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Abstract

Background: Cancer vaccines require adjuvants to induce effective immune responses; however, there is no
consensus on optimal adjuvants. We hypothesized that toll-like receptor (TLR)3 agonist polylCLC or TLR4 agonist
lipopolysaccharide (LPS), combined with CD4 T cell activation, would support strong and durable CD8" T cell
responses, whereas addition of an incomplete Freund's adjuvant (IFA) would reduce magnitude and persistence of
immune responses.

Patients and methods: Participants with resected stage IIB-IV melanoma received a vaccine comprised of 12
melanoma peptides restricted by Class | MHC (12MP), plus a tetanus helper peptide (Tet). Participants were
randomly assigned 2:1 to cohort 1 (LPS dose-escalation) or cohort 2 (polylCLC). Each cohort included 3 subgroups
(a-0), receiving 12MP + Tet + TLR agonist without IFA (0), or with IFA in vaccine one (V1), or all six vaccines (V6).
Toxicities were recorded (CTCAE v4). T cell responses were measured with IFNy ELIspot assay ex vivo or after one in
vitro stimulation (IVS).

Results: Fifty-three eligible patients were enrolled, of which fifty-one were treated. Treatment-related dose-limiting
toxicities (DLTs) were observed in 0/33 patients in cohort 1 and in 2/18 patients in cohort 2 (11%). CD8 T cell
responses to 12MP were detected ex vivo in cohort 1 (42%) and in cohort 2 (56%) and in 18, 50, and 72% for
subgroups VO, V1, and V6, respectively. T cell responses to melanoma peptides were more durable and of highest
magnitude for IFA V6.

Conclusions: LPS and polylCLC are safe and effective vaccine adjuvants when combined with IFA. Contrary to the
central hypothesis, IFA enhanced T cell responses to peptide vaccines when added to TLR agonists. Future studies
will aim to understand mechanisms underlying the favorable effects with IFA.

Trial registration: The clinical trial Mel58 was performed with IRB (#15781) and FDA approval and is registered
with Clinicaltrials.gov on April 25, 2012 (NCT01585350). Patients provided written informed consent to participate.
Enrollment started on June 24, 2012.
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Introduction

Resistance to checkpoint blockade immunotherapy is
commonly attributed to a lack of pre-existing T cell
responses to cancer antigens. Thus, there is compelling
need for methods to induce antitumor immunity. Cancer
vaccines targeting either mutated neo-antigens or shared
tumor antigens may accomplish this; however, a critical
limitation of cancer vaccine technology is lack of
consensus on optimal vaccine adjuvants, which are re-
quired to induce functional immune responses. Clinical
trials to test adjuvants are more feasible with shared
antigen vaccines than with mutated neo-antigens
because neo-antigen vaccine composition varies for each
patient, whereas the composition of a shared antigen
vaccine is consistent across the study population.

The most common adjuvant for peptide vaccines in
melanoma has been an incomplete Freund’s adjuvant
(IFA). Peptide vaccines incorporating IFA have induced
circulating T cell responses [1-3], but some are weak
and transient [4]. Recent studies in mice have shown
negative effects of IFA as a vaccine adjuvant [5, 6] and
have suggested instead that an optimal adjuvant for
short peptide vaccines is a TLR agonist plus an agonistic
CD40 antibody, which induced strong and durable T cell
responses and tumor control [5]. A goal of the present
trial was to evaluate a similar approach in patients with
melanoma. A multipeptide vaccine (12MP) has previously
been found to be both safe and immunogenic [7, 8]. When
this trial was initiated, agonistic CD40 antibodies were not
available for clinical use. Instead, we used an alternative
approach to support licensing of antigen presenting cells
(APC) through CD40. Activated CD4 T cells upregulate
CD40L; so, we included a peptide from tetanus toxoid
known to activate CD4 T cells at the vaccine site and
draining node [9-11]. We have shown that a modified
form of the p2 peptide of tetanus toxoid residues 830—844
(AQYIKANSKFIGITEL, Tet) induces strong CD4 T cell
responses in patients [8, 12]; so, inclusion of this peptide
may offer an alternative to CD40 antibodies. Thus, the
present study was designed to evaluate the safety and
immunogenicity of vaccinating with a mixture of 12 short
melanoma peptides (12MP) plus a tetanus helper peptide,
combined with TLR agonists. To assess whether IFA inter-
feres with vaccine activity, the study also included
treatment arms with IFA.

