5 vs 3.6 x 10^5). Intra-tumoral NK
and T cells had higher expression of CD69 compared to blood (60%
and 22% vs
Conclusions
NK cells represent a minor fraction of infiltrating lymphocytes across
murine tumor types, whereas NK cell frequencies are variable in hu-
man tumors with minimal infiltration in sarcomas but high infiltration
in colon cancer. Across human and mouse tumors (and HSCT pa-
tients), PD-1 expression on NK cells is negligible indicating that NK
cells are unlikely to be a direct mediator of checkpoint blockade
therapy. In contrast, TIGIT shows substantial expression on human
intra-tumoral NK and T cells, suggesting key immunoregulatory func-
tion in the tumor microenvironment and the potential for thera-
peutic targeting.
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Background
Pancreatic ductal adenocarcinoma (PDA) is an aggressive malignancy
and 3rd-leading cause of cancer-related death with a dismal 5-year
survival rate of 7%. Unfortunately, recent efforts towards treatment
of pancreatic cancer with immunotherapy have not seen successful.
A major barrier for immunotherapeutic approaches in PDA is marked
immunosuppression within pancreatic tumor milieu [1,2]. Under-
standing the mechanisms that drive immunosuppression may help
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to improve the efficacy of current immunotherapies. Therefore, the
comprehensive aim of this research is to reveal cellular and molecu-
lar mechanisms by which immune cells promote the growth of
tumor cells and thereby facilitate the progression of cancer.
Methods
We employ spontaneous and orthotopic mouse models of PDA
which summarizes human pancreatic cancer [3,4]. We achieved this
goal by using mouse model with a B cell-specific genetic loss of IL-
35 combined with orthotopic PDA modeling. Additionally, we
assessed the effect of anti-IL-35 blockade in combination with im-
mune checkpoint blockade therapy as a pharmacological approach
to provide additional invigoration for T cell-mediated killing of pan-
creatic cancer cells.
Results
Our analysis reveals a specialized subset of B cells, termed regulatory
B cells, which promote pancreatic tumorigenesis through production
of the cytokine IL-35 (encoded by subunits p35 and Ebi3) which has
been previously implicated in suppression of T cell driven auto-
immune diseases [5,6]. Our results demonstrate that IL-35, but not IL-
10, potentiates PDA growth. This correlates with induction of regula-
tory T cells and suppression of effector T cells, suggesting that IL-35
controls endogenous anti-tumor immune responses [7]. While IL-35
is expressed by several immune cell types in PDA, we show that IL-
35 expression specifically in B cells is essential for suppression of
anti-tumor immunity. Importantly, while PDA is typically resistant to
anti-PD-1 immunotherapy, we demonstrate robust synergistic reduc-
tion in tumor growth when B cell specific IL-35 deficiency is com-
bined with anti-PD-1. Finally, we have identified an IL-35+ B cell
subset in PDA patients and demonstrate that the presence of IL-35+
cells in tumor samples predicts increased occurrence of dysfunctional
CD8+ T cells.
Conclusions
PDA is resistant to immune-checkpoint therapy therefore under-
standing the mechanism of function of IL-35+ B cells in PDA provide
us with novel therapeutic targets that could be used to synergize
with existing immunotherapeutic approaches and provide a path to
clinical translation. In addition to expanding our basic knowledge of
tumor immunology, this research has direct relevance for the design
of immune based treatment therapies against patients with pancre-
atic cancer.
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Background
Recent clinical studies have provided evidence that therapeutic vac-
cinations against mutationally derived neoantigens can enhance
anti-tumor immunity and provide long-term protection. The efficacy
of these therapies varies and recent work suggests that the affinity
and sequence motifs of the neoantigens can be critical determinants
of the magnitude of the induced immune response. However, sys-
temic in vivo studies have thus far been hampered by the lack of ap-
propriate neoantigen-expressing tumor mouse models.
Methods
Using a curated list of neoantigens previously identified [1-4] we
have established an array of lung cancer cell lines expressing a single
neoantigen, with neglectable additional mutational burden. The
chosen neoantigens have varying predicted binding affinities to
MHCI molecules (NetMHC and Syfpeithi). Each line was used to es-
tablish a subcutaneous tumor in immunocompetent or immune-
deficient mice. Tumors were harvested at day 9 and day 28 and sub-
jected to flow cytometry analysis to phenotype T cell populations.
ELISpot assays were performed using splenocytes harvested from
mice to determine the frequency of neoantigen-specific T cells in the
periphery following peptide vaccination or tumor implantation.
Cross-reactivity to the wildtype peptide sequence was also assessed.
Mice were also prophylactically vaccinated with peptides derived
from the neoantigen sequences before tumor implantation to study
differences in therapeutic efficacies.
Results
Peptide vaccination alone was sufficient to induce expansion of
neoantigen-specific T cells in the spleen for each neoantigen, though
the T cell frequency and cross-reactivity to the non-mutated peptide
varied depending on the peptide. The immune response of naïve
mice to implanted tumors also varied depending on the peptide,
while all tumor cell lines were able to grow with similar kinetics in
immunocompetent mice. There was no correlation between response
induced by peptide vaccination and response induced by tumor im-
plantation by IFN-gamma ELISpot assays. A trend between anti-
tumor immune response and peptide: MHC affinity could be ob-
served however no correlation between affinity and therapeutic effi-
cacy could be detected.
Conclusions
Using our reductionist syngeneic mouse model and using for the first
time true neoantigens rather than model antigens our results sug-
gest that therapeutic peptide vaccination may not be sufficient to
drive tumor control and elimination even with predicted high-affinity
peptide-MHC complexes. Instead, it may be the case that potentiat-
ing the anti-tumor immune response with checkpoint blockade anti-
body treatment will segregate high-affinity peptide-MHC complexes
as responders and the remaining complexes as non-responders.
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Background
CD8+ tumor-infiltrating T lymphocytes (TIL) progressively succumb to a
dysfunctional state known as exhaustion, characterized by poor effector
function and sustained co-inhibitory marker expression, but the factors
causing this hyporesponsive phenotype remain unclear. We have previ-
ously demonstrated that exhausted TIL also exhibit progressive loss of
functional mitochondria, due in part to repression of the transcriptional
co-activator PGC1α, resulting in suppressed mitochondrial fusion and bio-
genesis. Enforcing PGC1α expression in tumor-specific T cells not only led
to increased mitochondria, but improved T cell functionality, decreased
tumor burden, and increased survival in mouse B16 melanoma. We then
hypothesized T cell exhaustion may be driven by metabolic insufficiency
and led us to explore the mechanism driving T cell exhaustion.
Methods
We developed models to identify how tumor-derived signals – hyp-
oxia and chronic T cell receptor activation – induce metabolic insuffi-
ciency and T cell exhaustion in vitro and in vivo.
Results
Using several complementary systems, we found T cells experiencing
chronic activation or hypoxia alone in vitro could carry out similar or su-
perior effector functions, but experiencing both chronic activation and
hypoxia simultaneously generated profound, persistent T cell dysfunction.
This dysfunction was characterized by high co-inhibitory and TOX expres-
sion, loss of IFNγ production, and decreased mitochondrial oxygen con-
sumption. Terminally exhausted TIL have high expression of the
transcriptional repressor Blimp1, which we found to be driven by chronic
activation and caused potent repression of PGC1α transcription. This re-
pression resulted in dysfunctional mitochondria and excessive mitochon-
drial reactive oxygen species (ROS). Inducing mitochondrial ROS alone
was sufficient to cause T cell exhaustion, which could be prevented by
mitigating ROS with antioxidant co-culture. Consequently, by reducing
tumor hypoxia in vivo, we can slow the differentiation to T cell exhaus-
tion, allowing for a greater abundance of functional T cells in the TME
and improving responses to checkpoint blockade immunotherapy.
Conclusions
Our findings support a model in which chronic activation fundamentally
alters how T cells respond to hypoxic conditions, exposing a mechanism
of T cell exhaustion in cancer. These data reveal potential metabolic ave-
nues to rescue exhausted T cells and improve immunotherapy.
Ethics Approval
The study was approved by Institutional Animal Care and Use Com-
mittee of the University of Pittsburgh, approval number 17071235.

O50
PD1+ T regulatory cells in metastatic cancer patients co-express
CD39 and exhibit attenuated suppressive function due to
decreased survival
Richard Wu, MD, PhD1, Christopher Chuckran, BS2, Ashwin
Somasundaram, MD3, Rajeev Dhupar, MD1, Katie Nason, MD1, Adam
Soloff, PhD2, Michael Lotze, MD1, Caleb Lampenfeld, BS2, Sheryl
Kunning2, Tullia Bruno, PhD2, Dario Vignali, PhD2

1University of Pittsburgh Medical Center, Pittsburgh, PA, United States ;
2University of Pittsburgh, Pittsburgh, PA, United States ; 3UPMC Cancer
Center, Pittsburgh, PA, United States
Correspondence: Tullia Bruno (tbruno@pitt.edu), Dario Vignali
(dvignali@pitt.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O50

