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Abstract

Background: Accumulating pre-clinical data indicate that the efficient induction of antigen-specific cytotoxic CD8+
T cells characterizing viral infections is caused by cross-priming where initially infected DCs produce an unique set
of inflammatory factors that recruit and activate non-infected bystander DCs. Our DC-based immunotherapy
concept is guided by such bystander view and accordingly, we have developed a cellular adjuvant consisting of
pre-activated allogeneic DCs producing high levels of DC-recruiting and DC-activating factors. This concept doesn't
require MHC-compatibility between injected cells and the patient and therefore introduces the possibility of using
pre-produced and freeze-stored DCs from healthy blood donors as an off- the-shelf immune enhancer. The use of
MHC-incompatible allogeneic DCs will further induce a local rejection process at the injection site that is expected
to further enhance recruitment and maturation of endogenous bystander DCs.

Methods: Twelve intermediate and poor risk patients with newly diagnosed metastatic renal cell carcinoma (mRCC)
where included in a phase I/Il study. Pro-inflammatory allogeneic DCs were produced from a leukapheresis product
collected from one healthy blood donor and subsequently deep-frozen. A dose of 5-20 x 10° DCs (INTUVAX) was
injected into the renal tumor twice with 2 weeks interval before planned nephrectomy and subsequent standard of care.

Results: No INTUVAX-related severe adverse events were observed. A massive infiltration of CD8+ T cells was found in 5
out of 12 removed kidney tumors. No objective tumor response was observed and 6 out of 11 evaluable patients have
subsequently received additional treatment with standard tyrosine kinase inhibitors (TKI). Three of these 6 patients
experienced an objective tumor response including one sunitinib-treated patient who responded with a complete and
durable regression of 4 brain metastases. Median overall survival (mOS) is still not reached (currently 42.5 months) but has
already passed historical mOS in patients with unfavourable risk mRCC on standard TKI therapy.
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initiated.
Trial registration: Clinicaltrials.gov identifier. NCT01525017.

Anti-tumor response, INTUVAX, Sunitinib

Conclusions: Our findings indicate that intratumoral administration of proinflammatory allogeneic DCs induces an anti-
tumor immune response that may prolong survival in unfavourable risk mRCC-patients given subsequent standard of
care. A randomized, multi-center, phase Il mRCC trial (MERECA) with INTUVAX in conjuction with sunitinib has been
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Background

Despite the clinical improvement with VEGF and mTOR-
targeted therapies in improving clinical outcomes in
mRCC, resistance to these therapies develops in the vast
majority of cases and despite of considerable efforts in
sequential or combined modalities, durable remissions are
rare. These facts have resulted in continued interest in
novel immunomodulating agents for the treatment of
mRCC. Notably, in a recent phase III trial with the immune
checkpoint inhibitor nivolumab (a human monoclonal anti-
body targeting programmed cell death protein (PD-1))
given to patients with previously treated advanced RCC,
overall survival was significantly increased when compared
to standard second-line treatment with everolimus [1].
Based on these results, nivolumab received approval from
the FDA in November 2015 for the treatment of advanced
RCC in patients who have received prior antiangiogenic
therapy.

Mutation-derived and tumor-specific neoantigens are
now increasingly recognized as immunodeterminants, as
there is strong evidence that neoantigen-specific T cells are
reactivated, following treatment with checkpoint blockade
rendering them capable of mediating tumor rejection [2].
These results reveal that tumor-specific neoantigens are
not only important targets of checkpoint blockade therapy,
but can also be used to develop personalized cancer-
specific vaccines [3]. To exemplify, this strategy was used
successfully by Carreno et al. in stage 3 melanoma patients
by promoting a diverse neoantigen-specific T cell response
[4]. Vaccination using autologous dendritic cells (DCs)
loaded with patient-specific neoantigens was found to be
safe, and none of the patients had evidence of autoimmun-
ity. However, with this type of personalized DC-based vac-
cines, tumor tissue from each patient is required to identify
and prioritize candidate neoantigens, which implicate co-
ordination of tissue acquisition, collection of an autologous
leukapheresis product, construction of a vaccine, and
administration of the produced vaccine [5].

One obvious way to circumvent practical problems as-
sociated with ex vivo production of a complete
neoantigen-based vaccine would be to use the patient’s
own tumor in situ, as a direct antigen source by intratu-
moral administration of a potent immune enhancer. The

immune-enhancing role would be to recruit and activate
the patient’s endogenous DCs and DC precursors to the
tumor site, where they will encounter and engulf dying
tumor cell and/or tumor cell debris, including the full
array of “personal” mutation-derived neoantigens.

As to potential potent immune enhancers, recent stud-
ies have shown that injected autologous DCs, which
have been pre-activated during a limited time period ex
vivo, have the potential to indirectly prime naive CD8+
T cells in vivo, by acting as a pure immunogenic adju-
vant and not as antigen presenters [6, 7]. This indirect
immune enhancing function of DCs is strictly dependent
on their active secretion of certain DC-and-NK-cell-
recruiting chemokines at the time of administration [6].
In line with these data, pre-clinical findings indicate that
the efficient induction of antigen-specific cytotoxic CD8
" T lymphocytes (CTLs), characterizing viral infections,
is caused by cross-priming, where initially infected DCs
produce a unique set of inflammatory factors that recruit
and activate non-infected “bystander” DCs [8—11].

In vitro studies, using human monocyte-derived DCs,
have further shown than these cells can be programmed
to produce vigorous amounts of T helper 1-associated
chemokines and cytokines in a sustained fashion when
stimulated with a combination of stimulatory factors, in-
cluding Toll-like receptor (TLR) ligands and IFN-
gamma, thus mimicking virally infected DCs [12, 13].
Moreover, in the study by Pang et al., using transgenic
mice, it was shown that no MHC compatibility was
needed between infected DCs and “bystander” DCs [10].
By using allogeneic DCs as immune enhancers in the
vaccine setting, such cells will further be regarded as for-
eign allogeneic invaders that most likely will potentiate a
T helper 1-deviated inflammatory reaction, further
promoting recruitment and activation of endogenous
“bystander” DCs at the vaccination site [14].

If the pro-inflammatory DCs are injected intratumo-
rally, tumor-derived proteins (including tumor-specific
neoantigens) will act as an antigen source for recruited
endogenous “bystander” DCs. The final outcome of the
proposed scenario is that recruited endogenous DCs will
capture dying tumor cells and subsequently become acti-
vated into T helper 1 deviating DCs. These DCs will
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finally migrate to the tumor-draining lymph node, where
they will prime tumor-specific T cells, including cytotoxic
CD8+ T cells [6]. In line with this proposed scenario, su-
pernatants from activated human monocyte-derived DCs
(activated with a cocktail consisting of R848, poly I:C and
IFN-gamma) have been shown to induce a phenotypic
maturation of “bystander” immature DCs in vitro (15).
Also, intratumorally or subcutaneously injected allogeneic
bone-marrow derived mouse DCs, activated with an iden-
tical cocktail (except that human IFN-gamma has been re-
placed by mouse IFN-gamma), have been shown to both
induce recruitment of immune cells into the vaccination
site and migration of mature endogenous DC to the drain-
ing lymph node. Moreover, by loading subcutaneously
injected allogeneic mouse DCs with a tumor antigen, a
systemic activation of tumor-specific T cells was further
demonstrated [15].

Here, we present safety as well as immunological and
efficacy outcomes from the first-in-human study in poor
and intermediate risk patient with newly diagnosed
mRCC, receiving 5-20 x 10° DCs (INTUVAX) by a CT-
guided injection into the renal tumor twice with 2 weeks
interval before planned nephrectomy and subsequent
standard of care.