The central hypotheses were that the TLR agonists
may be safe and effective vaccine adjuvants and that
decreasing use of IFA may further enhance the magni-
tude and persistence of the immune responses. Specific
goals were: a) to determine the safety of intradermal and
subcutaneous injection of the TLR4 agonist lipopolysac-
charide (LPS) as a vaccine adjuvant with a multipeptide
vaccine, b) to obtain preliminary data on whether
administration of a multipeptide vaccine plus each of 2
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TLR agonists is immunogenic with or without IFA, c) to
obtain preliminary data on whether addition of either of
two TLR agonists improves the persistence of circulating
CDS8 T cell responses to vaccination with a multipeptide
vaccine, and d) to determine the local and systemic
toxicities of administration of a multipeptide vaccine
with each of 2 TLR agonists, and with or without IFA.

Materials and methods

Patient eligibility

Patients at least 18years of age, expressing HLA-AI,
-A2, -A3, -Al1l1 or -A31 were eligible if they had
biopsy-proven Stage IIB-IV melanoma rendered clinic-
ally free of disease by surgery, other therapy or spontan-
eous remission. Patients with Stage III-IV melanoma
with definite or equivocal findings of persistent meta-
static disease could be eligible if they did not meet
RECIST criteria for measurable disease. Also required
were ECOG performance status (PS) 0-1, and adequate
organ function.

Vaccine components and treatment regimen

All participants were vaccinated with MELITAC 12.1
(100mcg of each of 12 Class I MHC restricted melan-
oma peptides (12MP) [7] and 200mcg of a tetanus
helper peptide [12] (Additional file 1: Table S1)).
Vaccines were administered with either of two TLR ago-
nists and with or without IFA (Fig. 1a). The IFA used
was Montanide ISA-51VG adjuvant (Seppic, Inc.,
Puteaux, France). PolyICLC (lot PJ2515-1-10, 2.0 mg/ml
dry weight) was provided by the Cancer Research Insti-
tute/Ludwig Institute for Cancer Research (New York),
who purchased it from Oncovir (Washington, DC). LPS
was provided by Dr. Anthony Suffredini (Drug Master
File Number BB-MF7294) at the National Cancer Insti-
tute (NCI) and was vialed and tested by Cambrex
BioScience (Walkersville, MD) under oversight of the
Biopharmaceutical ~Development Program, SAIC-
Frederick, Inc., NCI-Frederick, Frederick, MD. Each vial
contained lyophilized solid representing 10,000 endo-
toxin units (EU) of E. coli O:113 Reference Endotoxin
Lot CC-RE-LOT 3 (Imcg endotoxin). Upon reconstitu-
tion in 5mL water, it contained 2000 EU/mL in 1%
Lactose, 0.1% PEG-6000. Regimens were administered
half-subcutaneously and half-intradermally in one skin
location that is rotated to different extremity sites on
days 1, 8, 15, 36, 57 and 78.

Study design

This was an early phase trial designed to determine the
maximum tolerated dose combination (MTDC) of LPS
and IFA from among twelve possible combinations in
cohort 1 and the MTDC of polyICLC and IFA from
among three possible combinations in cohort 2, and to
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Fig. 1 Clinical trial design. The schema for the clinical trial is shown in a. The zones for dose escalation of LPS in cohort 1 (A-F) are shown in
b. The study combinations are numbered c1 - c12 for cohort 1 and c21-c23 for cohort 2 as shown

obtain preliminary data on immune response for all the
combinations under study. Eligible patients were
randomly assigned 2:1 to cohort 1 or cohort 2 (Fig. 1).
The 12 combinations in cohort 1 included 4 dose levels
of endotoxin (25, 100, 400, 1600EU) administered in
three vaccine regimens (12MP + Tet+LPS) and i)
without IFA (VO0), ii) plus IFA in the first vaccine only
(V1), or iii) plus IFA in all six vaccines (V6); (Fig. 1b,
Additional file 1: Table S2). The 3 combinations in
cohort 2 included 1 dose level of polyICLC (1 mg)
administered similarly for each of the three adjuvant reg-
imens and, VO or V1 or V6; (Fig. 1b, Additional file 1:
Table S2). Toxicities were recorded (CTCAE v4). Blood
was collected weeks 0, 1, 4, 5, 8, 13, and 26 (Fig. 1a).
One week after the first vaccine, a vaccine site-draining
lymph node was harvested under local anesthesia, using
techniques reported [13], and 4 mm punch biopsies of
that vaccine site were obtained (Fig. 1a).