Background
While T regulatory cells (Tregs) maintain normal immune homeosta-
sis, they are also potent suppressors of the anti-tumor immune
response within the tumor microenvironment (TME). Tregs are associated
with poor clinical response in a subset of melanoma and gastric cancer
patients treated with anti-PD1 immunotherapy [1]. Currently, it is not
known how inhibitory receptors (IRs) impact the survival or suppressive
function of tumor-infiltrating Tregs in metastatic cancer patients [2, 3].
Methods
Using high-dimensional spectral cytometry (Cytek®), we have under-
taken a comprehensive characterization of Treg phenotype and func-
tion from metastatic melanoma (n = 10) and malignant pleural
effusions (MPE) (n = 27). We analyzed the differences in multiple inhibi-
tory and stimulatory receptors, membrane-bound purinergic receptors
(CD39, CD73), as well as differences in proliferation (Ki-67) and survival
(Bcl-2) between Treg subsets. Since PD1 and CD39 were two of the
highest-expressing inhibitory and purinergic receptors on Tregs in
MPEs, we sorted these populations and utilized an allogeneic microsup-
pression assay to determine the differences in suppressive function be-
tween PD1+CD39+, PD1-CD39+, and PD1-CD39- Treg subsets.
Results
Our results indicate that Tregs in metastatic cancer patients express sig-
nificantly higher levels of PD1, CD39, and ICOS, compared to Tregs from
patient or healthy donor peripheral blood. We found PD1+ Tregs co-
expressed CD39 and ICOS, and expressed higher levels of proliferation
(Ki-67) with lower levels of the anti-apoptotic protein Bcl-2, compared
to PD1- Tregs. After sorting MPE Tregs by PD1 expression, we observed
that the PD1- subset was the most suppressive, while PD1+ subset was
the least suppressive. We also found that the anti-PD1 blockade with
nivolumab enhanced the suppression of the sorted PD1+ Tregs, while
having no significant impact on the sorted PD1- Tregs.
Conclusions
Our study indicates that PD1 and CD39-expressing Tregs are enriched in
the TME and seem to be more dysfunctional, likely due to local tumor fac-
tors such as chronic TCR stimulation, adenosine receptor signaling (known
drivers of PD1), or hypoxia (a known driver of CD39). PD1+ Tregs, though
co-expressing the activation marker ICOS and membrane-bound CD39,
nevertheless lose suppressive function due to susceptibility to apoptosis.
Thus, the relative ratios of PD1+ vs. PD1- Tregs in the TME may influence
the response of metastatic cancer patients to immunotherapy.
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Background
Despite an unprecedented success with immune checkpoint inhibitors
and adoptive cell therapies, the majority of patients remain refractory to
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immunotherapy. Strategies to overcome immune barriers include manipu-
lation of immune metabolism. There is a growing consensus that metabol-
ism is a key driver of T cell functions with a direct impact on anti-tumor
immunity. Sirt2 is an (NAD+)-dependent histone deacetylase with conflict-
ing reports on its tumor suppressor or oncogenic roles. In the immune sys-
tem Sirt2 appears to primarily function as a suppressor of inflammation
but its role in T cell biology has not been previously explored.
Methods
Sirt2 expression in human and murine T cells was assessed by flow cy-
tometry and Western blot (Wb). The role of Sirt2 in anti-tumor immunity
was assessed by in vivo B16F10 tumor challenge, ex vivo cell proliferation
(CFSE labeling), IFN-γ ELISpot assay, granzyme B expression and LDH
cytotoxicity assay in Wild-type and Sirt2 knockout mice. Phenotypic profil-
ing of peripheral T cells from B16F10 challenged mice was conducted by
flow cytometry. Sirt2 interactome and acetylome were identified via mass
spectrometry (MS) and immunoprecipitation/Wb analyses. T cells metab-
olism was assessed by seahorse extracellular flux analyzer and metabolo-
mic MS analyses. Pharmacologic inhibition of Sirt2 in human T cells was
achieved using AGK2, a Sirt2 selective inhibitor.
Results
Upregulation of Sirt2 expression in human tumor-infiltrating lymphocytes
(TILs) compared to peripheral blood mononuclear cells (PBMCs) from pa-
tients enrolled into a phase I clinical trial of Nivolumab and TILs in ad-
vanced non-small-cell lung cancer (NSCLC) correlated with a poor clinical
response to immunotherapy. Sirt2 deficiency in mice led to hyper-reactive
T cell phenotype ex vivo with improved capacity to reject tumor challenge
in vivo. Sirt2 was found to directly interact with key glycolytic enzymes in-
cluding PFKP, GAPDH, enolase and aldolase during T cell activation, to
modify their acetylation status and enzymatic activity. Consistently, Sirt2-/-
T cells exhibited a hyper-metabolic status with a profound upregulation of
glycolysis and enhanced proliferation and effector activity in mice. More
importantly, pharmacologic inhibition of Sirt2 with AGK2 conferred human
TILs with superior metabolic fitness and enhanced effector functions.
Conclusions
We demonstrate that Sirt2 is a metabolic immune checkpoint and its
abrogation enhances the metabolic and functional fitness of tumor
reactive T cells to augment cancer immunotherapy.
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Background
Immunotherapy is a treatment for many types of cancer, primarily
due to deep and durable clinical responses mediated by immune
checkpoint blockade (ICB)[1,2]. Prostate cancer is a notable exception
in that it is generally unresponsive to ICB. The standard treatment for
advanced prostate cancer (androgen-deprivation therapy; ADT) is ini-
tially effective, but over time patients eventually develop castration-
resistant prostate cancer (CRPC). Recently, the myeloid-derived sup-
pressor cell (MDSC) subset that most closely relates to neutrophils,
called polymorphonuclear (PMN)-MDSCs, were correlated with de-
creased overall survival (OS), increased levels of IL-8 (also known as
CXCL8), immune resistance, and prostate cancer progression from lo-
calized to metastatic disease[3, 4, 5].
Methods
We evaluated the differential expression profile of tumor epithelial cells
isolated from castration-sensitive (CS) and ADT-treated MCRedAL tumor
bearing mice. The effect of two transcription factor affected by ADT
treatment (p65 subunit of NF-kB and AR) was evaluated by Chip-Seq
and Chip-PCR experiments on CS LNCaP cells. Their respective effects
on the promoter activity of interlukine-8 (IL-8) was further evaluated by
luciferase assays. ADT-mediated IL-8 and Cxcl15 expression in tumor
cells was confirmed by RNA-ISH and qPCR in murine and human pros-
tate cancer samples, respectively. Intratumoral infiltration of PMN-
MDSCs was evaluated in vitro by transwell assays and in vivo by flow
cytometry in a set of murine and human cell lines and xenograph
models. Tumor outgrowth of an immunocompetent model of prostate
cancer after receiving CXCR2 blockade in combination with ICB + ADT
was evaluated and compared to ICB + ADT alone. Finally, polyfunc-
tional CD8 T cells were evaluated by intracellular staining of TNFα, INFγ,
Granzyme B, and IL-2 cytokines.
Results
ADT regulated gene expression of both IL-8 and it's potential mouse
homologue (Cxcl15). These chemokines drove subsequent intra-
tumoral infiltration with PMN-MDSCs, promoting tumor progression.
PMN-MDSC infiltration was abrogated when IL-8 was deleted from
prostate cancer epithelial cells using CRISPR/Cas9, or when PMN-
MDSC migration was blocked with antibodies against the IL-8 recep-
tor CXCR2. Blocking PMN-MDSC infiltration in combination with anti-
CTLA-4 delayed the onset of castration resistance and increased the
density of polyfunctional CD8 T cells in tumors.
Conclusions
Taken together, our findings establish ADT-mediated IL-8 secretion
and subsequent PMN-MDSC infiltration as a key suppressive mechan-
ism in the progression of prostate cancer. Targeting of the IL-8/
CXCR2 axis around the time of ADT, in combination with ICB, repre-
sents a novel therapeutic approach to delay prostate cancer progres-
sion to advanced disease.
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Background
An active immune microenvironment characterized by high levels of
tumor-infiltrating lymphocytes and cytotoxic activity, has been asso-
ciated better prognosis of colorectal cancer patients [1]. In addition
to cytotoxicity, characteristics of immune-mediated tumor rejection
include expression of chemokine-receptor ligands, activation of
interferon-stimulated genes and upregulation of immune regulatory
genes [2]. The Immunological Constant of Rejection (ICR) gene signa-
ture summarizes these aspects and can be used to define tumor im-
mune phenotypes [2-5]. It is increasingly clear that the composition
of the T-cell repertoire, defined by T-cell clonality, contains additional
valuable information. A high T-cell clonality implies expansion of spe-
cific T-cell clones. Until now, the relation between an active immune
microenvironment and T-cell clonality in colon cancer remains unex-
plored. Here, we profiled the T-cell receptor (TCR) of primary colon
cancer samples and investigated its relation to the immune
contexture.
Methods
118 primary colon cancer samples were analyzed for their TCR
profile. RNA and DNA were isolated from fresh frozen tissue sam-
ples of a cohort of colon cancer patients collected over the last
decade at Leiden University Medical Center, the Netherlands. T-
cell repertoire profiling of samples was performed using Adaptive
immunoSEQ. This assay specifically amplifies and sequences the
complementary determining region 3 (CDR3) of the TCR-beta
locus. Both the TCR and RNASeq was performed using Illumina
sequencing at Sidra Medicine. ICR score was calculated as previ-
ously described [2-5].
Results
Our multi-modal approach allowed us to investigate the associ-
ation between T-cell clonality and cancer immune phenotypes.
We here report, for the first time, a significant positive correlation
between an active Th1 immune phenotype and a higher TCR
clonality in colon cancer. T-cell clonality strongly correlated with
the expression of the ICR signature (R=0.62, p=4.4e-14) [2–4], and
less with T-cell enrichment estimates. Importantly, the clonality of
T-cells was highest in tumor pathologic stage I compared with
later stages of disease. In-depth analysis of the clonal structure of
T-cell infiltrates and correlation with outcome is currently
ongoing.
Conclusions
We here demonstrated that an active immune tumor microenviron-
ment in colon cancer is positively associated with a more clonal T-
cell repertoire. This observation suggests that specific T-cell clones
are expanded in colon cancer with a Th1 polarized immune
response.
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Background
Somatic genetic alterations have been associated with differential
disposition of the intratumoral immune milieu. In contrast, the role
of germline genetics remains largely unknown. The Cancer Genome
Atlas (TCGA) Pan-Cancer Immune Response Working Group recently
analyzed associations between immunological features of tumor
microenvironment, prognosis, and tumor-intrinsic properties (includ-
ing somatic mutations and copy number aberrations). The study gen-
erated a comprehensive set of per-sample immune response
signatures, and identified distinct tumor immunological subtypes
shared across multiple cancer types [1]. Here, we examined the
germline genetic contribution to >100 such immune response signa-
tures, considered as potential traits, in >9,000 study participants
across 30 different cancer types in the TCGA.
Methods
We used SNP data from Affymetrix 6.0 arrays typed on normal tissue
and blood. After stringent quality control, we imputed missing SNPs
using the Haplotype Reference Consortium dataset and included
SNPs with minor allele frequency >0.005 and imputation quality
R2>0.5. We inferred genetic ancestry using principal components
analysis. We estimated genome-wide heritability of the immune sig-
natures using the genomic-relatedness-based restricted maximum-
likelihood (GREML) approach implemented in genome-wide complex
trait analysis (GCTA). We performed genome-wide association studies
(GWAS) using linear regression models. All analyses were adjusted
for cancer type, age at diagnosis, gender, and genetic ancestry using
principal components 1-7. Linear regression was also applied to
germline exome sequence data [2] to evaluate rare variant
associations.
Results
Across different tumor types, we found significant heritability (FDR<
0.05) for estimates of innate and adaptive immune cell enrichment
including natural killer cells, activated dendritic cells, eosinophils and
neutrophils, and T-cell subsets (CD8 Cytotoxic, T-helper, T-follicular
helper, T-effector memory, T-central memory, Th1 and Th17 cells) re-
spectively, as well as for antigen-presenting machinery and
interferon-related signatures. Furthermore, we found significant inter-
actions between germline modifiers and distinct immune subtypes
(FDR<0.05). Through GWAS analysis, we identified several polymor-
phisms associated with both immune cells and immunomodulatory
signaling passing the genome-wide significance threshold (p<5E-8).
Two SNPs previously associated with the risk of several auto-immune
diseases [3], rs2111485 and rs1990760 mapping to Interferon In-
duced Helicase C Domain 1 (IFIH1) locus, were significantly correlated
with interferon signaling in tumors (Figure 1). Moreover, suggestive
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associations between rare variants and immune response traits were
found.
Conclusions
We demonstrated that intratumoral immune disposition is partially
under germline control through systematic pan-cancer analysis.
Germline variants associated with differential immune response
might be used to stratify patients based on likelihood of treatment
response and to prioritize targets for development of novel
therapies.
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Background
Recent advances in T cell-based immunotherapies have revolu-
tionized treatment strategies for several types of cancers, how-
ever, approaches that rely on endogenous T cell responses have
had limited success in pediatric populations, attributed primarily
to the low mutational burden of these tumors. Here we charac-
terized CD8 T cells isolated from a wide range of pediatric solid
tumor types and observed enrichment of cells with an antigen-
experienced phenotype (high PD1 expression). The limited ability
of immune checkpoint blockade therapy (ICB) to trigger anti-
tumor responses in pediatric populations, despite the presence
of activated CD8 T cells in these tumors, prompted us to explore
alternative mechanisms restricting the endogenous T cell
response.
Methods
Here we developed a transplantable mouse tumor model that ex-
presses a well-characterized viral epitope, GP33, coupled to a
mCherry marker.
Results
Using this new model, we document antigen cross-presentation
by tumor-infiltrating myeloid cells as a key factor that drives sup-
pression of CD8 T cell in tumors. Specifically, we show that tumor
microenvironment (TME)-mediated suppression of CD8 T cell poly-
functionality occurs even in the absence of direct antigen-
presentation by tumor cells, suggesting that antigen cross-
presentation is sufficient to enforce the establishment of this dys-
functional state. More importantly, age-related changes in tumor
microenvironment had a significant impact on the differentiation
of tumor-specific CD8 T cells. Transplanting MHCI-deficient tumor
cells in young or adult mice, we report a striking skewing of
tumor-specific effector CD8 T cells towards a TCF7lowGzmBhi ter-
minally differentiated state in peripheral lymphoid organs. This
phenotype was associated with increased levels of antigen cross-
presentation by tumor-infiltrating myeloid cells in young hosts.
Consistent with our mouse findings, analysis of immune infiltrates
from human pediatric solid tumors revealed a strong correlation
between the expression of PDL1 on myeloid cells and enrichment
of CD8 TILs with an exhaustion phenotype (PD1hiTim3+).
Conclusions
Collectively we report how the “immature/young” microenvironment
of an actively developing tissue/individual contributes in the gener-
ation of an immune response skewed towards a terminally differenti-
ated state with limited plasticity, thus narrowing the window for
immunotherapeutic interventions.
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Background
NAD+ released from stressed and dying cells acts as a proinflam-
matory mediator [1]. In the presence of mono-ADP-
ribosyltransferases (ARTs), extracellular NAD+ can serve as sub-
strate for ADP-ribosylation of P2X7-receptors (P2X7Rs) expressed
on immune cells, including CD8+ T cells and CD103+ dendritic
cells (DCs) which are essential for immune-mediated tumor rejec-
tion, resulting in NAD-induced cell death (NICD) [2]. NICD of
P2X7R-expressing tissue-resident lymphocytes was recently de-
scribed as an important regulator of tissue homeostasis [3]. How-
ever, involvement of ART-mediated NICD in cancer and its
implications for anti-tumor immunity remain uninvestigated. We
hypothesized that ART1-expression in non-small cell lung cancer
(NSCLC) would limit immune-mediated tumor control by eliminat-
ing tumor-infiltrating P2X7R+ immune cells.