Methods

INTUVAX production

INTUVAX was manufactured at the Good Manufacturing
Practice (GMP) compliant facility of the Cancer Centre
Karolinska (CCK), Stockholm, Sweden. Monocytes were
isolated from a leukocyte concentrate from a healthy
blood donor at the Blood Centre, Karolinska University
Hospital. The monocytes were cultivated in CellGro® DC
Medium (CellGenix™), a serum free cell culture medium,
supplemented with 100 ng/mL granulocyte macrophage
colony-stimulating factor (GM-CSF) and 20 ng/mL inter-
leukin 4 (IL-4) (both cytokines from CellGenix™). There-
after, the cells were cultured in a closed system and
incubated at 37 °C in 5% CO, atmosphere. After differen-
tiation, the CellGro® DC Medium was supplemented with
100 ng/mL GM-CSF and 20 ng/mL IL-4 and added to the
cell suspension. To induce DC activation/maturation, toll-
like receptor (TLR) 7/8 agonist R848 (2.5 pg/mL; Invivo-
Gen), TLR3 agonist Poly I:C (20 pg/mL; Sigma-Aldrich),
and human recombinant interferon gamma (IFN-y; Imu-
kin) (1000 U/mL; Boeringer-Ingelheim) were added to the
culture medium. After maturation of DCs, mature pro-
inflammatory DCs were harvested and resuspended in
heat-inactivated AB plasma obtained from the Blood
Centre, Karolinska University Hospital, and supplemented
with 10% DMSO. One mL of the cell suspension was filled
in each cryovials (CryoTubes™, NUNC) and subsequently
deep-frozen to —-150 °C, using a computerized gradient
freezer (Planer) and thereafter transferred to a — 150 °C
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freezer. The final product, INTUVAX, was thawed and
assessed for release tests (including testing for sterility,
mycoplasma and endotoxin) for clinical use. All doses of
INTUVAX that were used in this study originate from the
same batch.

Patients

Men and women at least 18 years of age with newly
diagnosed synchronous mRCC were enrolled. Inclusion
required a size of the primary kidney tumor of at least
4 cm in longest diameter, as determined by CT, and at
least one measurable distant metastatic lesion. Patients
should have an Eastern Cooperative Oncology Group
(ECOQG) performance status <3 and were required to be
candidates for nephrectomy and to have adequate
hematological parameters. Therefore, patients with a life
expectancy of less than 3 months, brain metastases,
active or latent virus disease (HIV, HBV and HCV),
other malignancy or ongoing active autoimmune disease,
which required treatment with systemic immunosup-
pressive agents were excluded.

Study design and treatment

The study was a prospective single armed, open label
phase I/II study. Patients on the waiting list for nephrec-
tomy were enrolled in 3 cohorts of 3-5 patients per co-
hort. All patients in the same cohort were treated at the
same dose level, i.e. 5 x 10° 10 x 10° or 20 x 10° viable
and MHC class II expressing DCs. Two CT-guided in-
jections with 14 + 3 days of interval were administered
into the viable part of the primary renal tumor identified
with contrast enhanced CT scan. All INTUVAX doses
used in the study were from the same batch.

The planned nephrectomy was performed within 28—
42 days after the first vaccination. The patients were
hospitalized for 24 h after each vaccination. The patients
then returned to the clinic for safety visits one week
after each vaccination, in connection with nephrectomy
and 3 months after nephrectomy. Monitoring of vital
signs, physical examination, safety lab and collection of
adverse events (graded according to the National Cancer
Institute Common Toxicity Criteria (CTC) version 4.0),
were made at visits during the treatment period and at
the follow-up visit, 3 months after nephrectomy.

Immunologic parameters including inflammatory im-
mune serology, immune cell parameters, INTUVAX cell
tracking and analyses using enzyme-linked immunosorb-
ent spot (ELISpot) were monitored in connection with
the vaccinations (samples taken at the day for vaccin-
ation and the day after). To evaluate potential auto- and
allo-immune events, auto- and allo-immunization pa-
rameters were evaluated at screening and at follow-up
visit 3 months after nephrectomy. Information on dis-
ease progression and survival data were obtained for all
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patients. Tumor follow-up, according to Response Evalu-
ation Criteria In Solid Tumors (RECIST) 1.1 criteria,
was conducted at baseline and at follow-up visit
3 months after nephrectomy. An extended follow-up to
evaluate clinical outcome was further performed.

Study oversight

This study was approved by the local ethics committee in
Uppsala, Sweden, and was conducted in accordance with
Good Clinical Practice guidelines, as defined by the Inter-
national Conference on Harmonisation. All patients pro-
vided written informed consent that was based on the
principles of the Declaration of Helsinki. A safety moni-
toring committee reviewed safety during this study. The
study was designed by the authors in collaboration with
the sponsor (Immunicum AB, Gothenburg, Sweden).

End points

The primary endpoints were registration of adverse events
and changes in vital signs and laboratory parameters from
baseline. Secondary end points included evaluation of
tumor-specific immune response using immunohistology
parameters of the renal tumor post nephrectomy, tumor-
specific ELISpot assay, inflammatory immune parameters,
systemic cytokine and chemokine production, immune
cell distribution and activation, vaccine cell tracking and
evaluation of potential auto- and allo-immunization. Fi-
nally, tumor response by CT scan was evaluated, accord-
ing to RECIST 1.1.

Blood sample collection and storage

Heparinized blood was drawn before treatment, during
the vaccinations, and at the end of the study. Peripheral
blood mononuclear cells (PBMCs) were isolated by cen-
trifugation on Metrizoate-ficoll (Lymphoprep, Nycomed/
Axis-Shield PoC/Alere Technologies AS, Oslo, Norway)
using a standard method, and thereafter aliquoted and
cryopreserved for later use. Serum samples were also
collected before treatment and at the end of the study
and stored at —80 °C until analysis.

HLA-typing

At screening, evaluation of the patients HLA-type
(HLA-A, HLA-B and HLA-DR) was made. The samples
were analyzed at the local clinical immunology labora-
tory at site (Dept of Clinical Immunology, Uppsala Uni-
versity Hospital, Uppsala, Sweden). HLA-typing of
vaccine cell donor was also performed.

Tracking of injected INTUVAX cells

Flow cytometry analysis for donor cell tracking was per-
formed on peripheral blood samples (taken just before
vaccination and 1 h and 20-24 h after each vaccination)
after lyzing of the erythrocytes with ammonium chloride
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and washing using a standard procedure. The samples
were stained with combinations of murine monoclonal
antibodies directly conjugated with fluorochromes (fluor-
escein isothiocyanate; FITC, phycoerythrin; PE, peridinin-
chlorophyll protein; Per-CP or allophococyanin; APC).
Staining was performed with antibodies specific for HLA
class I antigens (HLA-A2 or HLA-A24) selectively
expressed on INTUVAX cells, HLA-DR and CD86. The
cells were incubated at 4 °C for 15 min with antibodies in
the concentrations recommended by the manufacturer.
The cells were analyzed in a FACSCanto™ II flow
cytometer using the FACSDiva software and dot plots and
quadrant statistics from a four-colour analysis were gener-
ated. All antibodies, the flow cytometer and the software
were from BD Biosciences (Mountain View, CA, USA).
Results for each subpopulation were expressed as the per-
centage of leucocytes. The samples were analyzed at the
Dept of Clinical Immunology, Sahlgrenska University
Hospital, Gothenburg, Sweden.

Serologic inflammatory parameters

Cytokines and chemokines were quantified from serum
samples taken just before and 1 day after each adminis-
tration of INTUVAX cells and 14 days after the second
administration using a Bio-Plex human cytokine assay, a
Bio-Plex 100 assay reader and the Bio-Plex Manager™ soft-
ware (Bio-Rad Laboratories AB, Sundbyberg, Sweden).
The analysis was performed according to the manufac-
turer’s instructions. The following inflammatory parame-
ters were analyzed: IL-1 beta, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12p70, IL-13, IL-17A, G-CSF. GM-CSE,
IFN-gamma, MCP-1, MIP-1 beta and TNF-alpha. The
chemokine RANTES was quantified by a commercially
available ELISA (R&D Systems, Abingdon, UK), according
to the manufacturer’s instructions. The production of
TNEF-alpha, IL-1 beta, IL-12p70, RANTES and MIP-1 beta
was also analysed in supernatants from thawed and
washed Intuvax cells cultured for 24 h in AIM-V culture
medium at a concentration of 1 x 10° cells/mL. The sam-
ples were analyzed at the Dept of Clinical Immunology,
Sahlgrenska University Hospital, Gothenburg, Sweden.