In cohort 1, dose escalation was conducted using a
two-stage method for dose-finding for combinations of
agents [14]. The first stage was designed such that
participants were treated in groups of size 2 until a
participant experienced a dose-limiting toxicity (DLT),
after which a model-based allocation (stage 2) began.
The escalation plan for the first stage was based on

grouping dose combinations into “zones,” which are
shown in Fig. 1b and detailed in Additional file 2: Sup-
plemental Text. With this dose escalation design, partici-
pants were accrued and assigned to other open
combinations within a zone, but escalation did not occur
outside the zone until a minimum 3-week follow-up
period was observed for the first 2 participants accrued
to a combination. The second stage modeling strategy
using the continual reassessment model (CRM) [15] was
planned but not realized since no participants in cohort
1 experienced a DLT. Additional design details are
provided in Additional file 1: Supplemental Text. For
cohort 2, with only 3 possible combinations of interest,
the goal was to accrue 3 patients per combination in
increasing magnitude conditional on 1 or fewer DLTs
being observed and then to randomly accrue up to 3
additional patients per combination (Fig. 1b).

A DLT was defined as any unexpected adverse event
that was possibly, probably, or definitely related to treat-
ment and (1) > Grade 1 selected ocular adverse events,
(2) > Grade 2 allergic reactions, (3)>Grade 3 non-
hematologic/non-metabolic toxicities, and (4) > Grade 3
hematologic/metabolic toxicities. Grade 2 nausea and
Grade 3 fatigue lasting <3 days after vaccination were
expected toxicities, and injection site ulceration was
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expected in a subset of patients but vaccine site ulcer-
ation of 2 cm diameter or greater was considered a DLT.

Expansion

To assess the impact of including IFA (or not) on the
immunologic parameters, the goal was to accrue up to 6
patients at the highest levels of LPS considered safe for
each level of IFA. The choice of 6 patients per final com-
bination was chosen to provide improved estimates of
variability.

ELIspot assays

T cell responses were measured with IFNy ELIspot ei-
ther directly ex vivo, after cryopreservation (direct) or
after in vitro sensitization (IVS). Responses to the 12
class I MHC-restricted melanoma peptides are medi-
ated by CD8 T cells specifically [16-26], and re-
sponses to the tetanus peptide are mediated by CD4
T cells [12, 27]. Therefore, total PBMC were used for
ELIspot assays, and responses per CD8 and CD4
counts were calculated based on their proportion of
total PBMC as determined by flow cytometry as pre-
viously reported [8, 28, 29]. Methods for the IVS ELI-
spot assay have been reported [28]. For direct ELIspot
assays, 200,000 PBMC were plated per well, and
pulsed with synthetic peptide (10mcg/ml), in quadru-
plicate. Controls included irrelevant peptides, a mix-
ture of viral peptides (CEF peptide pool), PMA-
ionomycin and PHA. Evaluation of T-cell responses
was based on the following definitions:

N,.x = number T-cells responding to vaccine peptide;
N,eg = number T-cells responding to maximum negative
control; Ryax = Nyax/Npeg. For evaluations of PBMC, a
patient was considered to have a T-cell response to vac-
cination (binary yes/no), by direct ELIspot assay only if
all the following criteria were met: (1) Ny, exceeded
Nyeg by at least 20/100,000 CD4 or CD8 cells (0.02%),
where CD8 and CD4 counts were based on flow cytome-
try of PBMC. (2) Ryax 22, (3) (Nyax—1SD) = (Npeg + 1SD),
and (4) R, after vaccination >2 x R,,, pre-vaccine, as
described in our prior analyses [8, 28]. The same criteria
applied for IVS ELIspot assays except that the threshold
for criterion (1) was higher at 30/100,000 CD8 cells.
Fold-increases less than one were set to one to indicate
no response and to prevent overinflating adjusted fold-
increases. Continuous measures of immune response de-
noted as fold-increase must satisfy conditions (1)—(3)
and were defined as the amount of Ry,y.

Interassay coefficients of variation (CVs) were calcu-
lated for the response of 2 normal donors to the CEF
peptide pool: for the high responder, mean number of
spots per 100,000 cells was 250, and CV was 30%, and
for the low responder, mean was 40 and CV was 44%.