Benjamin.Youngblood@STJUDE.ORG
erw2010@med.cornell.edu


Journal for ImmunoTherapy of Cancer Page 218 of 2372019, 7(Suppl 1):283
Methods
Human NSCLC tumor samples and matched adjacent normal tissue
(n=40) were analyzed for ART1 expression by qPCR. In addition, a
lung adenocarcinoma tissue microarray (TMA) (n=493) was scored for
ART1 expression. The KP1 cell line was derived from lung tumors of
KRASG12D/P53-/- mice. KP1-shART1 cells with doxycycline (DOX)-in-
ducible knockdown of ART1 were generated by lentiviral constructs.
In an orthotopic lung tumor model, C57BL/6 mice were intravenously
injected with KP1-shART1 cells, fed DOX-water ad libitum and sacri-
ficed after 14 days. Lung tumor nodules were enumerated from H&E-
stained FFPE lung sections. Alternatively, lung-derived cell suspen-
sions were analyzed for infiltration of T cells and DCs by flow
cytometry.
Results
ART1 expression in human NSCLC tissue was >2-fold higher com-
pared to normal tissue. TMA analysis revealed that 55% of tumors
strongly expressed ART1. ART1-knockdown by DOX-treatment re-
sulted in a 75% decrease in lung metastatic nodules compared to
DOX-untreated mice (p<0.001). P2X7R was highly expressed on CD8+
T cells and CD103+ DCs derived from KP1-shART-bearing lungs. Im-
portantly, ART1-knockdown significantly increased the percentage of
CD8+ T cells (23.8% in DOX+ vs 12.9% in DOX-, p<0.05) and CD103+
DCs (20.7% in DOX+ vs 12.7% in DOX-, p<0.05) among total T cells
and DCs respectively. In vitro, we confirmed that P2X7R+ CD8+ T
cells were preferentially susceptible to ADP-ribosylation and NICD
compared with P2X7R- CD8+ T cells. In line with our hypothesis that
ART1 expression counteracts immune-mediated tumor control, ART1-
knockdown significantly delayed growth of subcutaneous tumors in
wild type mice while it had markedly reduced differential effect on
tumor progression in nude or CD8-depleted mice.
Conclusions
Our findings indicate that ART1 tumor expression constitutes a bar-
rier to immune-mediated control of NSCLC tumors. This warrants fur-
ther studies to determine whether targeted ART1-blockade can
potentiate the response to immunotherapy of ART1-expressing
NSCLC.

Acknowledgements
This work was supported by a Department of Defense, Breast Cancer
Research Program Breakthrough Fellowship Award (W81XWH-17-1-0029) and
grants from the Lung Cancer Research Foundation (Free to Breathe) and the
Graham Foundation of the American Association for Thoracic Surgery.
Funding also provided by the Meyer Cancer Center, Pre-SPORE funding
mechanism, “Using Radiotherapy to jump-start cancer response to
immunotherapy.”

References
1. Haag F, Adriouch S, Brass A, Jung C, Moller S, Scheuplein F, et al.

Extracellular NAD and ATP: Partners in immune cell modulation.
Purinergic Signal 2007;3(1-2):71-81

2. Hildner K, Edelson BT, Purtha WE, Diamond M, Matsushita H, Kohyama M,
et al. Batf3 deficiency reveals a critical role for CD8alpha+ dendritic cells
in cytotoxic T cell immunity. Science 2008;322(5904):1097-100

3. Stark R, Wesselink TH, Behr FM, Kragten NAM, Arens R, Koch-Nolte F,
et al. T RM maintenance is regulated by tissue damage via P2RX7. Sci
Immunol 2018;3(30)

Ethics Approval
All patient samples were obtained following informed consent at the

Cardiothoracic Surgery Department of Weill Cornell Medical College
under Biobank protocol 1008011221, which was approved by the
Institutional Review Board at Weill Cornell Medical College. All mouse
experiments were approved by the Institutional Animal Care and Use
Committee (IACUC) at Weill Cornell Medical College.

O57
Novel dsRNA-sensing dendritic cells enhance anti-tumor immunity
Ellen Duong, ScB, Stefani Spranger, PhD
Massachusetts Institute of Technology, Cambridge, MA, United States
Correspondence: Stefani Spranger (spranger@mit.edu)
Journal for ImmunoTherapy of Cancer 2019, 7(Suppl 1):O57
Background
Myeloid cells can profoundly shape the landscape of tumor-
infiltrating T cells. For example, tumor-resident cross-presenting
CD103+ dendritic cells (DC1) recruit effector T cells into the tumor
microenvironment (TME) and provide local T cell stimulation [1-2].
Boosting DC numbers or function enhances responses to checkpoint
blockade therapy, suggesting that DC may contribute to the reactiva-
tion of exhausted or dysfunctional T cells or even prevent their in-
duction [3]. Elucidating the DC subsets that associate with productive
T cell responses in the TME will open new therapeutic opportunities
to enhance anti-tumor immunity.
Methods
To identify DC subsets that correlate with functional T cell re-
sponses, we compared the myeloid infiltrate of an acutely cleared
regressor tumor with that of a progressively growing tumor, an
approach that was previously used to phenotype dysfunctional T
cells in the TME [4]. Murine syngeneic tumor lines expressing SIY
were implanted in wild-type, Rag2-/-, Batf3-/-, Clec9a-/-, CD11c-DTR
bone marrow chimera, Ifnar1-/-, and Sting-/- mice. Flow immuno-
phenotyping was used to profile the myeloid compartment, and
ELISpot was performed to quantify antigen-specific T cells. To as-
sess function, sorted myeloid cells were co-cultured with T cells
to evaluate their ability to induce T cell proliferation. Single cell
RNA-sequencing was performed to profile the immune infiltrate
of the regressor tumor.
Results
Compared to progressor tumors, regressor tumors showed a higher
number of CD103+ DC with cell surface markers that phenotypically
resembled canonical cross-presenting DC1. Yet, Batf3-/- and Clec9a-/-

mice, which lack functional DC1, were still able to mount tumor-
reactive T cell responses and eliminate regressor tumors. Functional
assays with sorted antigen-presenting cells from regressor tumors in
Batf3-/- mice indicated that the CD11c+ DC compartment was
uniquely able to activate T cells, and specific depletion of CD11c+

cells ablated T cell responses. We found that these DC required sens-
ing of type I interferons to mediate anti-tumor immunity but were in-
dependent of cytosolic dsDNA sensing via the cGAS-STING pathway.
Single-cell RNA sequencing of myeloid cells identified a novel DC
subset characterized by interferon stimulated genes (ISG). ISG+ DC
highly express the cytosolic dsRNA sensors, RIG-I and MDA5, suggest-
ing sensing of tumor-derived dsRNA. T cells primed by ISG+ DC in
Batf3-/- mice induced protective systemic immunity against progres-
sor tumors.
Conclusions
We identified a novel DC subset characterized by an ISG signature
that can activate T cells through means independent of canonical
cross-presentation, leading to systemic immunity. Engaging these
cells provides a therapeutic opportunity to boost anti-tumor immune
responses.
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Fig. 1 (abstract 058). Enriched CD39 expression on MAIT cells
from CRC.

Fig. 2 (abstract 058). CD39 expression on MAIT cells
is TCR-dependent.
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Background
Growing evidence indicates the importance of microbiota in cancer
therapy, and bacteria are established to be capable of modulating
anti-tumor efficacy [1]. Here, we study Mucosal-associated invariant T
(MAIT) cells, a group of innate-like T cells expressing a semi-invariant
TCR and recognizing riboflavin metabolites produced by many spe-
cies of bacteria [2,3]. We explore whether these cells could recognize
bacterial antigens in the tumors and whether this response could be
microbiome-modulated.
Methods
We use mass-cytometry to deeply profile MAIT cells in human colo-
rectal (CRC), lung (NSCLC) and kidney (RCC) cancers. Focusing par-
ticularly on colorectal cancer, we investigate the relationship
between MAIT cells and the tumor microbiome by estimating the mi-
crobial composition in each bulk tumor using whole genome se-
quencing data.
Results
We observe that tumor-infiltrating MAIT cells from CRC are highly
enriched for CD39 expression (Figure 1), a marker recently reported
to distinguish between bystander and tumor-specific T cells [4], and
show that in vitro, CD39 expression is induced in a TCR-dependent
manner (Figure 2). We further show a distinct phenotype for MAIT
cells from tumor, adjacent tissue and PBMC of CRC patients (Figure
3). Particularly, CD39+ tumor-infiltrating MAIT cells are characterized
by an exhaustive phenotype profile as compared to the CD39- sub-
set, with higher expression of the inhibitory receptors CTLA-4 and
PD-1 (Figure 4). They are also more proliferative, less apoptotic and
polyfunctional than the CD39- MAIT cells. Unexpectedly, we identify
a subset of CD39+ MAIT cells expressing CD4 and Foxp3 within the
tumors capable of producing pro-inflammatory cytokines. By sequen-
cing CRC tumors, we observe a positive correlation between CD39+
MAIT cell frequency and tumor bacterial load, suggesting a
microbiome-influenced tumor microenvironment in shaping the
MAIT cell phenotype. This hypothesis is supported by a higher CD39
expression observed on tumor-infiltrating MAIT cells from CRC as
compared to NSCLC and RCC, known to be less infiltrated by bacteria
(Figure 5). Among the identified bacterial strains, we show that Fuso-
bacteria nucleatum is able to activate MAIT cells in vitro in a TCR-
specific way (Figure 6).
Conclusions
Our results show unique features of MAIT cells in tumors with evi-
dence of being influenced by TCR-mediated signals, and highlight a
bacterial strain that could potentially shape MAIT cell response in
CRC. This work will not only provide new understanding in innate-
like T cell responses in tumors, but also pave the way for manipulat-
ing these cells for cancer prevention and therapeutics.
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Fig. 3 (abstract 058). Distinct phenotype of MAIT cells in CRC.