Lymphocyte distribution in peripheral blood

In order to evaluate potential changes in lymphocyte
subset occurrence and activation state in peripheral
blood taken just before and 1 day after each administra-
tion of INTUVAX cells and 14 days after the second
administration, the following parameters were analyzed
by FACS, as described above. Antibodies to the following
antigens were used: CD3, CD4, CD8, CD19, CD1l6,
CD56 and HLA-DR. The absolute number of blood lym-
phocytes was determined with Trucount reference beads
using the method recommended by the manufacturer.
The following subpopulations were reported CD3+,
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CD3 + 4+ and CD3 + 8+ T cells, CD3 + HLA-DR+ acti-
vated T cells, CD19+ B cells, CD3-16 + 56+ NK cells and
CD3 + 16 + 56+ NKT cells. The results for each subpopu-
lation were expressed as the percentage of lymphocytes
and as the number of cells x 10°/L. All antibodies and the
Trucount beads were from BD Biosciences.

Immunohistochemistry

A randomly selected tissue specimen from the renal
tumor was formalin-fixed, paraffin-embedded and cut
into 5 pum sections. The sections were deparaffinised,
and rehydrated in a graded series of ethanols. Antigen
retrieval was done by heating tissue sections, using a
Target Retrieval Solution, pH 9.0 (DAKO). The samples
were subsequently incubated for 5 min in peroxidase
blocking solution (DAKO) to inhibit endogenous perox-
idase. Consecutive sections from each tumor specimen
were then incubated with antibodies against CD3 (poly-
clonal rabbit anti-human CD3; DAKQO), CD4 (monolonal
mouse anti-human CD4, clone 4B12; DAKQO), CDS8
(polyclonal rabbit anti-human CD8; DAKO), CD56
(monoclonal mouse anti-human CD56, clone 123C3;
DAKOQO), CD68 (monoclonal mouse anti-human CD68,
clone KP1; DAKO), HLA-DR (monoclonal mouse anti-
human HLA-DR, alpha chain, Clone TAL.1B5; DAKO)
and PD-L1 (monoclonal mouse anti-human PD-L1,
Clone 22C3, DAKO-kit SK006, DAKO) for 30 min. A
subsequent reaction was carried out using secondary
antibodies (DAKQO) at 37 °C for 30 min. Then, the sec-
tions were washed three times with phosphate-buffered
saline and subsequently the color was displayed with
DAB (DAKO) for about 5 min. Sections were counter-
stained with haematoxylin, dehydrated in ethanol,
cleared in xylene, and coverslipped.

For enumeration of CD8-infiltrating T cells, five differ-
ent areas with most abundant positively stained cells in
each section were selected and number of positve cells
were counted under 400 magnification [16]. The median
number in each sample was then calculated. A semi-
quantitative evaluation of infiltrating CD3+ T cells, CD4
+ T cells, CD56+ NK/NKT cells, CD68+ macrophages
and HLA-DR expressing non-tumor cells was per-
formed. Moreover, the expression of HLA-DR by tumor
cells was assessed.

ELISpot

The potential tumor-specific T cell response, induced by
INTUVAX treatment was evaluated by running a
tumor-specific IFN gamma (IFN-y) ELISpot. Blood sam-
ples were collected at day 1 (before first vaccination)
and 2 weeks after the second vaccination (in connection
with hospitalization for nephrectomy). PBMC were
isolated and frozen for subsequent batched analysis.
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Fresh autologous tumor material from the resected
tumor was deep-frozen (-70 °C) and subsequently thawed,
homogenized with a GenltleMACS tissue homogenizer
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany),
followed by six cycles of freezing at ~130 °C and thawing.
After centrifugation and sterile filtration of the super-
natant, the method of Bradford was used to determine
protein concentration. The lysate was used as an antigenic
source in the tumor-specific ELISpot assay.

Freshly drawn PBMCs from each patient were used for
differentiation of immature monocyte-derived DCs, as
described above for the production of INTUVAX. Im-
mature DCs were subsequently pulsed with the tumor
material (100 pg/mL) described above and stimulated
for 24 h with a cocktail identical with the one used for
INTUVAX production.

A direct ex vivo interferon gamma ELISpot analysis was
then performed, using the commercial Human IFN-y
ELISpot™™Y® kit (MABTECH AB, Nacka Strand, Sweden),
according to instructions from the manufacturer.

Briefly, one vial of frozen PBMCs from each time point
was thawed, counted in a cell counter (Sysmex K-4500;
TOA Medical Electronics Co, Japan) and plated into the
wells of an anti-IFN-y antibody (clone 1-D1K, Mabtech,
Inc) pre-coated ELISpot plate at 100,000 and 200,000
cells per well. Cells were then stimulated with 20,000
tumor-loaded autologous mature DCs per well for 24 h
at 37 °C. As a positive control, an antibody to CD3 was
used. After 24 h, plates were washed and incubated with
a biotinylated anti-IFN-y secondary antibody (clone 7-
B6-1, Mabtech, Inc) for 2 h at room temperature. The
plates were washed and incubated with streptavidin-
conjugated alkaline phosphatase for 1 h and then
washed again, and incubated with substrate for alkaline
phosphatase. Excess substrate was removed by rinsing
with tap water. The number of spots were counted using
a dissection microscope. All samples were analyzed in
triplicates, and the mean response (spots per 100,000
cells per well) was calculated. The analyses were per-
formed at the Department of Clinical Immunology, Sahl-
grenska University Hospital, Gothenburg, Sweden.

Measurement of potential auto- and alloimmunizaton
To evaluate potential autoimmune events, screening for
autoantibodies against clinically relevant autoantigens,
including nuclear antigens (ANA, SSA, SSB, Sm, RNP,
Scl-70, Centromeres and Jo-1) and kidney parenchyma-
associated autoantigens (liver-kidney microsomal anti-
gens and mitochondrial antigens) was made. Samples
were taken at screening and at day 120. The samples
were analyzed at the Dept. of Clinical Immunology,
Uppsala University Hospital, Uppsala, Sweden.

To evaluate potential vaccine-induced alloimmuniza-
tion at the humoral level, screening for alloantibodies
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against HLA-A, B, C (MHC-class I) and HLA-DR, DQ,
DP (MHC-class II) antigens was made. Samples were
taken at screening and at day 120. The samples were
analyzed at the Dept of Clinical Immunology at Uppsala
University Hospital.

Tumor response

Tumor response was evaluated by CT scan, comparing
the baseline CT scan (obtained within 28 days before
day 1) with the CT scan made 3 months’ post nephrec-
tomy, according to RECIST 1.1 criteria [17].

Results

Patients

From January 2012 through August 2013, 12 newly diag-
nosed mRCC patients were enrolled at Uppsala Univer-
sity Hospital, Uppsala, Sweden. At the time of inclusion,
all 12 patients were assessed as RCC with at least one
metastasis. The RCC diagnosis was based on CT scan
and pretreatment biopsy for histopathological verifica-
tion was not performed. The RCC diagnosis was, how-
ever, confirmed by histopathology of the nephrectomy
specimen in all patients. Eleven patients had clear cell
RCC, while one patient had papillary RCC (patient 5).
Demographic and Disease Characteristics are presented
in Table 1.

One patients (patient 6) with RCC and presumed RCC
bone metastasis was later found to have multiple mye-
loma. This was not suspected until the patient developed
progressive detoriation of the renal function, due to light
chain damage. Retrospective analysis of the plasma pro-
teins showed that myeloma was present before enroll-
ment in this study. All 12 patients were included in both
the efficacy and safety sets. However, patient 6 was not
included in evaluation of tumor response or survival as
the patient had 2 concomitant cancer diseases and thus
not RCC with metastases.