Page 4 of 13

Statistical analysis of immunologic analyses

Primary immunologic analyses were based upon eligible
patients, and maximal immune response was based upon
responses in the blood through week 26. For hypothesis-
testing, patients who discontinued protocol therapy prior
to collection of all blood samples for allergic reactions
or adverse events, disease progression, or noncompli-
ance were considered immune response failures if no re-
sponse was observed in evaluable samples. Immune
response was a binary indicator of whether or not the
criteria listed above were met, and immune response
rates were calculated as the proportion of participants
with an immune response. Point estimates and 90% con-
fidence intervals were calculated for all summary param-
eters. Permutation tests [30] were used to assess
differences in number of T-cells responding to vaccine
peptide adjusting for negative control (i.e, Nyu-Npeg)
over the first 12 weeks across groups defined by combi-
nations of LPS dose, inclusion of IFA and inclusion of
polyICLC. P-values were based upon 2000 randomly
generated permutations and a p-value cutoff of 10% was
used to indicate statistically significant results. Negative
binomial regression was used to assess count data and
contrasts were used to test specific hypotheses with p-
values computed from the likelihood ratio chi-square
test statistic (LR).

Results

Clinical characteristics

Total enrollment was 53 participants; however, 2 partici-
pants did not receive study treatment. Thus, demo-
graphic, safety, and immunologic summary data are
reported for 51 patients who were enrolled and treated.
These included 33 males (65%) and 18 females (35%).
Most patients had ECOG PS of 0 (90%) and stage III dis-
ease at registration (78%). Additional details are
provided in Additional file 1: Table S3.

Toxicities and adverse events

Treatment related adverse events (AE) were limited to
grades 1-3, with only one grade 3 (Additional file 1:
Table S4). Two participants experienced DLTs, both in
cohort 2 (polyICLC). One treated on the V1 sub-arm
had grade 3 skin ulceration and was taken off study after
3 vaccines. One on the V6 sub-arm experienced several
grade 2 toxicities, none of which individually met prede-
fined criteria for a DLT, but which in aggregate were felt
to be dose-limiting. This patient was taken off treatment
after 4 vaccines. Overall, no study combinations were
estimated to be too toxic for patient accrual.

CD8 T cell response to 12MP
T cell responses to 12 peptide epitopes were evaluated
both against the pool of 12 peptides (12MP pool), as well
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as each peptide individually, using IFNy ELIspot assays.
As described in the methods section, pre-existing im-
mune responses were not considered responses to vac-
cination: in the uncommon cases with pre-existing
immune responses, response to vaccination required at
least a 2-fold increase over pre-existing response. The
primary comparisons among study groups were made
for weeks 0-12, as these data were consistently available
(Fig. 2a). Responses to 12MP were detected ex vivo for
47% of patients overall, with the magnitude exceeding
600 spots/10° CD8 T cells for some patients (Fig. 2a).
Responses per study cohort and sub-arm are summa-
rized in Additional file 1: Table S5 and per patient in
Additional file 1: Table S6. Ex vivo T cell responses to
12MP were detected in 14 of 33 patients (42%) in cohort
1 (LPS) and in 10 of 18 patients (56%) for cohort 2
(polyICLC). Overall, for study arms with no IFA; IFA V1,
and IFA V6, CD8 T cell responses to 12MP were de-
tected ex vivo in 18, 50, and 72% of patients, respect-
ively. Similarly, the sum of CD8 T cell responses to each
of the 12 peptides was assessed after IVS, and these plots
are shown in Fig. 2b.

Patterns of immune response over time were com-
pared across study groups by modeling the data in
PBMC across all time points through week 12. This
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method is a statistically robust assessment of differences
in response patterns between groups over time (Table 1).
In cohort 2 (polyICLC), direct ELIspot responses to
12MP were higher if IFA was given for all vaccines com-
pared to no IFA (V6 vs VO, p =0.036). This was evident
also for cohort 1 (p =0.065) and for analysis across both
cohorts (p = 0.036). The CD8 response to 12MP also was
higher with polyICLC than with the highest dose of LPS,
among patients receiving IFA with all 6 vaccines (p =
0.031). Similarly, the ex vivo and IVS CD8 responses to
the sum of individual peptides in 12MP were higher for
polyICLC than for LPS1600 and for V6 than VO in mul-
tiple comparisons (Table 1). Thus, for both direct and
IVS ELIspot assessments, polyICLC was a more effective
adjuvant than LPS, and inclusion of IFA in all vaccines
significantly enhanced CD8 T cell response rates to
defined melanoma antigens.