Fig. 4 (abstract 058). Characterization of CD39+ and CD39- tumor
MAIT cells.

Fig. 5 (abstract 058). Low expression of CD39 on MAIT cells from
NSCLC and RCC.

Fig. 6 (abstract 058). Fusobacteria nucleatum activate MAIT
cells in vitro.
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Background
Tumor infiltrating T-cells have a clear prognostic benefit in many
tumor types. Immuno-biomarkers have independently improved
prognostication in various cancer types, with tumor-infiltrating lym-
phocytes (TILs) more accurately predicting patient survival than cur-
rently employed methods [1-4]. Recent studies have highlighted
similar observations in breast cancer, lung cancer, and melanoma [5-
7]. These observations raise the question of whether the level of T-
cell infiltration into renal tumors predicts patient outcomes, and
more fundamentally, why some patients mount a strong immune re-
sponse to their tumors and others do not.
Methods
Tumor tissue was collected from renal cell carcinoma (RCC) patients
undergoing surgery at Emory University Hospital. Minimum follow up
time was 24 months. Intraoperative tumor samples were analyzed by
flow cytometry, immunofluorescence, and immunohistochemistry.
Results
The proportion of CD8 TILs, measured by flow cytometry, varied
widely in RCC patients (Fig 1A). A greater proportion of tumor CD8 T-
cells was associated with improved progression-free survival (PFS)
(Fig 1B), and this association was particularly strong in patients with
advanced disease.
In examining the phenotype and function of these TILs, the presence
of a stem-like CD8 T-cell—that both proliferates and differentiates—-
was found to be required for the generation of a strong anti-tumor
T-cell response. Without stem-like T-cells, the anti-tumor response
deteriorates, and patient PFS declines. The presence of dendritic cells
in the tumor correlates with T-cell infiltration, and quantitative im-
munofluorescence revealed that stem-like CD8 T-cells reside in areas
of high antigen presenting cell (APC) density (Fig 1C). Tumors lacking
in TILs also lack APC density, suggesting that an APC niche is neces-
sary to support the T-cell response. Furthermore, T-cell dense tumors
harbor increased vascular and stromal cells, suggesting a potential
role for non-hematopoietic cells in the tumor microenvironment in
supporting the anti-tumor immune response.
Interestingly, PD-L1 status did not correlate with T-cell infiltration (Fig
1D), and there was no difference in progression free survival be-
tween patients with PD-L1+/- tumors (Fig 1E), suggesting that the
described immune infiltration and organization may be a prevailing
factor in predicting patient outcomes.
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Conclusions
CD8 T-cell infiltration in RCC predicts PFS, particularly in patients with
advanced disease. Improved prognostication is a critical goal for
these patients, so these findings represent an opportunity to inform
future development of prognostic tools and of reduction/intensifica-
tion of therapy.
T-cell infiltration is maintained by a population of stem-like T-cells,
which require a supportive niche inside the tumor. Without this
niche, the immune response declines, resulting in disease
progression.
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Background
Our laboratory has previously shown that immunogenic tumors acti-
vate the innate immune system through the host STING pathway.
The STING pathway senses cytosolic DNA, which activates a signal
transduction pathway culminating in IRF3 activation that induces ex-
pression of several genes including IFN-β. STING signaling and IFN-β
receptor signaling in tumor-infiltrating immune cells, in turn, are re-
quired for optimal priming of tumor-specific CD8+ T cells. Conse-
quently, STING agonists have been developed as a pharmacologic
approach to activate the pathway. However, the functional role of
STING signaling within cancer cells is incompletely understood.
Methods
We stimulated tumor cell lines with STING agonists to test their abil-
ity to produce IFN-β. Further biochemical techniques including west-
ern blotting, immunofluorescent imaging, ChIP assays, and ATAC-
sequencing were used to evaluate each step of the STING pathway
that might be defective.
Results
We observed that most tumor cells themselves fail to produce IFN-β
in response to STING agonists or cytoplasmic DNA, arguing loss of
this signaling capacity might occur regularly as a component of
oncogenesis. Surprisingly, tumor cells retained STING pathway signal-
ing up to and including nuclear translocation of IRF3. ChIP assays in
tumor cells demonstrated failure of IRF3 to bind the IFN-β promoter.
To test if this was dominant or recessive, we generated hybrid cells
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between B16 melanoma and Mφs. These hybrids retained nuclear
IRF3 translocation but failed to express IFN-β indicating a dominant-
negative mechanism. Sequencing revealed no mutations in the IFN-β
promoter. However, ATAC-sequencing indicated the IFN-β promoter
remained epigenetically closed after STING pathway activation in B16
tumor cells, unlike Mφ controls. NF-κB is an innate immune pathway
proposed to control IFN-β locus accessibility. We found B16 tumor
cells and hybrids were defective in NF-κB nuclear translocation, un-
like Mφ controls. Furthermore, tumor cells expressed normal levels of
most NF-κB factors but over expressed the negative regulator IκBα.
Combined treatment with cycloheximide and a STING agonist caused
IκBα degradation and tumor cell-intrinsic IFN-β expression.
Conclusions
We find tumor cells fail to express IFN-β downstream of STING path-
way activation. This is likely due to a dominant-negative inhibitor of
NF-κB signaling, such as IκBα, which causes the IFN-β locus to remain
epigenetically repressed in tumor cells and prevents IRF3 binding.
We hypothesize restoring NF-κB signaling in tumor cells will enable
tumor cell-intrinsic IFN-β expression and promote tumor rejection
in vivo. Therapies based on identifying and reversing tumor-specific
defects in IFN-β expression represent a strategy to induce tumor site-
specific innate immune activation.
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Background
NF-κB is a key regulator of inflammation, myeloproliferation and can-
cer progression, with an important role in leukemogenesis. Despite
therapeutic potential, targeting NF-κB proved challenging. However,
in non-malignant myeloid cells NF-κB activity is tightly regulated
through many molecular mechanisms, including miRNA.
Methods
Here, we describe an original approach to NF-κB inhibition using
miR146a, which targets upstream regulators of NF-κB signaling. We
generated a myeloid cell-targeted NF-κB inhibitor by tethering a
chemically-modified miR146a mimic oligonucleotide to a scavenger
receptor (SR)/Toll-like receptor 9 (TLR9) ligand (C-miR146a).
Results
Unlike an unconjugated miR-146a molecule, C-miR146a was rapidly
internalized and delivered to cytoplasm of target myeloid cells such
as macrophages or myeloid leukemia cells. C-miR146a reduced pro-
tein levels of classic miR-146a targets, IRAK1 and TRAF6, thereby effi-
ciently blocking NF-κB activation in target cells. Intravenous
injections of C-miR146a mimic to miR-146-deficient mice prevented
excessive NF-κB activation in myeloid cells, thereby alleviating myelo-
proliferation and exaggerated inflammatory responses to bacterial
challenge. The NF-κB-driven release of IL-1 and IL-6 from monocytes
is known to be responsible for cytokine release syndrome (CRS),
which can occur in response to bacterial infections, antibody-based
therapies and relatively frequently as a serious adverse effect of
chimeric antigen receptor (CAR) T-cell therapies. While low expres-
sion of miR146a has not yet been implicated in CRS, C-miR146a treat-
ments did reduce pro-inflammatory activity of human monocytes, at
the level of IL-1 and IL-6 production, induced by the CD19-specific
but not by the naive CAR T cells in vitro. Repeated systemic adminis-
tration of C-miR146a oligonucleotide alleviated human monocyte-
dependent CRS in xenotransplanted B-cell lymphoma model without
impeding the on-target therapeutic effects of CAR T-cells against
lymphoma cells.
Conclusions
Our results demonstrate potential of using myeloid cell-targeted
miR146a mimics for treatment of inflammatory diseases and preven-
tion of potential side effects of immunotherapies. The SR/TLR9-tar-
geted miR-146a mimic design provides an outline for the
development of miRNA therapeutics for a variety of myeloid cell-
related diseases.
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Background
Allogeneic NK cell infusions can achieve remission in 30-50% of pa-
tients with relapsed/refractory acute myeloid leukemia (AML). This
strategy may be limited by NK cell heterogeneity and lack of specifi-
city. NK cells mediate antibody-dependent cellular cytotoxicity of tu-
mors coated with therapeutic antibodies through the CD16 receptor.
While a strong activation receptor, CD16 is also present on neutro-
phils, which represent a sink for CD16-driven therapies. To bypass
this issue, we elected to target NKG2C, an activating receptor with
better specificity which is present on more differentiated NK cells.
CD94/NKG2C is a heterodimeric receptor that binds to HLA-E and as-
sociates with DAP12. NKG2C+ cells are enriched in AML patients who
have undergone a hematopoietic stem cell transplant and reacti-
vated CMV. [1] NKG2C+ NK cells are more responsive to AML and pa-
tients with higher circulating NKG2C+ cells have improved relapse
free survival. [2]
Methods
We aimed to direct specific killing and proliferation of the NKG2C+
cells using a NKG2C1533 Tri-specific Killer Engager (TriKE), containing
single chain variable fragments specific for NKG2C (on NK cells) and
CD33 (on AML cells), and an IL15 moiety (to support NK cell survival
and proliferation). An obstacle to utilizing NKG2C is the frequency of
NKG2C+ cells, so we genetically modified induced pluripotent stem
cells (iPSCs) to stably overexpress NKG2C alone or along with DAP12.
We then differentiated these cells to NK (iNK) cells.
Results
In the presence of AML cell lines, NKG2C1533 TriKE activated NK cells
from transplant patients with CMV reactivation, where NKG2C+ fre-
quency correlated with activation (Figure 1A,B). The NKG2C1533
TriKE also led to preferential expansion of NKG2C+ cells (Figure 1C).
We found that the NKG2C1533 TriKE mediated robust activation of
NKG2C iNK cells and NKG2C/DAP12 iNK cells leading to THP1 cell kill-
ing (Figure 1D). The NKG2C/DAP12 iNKs exhibited the strongest
response.
Conclusions
Engaging NK cells through NKG2C or genetically modified iNK cells
expressing NKG2C, will be more specific than targeting through
CD16, which will bind to CD16A on NK cells but also have off-target
binding to CD16B on neutrophils. The NKG2C1533 TriKE is an effect-
ive way to selectively target NK cells with two applications, one in in-
dividuals with high frequencies of NKG2C+ cells and another within
the iNK cell platform creating an “off-the-shelf” NK cellular therapy
that is targeted, specific and efficacious where TriKE can be co-
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administered or in the future, secreted by the engineered iNK cell
itself.
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Background
Immune checkpoint blockade utilizing PD-1 inhibition is an effective
approach for the treatment of a wide variety of cancer subtypes (1-
3). However, these therapies can be associated with a diverse array
of autoimmune side effects, which can affect multiple sites through-
out the body (4-8). While lower gastrointestinal (GI) side effects are
more common, upper gastrointestinal adverse events are rarely re-
ported (7-9). IFN-γ is the signature cytokine generated by CD4+ Th1