INTUVAX characteristics and patient exposure

The manufactured INTUVAX batch passed quality (re-
lease) tests according to GMP guidelines, including steril-
ity and endotoxin level (< 5 EU/mL). Number, viability,
and HLA-DR expression was evaluated directly after
thawing and the total number of viable and HLA-DR ex-
pressing cells/vial was found to be 12,6 million cells. The
production of TNF-alpha, IL-1 beta, IL-12p70, MIP-1 beta
and RANTES measured 24 h after thawing was 300, 800,
7.870, 6460 and 29.000 pg/mL, respectively. When ac-
ceptance criteria (data not shown) of thawed INTUVAX
cells were met, the rest of the frozen vials in the actual
batch were transported from the CCK GMP laboratory to
Vecura Clinical Research Center, Karolinska University
Hospital, Stockholm, and transferred to a — 150 °C freezer
for cell banking until time for vaccination.
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Table 1 Demographic and disease characteristics

Characteristics/Variable

No. of patients (%)

Age

Median 61.5

Range 49-81
Sex

Female 2(16.7)

Male 10 (83.3)
ECOG (screening)

Grade 0 10 (833)

Grade 1 2(16.7)
Time from diagnosis to treatment 1.0 month (Mdn)
Metastatic disease 11 (91.7)
Histologic subtypes

Clear cell 11 (91.6)

Non-clear cell (papillary) 1(84)

Sarcomatoid features 6 (50)
Fuhrman nuclear grade

Grade 1 2 (16.7)

Grade 3 7 (58.3)

Grade 4 3 (25.0)
MSKCC [38] and/or IMDC [39] variables

< 1 year from diagnosis to targeted treatment 11 (100)

Karnofsky performance status <80% 19.1)

Haemoglobin < LLN 8 (72.7)

Serum corrected calcium conc. > ULN 5 (45.5)

Lactate dehydrogenase >1.5 x ULN 19.1)

Neutrophil count > ULN 0(0)

Paltelet count > ULN 3(27.2)
MSKCC prognostic group

Favourable 00

Intermediate 5 (455)

Poor 6 (54.5)
IMDC prognostic group

Favourable 0(0)

Intermediate 6 (54.5)

Poor 5 (45.5)

Abbreviations: LLN lower limit of normal, ULN upper limit of normal, MSKCC
Memorial Sloan-Kettering Cancer Center, IMDC International Metastatic RCC

Database, Mdn median

On the day of administration/the day before (max-

imum 24 h before administration), the frozen vial was
sent on dry ice to the local hospital pharmacy, where the
final preparation of the INTUVAX product was made.
Immediately before administration to the patient, the
cells were thawed, washed and resuspended into final
concentration of 10 or 20 x 10° cells/mL in 0.15 M
saline (Sodium Chloride; Braun Medical Inc.) with 2%
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human serum albumin (Albunorm; Octapharma). The
estimated residual amount of R848, poly-I:C and IEN-
gamma in each dose of the resuspended drug product
was 0.25 ng, 2 ng and 0.1 Units, respectively. The ad-
ministration of INTUVAX was performed within 1 h
from thawing. All patients received 2 intratumoral ad-
ministrations as per protocol. Patients 1-4 received
5 x 10° cells in 0.5 mL/dose, patients 5-9 10 x 10° cells
in 0.5 mL/dose and patient 10-12 20 x 10° cells in
1.0 mL/dose.

Safety

In terms of AEs (Table 2), the probably or possibly drug-
related events reported were fever (5 patients) and chills
(2 patients) in connection with fever episodes. These
had onset on day of INTUVAX administration, the dur-
ation was short and all patients could be discharged the
day after administration. Additionally, rash (1 patient)
and hypotension (1 patient) were reported with onset
just a few hours after administration. These drug-related
adverse events were mild — moderate in terms of sever-
ity. No dose-limiting toxicity was found. SAEs reported
between the first vaccine dose and nephrectomy were
three occasions of pain; chest, musculoskeletal and ab-
dominal, and one occasion of vertigo. SAEs reported
after nephrectomy were one procedureal complication
after nephrectomy (patient 7), one occasion of fever due
to pneumonia and one occasion of dyspnoea (patient
10), one occasion of dizziness 2 months after first
vaccination (patient 11), one occasion of pulmonary
embolism 4 months after first vaccination (patient 12)
and one occasion of renal failure 9 months after the
first intratumoral administration of INTUVAX (patient 6).
None of the SAEs reported were assessed as related to
INTUVAX.

The patients were also extensively monitored in terms
of laboratory assessments, and abnormalities in haema-
tology, biochemistry, coagulation, and renal function,
were in most cases assessed as minor without any signs
of INTUVAX inducing clinically significant changes.
These minor abnormalities and also the more extensive
changes (e.g. albumin and calcium levels at CTCAE 3-4
for patient 8 and 11, respectively) were seen as a result
of their current disease.

Table 2 Treatment-related adverse events possibly or probably
related to INTUVAX after first and second vaccination

No of related AEs CTCAE-grade (range)
(no. of patients)

Reported Adverse event

Fever 8 (5) 1-2

Chills 22 1

Rash 1(1) 1
M

Hypotension 10 2
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Tracking of injected INTUVAX cells

FACS analysis for donor (INTUVAX) cell tracking was
performed after lysis of the erythrocytes on peripheral
blood samples (taken just before vaccination and 1 h
and 24 h after each vaccination), by staining with anti-
bodies specific for the HLA class I antigens HLA-A2 or
HLA-A24 that were selectively expressed on INTUVAX
cells. The detection level for cell tracing was 0.0001%
out of total circulating mononuclear cells (monocytes +
lymphocytes) in blood. No tracking could be performed
on patient 11 and 12, because the HLA-A tissue type of
these two patients was A2 and A24 (thus identical to
INTUVAX cells as to HLA-A tissue type). A measurable
increase, corresponding to 8-35% of injected cells,
was seen in the circulation 1 h and/or 24 h after
administration in 4 out of 10 evaluated patients (pa-
tient 3, 8, 9 and 10).

HLA-compatibility between donor and recipient

The tissue HLA-type of the INTUVAX cells was HLA-
A:02,24, B:15,44 and DRB1:01,04. The HLA types A2, A24
and B44 are very frequent in the general Swedish population
and approximately 40%, 15% and 30% of normal blood do-
nors have the A2, A24 or B44 tissue type, respectively.
When compared to the treated patients, none of the patients
exhibited a fully mis-match (not expressing any of the
INTUVAX HLA-molecules). Five patients exhibited 1
HLA-match, 5 patients exhibited 2 HLA-matches and 2 pa-
tients exhibited 3 HLA-matches (Table 3). No correlation
between degree of HLA-match/mis-match and fever reac-
tions or intratumoral infiltration of CD8+ T cells was found.

Auto- and allo-immunization

No serological or clinical signs of induced autoimmuni-
zation by INTUVAX was observed, while 3 patients

Table 3 HLA-type for donor and patients

HLA-type HLA-A HLA-B HLA-DR
Donor A2,24 B15,44 DR1,4
Patient 1 A2 B51,60 DR13
Patient 2 A2 B15,27 DR34
Patient 3 A23 B844 DR34
Patient 4 A3,32 B7,44 DR12,15
Patient 5 A1,29 B44 DR7,13
Patient 6 A2,11 B7,60 DR4,13
Patient 7 A26,32 B51,62 DR4
Patient 8 A1,24 Bg,18 DR3,13
Patient 9 A23 B7,51 DR1,15
Patient 10 A24,29 B35,44 DR7,13
Patient 11 A2,24 B27,51 DR11,12
Patient 12 A2,24 B7 DR4,5
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developed donor (INTUVAX) - specific alloimmuniza-
tion (Table 4).