We also evaluated immune responses in the sentinel
immunized nodes (SINs), but the SINs were harvested
early (week 1), and responses were not detected ex vivo.
However, among 34 patients evaluated for immune
response in the SIN after in vitro stimulation, 11 (32%)
had an immune response. These included 18% (4/18)
after vaccines with LPS, and 58% (7/12) after vaccines
with pICLC. Immune responses in the SIN were
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Table 1 MEL58 ElIspot data comparisons across time (weeks 0-12)
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Permutation Test p-value
Comparison table (based upon 2000 permutations)
IFA O IFA V1 IFA V6
LPS 25 C1 C2 c3
LPS 100 C4 C5 C6
LPS 400 C7 c8 C9 Sum Sum
LPSI 1600 €10 11 €12 12MelPool | Individual | Individual
Polylclc cal c22 c23 Direct Direct Stimulated
LPS dose comparison
LPS100 vs LPS25, Average across all IFA doses
(C4vs(C1,C5vs C2,C6vs C3) 0.150 0.243 0.833
LPS400 vs LPS25, Average across all IFA doses
(C7vsC1,C8vs C2,C9vsC3) 0.693 0.194 0.615
LPS1600 vs LPS25, Average across all IFA doses
(Cl10vsC1,C11vs C2,C12vs C3) 0.749 0.362 0.336
PolyICLC vs LPS comparison
PolylCLC vs LPS1600, Average across all IFA doses
(C21vs C10,C22vs C11, C23 vs C12) 0.101 0.035 0.050
PolyICLC vs LPS1600, IFA=0
(C21 vs C10) 0.755 0.696 0.766
PolyICLC vs LPS1600, IFA=V1
(C22 vs C11) 0.545 0.807 0.216
PolyICLC vs LPS1600, IFA=V6
.031 71 .
(C23 vs C12) 0.03 0.710 0.089
IFA VO — V6 comparison
IFA V6 vs IFA 0, Average All
(C3vsC1,C6vsC4,C9vsC7,C12vs C10, C23 vs C21) 0.016 0.078 0.005
IFA V6 vs IFA 0, Average across LPS doses
(C3vs C1, C6vs C4,C9vs C7,C12 vs C10) 0.065 0.324 0.017
IFAV6 vs IFA 0, PolylICLC
(C23 vs C21) 0.036 0.009 0.039

Bolded numbers represent P-values of less than 0.1

observed in 27% (3/11) without IFA, and in 35% (8/23)
with IFA (V1 or V6). These SIN responses are shown for
all patients in Additional file 1: Table Sé6.

A pre-existing T cell response to 12MP was detected ex
vivo in only 1 patient (#53), who did not develop a
vaccine-induced T cell response. In IVS ELIspot assays, 3
(6%) had small pre-existing responses (patients 1, 14, 28),
of whom 2 developed vaccine induced responses to 12MP
ex vivo, and 2 had responses to 12MP after in vitro stimu-
lation. As specified in the methods, a vaccine-induced T
cell response was reported only if there was additional re-
sponse of at least 2x any pre-existing response.

For the two patients in cohort 2 who came off early for
DLTs, immune response data are shown in Additional file
1: Figure S1, where T cell responses to multiple peptides
were evident in both.

CD4™ T cell responses to tetanus peptide

T cell responses to the tetanus helper peptide were
assessed in direct ELIspot assays. Overall, the permuta-
tion tests found no significant differences in response
patterns to tetanus peptide among cohorts or study
arms. Individual plots of these data for all patients are
shown in Additional file 1: Figure S2. T cell responses to
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the tetanus peptide for any time point were observed in
58% (90% CL[42, 72]) of patients on cohort 1 and 72%
(90% CI:[50, 88]) on cohort 2, and in 24% (90% CI:[8, 46]),
75% (90% CIL[52, 91]), and 89% (90% CL[69, 98]) of
patients in subgroups VO, V1, and V6, respectively
(Additional file 1: Table S5).

Magnitude and breadth of CD8 T cell responses

In addition to modeling the immune response across the
study population, the fractions of patients with CD8 T
cell responses were assessed directly. Immune response
rates to 12MP increased with increasing IFA use, both in

direct and IVS ELIspot assays (Fig. 3a, b). Similar find-
ings were evident with direct ELIspot based on the sum
of responses to the individual peptides (Additional file 1:
Table S5), with higher responses for cohort 2 than
cohort 1. When IFA was included, the maximum num-
ber of IENy-secreting cells was higher in direct (Fig. 3c)
and in IVS ELIspot assays (Fig. 3d). Similarly, the fold-
increase in the T cell responses to 12MP was also higher
with inclusion of IFA (data not shown). Immune
responses were detected to a broader range of peptides
when IFA was included in ex vivo assays (Fig. 3e) or in
IVS assays (Fig. 3f).
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Persistence and durability of the CD8 immune responses