and CD8+ T effector cells, but its exact role in regulating epithelial
cell changes is unknown. Epithelial cells are also a source of cyto-
kines that may regulate gastritis, including IFN-γ, IL-1b, IL-6, and IL-33
(10). This is the first comprehensive multiplexed histopathological
study of a case nivolumab-associated gastroenteritis reported in the
literature.
Methods
To elucidate the immunology underlying this condition, we lever-
aged the ability of Multiplexed Ion Beam Imaging by Time-Of-Flight
(MIBI-TOF) to identify the presence and proportion of infiltrating im-
mune cells from a single section of biopsy specimen. This approach
circumvents limitations imposed by insufficient tissue for thorough
histological and molecular profiling. Using MIBI-TOF we analyzed
formalin-fixed, paraffin-embedded (FFPE) human gastric tissue with
twenty-seven labels simultaneously.
Results
Our analysis revealed a gastritis characterized by severe mucosal in-
jury, interferon gamma (IFN-γ)-producing gastric epithelial cells, and
mixed inflammation that included CD8 and CD4 T cell infiltrates lack-
ing or with reduced expression of granzyme B and FoxP3, respect-
ively (Figure 1).
Conclusions
Taken together, the salient features in this case study of PD-1
associated gastritis include lamina propria expansion by mono-
nuclear inflammation, epithelial injury from crypt apoptosis,
intraepithelial lymphocytic and neutrophilic inflammation, and
expression of IFN-γ by epithelial cells, in conjunction with clin-
ical resolution of symptoms upon cessation of nivolumab ther-
apy, are consistent with anti-PD-1-induced gastritis. Prolonged
PD-1 blockade may induce gastric epithelial cells to overproduce
IFN-γ, which we speculate concomitantly downregulates T-cell
activity in gastric-mediated activation and immunopathology.
Understanding the landscape in regard to immune cell infiltrates
and their interactions with mucosal epithelia may shed light on
the underlying mechanisms of anti-PD-1 induced gastritis, further
informing future clinical applications of immunotherapeutic
agents.
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Background
The risk of immune checkpoint inhibitor therapy-related gastrointes-
tinal adverse events in cancer patients with inflammatory bowel dis-
ease (IBD) has not been well described. We characterized
gastrointestinal adverse events in patients with underlying IBD who
received immune checkpoint inhibitors.
Methods
We performed a multicenter, retrospective study of patients with
documented IBD who received immune checkpoint inhibitor therapy
between January 2010 and February 2019. Backward selection and
multivariate logistic regression were conducted to assess risk of
gastrointestinal adverse events.
Results
Of the 102 included patients, 17 received therapy targeting cyto-
toxic T-lymphocyte antigen-4 and 85 received monotherapy tar-
geting programmed death-1 or its ligand. Half the patients had
Crohn’s disease and half had ulcerative colitis (Table 1). The me-
dian time from last active IBD episode to immunotherapy initi-
ation was 5 years (interquartile range, 3-12). Forty-three patients
were not receiving treatment for IBD. Gastrointestinal adverse
events occurred in 42 patients (41%) after a median of 62 days
(interquartile range, 33-123), a rate higher than that among simi-
lar patients without underlying IBD who were treated at centers
participating in the study (11%; P<0.001). Gastrointestinal events
among patients with IBD included grade 3 or 4 diarrhea in 21
patients (21%). Four patients experienced colonic perforation, 2
of whom required surgery (Table 2). No gastrointestinal adverse
event-related deaths were recorded. Anti-cytotoxic T-lymphocyte
antign-4 therapy was associated with increased risk of gastro-
intestinal adverse events on univariate but not multivariate ana-
lysis (respectively, odds ratio, 3.19; 95%confidence interval, 1.8-
9.48; P=0.037 and odds ratio, 4.72; 95%confidence interval, 0.95-
23.53; P=0.058) (Table 3).
Conclusions
Preexisting IBD increases the risk of severe gastrointestinal ad-
verse events in patients treated with immune checkpoint
inhibitors.
Ethics Approval
This study was approved by MD Anderson Cancer Center Institutional
Review Board with IRB # PA17-0329.
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Written informed consent was waived given retrospective
study.
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Background
Immune-cell PD-L1 expression is an emerging biomarker of re-
sponse to immunotherapy, but manual pathology assessment is
challenging. We developed and validated an artificial intelligence
(AI)-powered image analysis algorithm to quantify PD-L1 expres-
sion on tumor cells and immune cells, including expression on
macrophages and lymphocytes. Statistical analyses assessed con-
cordance between manual and AI-evaluated PD-L1 expression on
different cell types and their relationship to efficacy of nivolumab
monotherapy in patients with advanced non-small cell lung
cancer.
Methods
PD-L1 expression on tumor cells, macrophages, and lymphocytes
was evaluated using the PD-L1 IHC 28-8 pharmDx assay (Dako, Agi-
lent Technologies Co) and on digital whole-slide images using the
PathAI platform (not intended for diagnostic use). Deep-learning
models were trained with 250,000+ image annotations to detect and
classify cells. Model performance was assessed on annotated frames
consisting of 150x150-micron–sized sub-regions extracted from a val-
idation image dataset against a consensus across 5 pathologists as
reference. Locked algorithms were applied to PD-L1–stained images
from clinical trials of nivolumab (CheckMate 017 [n = 167], Check-
Mate 026 [n = 502], and CheckMate 057 [n = 410]) [1-3] in an ex-
ploratory post-hoc analysis.
Results
In the frame-based validation of images selected across trials, AI-
powered and manual quantification of PD-L1 was correlated (Pearson
coefficients were 0.93, 0.79, 0.84, and 0.83 for PD-L1 on tumor cells,
macrophages, lymphocytes, and total immune cells, respectively).
Both approaches yielded similar associations between PD-L1 on
tumor cells and progression-free survival, with log2(HR) and P values
of –0.57 (P=0.033) for AI-based and –0.50 (P=0.025) for manual in
CheckMate 017; –0.30 (P=0.070) and –0.27 (P=0.176) in CheckMate
026; –0.56 (P=0.001) and –0.62 (P=0.002) in CheckMate 057. Similar
associations with response were observed for tumor cell scoring and
AI-powered quantitation of PD-L1 on immune cells. Composite PD-L1
expression on tumor cells plus macrophages did not show a stronger
association with response compared with tumor cells alone. C-index
values for PD-L1 expression on tumor cells vs tumor cells plus macro-
phages were 0.610 and 0.586 in CheckMate 017; 0.587 and 0.591 in
CheckMate 057; and 0.522 and 0.527 in CheckMate 026.
Conclusions
AI-powered analysis provides a robust, scalable approach to quantify
PD-L1 expression and is concordant with manual assessment. The
model warrants further exploration of PD-L1 expression patterns and
their association with response across tumor types.
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Background
Checkpoint blockade immunotherapy is having a major impact on
cancer outcomes. However, a sizable subset of patients still fails to
benefit. Along with tumor- and host-intrinsic factors, the gut micro-
biota has emerged as an important variable leading to inter-patient
heterogeneity in responsiveness to PD-1 blockade (1-3). Here, we
seek deeper understanding of the underlying mechanisms.
Methods
Stool samples were collected from 42 metastatic melanoma patients
prior to immunotherapy and microbial composition was found to be
associated with responsiveness to anti-PD-1 (1). Reconstitution of
germ-free (GF) mice with patient microbiota provides a model for un-
derstanding mechanistic details and also for testing therapeutic inter-
ventions. GF mice were colonized by oral gavage with stool from 11
responding and 6 non-responding patients and efficacy of anti-PD-L1
against B16.SIY melanoma was evaluated. For a more physiologic sys-
tem, we generated stable colonies of mice naturally colonized from
birth with responder or non-responder patient microbiota through
breeding. Interventions were explored to convert non-responder
mice into responders, including oral antibiotics (vancomycin, ampicil-
lin, metronidazole, and neomycin) and/or fecal microbiota transfer
(FMT) from responders. Fecal 16S rDNA was sequenced to identify
microbiome alterations associated with conversion from non-
responder to responder phenotype.
Results
Transfer of fecal material from patients to GF mice recapitulated the
efficacy of PD-1/PD-L1 blockade in over 72% of cases, pointing to
mechanistic involvement of gut commensals. The responder micro-
biota conferred increased BATF3-lineage dendritic cells in the mesen-
teric lymph nodes and peripheral lymphoid tissues, increased
activation of anti-tumor T cells, increased infiltration of tumor
antigen-specific CD8+ T cells in the tumor, and higher circulating
levels of IFN-γ, IL-12p70, and CXCL5. Antibiotic pre-treatment of non-
responder mice partially improved anti-PD-L1 efficacy, suggesting de-
pletion of immune-inhibiting bacteria. Responder FMT also partially
improved tumor control, and a combination of antibiotics + FMT
completely rescued the anti-PD-L1 efficacy. In contrast, antibiotic
pre-treatment + administration of non-responder FMT interfered with
immunotherapy efficacy. FMT-induced alterations in microbiome
composition are informing ongoing efforts to isolate and culture spe-
cific immunomodulatory strains.
Conclusions
Gut microbiota modulation shows promise as a potential strategy for
improving outcomes with checkpoint blockade therapy. Our results
support the existence of both immune-potentiating and immune-
inhibiting gut bacteria, and suggest that the effect of oral antibiotics
depends on the initial composition of the gut microbiota.
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Background
Intravesical bacillus Calmette-Guérin (BCG) immunotherapy is the
standard of care for non-muscle invasive bladder cancer (NMIBC)
with high-risk features. Its mechanism of action is pleotropic and
involves innate immune activation, enhancement of antigen pres-
entation, and stimulation of cytokine secretion resulting in an
adaptive immune response. Despite the efficacy of BCG, up to
50% of patients have recurrent or progressive disease within 5
years. Recent data have indicated that the commensal gut micro-
biome impacts immunotherapy responsiveness for some ad-
vanced cancers. We hypothesized that a commensal urinary
microbiome could influence responsiveness to BCG immunother-
apy in urothelial bladder cancer.
Methods
Patients presenting with a new bladder tumor were enrolled prior to
transurethral resection and BCG immunotherapy. Urine samples for
microbiome assessment were collected by sterile catheterization to
minimize urethral or skin contamination. The microbial composition
for each sample was determined using the 16S rRNA gene
sequencing-based method and shotgun sequencing. Data were orga-
nized by Operational Taxonomic Units (OTUs) and analyzed accord-
ing to clinical outcome. Urine cytokine analysis (Invitrogen
ProcartaPlex immunoassay) was also performed on available samples.
Results
We enrolled 31 patients with a median age of 69 years (46-87).
The median follow-up was 12 months, and 10 (32%) patients ex-
perienced disease recurrence. In the overall population, Actino-
bacteria, Bacteroidetes, Firmicutes, Proteobacteria, and Tenericutes
accounted for > 99% of the detected phyla. Distance matrix cal-
culation indicated a significant difference between patients with
and without recurrence (Bonferroni-corrected P = 0.017). The
abundance of Proteobacteria was higher in patients with recur-
rence (P = 0.035), with stronger differences observed for specific
taxa, such as the Gammaproteobacteria class (P = 0.0025) and