Lymphocyte distribution and absolute number in
peripheral blood

No significant changes in distribution or absolute num-
ber of CD3, CD4 or CDS8 positive T cells, CD19+ B cells,
CD3-16 + 56+ NK cells, CD3 + 16 + 56+ NKT cells or
activated T cells (CD3 + HLA-DR+), NK cells (CD3-
16 + 56 + 69+) or NKT cells (CD3 + 16 + 56 + 69+)
were found 1 or 14 days after each administration of
INTUVAX compared to base-line values before the first
administration (data not shown).

Serological immune parameters

Inflammatory immune parameters in peripheral blood,
taken just before INTUVAX administration and 24 h
after each administration, were analysed in order to
evaluate potential systemic release or induction of rele-
vant cytokines, chemokines and other inflammatory me-
diators after intratumoral administration of INTUVAX.
However, none of the evaluated inflammatory parame-
ters in peripheral blood, including CRP, chemokines and
cytokines exhibited any significant increase or decrease
after vaccination (data not shown).

Tumor immunohistology

Examined tumor tissues from patient 2, 4, 8, 11 and 12
exhibited a massive infiltration (median > 200 cells/high
power field, x 400 magnification) of CD8+ T cells (Fig. 1
and Table 5). The tumor tissue from patient 6 and 9 ex-
hibited a strong infiltration (median 50-199 cells/high
power field, repectively, while the tumor tissue from the
other 5 patients exhibited a moderate (median < 20-49
cells/high power field) or weak (median < 20 cells/high

Table 4 Summary data for detected HLA antibodies and
development of alloimmunization in patients

Patient  Dose (x 10° cells)y  HLA antibodies Donor-specific HLA
(baseline) antibodies (Day 120)

1 5 Present No

2 5 Not present No

3 5 Not present No

4 5 Not present Yes (Anti-DR4)

5 10 Not present No

6 10 Present No

7 10 Present (Anti-A2)  Yes (Anti-A2)

8 10 Not present Yes (Anti-B44)

9 10 Present Yes (Anti-A24,B44)

10 20 Present Not done

" 20 Not present No

12 20 Present No
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power field) infiltration (Fig. 1 and Table 5). The infiltra-
tion of CD8+ T cells in 3 randomly selected tumors from
RCC patients that were not involved in the study, was
also assessed and all three samples exhibited a low to
moderate number (< 50 cells/high power field) of infil-
trating CD8+ T cells (data not shown).

As illustrated in Fig. 2, the number and infiltration
pattern of CD8+ T cells were nearly identical to the
number and infiltration pattern of CD3+ T cells within
tumor cell nests and by far outnumbered CD4+ T in
tumor samples with high intratumoral T cells infiltra-
tion. In contrast, CD4+ T cells generally predominated
in the stroma surrounding tumor cell nests (Fig. 2b).
The normal kidney tissue areas adjacent to tumor areas,
including those adjacent to tumor areas with high CD8+
T cell infiltration, were generally only weakly infiltrated
with CD8+ T cells (Fig. 2E). In the only evaluable meta-
static lesion surgically removed (subcutaneous lesion re-
moved 1 month after nephrectomy) from a patient with
massive CD8+ T cell infiltration in the primary kidney
tumor, a similar massive infiltration of CD8+ T cells was
seen (Fig. 2F).

Only a few scattered CD56+ NK cells were found in
the tumor tissue from all 12 patients. CD68+
macrophage-like cells were usually seen scattered be-
tween the tumor cell nests (data not shown). All tumor
samples, except the tumor from patient 5 (with a papil-
lary RCC), exhibited at least some areas of HLA-DR-
expressing tumor cells. A general and very strong HLA-
DR expression in tumor cells was found in tumors from
patient 2, 8 and 12, all three with a concomitant massive
infiltration of CD8+ T cells (Figs. 2 and 3). Staining for
PD-L1 expression revealed that only one out of six eval-
uated tumors (patient 2, 4, 8, 10 and 12) exhibited a
positive staining that exceeded 5% of all tumor cells.
Notably, this tumor (from patient 10) was characterized
by a low CD8-infiltration and weak or absent HLA-DR
expression on tumor cells (Fig. 3). In contrast, none of
the analysed tumors with massive CD8 infiltration and
with a concomitant strong HLA-DR expression (patient
2, 4, 8,11 and 12) showed no or less than 5% of PD-L1
expression in tumor cells (Fig. 3).

Tumor-specific ELISpot

Nine out of 11 evaluated patients exhibited an increased
number of tumor-specific and IFN-y producing lympho-
cytes in peripheral blood, as determined by ELISpot,
when comparing baseline values with values obtained
2 weeks after the second administration of INTUVAX
(Fig. 4a). However, in ELISpot samples from 8 out of 11
evaluated patients (six with increased numbers post-
administration and two with decreased numbers post-
administration), the negative control sample (without
addition of autologous tumor cell lysate) exhibited a
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anti-CD8 antibodies (see Methods). Original magnification x 100

Fig. 1 Micrographs illustrating immunohistochemical staining of tissue samples from all 12 surgically removed primary renal RCC tumors with
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number of spots that a least at one time-point exceeded
the numbers found when the autologous tumor cell
lysate was added. Taken together, formally reliable ELI-
Spot results was only present in three patients, and these
three exhibited an increased number of tumor-specific
and IFN-y producing lymphocytes 2 weeks after the sec-
ond INTUVAX administration as compared to base-line
levels (Fig. 4b).

Table 5 Intratumoral CD8+ T cell infiltration

Patient CD8/HPF Grade of CD8 infiltration
1 44 Moderate
2 >200 Massive

3 33 Moderate
4 >200 Massive

5 <5 Weak

6 73 Strong

7 47 Moderate
8 >200 Massive

9 132 Strong

10 30 Moderate
1 >200 Massive
12 >200 Massive

CD8/HPF, median number of intratumoral CD8+ T cells/high power field (x400)

Efficacy

Tumor response, as measured by comparing CT scan
3 months after nephrectomy with baseline by investiga-
tor assessment, according to RECIST 1.1 was evaluated
in 8 patients. Patient 5 (incomplete metastasectomy dur-
ing nephrectomy), patient 6 (myeloma lesions), patient
10 (deceased before the 3 months evaluation), patient 11
(not performed) were not evaluable. None of the 8 eva-
luable patients exhibited an objective tumor response,
while 3 patients (patient 1, 2, 3) had stable disease and 5
patients (patient 4, 7, 8, 9, 12) had progressive disease.

Follow-up with standard of care

The study was formally completed in March 2014, but
the patients have thereafter been followed-up for tumor
progression, subsequent systemic treatment and tumor
response to these treatment regimes and survival time.

Subsequent treatment with sunitinib

Two of 3 patients, who so far have received subsequent
therapy with sunitinib as first-line TKI treatment, have
shown an objective tumor response (Fig. 5), and both
responding patients exhibited a strong/massive infiltration
of CD8+ T cells in their removed kidney tumor. Both pa-
tients had a MSKCC poor prognosis profile at inclusion
and both received two doses of 10 million vaccine cells.
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sections from one RCC tumor with massive CD8+ T cell infiltration (a-d, all from patient 2). (e) illustrates CD8+ T cells in normal kidney
parenchyma adjacent to tumor areas from patient 2 and (f) illustrates CD8+ T cell infiltration in a subcutaneous metastatic lesion from patient 2.
Orignial magnification x 100

One of these 2 patients (patient 8) exhibited sarcomatoid
histological features in the resected primary tumor and
the other patient (patient 9) had developed 4 brain and 3
liver metastases at the follow up visit 3 months after neph-
rectomy. Notably, the patient with brain and liver metas-
tases responded with a complete disappearance of all
brain and liver lesions (Fig. 5) and this response was still
ongoing 38 months after initiation of sunitinib treatment.