Durability of CD8 T cell responses was assessed by
number of time points with positive responses to 12MP
after start of vaccine treatment (weeks 1 or later) and by
the percent of participants evaluated who had T cell
responses at week 26 (wk26). Median numbers of
time points with ex vivo responses to 12MP, for VO,
V1, V6, respectively, were 0, 0, and 1.5 for LPS and
0, 1.5, and 2.5 for polyICLC. For IVS assays, those
values were 0, 0.5, and 4, for LPS, and 1.5, 2, and 4
for polyICLC (Fig. 4a, b), representing significant in-
creases overall from VO to V6 (LR p=0.022 and p<

0.001 for ex vivo and IVS, respectively) but not for
VO to V1 (LR p=0.4 and p=0.3 for ex vivo and IVS,
respectively).

Persistence of T cell responses in PBMC at wk26 was
evaluable by ex vivo ELIspot (# = 30) and in IVS ELIspot
(n=40) assays. At this late time point, CD8 T cell
responses to 12MP were detected ex vivo in 13%, and
after IVS in 48%. Ex vivo responses at wk26 were
detected only in cohort 2 patients who had IFA included
(V1 and V6) (Fig. 4c). After IVS, responses were
detected wk26 in 14, 42, and 86% of patients in VO, V1,
and V6 subgroups, respectively (n=14, 12, 14,
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respectively) (Fig. 4d). The increase for V6 versus V1
versus VO overall was significant for IVS assay results
only (LR p <0.001) Thus, persistent responses were sig-
nificantly enhanced with inclusion of IFA in all 6 vac-
cines, compared to use of TLR agonists alone, and were
similar with either TLR agonist, though they may be
slightly more common with polyICLC than with LPS.

Immune response rates summarized by HLA type

Patients expressing HLA-A1, A2, A3, or other A3 super-
type alleles (A11, A31), were represented in each cohort,
and CD8" T cell responses were identified among patients
expressing each HLA subtype (Additional file 1: Tables S6
and S7). There were differences in immunogenicity among
the individual peptides, as previously observed [7, 8, 28].
By IVS ELlIspot, the highest response rates were to the
HLA-A2 peptide IMD (gp100500_517 (anp) (68%), HLA-A1
peptide DAE (tyrosinase,yg.os1s) (59%), HLA-A3 pep-
tide SLF (MAGE-Alogg_104) (43%), and the HLA-A2
peptide GLY (MAGE-A10554_262) (52%) (Additional
file 1: Table S8). For 9/12 peptides, the immune re-
sponse rates were higher in Cohort 2 than in Cohort
1, and for 2 of them the immune response rates were
0 in both; only one peptide (YMD) had an immune
response rate marginally higher in Cohort 1 (29% vs
25%). No apparent differences in durability of im-
mune response were observed among different HLA
alleles (Additional file 1: Table S9).

Clinical outcome

Overall survival and disease-free survival were high for
the entire study population. The study was not powered
to investigate changes in overall and disease-free survival
among study groups, but they appear similar thus far.
(Additional file 1: Figure S3).

Discussion
There is no consensus on best adjuvants to support
strong and durable T cell responses to cancer anti-
gens. Our prior work has demonstrated that vaccines
using peptides emulsified in IFA can induce CD8 T
cell responses in 70-80% of patients based on ex vivo
IVS ELIspot assays, and can also induce CD4 T cell
responses in most patients, while also supporting in-
duction of peptide-specific antibody responses [31].
The immune responses can exceed 5% of circulating
CD8 T cells after vaccination with peptides in IFA
alone [1, 28]. However, some T cell responses with
IFA are transient and not all patients develop strong
responses [4]. Thus, there is interest in enhancing T
cell responses to vaccines.

Concerns about use of IFA have been raised by
murine studies, which showed that peptide vaccin-
ation in IFA induced inflammation at vaccine sites
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that selectively recruited and depleted peptide-specific
T cells, thereby negatively impacting tumor control
[5, 6]. Multiple investigators have induced strong and
durable CD8 T cell responses to short peptides in mice
using adjuvants combining a TLR agonist and an agonistic
CD40 Ab [5, 32, 33]; however, this approach has not yet
been evaluated in humans. The Mel58 clinical trial was de-
signed to test whether vaccination with minimal epitope
melanoma peptides in a TLR agonist, combined with helper
T cell activation, would be more effective at inducing dur-
able T cell responses than use of the same adjuvant prepar-
ation combined with IFA. However, in contrast to our
underlying hypothesis, we found that circulating CD8 T cell
responses to minimal epitopes were greater in magnitude
and durability when IFA was included, especially when IFA
was included in all 6 vaccines.