the Enterobacteriacae family (P = 0.001). Firmicutes, in particular
Lactobacillales, were more abundant in patients without recur-
rence (P = 0.049). Cytokine concentrations were measured in
urine from a subset of 13 patients, including 6 patients with re-
currence. Changes in urinary IFN-γ and TNF-α levels after 6
weekly doses of BCG were calculated, and no differences were
observed between patients with and without recurrence (both P
> 0.10)(Figure 1).
Conclusions
In this study, we uncovered a correlation between the composition
of the urine microbiome and clinical responsiveness to BCG immuno-
therapy in patients with bladder cancer. Further studies to confirm
these results are ongoing.
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Consent
Written informed consent was obtained from all patients on this
study.
Fig. 1 (abstract 067). Variation in the urinary microbiome of
BCG-treated patients
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Background
The gut microbiome is being increasingly recognized as an important
modulator of immune checkpoint blockade efficacy [1-4]. We have
recently identified a ‘Type-I’ signature characterized by higher alpha
diversity and enrichment of Ruminococacceae that is associated with
complete response to anti-PD1 therapy [1]. Several clinical trials of
microbiome modulation to enhance response to immune checkpoint
blockade (ICB), many using fecal microbiota transplant (FMT) from
healthy donors (HD). Though FMT from HD is effective in treating
dysbiotic gastrointestinal diseases such as C. difficile, the optimal do-
nors for FMT to enhance responses to ICB in cancer patients remain
unknown.
Methods
We characterized the gut microbiome in metastatic melanoma pa-
tients undergoing anti-PD1 using 16S rRNA sequencing (n=114) and
whole genome shotgun sequencing (n=76). In addition, we com-
pared the taxonomic profiles of microbiomes between complete re-
sponders (CR; n=35) and healthy patients (n=194) from American Gut
[5]. FMT of CR donors with Type-1 signature versus a known NR and
a healthy donor (HD) was then performed into germ-free mice. Mice
were implanted with melanoma tumors and then treated with anti-
PD-L1. Tumor growth was assessed, and longitudinal microbiome
analyses and immune profiling of tumor in mice are performed.
Results
Consistent with our prior findings, we found a significantly higher
alpha-diversity in responders (n=72) (P=0.03) and contrasting
compositional structures at baseline in comparison to non-
responders (n=42). Though there was a similar trend in alpha diver-
sity in both CR and healthy cohorts, distinct clustering patterns in
principal coordinate analysis (P=0.04) is suggestive of substantial vari-
ation in overall microbiome composition between these two groups.
Importantly, not all CRs demonstrated a Type-1-like signature (60%,
21 of 35 CRs) nor did healthy controls (43%, 83 of 194). Functional
metagenomics revealed differential metabolic capabilities in CR com-
pared to other response categories. Mouse studies demonstrated re-
duced tumor growth in both CR-FMT and HD-FMT mice vs. NR-FMT
mice and CR-FMT outperformed HD-FMT. Immune profiling of human
and mouse specimens are being conducted and will be integrated
with GM analysis.
Conclusions
Together, these studies reveal differences in comparing healthy
vs CR microbiome and functional profiles and provide important
information about potential donor selection in FMT trials in im-
munotherapy, warranting additional studies and translational
research.
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Background
Immunotherapy has revolutionized patient treatment in numerous
cancers. However, the vast majority of advanced colorectal cancer
(CRC) patients are non-responsive and the 5-year survival rate is
poor. While select microbes have been associated with progression
and immunotherapy responsiveness in other cancers such as melan-
oma, fundamental mechanistic questions remain, including how the
microbiota shapes anti-tumor immunity and therapeutic response in
CRC. Our hypothesis is that the intestinal microbiota that live on mu-
cosal surfaces or within colorectal tumors shift immune balance, in
part through increased antigen presentation and CD4+ T cell help,
resulting in a stronger anti-tumor immune response and tumor
reduction.
Methods
We utilized the AOM-DSS mouse model to establish colitis-
associated CRC. Once tumors were developed (7 weeks), we colo-
nized half of the mice with Helicobacter hepaticus (Hhep) and
assessed tumor number 5 weeks later. We isolated lymphocytes
from the lamina propria, colonic epithelium, mesenteric lymph
node, and tumor for flow cytometry analyses and performed 16S
FISH and confocal microscopy of tissue sections to visualize Hhep
or immune infiltrate. Lastly, we used 16S sequencing to deter-
mine how Hhep colonization affected other populations within
the host microbiome.
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Results
We found that modulating the microbiome of AOM-DSS tumor-
bearing mice through the addition of a single bacteria, Hhep, re-
duces tumor burden, in some cases leading to complete tumor clear-
ance, and significantly enhances survival. Hhep colonization reshapes
the tumor microenvironment (TME) through increased infiltration of
migratory dendritic cells and Tconv within the tumor core and de-
creased Tregs. In addition, colonization leads to a substantial increase
in organized tertiary lymphoid structures surrounding the tumor and
a decrease in T cell exhaustion. FISH revealed that Hhep colonizes
the mucosa around the tumor but was also found within the tumor
itself, which we believe drives Hhep-specific CD4+ T cell infiltration,
providing vital signals to cross-presenting DCs and tumor-specific T
cells.
Conclusions
We have observed a complete remodeling of the TME after the
addition of a single bacteria, Hhep, leading to enhanced anti-tumor
immunity and increased survival in CRC. While overall rates of CRC
prevalence in the US have declined, incidence among young adults
has been steadily rising. Dysbiosis in CRC patients has been previ-
ously reported, and whether this has a direct effect on the anti-
tumor immune response remains unknown. These studies have the
potential to improve our understanding of how microbiota-specific T
cells shape tumor progression as well as potentially uncover novel
mechanisms of resistance to immunotherapy in CRC.
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Background
Ovarian cancer (OC) responds poorly to immunotherapies. Regulatory
T cells (Treg) engage IL-2 by high affinity CD25 for differentiation
and function [1], and anti-tumor effector T cells (Teff) use intermedi-
ate affinity CD122. We studied IL-2 complexes (IL-2c) that selectively
activate CD122 (Teff) over CD25 (Tregs). A CD8+CXCR5+TCF-1+ T cell
stem cell (TCSC) population reportedly improves immune checkpoint
blockade efficacy [2, 3], but IL-2c effects on TCSC are unreported.
Methods
Orthotopic ID8agg-luc mouse OC burden was measured by in vivo
imaging. Tumor, ascites and draining lymph nodes (TDLN) were ana-
lyzed by flow cytometry and tSNE. IL-2c was complexed using 1.5
μg/mouse IL-2 and 7.5 μg/mouse αIL-2 (clone JES6-5H4) before i.p.
injection every other day starting at Day 7 for 4 doses. antiPD-L1 was
given at 100ug/mouse every 3 days starting from Day 11 for 4 doses.
FoxP3-IRES-RFP (FIR) mice [4] were used to sort live Tregs.
Results
IL-2c but not antiPD-L1 potently inhibits ID8agg (Figure 1). IL-2c sur-
prisingly increased ascites Treg numbers but decreased Treg func-
tional markers (CD25, CTLA-4, granzymeB) and suppressive function
(Figure 2). TDLN Tregs were unaffected. tSNE showed great similarity
of TDLN Tregs treated with isotype and IL-2c while ascites Tregs after
IL-2c showed skewed differentiation (e.g., increased T-bet, IFN-
gamma) (Figure 3) which decreases suppression [5, 6]. In B16 melan-
oma, antiPD-L1 induced CD8+TCF-1+CXCR5+PD-1+ TCSC as
reported, while adding IL-2c augmented expansion further (Figure 4).
In ID8agg, IL-2c alone induced CD8+TCF-1hi TCSC (Figure 5). How-
ever, tSNE revealed that these TCSC differed from those in B16, in-
cluding distinct IL-2c versus antiPD-L1 induced TCSC. In ID8agg,
antiPD-L1-induced TCSC are mostly CXCR5+ and PD1+ while IL-2c-
induced TCSC are PD1- (Figure 6), distinct from B16, and express
CCR2 and CXCR3.
Conclusions
We define two novel IL-2c effects: inducing novel TCSC and blunting
Treg suppression through differentiation skewing. Current work tests
if effects are related and help efficacy, and mechanisms for IL-2c Treg
effects. We also show that elicited TCSC differ by treatment and
tumor, requiring additional investigations.
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Background
Overcoming the suppressive tumor microenvironment is a major
challenge in immune therapy, and the critical effectors of the sup-
pressive tumor microenvironment are the myeloid-derived suppres-
sor cells (MDSCs). MDSCs elicit a range of suppressive functions that
inhibit normal T cell responses and cause unresponsiveness to im-
mune checkpoint blockade. A dominant function of MDSCs is the
suppression of T cell activity in a variety of manners that are path-
ology and context dependent. AMV564, a bivalent, bispecific anti-
body that engages both CD3 and CD33 for selective depletion of
MDSCs and leukemic blasts, is currently in clinical development in
acute myeloid leukemia (AML) and myelodysplastic syndromes
(MDS). Here we report ex vivo and translational clinical data that sup-
port our proposal to evaluate AMV564 as a selective agent to deplete
MDSCs in solid tumors.
Methods
Flow cytometry was used to phenotype AML and MDS patient
blasts, T cells, and MDSCs in freshly isolated whole blood or bone
marrow aspirates. Additionally, reactive oxygen species (ROS)
were detected by flow cytometry using the cell permeant dye
2’,7’-dichlorofluorescin diacetate. The numbers of blasts, lympho-
cytes, neutrophils, and monocytes were evaluated using patient
hematology panels.
Results
Treatment ex vivo of patient-derived bone marrow mononuclear cells
results in selective depletion of MDSCs (p < 0.01) and a decrease in
the production of ROS (Figure 1). AMV564 induces a significant in-
crease of activated T cells only in the presence of CD33+ target cells,
with >2-fold increase in the proliferation of CD4+ and CD8+ T cells.
The increase in proliferation is dose-dependent and accompanied by
a significant increase in IFNγ production. In the AML clinical trial,
rapid depletion of both monocytic and granulocytic MDSCs is appar-
ent with no impact on circulating neutrophil or monocyte popula-
tions (Figure 2), and with concomitant T cell redistribution consistent
with T cell activation.
Conclusions
Treatment with AMV564 selectively depletes MDSCs in a dose-
dependent fashion both ex vivo and in patients. The ability of
AMV564 to deplete MDSCs while activating T cells should lower the
threshold necessary for a patient to respond to immunotherapy, and
these results indicate potential for benefit in solid tumor indications
where elevated MDSCs are associated with poor outcomes including
inadequate response to immunotherapy.
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Background
Tumor-associated macrophages (TAMs) usually perform immuno-
suppressive and tumor-promoting functions, expressing what is
known as an ‘M2’ phenotype. Reprogramming these TAMs to-
ward an ‘M1’ phenotype could thwart their pro-cancer activities
and unleash anti-tumor immunity, but efforts to date have
proven nonspecific, eliciting systemic inflammation. Here, we
describe an in vitro-transcribed mRNA encoding an M1-
polarizing transcription factor, interferon regulatory factor 5
(IRF5). This mRNA can be delivered through targeted nanoparti-
cles (NPs) to reprogram TAMs without causing systemic toxicity
(Figure 1).