The third patient (patient 12), who received subsequent
treatment with sunitinib, exhibited a strong/massive intra-
tumoral infiltration of CD8+ T cells experienced a stable
disease for 6 months on sunitinib, but progressed upon
discontinuation (due to unacceptable side effects) of suni-
tinib treatment, despite initiation of axitinib treatment.
This patient had an MSKCC poor prognosis profile at in-
clusion and received 2 doses of 20 million vaccine cells.

Patient 10

Fig. 3 Micrographs illustrating immunohistochemical staining of tissue samples from two surgically removed primary renal RCC tumors with
antibodies against CD8, HLA-DR and PD-L1 in consecutive sections. Original magnification x 200
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Fig. 4 Tumor-specific and IFN-g producing peripheral blood
lymphocytes measured by ELISpot at baseline and 2 weeks after the
second ilixadencel dose. A direct ex vivo interferon gamma ELISpot
analysis was performed and number of spots were counted. Samples
were analyzed in triplicates, and mean response was calculated. In a
baseline values are compared with values obtained 14 days after
second administration and are shown for 9 out of 11 evaluated
patients whereas in (b), baseline values and values obtained 14 days
after second administration have been normalized to a negative
control sample and are shown for 3 of the evaluated patients
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Subsequent treatment with pazopanib

Among 3 patients receiving additional treatment with
pazopanib as first-line TKI treatment, one (patient 1)
has experienced an objective tumor response and an-
other patient (patient 2) experienced a long-lasting
(19 months) progression-free survival (PFS), after initi-
ation of pazopanib treatment. The third patient (patient
3) deceased due to a profuse gastric bleeding 6 weeks
after initiation of pazopanib treatment.

Subsequent treatment with immune checkpoint inhibitors
One patient (patient 1) has recently received immune
checkpoint inhibitor (ICI) treatment. The patient started
with nivolumab treatment 57 months after start of
INTUVAX (28 months after start of subsequent TKI
treatment) (Fig. 6). Follow-up CT scan 2 months after
nivolumab start showed stable disease.
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Subsequent treatment with surgery

In two patients, nephrectomy was followed by metasta-
sectomy, one complete (patient 4) and one incomplete
(patient 5). A subsequent complete tumor regression,
without addition of any systemic treatment, was ob-
served in the patient with incomplete metastasectomy,
but a local recurrence was noted 18 months later.
Patient 5 is still tumor free, 46 months after radical
metastasectomy.

Three patients, all with sarcomatoid tumor features
and a rapidly progressing mRCC, deceased within
7.5 months after the first INTUVAX dose and did only
receive palliative treatment.

Overall survival data

Updated survival data (06 December 2016) on the whole
patient group (poor + intermediate risk) showed that five
of the eleven patients evaluable for efficacy were still
alive. Median OS for the entire patient group was
425 + (yet not reached) months. For the MSKCC poor
risk sub-group (6 patients), the median OS was
32.8 + months and for the subgroup of patients with
MSKCC intermediate risk (5 patients), the median over-
all survival was 47.8 + months.

Discussion

INTUVAX is a cell-based immune enhancer/adjuvant that
introduces the concept and possibility of using pre-
produced and freeze-stored allogeneic human monocyte-
derived DCs as an off-the-shelf product for therapeutic
vaccination against cancer when injected intratumorally.
The product is composed of pro-inflammatory DCs that
have been stimulated with a combination of potent acti-
vating factors, resulting in a residual strong production of
desirable DC-recruiting and DC-activating factors at the
time of injection. The local release of these factors within
the tumor is expected to induce a local recruitment and
activation of endogenous immune cells, including natural
killer (NK) cells, immature DCs and T cells. By using allo-
geneic DCs as vaccine cells, such cells will further be
regarded as MHC-incompatible foreign invaders, most
likely potentiating an inflammatory reaction that corre-
sponds to an allogeneic mixed leucocyte reaction (MLR),
further promoting recruitment and activation of endogen-
ous DCs at the vaccination site [14]. Finally, engulfed
tumor-derived proteins, including tumor-specific neoanti-
gens within the injected target tumor tissue, are expected
to act as antigen source for recruited endogenous DCs.
The “final” outcome is that recruited endogenous DCs will
capture dying tumor cells (killed by recruited and locally
activated NK cells), and subsequently differentiate into T
helper 1 deviating DCs. These DCs will finally migrate to
the tumor-draining lymph node, where they will prime
tumor-specific T cells, including cytotoxic CD8+ T cells.
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Fig. 5 CT-scans from a patient with CNS and liver metastases 4 months after start of INTUVAX treatment but before additional treatment with
sunitinib (a and ¢, respectively) and 6 months (b) or 12 months (d) after start of sunitinib treatment
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The safety profile in this first-in human clinical trial on
newly diagnosed mRCC patients showed that INTUVAX
was well tolerated. In terms of AEs, the related events re-
ported were few, and mild to moderate in terms of severity.

In terms of immunologic safety parameters, there were no
signs of any induced autoimmune reactions, as measured by
standard serological tests, while a humoral donor-specific
alloimmunization was seen in 3 patients. In terms of
immunologic efficacy parameters, 5 out of 12 resected

tumors exhibited a massive infiltration (> 200 cells/high
power field) of CD8+ T cells, which compares favourably
with historical data where a median of approximately 20
CD8+ T cells/high power field was reported among 105
examined RCC samples [16].

No clear-cut correlation between number of infiltrat-
ing CD8+ T and the DC dose (5-20 million cells/dose),
degree of MHC-incompatibility between vaccine cells
and recipients or fever reactions was however found.
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Fig. 6 Swimmer plot with each bar representing the survival time from start of INTUVAX treatment for one patient
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Therapies targeting the programmed death-1 (PD-1)
receptor have shown unprecedented rates of durable
clinical responses in patients with various cancer types,
including mRCC [18]. One mechanism by which cancer
tissues limit the host immune response is via upregula-
tion of PD-1 ligand (PD-L1) and its ligation to PD-1 on
antigen-specific CD8 T cells. PD-L1 can be constitutively
expressed on the surface of cancer cells through poorly
characterized oncogenic signalling pathways [19, 20] or
alternatively, expressed in response to the presence of
CD8+ T cells, producing immune-stimulating cytokines,
including IFN-y [21]. The latter process has been termed
adaptive immune resistance [22] and represent a mech-
anism by which cancer cells attempt to protect them-
selves from immune cell-mediated killing. In line with
this adaptive immune resistance process, findings by
Tumeh and collegues [21] indicate that melanoma
tumor regression, following therapeutic PD-1 blockade
requires pre-existing CD8+ T cells. Our present data, as
to PD-L1 expression, are however highly surprising be-
cause strong CD8+ T cell infiltration, which was gener-
ally associated with strong HLA-DR expression on
adjacent tumor cells (potentially indicating the presence
of CD8-derived IFN-y) was associated with the abscence
of, or low, PD-L1 expression in tumor cells. In contrast,
the tumor with substantial expression of PD-L1 was one
with poor CD8+ T cell infiltraton and concomitant low
or absent expression of HLA-DR expression. These find-
ing are, however, at least partially in line with a recent
publication where no correlation was found between
PD-L1 tumor expression and IFN-y or cytotoxic T cell
gene signatures in RCC, while melanoma tumors exhib-
ited the expected correlation [23]. Taken together, these
data may indicate that RCC expression of PD-L1 is
mainly regulated by oncogenic signalling pathways.

In terms of clinical efficacy, none of the patients in
our mRCC cohort exhibited any objective tumor re-
sponse at 3 months, while the majority (five out of 8) of
evaluable patients actually exhibited a tumor progres-
sion, according to RECIST 1.1. criteria.

