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ABSTRACT
Background  A vaccine containing 6 melanoma-
associated peptides to stimulate helper T cells (6MHP) is 
safe, immunogenic, and clinically active. A phase I/II trial 
was designed to evaluate safety and immunogenicity of 
6MHP vaccines plus programmed death 1 (PD-1) blockade.
Participants and methods  Participants with advanced 
melanoma received 6MHP vaccines in an incomplete 
Freund’s adjuvant (6 vaccines over 12 weeks). 
Pembrolizumab was administered intravenously every 
3 weeks. Tumor biopsies at baseline and day 22 were 
analyzed by multiplex immunohistochemistry. Primary 
end points were safety (Common Terminology Criteria 
for Adverse Events V.4.03) and immunogenicity (ex vivo 
interferon-γ ELISpot assay). Additional end points included 
changes in the tumor microenvironment (TME) and clinical 
outcomes.
Results  Twenty-two eligible participants were treated: 6 
naïve to PD-1 antibody (Ab) and 16 PD-1 Ab-experienced. 
Median follow-up was 24.4 months. Most common 
treatment-related adverse events (any grade) included 
injection site reactions, fatigue, anemia, lymphopenia, 
fever, elevated aspartate aminotransferase, pruritus, and 
rash. Treatment-related dose-limiting toxicities were 
observed in 3 (14%) participants, which did not cross the 
study safety bound. A high durable T cell response (Rsp) 
to 6MHP was detected in only one participant, but twofold 
T cell Rsps to 6MHP were detected in 7/22 (32%; 90% CI 
(16% to 52%)) by week 13. Objective clinical responses 
were observed in 23% (1 complete response, 4 partial 
responses), including 4/6 PD-1 Ab-naïve (67%) and 1/16 
PD-1 Ab-experienced (6%). Overall survival (OS) was 
longer for PD-1 Ab-naïve than Ab-experienced participants 
(HR 6.3 (90% CI (2.1 to 28.7)). In landmark analyses at 
13 weeks, OS was also longer for those with T cell Rsps 
(HR 6.5 (90% CI (2.1 to 29.2)) and for those with objective 
clinical responses. TME evaluation revealed increased 
densities of CD8+ T cells, CD20+ B cells, and Tbet+ cells by 
day 22.
Conclusions  Treatment with the 6MHP vaccine plus 
pembrolizumab was safe, increased intratumoral 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Primary resistance to checkpoint blockade is com-
monly attributed to a lack of pre-existing T cell re-
sponses (Rsps) to cancer antigens.

	⇒ Cancer vaccines designed to induce CD4+ T-helper 
cell responses are emerging as promising cancer 
immunotherapies.

	⇒ A key question in patient management is wheth-
er vaccines given after prior PD-1 antibody (Ab) 
failure may induce clinical responses when 
combined with renewed PD-1 Ab, or whether, 
as suggested in murine studies, vaccines are 
preferably administered concurrently with PD-1 
blockade.

WHAT THIS STUDY ADDS
	⇒ Among PD-1 Ab-naïve and PD-1 Ab-experienced 
participants, treatment with the six melanoma 
helper peptides vaccine plus pembrolizumab 
was safe, increased intratumoral lymphocytes, 
and induced T cell Rsps associated with pro-
longed overall survival.

	⇒ The low T cell Rsp rate seen in the PD-1 Ab-
experienced participants (3/16; 19%) compared 
with that seen in the PD-1 Ab-naïve participants 
(4/6; 67%) corroborates prior murine studies 
and thus sheds important light that supports 
initiating vaccines concurrent with, rather than 
after, administration of PD-1 blockade therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This may be relevant for investigators to consider 
in analysis and design of ongoing clinical trials of 
neoantigen vaccines, where PD-1 Ab is given prior 
to creation of the neoantigen vaccine.

	⇒ The promising objective response rate and overall 
survival in PD-1 Ab-naïve participants support con-
sideration of a larger study to assess definitive ben-
efit in that setting.
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lymphocytes, and induced T cell Rsps associated with prolonged OS. The 
low T cell Rsp rate in PD-1 Ab-experienced participants corroborates prior 
murine studies that caution against delaying cancer vaccines until after 
PD-1 blockade. The promising objective response rate and OS in PD-1 Ab-
naïve participants support consideration of a larger study in that setting.

INTRODUCTION
Programmed death 1 (PD-1) blockade induces durable 
clinical responses in patients with advanced melanoma1 2; 
however, monotherapy PD-1 blockade is only effective in 
a minority of patients.3 Primary resistance to checkpoint 
blockade is commonly attributed to a lack of pre-existing T 
cell responses (Rsps) to cancer antigens.4 5 Cancer vaccines 
targeting mutated neo-antigens or shared tumor antigens 
to induce CD4+ T-helper cell responses6–8 are emerging 
as promising immunotherapies.9–11 A melanoma vaccine 
using six melanoma helper peptides (6MHP), restricted 
by class II major histocompatibility complex (MHC), 
emulsified in incomplete Freund’s adjuvant (IFA) can 
induce Th1-dominant CD4+ T cell Rsps in 40%–80% of 
patients, induce peptide-specific antibody (Ab) responses 
in 77% of patients,12–14 induce epitope spreading to CD8 
epitopes,14 and induce objective clinical responses.13 15 
Response Evaluation Criteria in Solid Tumors (RECIST)-
defined objective response rates (ORR) and disease 
control rates (DCRs) with 6MHP vaccines alone have 
been observed in 8% and 30%, respectively, with stable 
disease (SD) and clinical responses lasting 1–7 years.1315 
Overall survival (OS) is also significantly associated with 
CD4+ T-helper cell response to 6MHP.15 It is critical to 
support T cell infiltration and function in the tumor 
microenvironment (TME), both to improve the clinical 
benefit of this and other vaccines, and to enhance the 
benefit of PD-1 blockade.