Methods
We first validated that IRF5-NPs can introduce mRNA expres-
sion and modify macrophage phenotype in vitro, using RT-PCR
and targeted gene sequencing. In our in vivo studies, we eval-
uated the therapeutic efficacy of IRF5-NPs in three animal
models. We then determined the mechanisms associated with
the therapeutic efficacy by analyzing immune cells populations
(flowcytometry), cytokines release (FACS, Luminex), T-cells infil-
tration (immunofluorescence), and IRF5 mRNA biodistribution
(RT-PCR).

Results
Our study on bone marrow-derived macrophages showed IRF5-
NPs can induce immediate, transient, robust mRNA expression,
and imprint a pro-inflammatory M1-like macrophage. Specifically,
IRF5-NPs induced a macrophage gene profile that was similar to
the signature M1 phenotype (Figure 2); signature M2 phenotype
genes were strongly downregulated (e.g., Serpinb2 and Ccl11, 87-
fold and 115-fold, respectively) while key M1-differentiation genes
were upregulated (e.g., Ccl5, 190-fold). Infusions of IRF5-NPs re-
programmed the immuno-suppressive TAMs to induce anti-tumor
immunity in models of ovarian cancer, melanoma, and glioblast-
oma. For example, in an ID8 syngeneic mouse model of ovarian
cancer, nine doses of intraperitoneal IRF5-NPs regressed tumor
growth and significantly extended mouse median survival for
more than two folds (Figure 3). IRF5-NPs reduced the percentage
of immune-suppressive macrophages for 17-fold. Conversely, the
fraction of immune-stimulating M1-like macrophages increased
for 20-fold (Figure 4). TAMs in IRF5-NPs treated mice also re-
leased higher pro-inflammatory cytokines, including IL-12 (3.4-
fold), IFN-g (8.4-fold) and TNF-α (1.5-fold). The IRF5-NPs treatment
also elicited significant CD4+ and CD8+ T-cells infiltrates in the
mesentery tumor metastatic nodules (Figure 5). A biodistribution
and histology-based study further established that these nanorea-
gents were safe for repeated dosing.