The trial tested agonists for both TLR3 and TLR4.
TLR4 agonists have also been studied as vaccine adju-
vants, but the classic TLR4 agonist, LPS, has long
been considered too toxic for human use. However,
the present formulation of GMP grade endotoxin has
a strong safety profile [34-38]. Human experience
with it, administered systemically, either by intraven-
ous injection or by inhalation, is that it causes
systemic inflammatory responses that are transient
and very well-tolerated up to 2500 EU per dose [34,
35, 39]. LPS is known to activate innate immunity,
however; to our knowledge, it has not been previously
been used as a vaccine adjuvant. In the present study,
we escalated from 25 EU to 1600 EU, with and
without IFA, and there were no DLTs. Thus, these
data support the safety of bacterial LPS as a vaccine
adjuvant. Interestingly, one patient had skin
hypopigmentation (patient 27, LPS 1600, VO0) though
no T cell response to 12MP or tetanus peptide ex
vivo, but positive to tyrosinase (DAEK) with in vitro
stimulated ELIspot assay in PBMC and SIN (Add-
itional file 1: Table S4). The goal of the rapid dose-
escalation was to define safety at the maximal toler-
ated dose, up to 1600 EU. Since that dose was found
safe, most patients in Cohort 1 were enrolled at 1600
EU dose, limiting the ability to determine which of
the 4 LPS doses is most immunogenic. Within this
constraint, no significant difference in immunogen-
icity was observed among the LPS doses.

The TLR3 agonist polyICLC has been studied in
preclinical models and in clinical trials [40-42], with
favorable safety and immunogenicity profiles, and,
when combined with IFA, it has been shown to en-
hance CD4, CD8, and antibody responses to long NY-
ESO-1 peptides compared to IFA alone [3]. Sabbatini
et al. did observe marked injection site reactions in 2
patients treated with NYESO1 long peptides plus IFA
and 1.4 mg polyICLC, and discontinued treatment
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early for 4 of 11 patients. Considering this, we
employed a lower dose (1 mg) in our study [3]. We
observed injection site reactions that met stopping
criteria for 1 of 6 patients in arm 22 (polyICLC, V1)
and that contributed to the overall DLT for one of 6
patients in arm 23 (polyICLC, V6). However, these
were not serious adverse events, which resolved after
stopping treatment. These DLTs did not meet stop-
ping criteria for any sub-arm of cohort 2. Thus, the
regimen is considered safe; however, prominent local
injection site reactions can be expected. Overall, the
data support polyICLC as an effective vaccine adju-
vant when combined with IFA, for inducing CD8 T
cell responses to minimal peptides, with an acceptable
safety profile. This regimen appears marginally better
than LPS plus IFA, which was very well-tolerated, but also
supported immune responses. Other TLR agonists have
been shown to enhance T cell responses to peptides in
vaccines, in particular TLR9 agonist CpG-B (7909, PF-
3512676) [43, 44]. Thus, a range of TLR agonists have
value in combination with IFA as vaccine adjuvants.

For an adjuvant to have maximum benefit, it has to
generate an antigen depot, to activate APC, and to
provide co-stimulation through CD4 T cell help [45].
The present study provided an antigen depot with the
water-in-oil emulsion with IFA, TLR agonists to acti-
vate APC, and a tetanus peptide that is very effective
at inducing CD4 helper T cell responses. Activation
of CD4 helper T cells will induce CD40L expression,
which in turn can license APC and enhance their
antigen presentation. We have not formally tested the
impact of CD40L expression by tetanus-reactive CD4
T cells but have found in this trial that T cell re-
sponses to the tetanus helper peptide was greater
with inclusion of IFA (V1 or V6) than without it
(VO). Thus, the impact of IFA may include both a
direct effect on the CD8 T cell response and an in-
direct effect, through activation of CD4 T cells, and
subsequent APC activation.