The study was formally completed in March 2014, but
the patients have thereafter been followed as to tumor
progression, subsequent systemic treatment, tumor
response to these treatment regimens and survival time.
Three patients, all with sarcomatoid tumor features and
with a rapidly progressing mRCC, only received pallia-
tive care after nephrectomy. Two of 3 patients, who so
far have received subsequent therapy with sunitinib,
have shown an objective tumor response and both
responding patients exhibited a strong/massive infiltra-
tion of CD8+ T cells in their removed kidney tumor.
One of these 2 patients exhibited sarcomatoid tumor
features and the other patient had developed 4 brain
metastases at the follow up visit 3 months after
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nephrectomy. Notably, the patient with brain metastases
responded with a complete disappearance of all brain le-
sions and this response was still ongoing 38 months
after initiation of sunitinib treatment. These two cases of
objective tumor response upon subsequent sunitinib
treatment are highly unexpected, since recent publica-
tions indicate that brain metastases as well as mRCC
with sarcomatoid features are highly resistant to suniti-
nib treatment [24, 25]. These findings therefore indicate
that INTUVAX given in conjunction with sunitinib may
have a synergistic antitumor effect. Our hypothesis is
that INTUVAX elicit a tumor-specific T cell response
and that addition of sunitinib, which has been shown to
affect and reduce the number of myeloid-derived sup-
pressor cells and regulatory T cells [26, 27], will unleash
the tumor killing potential of INTUVAX-induced
tumor-specific T cells. A synergistic vaccine/sunitinib
combination effect has been observed in a mouse model
and supports this hypothesis [28]. Among 3 patients, re-
ceiving additional treatment with pazopanib, one has ex-
perienced an objective tumor response and another
patient experienced a long-lasting (19 months)
progression-free survival, after initiation of pazopanib
treatment. In two patients, nephrectomy was followed
by metastasectomy, one complete and one incomplete.
A subsequent complete tumor regression, without
addition of any systemic treatment, was observed in the
patient with incomplete metastasectomy, but a local re-
currence was noted 18 months later. Patient 5 is still
tumor free, 46 months after radical metastasectomy.
These data compares favourable with historical data
from a group of 22 patients with mRCC, receiving tar-
geted therapy followed by complete surgical resection of
metastatic disease [29]. These patients developed tumor
recurrence at a median time of 10.5 months from
metastasectomy.

Updated survival data (06 December 2016) for the
whole patient group is, moreover, highly encouraging,
showing that 5 of the 11 patients evaluable for efficacy
were still alive. Median OS (from start of INTUVAX
treatment) for the entire patient group was 42.5 + (yet
not reached) months as compared to expected 14.7—
15.8 months mOS for poor and intermediate risk pa-
tients with newly diagnosed (treatment initiation within
one year from diagnosis) mRCC receiving standard tar-
geted therapy [30, 31]. In a recent publication on newly
diagnosed mRCC patients with poor and intermediate
prognosis (48% with poor prognosis according to IMDC
criteria) treated with autologous DCs transduced with
autologous tumor mRNA in combination with sunitinib,
a mOS of 30.2 months was reported [32]. Moreover, in a
recent publication by Choueiri and collegues [33] on
patients with poor and intermediate mRCC prognosis a
mOS of 30.3 months was reported for cabozantinib, as
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compared to 21 months for sunitinib. However, only
19% of the patients in the cabozantinib and sunitinib
groups belonged to the high risk/poor prognosis
subgroup (according to IMDC criteria) while 45% of our
patients belonged to this IMDC subgroup.

There is only few historical data available as to mOS
in the separate subgroup of newly diagnosed mRCC pa-
tients with high risk [32, 34]. In the study by Powles and
collegues [34] the mOS for high risk patients, according
to MSKCC criteria, was 9.0 months as compared to 32.8
+ months in our MSKCC high risk subgroup. In the
study by Amin and collegues [32], the mOS for the high
risk subgroup, according to IMDC criteria, was
9.1 months, as compared to 24.5 months in our IMCD
high risk subgroup.

High base-line density of CD8+ T cells has been
shown to be a good prognostic feature in a wide variety
of solid tumors [35]. In RCC, however, patients with
highest intratumoral CD8+ T cell density have repeat-
edly been shown to have shorter survival [36, 37]. In
contrast to these historical RCC data, mOS for those 5
patients in our mRCC cohort with massive infiltration (>
200 cells/high power field) is currently superior com-
pared to mOS for the other 6 patients with low or mod-
erate CD8+ T cell density (44.1+ months vs. 33.5+
months). However, mOS in our subgroup of patients
with low or moderate CD8+ T cell density also compares
favourable with historical mOS data and 2 out of 3 pa-
tients with the currently longest survival time belongs to
the subgroup with weak or moderate intratumoral CD8+
T cell infiltration.

Conclusion

Taken together, these data indicate that intratumoral
injection of INTUVAX is safe and induce a systemic anti-
tumor immune response that may prolong survival in
mRCC patients subsequently receiving standard of care.
These encouraging findings support the ongoing phase 2,
randomized, multi-centre, MERECA study (Clinicaltrials.-
gov identifier NCT02432846), which has been designed to
compare the addition of INTUVAX with standard surgery
and sunitinib therapy to standard surgery and sunitinib
alone in newly diagnosed mRCC patients.

Abbreviations

CTC: Common Toxicity Criteria; CTL: Cytotoxic T cell; DC: Dendritic cell;
ECOG: Eastern Cooperative Oncology Group; ELISpot: Enzyme-Linked
Immunosorbent Spot; GM-CSF: Colony-stimulating factor; IFN-y: Interferon
gamma; MLR: Mixed leucocyte reaction; mOS: Median overall survival;
mRCC: Metastatic renal cell carcinoma; NK cell: Natural killer cell;

PBMCs: Peripheral blood mononuclear cells; PD-1: Programmed cell death
protein; PD-L1: Programmed cell death ligand; RECIST: Response Evaluation
Criteria In Solid Tumors; TKI: Tyrosine kinase inhibitor; TLR: Toll-like receptor

Acknowledgements
We thank the patients who participated in the study and their families, the
staff of the oncology section at Uppsala University Hospital and Uppsala

Page 14 of 15

Clinical Research. Emilia Heimann at Immunicum AB is acknowledged for her
writing assistance. The study was sponsored by Immunicum AB.

Funding
Immunicum AB is the study sponsor. No other funding has been provided
for this study.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

AL designed this study and assisted with provision of patients and
performed data analyses. ML performed all CT-guiden intratumoral injections
of the drug product. EB assisted with provision of patients. AM and AT per-
formed data analyses. BA and consieved the study and performed data ana-
lyses. AW consieved the study. LA and RK assisted with provision of the drug
product. AKP consived and designed the study, performed data analyses and
drafted the manuscript. Al authors were involved with manuscript revision
and all authors approved the final version.

Competing interests

AL, ML, EB, AM, AT and LA report no conflict of interest/competing interests to
declare pertaining to the study; BA and AW report ownership of stock in
Immunicum AB; RK report Consulting/Advisory Board Member for Immunicum AB
and Galactone Pharma; AKarlsson-Parra report ownership of stock in Immunicum
AB and is Immunicum employee.

Ethics approval and consent to participate

This study was approved by the local ethics committee in Uppsala, Sweden
(Dnr 2011/348). The patient provided written and verbal consent to
participate in this study and have this data published.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Oncology, Uppsala University Hospital, Uppsala, Sweden.
“Department of Surgical Sciences, Radiology, Uppsala University Hospital,
Uppsala, Sweden. *Department of Surgical Sciences, Urology, Uppsala
University Hospital, Uppsala, Sweden. “Department of Immunology, Genetics
and Pathology, Uppsala University Hospital, Uppsala, Sweden. *Department
of Pathology, Karolinska Institutet, Stockholm, Sweden. 6Depar‘[ment of
Microbiology and Immunology, University of Gothenburg, Gothenburg,
Sweden. "Department of Oncology-Pathology, Karolinska Institutet,
Stockholm, Sweden. &immunicum AB, Gothenburg, Sweden.

Received: 17 January 2017 Accepted: 2 June 2017
Published online: 20 June 2017

References

1. Motzer RJ, et al. Nivolumab for metastatic renal cell carcinoma: results of a
randomized phase Il trial. J Clin Oncol. 2015;33(13):1430-7.