Conclusions
Thus, we have developed a novel strategy to genetically re-
programming TAMs, using NPs that carry mRNAs encode for
transcriptional factor, IRF5. This new immunotherapy can
safely obviate suppressive tumors without systemically dis-
rupting immune homeostasis. Our next step is to clinically
translate this technology as a new approach to treating ovar-
ian cancer patients who were not responsive to other therap-
ies (Figure 1).
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Background
CD19 specific CAR T-cells have shown promising results against B cell
lymphoid malignancies. However, data from these trials have re-
vealed suboptimal responses in some patients. Therefore, besides
the need for developing new improved CAR T-cells for the treatment
of liquid/solid tumors, a more fundamental insight into the dynamic
functionality of CAR T-cells especially at single cell and molecular
level is warranted [1-9].
Methods
Timing assays, RNAseq, phenotyping, cytokine secretion, cytotoxicity
assay and mouse xenograft studies.
Results
We were functionally able to categorize CD19-specific CAR T-
cells (19-28z) into serial, mono and no-killers. Integrated single-
cell functional and transcriptional profiling demonstrated that at
the single-cell level, killer T cells showed differential upregula-
tion of transcripts including FASLG, CD2, CD27, HAVCR2,
TNFRSF9, and TGFB1 with concomitant upregulation of LEF1,
RORA, TCF7, CD69, IL2RA and GZMA transcripts in non-killer T
cells. Since the abundances of the cytotoxic proteins were not
different between these two subsets of cells, we utilized kinetic
modeling of the contact time distributions between the T cells
and tumors, and lysosome polarization experiments. These data
revealed that the inability of CAR T-cells to kill is due to failures
at multiple steps including those involved in lysosomal
polarization and degranulation. Since CD137 and TIM3 (HAVCR2)
were differentially expressed on killers, we sought to quantify
the levels of these proteins using flow cytometry. These experi-
ments revealed that upon interaction with NALM-6, 19-28z T-
cells showed significant increase in protein expression of TIM3
and CD137, and these were, higher in degranulating subset
(CD107a+) compared to CD107a- cells, indicating induction of
CD137 expression in killer T cells upon incubation with target
cells. Long-term killing experiments (48-72h) demonstrated that
addition of exogenous CD137L enabled sustained killing, con-
firming that CD137 expression is inducible in killer CAR T cells
and receptor ligation promotes sustained killing. RNA-
sequencing of CD137+ cells illustrated a specific enrichments of
glycolysis, mitochondrial biogenesis and proliferative pathways.
Based on these results, we explored the effects of overexpres-
sion of co-stimulatory molecule 4-1BBL in 19-28z T-cells. Our
mouse xenograft studies show that genetically engineered 19-
28z-41BBL T-cells demonstrate better tumor regression in tumor
models, at lower doses compared to 19-28z T-cell.
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Conclusions
We have demonstrated that the failure of CAR T cells to kill is related
to the failure in multiple steps leading to degranulation. Our data
also shows that CD137 is inducible receptor within killer 19-28z T
cells and that triggering upon induction can lead to sustained re-
sponses in vitro and in vivo.
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Background
Immunotherapy has been largely ineffective in pancreatic cancer,
partially due to the dense stromal fibrosis surrounding the tumor
that creates an immunosuppressive microenvironment. The main cel-
lular components of this fibrosis, activated pancreatic stellate cells
(aPSCs), are marked by elevated expression of fibroblast activation
protein (FAP). Here we investigate the relationship between aPSCs,
human natural killer (NK) cells and FAP.
Methods
To assess the relationship between aPSCs and NK cells we used a
novel in vitro co-culturing system that utilizes primary donor-derived
PSCs and human NK cell lines, NK92, NKL, YT and KHYG-1. We tested
the ability of NK cells to kill aPSCs using CytotoxGlo and Annexin V
assays. We monitored FAP expression using rt-qPCR, western blot
and FAP activity assays.
To assess the effects of FAP inhibition we used a non-specific FAP in-
hibitor, talabostat, in vivo. Forty female C57BL/6 mice were injected
subcutaneously with 1X105 syngeneic MT3-2D cells (Kras+/G12D,
p53+/-R172H derived from a PDAC KPC GEMM model [1]). Once tu-
mors reached 40-50 mm3, ten mice per group were given either 30
μg of talabostat per mouse daily by oral gavage, 200 μg of anti-PD-1
per mouse twice a week by i.p., both, or neither. Control mice were
treated with PBS. Treatment was terminated after 4 weeks and the
mice were monitored, with tumor measurements occurring weekly.
Experiment was repeated with 15 mice per group and tumors were
collected for flow immunophenotyping and mRNA expression ana-
lysis. Blood was collected weekly to monitor cytokine levels.
Results
We demonstrate that the human NK cell line (NK92) is activated by
and kills aPSCs (Figure 1). Upon direct contact with PSCs, PSCs down-
regulate FAP expression and NK92 cells upregulate FAP. We further
demonstrated that FAP is expressed in a variety of human and mur-
ine leukocyte cell lines as well as healthy-donor derived NK cells (Fig-
ure 2). The addition of a nonspecific FAP inhibitor, Talabostat,
enhanced anti-PD-1 therapy efficacy in murine models of PDAC.
Cytokine analysis demonstrated that talabostat treatment enhanced
NK activating cytokines. Flow cytometry immunphenotyping showed
that combination treatment reduced T cell infiltration but increased
NK cell infiltration.
Conclusions
This is the first report of FAP expression in multiple human and mur-
ine leukocyte lineages. It further suggests that talabostat, a non-
specific FAP inhibitor, can enhance NK activating cytokine production
and that talabostat enhances anti-PD-1 efficacy through increased re-
cruitment of NK cells to the tumor (Figure 3).
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Background
Pancreatic ductal adenocarcinoma (PDAC) is a leading cause of
cancer-related deaths worldwide. Host immunity plays a critical role
in pancreatic cancer development and progression. However, there is
no FDA approved immunotherapy for pancreatic cancer yet. The aim
of this study was to investigate the effects of immune selection pres-
sure on pancreatic cancer immunoevasion. S100a8/a9, which belong
to the S100 calcium-binding protein family, has been shown to en-
hance the progression and metastasis of many cancer entities [1], in-
cluding PDAC [2,3]. While the downstream effects of S100a8/a9 have
been extensively studied, the role of immune selection pressure in
the regulation of S100a8/a9 expression has never been reported.
Methods
1 X105 mT3-2D murine pancreatic cancer cells (Kras+/G12D,
p53+/-R172H) [4] were injected subcutaneously into syngeneic
C57BL/6J (WT), B6.CB17-Prkdcscid/SzJ (SCID) and T cell-depleted
WT mice (10 mice/group). T cell depletion was performed using
anti-CD4 (GK 1.5 BioXCell) anti-CD8 (2.43 BioXCell), with a dose of
200ug/mouse, twice weekly. Tumor growth was monitored over
time, and 1 cm3 tumors were then harvested and processed for
global proteomics profiling using NanoUPLC-MS/MS mass spec-
trometry (10 tumors/group were combined as one sample with
two technical replicates), and transcriptomics profiling using
NanoString nCounter (5 samples/group). The results were vali-
dated by immunohistochemistry (IHC) and Western blotting. T cell
infiltration was evaluated using IHC (5-7 samples/group) and flow
cytometry (8 samples/group).
Results
mT3-2D tumors engrafted in WT mice grow more slowly as com-
pared with SCID and T cell-depleted tumors. While this observa-
tion indicates that the reduced mT3-2D tumor growth rate in WT
mice is T cell dependent, it suggests that PDAC can develop
immunoevasion mechanisms. T cells moderately infiltrate WT tu-
mors (Among all CD45+ immune cells, 4% are CD4 T cells and
2% are CD8 T cells). Global proteomics profiling determined that
S100a8 and S100a9 are selectively induced in WT tumors com-
pared to SCID tumors. Similarly, NanoString nCounter analysis
shows that S100a8 is significantly higher in WT tumors compared
with SCID tumors (p-value of Kruskal-Wallis test is 0.0091). The in-
duction of S100a8 and S100a9 was further validated by IHC (p-
value of Mann Whitney test is 0.0424 and 0.0043, respectively).
Interestingly, Western blotting analysis indicates that the S100a8/
a9 heterodimer but not S100a8 and S100a9 monomers is select-
ively expressed in WT tumors.
Conclusions
Using the mT3-2D model, T cell immunity incompletely controls
PDAC tumor growth. Our data shows that S100a8/a9 heterodimer is
selectively induced in response to T cell selection pressure, suggest-
ing its role in PDAC immunoevasion.
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Background
Despite recent advances in melanoma immunotherapy the presence
of synchronous metastatic lesions portends a poor prognosis. Al-
though responses to immune checkpoint blockade can be durable,
only a minority of patients display clinically meaningful responses [1].
Inherent tumor heterogeneity secondary to genomic instability re-
sults in distinct immune microenvironments and discordant lesion-
specific responses [2]. Interferon-gamma (IFN-γ) has been associated
with both anti-tumorigenic and pro-tumorigenic activities in melan-
oma by promoting apoptosis of melanoma cells in vitro while in-
creasing aggressiveness of human melanoma cells in vivo [3,4].
However, the contribution of IFN-γ to heterogeneous PD-1 inhibitor
response in synchronous metastatic melanoma has yet to be
investigated.
Methods
We generated a murine synchronous metastatic melanoma model
using a parental YUMM 1.7 cell line, which contains BrafV600E/
Pten-/-/Cdkn2-/- driver mutations, and a UVB-irradiated derivative
containing de novo somatic mutations, YUMMER 1.7. We character-
ized the distinct tumor microenvironments via flow cytometry in
wildtype and IFN-γ-/- C57BL/6 mice.
Results
YUMMER and YUMM establish separate and distinct tumor microen-
vironments in a synchronous melanoma model with the former be-
ing more immunogenic and sensitive to presence of IFN-γ. Presence
of YUMMER tumors did not increase immune infiltration in YUMM (p
> 0.9) tumors nor increase its sensitivity to IFN-γ. Despite having in-
creased CD8 immune infiltration (p < 0.01), YUMMER tumors eventu-
ally escaped immune surveillance. Furthermore, YUMMER tumors
contained elevated levels of PD-1+ CD8 T-cells and of PD-L1+ stro-
mal cells. This upregulation of PD-1/PD-L1 axis is abolished in IFN-γ-/-
mice as compared to wildtype mice.
Conclusions
IFN-γ blunts anti-tumoral CD8 T-cell response via upregulation of PD-
1/PD-L1 axis in a model of synchronous metastatic melanoma. The
presence of an immunogenic tumor does not exert an abscopal ef-
fect on a synchronous, but genetically dissimilar “cold” tumor. Gen-
omic and immune characterization of this synchronous model could
potentially provide mechanistic insight and explain lesion-specific re-
sponses to immunotherapy observed in this challenging patient
population.
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Background
Programmed death-ligand 1 (PD-L1) expression, reported as tumor
proportion score (TPS), is the only clinically-available biomarker of re-
sponse to immune-checkpoint inhibitors in non-small cell lung can-
cer (NSCLC), but factors associated with PD-L1 expression are not
well understood. We aimed to identify clinical and genomic corre-
lates of PD-L1 expression in nonsquamous NSCLC.
Methods
We retrospectively collected clinicopathologic and genomic data
from patients with nonsquamous NSCLC whose tumors underwent
PD-L1 assessment and targeted next generation sequencing by
OncoPanel at the Dana-Farber Cancer Institute. Samples were
grouped into three PD-L1 TPS categories: negative (TPS <1%), low
(TPS 1-49%) and high (TPS ≥50%). Only genomic alterations with
oncogenic potential according to OncoKB were included in the ana-
lysis. Permutation testing was performed to correct for mutation en-
richment accounting for differences in tumor mutation burden (TMB)
among groups. Genomic mutations, copy number gains/losses, and
chromosomal arm-level gains/losses were compared among PD-L1
expression groups. A q-value <0.25 was considered significant after
correction for multiple comparisons.
Results
We identified 909 non-squamous NSCLCs with PD-L1 negative (N=
304, 33.4%), low (N=326, 35.9%), and high (N=279, 30.7%) expression.
Tumors in the PD-L1 high group were more likely to arise in smokers
compared to those in the PD-L1 low and PD-L1 negative groups
(86% vs 79% vs 78%, respectively; p=0.04) and to be diagnosed at
advanced stage IIIB-IV disease (76% vs 67% vs 61%, respectively; p<
0.001) (Table 1). The median TMB was higher in the PD-L1 high than
in the PD-L1 low and PD-L1 negative groups (median 12.2 vs 10.6 vs
10.6 mutations/megabase, respectively; p<0.001). Compared to PD-L1
TPS ≥50% tumors, those with TPS <1% were more likely to have mu-
tations in STK11 (19% vs 5%; q=0.001), EGFR (23% vs 12%; q=0.003),
and CTNNB1 (4% vs <1%; q=0.036) (Figure1). The most significantly
enriched gene copy losses associated with PD-L1 negativity occurred
at the 9p24.1 locus, which encodes for the CD274 (PD-L1), PDCD1LG2
(PD-L2), and JAK2 genes (q<0.001). Gene amplification in CD274 and
PDCD1LG2 were enriched in tumors with high PD-L1 expression (q<
0.25). Chromosome 9p arm loss was significantly more frequent in
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PD-L1 negative samples than in PD-L1 high tumors (23% vs 8%; q=
0.04).
Conclusions
High PD-L1 expression in non-squamous NSCLC is associated with
smoking status, advanced stage at diagnosis, and high TMB. PD-L1
negative tumors are enriched in mutations in STK11, EGFR and
CTNNB1 and copy loss of CD274, PDCD1LG2 and JAK2.
Ethics Approval
The study was approved by Dana-Farber Cancer Institute's Ethics
Board, approval number DF/HCC #02-180
Table 1 (abstract 077). Patient Characteristics
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Background
Recent studies have highlighted the key role of neoantigens
generated by somatic non-synonymous mutations in tumor re-
sponse to immunotherapy [1]. In the BALB/c-derived 4T1
mouse model of immunotherapy-refractory metastatic breast
cancer, we have previously shown that tumor-targeted radi-
ation therapy (RT) combined with CTLA4 blockade induces
CD8+ T cell-mediated regression of irradiated tumors and in-
hibits lung metastases [2]. Analysis of the T-cell receptor (TCR)
repertoire indicated that unique clonotypes expand in treated
tumors, suggesting that tumor rejection involves T cells react-
ive to a set of tumor antigens that are made available to the
immune system by RT [3]. Therefore, we hypothesize that RT
increases the expression of genes containing immunogenic mu-
tations and hence promotes priming of neoantigen-specific T
cells.
Methods
We performed whole-exome sequencing and RNA sequencing of
untreated and irradiated (8GyX3) 4T1 cells in vitro to identify
tumor-specific neoantigens and determine which ones are upreg-
ulated by RT. These mutations were also documented in vivo, in
4T1 tumors harvested before and after treatment (8GyX3 + anti-
CTLA4). Dedicated algorithms were used to predict MHC-I and
MHC-II-binding epitopes from these mutated genes. Peptides with
a predicted affinity
Results
Out of 309 total mutations initially identified in 4T1 cancer cells,
six peptides able to bind H2Ld or H2Kd in vitro were tested in
vaccination experiments, together with two I-Ad-predicted
binders. Two MHC-I and one MHC-II neoepitopes were immuno-
genic, as assessed by IFNγ/TNFα response after T cell re-
stimulation. These three neoepitopes were encoded by genes up-
regulated by RT. Although a vaccine based on these three neoe-
pitopes was not sufficient to inhibit tumor growth, a significant
growth delay was seen when vaccination was combined with
tumor-targeted RT. TCR repertoire analysis of these tumors re-
vealed significant vaccination-related differences in the frequency
of T cell clones, independent of clones specific for the dominant
AH1 epitope (derived from the gp70 shared tumor antigen). In
addition, in vivo killing experiments demonstrated a potent cyto-
lytic activity of T cells from vaccinated mice towards one of these
neoepitopes. Further analyses are ongoing to understand the
contribution of these neoantigens to T cell-mediated tumor rejec-
tion after targeted RT.
Conclusions
These data provide initial proof-of-principle evidence that RT can ex-
pose existing neoantigens to the immune system.
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Background
Acute myeloid leukemia (AML) is an aggressive blood cancer that
originates from malignantly transformed hematopoietic stem cells in
the bone marrow (BM). Many AML patients respond to induction
chemotherapy but the majority eventually relapse and succumb to
the disease within five years of diagnosis. Multi-parameter single-cell
technologies have revealed a high intra- and inter-tumor heterogen-
eity in AML, and this heterogeneity is in part related to treatment
failure and the outgrowth of drug-resistant clones. Therefore, a dee-
per understanding of the molecular and cellular events that promote
heterogeneity and lead to AML relapse is needed.
Emerging evidence indicates that the BM microenvironment plays a
crucial role in the pathobiology of AML [1]. This is especially relevant
for immunotherapy, which aims to elicit an in situ immune response
to eradicate tumors. So far, little is understood about the architecture
and spatial cellular composition of the AML BM microenvironment,
and how this influences disease initiation, progression, immune re-
sponses, and outcome.
Methods
We created a tissue microarray (TMA) with formalin-fixed, paraffin-
embedded (FFPE) BM samples from 119 AML patients comprising all
subtypes of the French-American-British classification. Using an AML-
specific metal-conjugated antibody panel, we analyzed the spatial
distribution of more than 40 parameters simultaneously by multi-
plexed ion beam imaging (MIBI) (Figure 1) [2,3].
Results
The application of MIBI to study the BM microenvironment identified
common immune cell subsets and malignant blasts with immuno-
profiles matching the known subtypes of human AML. Unsupervised
clustering detected numerous cellular clusters that corresponded to
immune and leukemic cell types. Computational deconstruction of
these cell clusters and their spatial distribution revealed distinct cel-
lular neighborhoods (CNs, patches of tissue where every cell has a
similar surrounding) that were either unique to or shared among
specific AML subtypes. Leukemic cells and reactive immune cells ex-
pressing checkpoint and activation markers were differentially dis-
tributed among the CNs. In addition, CNs with enrichment of stem-
like leukemic cells were identified.
Conclusions
MIBI enables high-throughput, highly multiplexed analysis of FFPE
BM. Mapping the architecture of the BM microenvironment in AML
will advance our understanding of this devastating disease and likely
provide important information to guide future immunotherapies.
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Background
Tumors are complex ecosystems of malignant, immune, and stromal
elements whose dynamic interactions underlie patient survival and
response to therapy. A comprehensive understanding of the diversity
of cellular states within the tumor microenvironment (TME), and their
patterns of co-occurrence, could reveal new diagnostic tools for im-
proved disease management, as well as novel targets for therapeutic
intervention.
Methods
We applied CIBERSORTx, a recently described “digital cytometry”
framework [1], to impute cell type-specific gene expression profiles
of cancer cells and 11 major immune and stromal cell types from
thousands of solid tumor transcriptomes profiled by The Cancer Gen-
ome Atlas (TCGA). We then devised and applied a novel machine
learning framework to identify distinct transcriptional states for each
cell type, validate them in scRNA-seq data, and uncover co-
occurrence patterns between them in order to define tumor cellular
ecosystems. We systematically profiled these states across nearly
17,000 solid tumor samples from TCGA, PRECOG [2], in situ tran-
scriptomics arrays, and other publicly available resources, to deter-
mined their associations with genomic features, clinical outcomes,
and spatial organization.
Results
By dissecting cellular heterogeneity across thousands of tumor sam-
ples, we defined robust transcriptional states of 12 cell types,
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including epithelial, fibroblast, endothelial, and 9 immune subsets.
These states included both known and novel cellular phenotypes,
nearly all of which could be validated in published scRNA-seq tumor
atlases. For example, we recapitulated the transcriptional profiles of
M1 and M2 polarized macrophages, along with 7 other macrophage
states, of which several were strongly associated with overall survival.
We found that specific cell states often co-occur in distinct cellular
communities with characteristic patterns of ligand-receptor interac-
tions, genomic features, clinical outcomes, and spatial organization.
Further analysis of these communities unveiled unique cellular eco-
systems that span most solid tumor types. One such “ecotype” de-
fined a normal-like state that was strongly enriched in non-malignant
samples. Others delineated novel pro- and anti-tumor inflammatory
environments involving specific fibroblast, endothelial, and immune
cell transcriptional programs.
Conclusions
Large-scale deconvolution of cell type-specific transcriptomes across
thousands of solid tumors revealed a comprehensive atlas of cellular
states in the TME. The majority were present across multiple tumor
types. We found that specific cell states tend to co-occur in a pan-
cancer manner, defining robust tumor cellular ecosystems with spe-
cific biological features and clinical outcomes. Overall, our results
provide a high resolution portrait of cellular heterogeneity in the
TME of multiple solid tumor types, with implications for novel diag-
nostics and immunotherapeutic targets.
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