In the murine studies that have shown negative effects
of IFA on CD8 T cell responses to short peptides, an
alternative vaccination approach using a water-soluble ad-
juvant preparation, including TLR7 agonist imiquimod
and CD40 antibody induced more durable immune
responses and better tumor control [5]. Also, strong CD8
responses have been induced in mice by co-administration
of peptides, CD40 Ab, and PolyIC [46]. Clinical grade hu-
man agonistic antibodies to CD40 were not available at
the time of the present clinical trial. Thus, the vaccine
regimen included the tetanus helper peptide to enhance
CD4 help via CD40L expression. It will be valuable to rec-
oncile the favorable findings from this trial in light of the
unfavorable findings with use of IFA in murine models.
There are several differences in the experimental setting
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for the murine studies and that of the present clinical trial.
These include dose and volume differences in the vaccine,
differences in T cell frequency, inclusion of helper peptide
in the human trial, as well as potential differences between
human and mouse. In the murine studies, 100 mcg of
peptide was given in a 100 mcl emulsion with IFA [5, 6].
In the human trial, 100 mcg of each peptide was given in
a 1 ml emulsion with IFA. Considering the impact of the
large depot in the mouse, volume of that depot is likely
relevant to the observed findings. A mouse typically
weighs about 25 g; thus, 100 mcl represents 1/250th of the
mass of the mouse. For a 70 kg human, the 1 ml emulsion
used in the clinical trial represents 1/70,000th of the mass
of the patient. This 280-fold v/v difference is dramatic: If
the patients had been administered a 280 ml emulsion, a
much more dramatic vaccine site effect might be antici-
pated. Also, the murine studies used adoptive transfer of
1 x 10° activated antigen-reactive T cells which represents
about 50% of circulating CD8 T cells [47]. This exceeds
the pre-treatment frequency of antigen-specific T cells in
humans, probably by at least 2 logs, and also exceeds what
is induced over time with vaccination. Thus, the adminis-
tration of a high dose of antigen-reactive T cells into
a massive IFA depot may explain in part the differ-
ence between the experimental findings in the mouse
and what is observed in this clinical trial. Also, this
trial included T cell help, in the form of a tetanus
helper peptide, which was not included in the murine
studies. We have found that vaccination with IFA plus
TLR agonist and inclusion of CD4 help induced a
high rate of T cell responses ex vivo, durable in most
patients for at least 6 months.

In prior work, we observed transient responses by
circulating T cells [4, 28] and that T cells accumulate at
sites of vaccination with peptides in IFA [48, 49]. These
observations, in light of murine data on IFA as an
adjuvant [5], suggested a decline of responsive circulating
T cells due to accumulation at vaccine sites.. Alternatively,
the transient responses observed with direct ELIspots may
be explained by reversion of effector T cells to memory,
especially after the vaccine sequence is completed. As
such, they may not be detected as effectors ex vivo but are
functional after restimulation. In support of this, we ob-
served stimulated responses out to wk. 26 in 85% of the
evaluable patients with V6 IFA (Fig. 2b), compared to 50
and 14% respectively with V1 and V0. Therefore repeated
doses of IFA may support durable memory responses ra-
ther than accumulation and depletion at vaccine sites.

New strategies for vaccination against mutated
neoantigens have promise for enhancing immune rep-
ertoires; however, the clinical trials of neoantigen vac-
cines published to date have all used different vaccine
adjuvant strategies, and most of the T cell responses in-
duced were detectable only after in vitro stimulation
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[50-52]. Thus, enhanced strategies for vaccination re-
main a high priority for the field. The present study
suggests that a TLR agonist alone may not be sufficient
for induction of a strong T cell response to a peptide
vaccine, and that inclusion of IFA with a helper peptide
remains an effective strategy. Future trials should test
whether addition of a CD40 antibody plus TLR agonist
at the vaccine site can further enhance T cell responses
in patients, with or without IFA.

Conclusions

This clinical trial was designed to test whether vaccin-
ation with 12 short melanoma peptides in combination
with TLR agonists polyICLC or LPS with IFA was safe
and immunogenic in melanoma patients. Only 2 DLTs
were observed, in different sub-arms of cohort 2 (poly-
ICLC): no treatment combination met stopping criteria.
A driving hypothesis was that inclusion of IFA with TLR
agonists would be less effective in generating a durable
T cell response. However, in contrast to our hypothesis,
peptide-specific CD8 T cell responses were more durable
and of greater magnitude when IFA was included as an
adjuvant, regardless of whether it was combined with
polyICLC or LPS. Furthermore, our study suggests that,
overall, polyICLC may induce marginally better CD8 T
cell responses than LPS. Future studies will aim to
understand mechanisms underlying the favorable effects
with IFA.
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