2. Gubin MM, et al. Checkpoint blockade cancer immunotherapy targets
tumour-specific mutant antigens. Nature. 2014;515(7528):577-81.

3. Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy.
Science. 2015,348(6230):69-74.

4. Carreno BM, et al. Cancer immunotherapy. A dendritic cell vaccine increases
the breadth and diversity of melanoma neoantigen-specific T cells. Science.
2015;348(6236):303-8.

5. Zhang X, et al. Personalized cancer vaccines: Targeting the cancer
mutanome. Vaccine. 2017;35(7):1094-1100.

6. Liu G et al. Plasmacytoid dendritic cells induce NK cell-dependent, tumor
antigen-specific T cell cross-priming and tumor regression in mice. J Clin
Invest. 2008;118(3):1165-75.

7. Yewdall AW, et al. CD8+ T cell priming by dendritic cell vaccines requires
antigen transfer to endogenous antigen presenting cells. PLoS One. 2010;
5(6)e11144.


http://clinicaltrials.gov
http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT01525017

Laurell et al. Journal for InmunoTherapy of Cancer (2017) 5:52

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Pascutti MF, et al. Interplay between modified vaccinia virus Ankara and
dendritic cells: phenotypic and functional maturation of bystander dendritic
cells. J Virol. 2011;85(11):5532-45.

Smed-Sorensen A, et al. Influenza a virus infection of human primary
dendritic cells impairs their ability to cross-present antigen to CD8 T cells.
PLoS Pathog. 2012;8(3):21002572.

Pang IK, Ichinohe T, Iwasaki A. IL-1R signaling in dendritic cells replaces
pattern-recognition receptors in promoting CD8(+) T cell responses to
influenza a virus. Nat Immunol. 2013;14(3):246-53.

Iwasaki A, Pillai PS. Innate immunity to influenza virus infection. Nat Rev
Immunol. 2014;14(5):315-28.

Napolitani G, et al. Selected toll-like receptor agonist combinations
synergistically trigger a T helper type 1-polarizing program in dendritic cells.
Nat Immunol. 2005;6(8):769-76.

Gustafsson K, et al. Recruitment and activation of natural killer cells in vitro
by a human dendritic cell vaccine. Cancer Res. 2008,68(14):5965-71.
Wallgren AC, et al. Direct allorecognition promotes activation of bystander
dendritic cells and licenses them for Th1 priming: a functional link between
direct and indirect allosensitization. Scand J Immunol. 2005;62(3):234-42.
Jin C. Improvement of adoptive T-cell therapy for Cancer, in Faculty of
Medicine. Uppsala: Uppsala University: Acta Universitatis Upsaliensis; 2016.
Hotta K, et al. Prognostic significance of CD45RO+ memory T cells in renal
cell carcinoma. Br J Cancer. 2011;105(8):1191-6.

Eisenhauer EA, et al. New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45(2):228-47.
Motzer RJ, et al. Nivolumab versus Everolimus in advanced renal-cell
carcinoma. N Engl J Med. 2015;373(19):1803-13.

Parsa AT, et al. Loss of tumor suppressor PTEN function increases B7-H1
expression and immunoresistance in glioma. Nat Med. 2007;13(1):84-8.
Atefi M, et al. Effects of MAPK and PI3K pathways on PD-L1 expression in
melanoma. Clin Cancer Res. 2014;20(13):3446-57.

Tumeh PC, et al. PD-1 blockade induces responses by inhibiting adaptive
immune resistance. Nature. 2014;515(7528):568-71.

Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012;12(4):252-64.

Danilova L, et al. Association of PD-1/PD-L axis expression with cytolytic
activity, mutational load, and prognosis in melanoma and other solid
tumors. Proc Natl Acad Sci U S A. 2016;113(48):E7769-77.

Chevreau C, et al. A phase Il trial of sunitinib in patients with renal cell
cancer and untreated brain metastases. Clin Genitourin Cancer. 2014;12(1):
50-4.

Golshayan AR, et al. Metastatic sarcomatoid renal cell carcinoma treated
with vascular endothelial growth factor-targeted therapy. J Clin Oncol. 2009;
27(2):235-41.

Ozao-Choy J, et al. The novel role of tyrosine kinase inhibitor in the reversal
of immune suppression and modulation of tumor microenvironment for
immune-based cancer therapies. Cancer Res. 2009;69(6):2514-22.

Ko JS, et al. Sunitinib mediates reversal of myeloid-derived suppressor cell
accumulation in renal cell carcinoma patients. Clin Cancer Res. 2009;15(6):2148-57.
Bose A, et al. Sunitinib facilitates the activation and recruitment of
therapeutic anti-tumor immunity in concert with specific vaccination. Int J
Cancer. 2011;129(9):2158-70.

Karam JA, et al. Metastasectomy after targeted therapy in patients with
advanced renal cell carcinoma. J Urol. 2011;185(2):439-44.

Ko JJ, et al. First-, second-, third-line therapy for mRCC: benchmarks for trial
design from the IMDC. Br J Cancer. 2014;110(8):1917-22.

Heng DY, et al. Prognostic factors for overall survival in patients with
metastatic renal cell carcinoma treated with vascular endothelial growth
factor-targeted agents: results from a large, multicenter study. J Clin Oncol.
2009;27(34):5794-9.

Amin A, et al. Survival with AGS-003, an autologous dendritic cell-based
immunotherapy, in combination with sunitinib in unfavorable risk patients
with advanced renal cell carcinoma (RCC): phase 2 study results. J
Immunother Cancer. 2015;3:14.

Choueiri TK, et al. Immunomodulatory activity of Nivolumab in metastatic
renal cell carcinoma. Clin Cancer Res. 2016;22(22):5461-71.

Powles T, et al. The outcome of patients treated with sunitinib prior to
planned nephrectomy in metastatic clear cell renal cancer. Eur Urol. 2011;
60(3):448-54.

Fridman WH, et al. The immune contexture in human tumours: impact on
clinical outcome. Nat Rev Cancer. 2012;12(4):298-306.

36.

37.

38.

39.

Page 15 of 15

Nakano O, et al. Proliferative activity of intratumoral CD8(+) T-lymphocytes
as a prognostic factor in human renal cell carcinoma: clinicopathologic
demonstration of antitumor immunity. Cancer Res. 2001;61(13):5132-6.
Remark R, et al. Characteristics and clinical impacts of the immune
environments in colorectal and renal cell carcinoma lung metastases:
influence of tumor origin. Clin Cancer Res. 2013;19(15):4079-91.

Motzer RJ, et al. Interferon-alfa as a comparative treatment for clinical trials
of new therapies against advanced renal cell carcinoma. J Clin Oncol. 2002;
20(1):289-96.

Heng DYG, et al. External validation and comparison with other models of the
International metastatic renal-cell carcinoma database consortium prognostic
model: a population-based study. Lancet Oncol. 2013;14(2):141-8.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit ( BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	INTUVAX production
	Patients
	Study design and treatment
	Study oversight
	End points
	Blood sample collection and storage
	HLA-typing
	Tracking of injected INTUVAX cells
	Serologic inflammatory parameters
	Lymphocyte distribution in peripheral blood
	Immunohistochemistry
	ELISpot
	Measurement of potential auto- and alloimmunizaton
	Tumor response

	Results
	Patients
	INTUVAX characteristics and patient exposure
	Safety
	Tracking of injected INTUVAX cells
	HLA-compatibility between donor and recipient
	Auto- and allo-immunization
	Lymphocyte distribution and absolute number in peripheral blood
	Serological immune parameters
	Tumor immunohistology
	Tumor-specific ELISpot
	Efficacy
	Follow-up with standard of care
	Subsequent treatment with sunitinib
	Subsequent treatment with pazopanib
	Subsequent treatment with immune checkpoint inhibitors
	Subsequent treatment with surgery

	Overall survival data

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