PD-1 expression is increased on exhausted CD4+ T 
cells16; thus, blocking PD-1/programmed death-ligand 1 
(PD-L1) may restore and support CD4+ T cell function 
in the TME, and combining it with 6MHP vaccines may 
improve tumor targeting and infiltration by enhancing 
the CD4+ T cell Rsps to melanoma antigens. Two clin-
ical trials combined nivolumab plus a peptide vaccine 
restricted by class I MHC and demonstrated their co-ad-
ministration to be safe and immunogenic17 18; however, 
among ipilimumab-refractory patients, the ORRs were 
not increased by adding that vaccine—designed to stim-
ulate CD8+ T cells—(27% vs 26%).17 Another recent 
clinical trial by Kjeldsen et al combined nivolumab plus 
a vaccine containing two peptides from indoleamine 
2,3-dioxygenase (IDO) and PD-L1 that induced both 
CD4+and CD8+ T cell Rsps.19 This trial only enrolled 
PD-1 Ab-naïve participants with metastatic cutaneous 
melanoma and reported an 80% ORR (90% CI (63% 
to 91%)),19 providing evidence that a vaccine inducing 
CD4+ T cell is associated with high ORR in PD-1 Ab-naïve 
patients. It is unclear if that promising outcome was due to 
the selection of peptide antigens from checkpoint mole-
cules, or whether peptide vaccines that induce T-helper 
cells may also induce favorable T cell Rsps in combination 

with checkpoint blockade. Furthermore, a key question 
in patient management is whether vaccines given after 
prior PD-1 Ab failure may induce clinical responses 
when combined with renewed PD-1 Ab, or whether, as 
suggested in prior murine studies,20 21 vaccines are pref-
erably administered concurrently with PD-1 blockade. 
To our knowledge, we are reporting the first trial using a 
vaccine with class II MHC-restricted peptides co-adminis-
tered with PD-1 blockade for participants with advanced 
melanoma who are PD-1 Ab naïve as well as participants 
who have previously been treated with PD-1 Ab (Ab 
experienced).

The purpose of this study was to evaluate the safety 
and immunogenicity of a class II MHC-restricted 6MHP 
vaccine plus pembrolizumab in patients with advanced 
melanoma with or without prior PD-1 blockade therapy 
and to obtain preliminary data on clinical outcomes and 
on changes in the TME. We hypothesized that co-admin-
istration of a 6MHP vaccine with pembrolizumab would 
be safe, would increase the magnitude, duration, and 
number of participants with circulating CD4+ T cell Rsps 
compared with a prior trial incorporating 6MHP vaccines 
alone,22 and would improve ORRs and OS, notably among 
participants with circulating T cell Rsps to the vaccine. We 
also hypothesized that 6MHP plus pembrolizumab would 
modify the TME, specifically by increasing densities of 
tumor infiltrating lymphocytes (TILs).

MATERIALS AND METHODS
Participant eligibility
In this open-label, phase I/II study, participants 18 years 
of age and older with biopsy-proven advanced melanoma 
(unresectable stage IIIB/C or IV based on American 
Joint Committee on Cancer V.7,23 at initial presentation 
or at recurrence), which was measurable by RECIST 
V.1.1 criteria,24 25 were eligible for inclusion. Participants 
may have had cutaneous, uveal, mucosal primary mela-
noma, or an unknown primary melanoma. Staging was 
confirmed by cytological or histological examination. 
For those with at least one additional site of metastasis 
accessible for biopsy pretreatment and on day 22, consent 
included tumor biopsies (needle biopsy, incisional or 
excisional biopsy, with or without image guidance): this 
was required for at least 12 participants. The lesions to 
be biopsied were specified at study enrollment and not 
included as target lesions for RECIST calculations, except 
that clear progression in those lesions would not be 
consistent with objective response. The full protocol is 
provided as online supplemental file 1.

Participants had to be eligible for treatment with pembroli-
zumab based on treating clinician judgment. Eligible patients 
included those naïve to PD-1 blockade (PD-1 Ab-naïve cohort) 
and those previously treated with PD-1 blockade but experi-
enced disease progression during or after treatment or did 
not experience an objective clinical response (PD-1 Ab-expe-
rienced cohort). Participants who previously received other 
immunotherapy agents (eg, interferon (IFN)-α, ipilimumab, 
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interleukin-2, or a prior cancer vaccine other than 6MHP) 
were eligible. Additional inclusion criteria included: Eastern 
Cooperative Oncology Group (ECOG) performance status 
0–1, at least two intact regional lymph node basins, normal 
organ function, and absence of major autoimmune disor-
ders. Participants were excluded for pregnancy, other concur-
rent cancer therapy, uncontrolled diabetes, or autoimmune 
disorders requiring therapy. This study was designed to 
accrue a total of 22 evaluable participants. All participants 
were assigned a Virginia Malignant Melanoma (VMM) 
number, which is a patient identifier that is compliant with 
the Health Insurance Portability and Accountability Act of 
1996 (HIPAA).

Vaccine components and treatment regimen
All participants were treated at one academic institution 
and were vaccinated with a mixture of 200 μg each of 
6MHP restricted by class II MHC26 27 emulsified in IFA 
(figure 1). The peptides in 6MHP range in length from 
14-mers to 23-mers (online supplemental text). The IFA 
used was Montanide ISA-51VG (Seppic, Fairfield, New 
Jersey, USA). For each vaccine, peptides in a 1 mL aqueous 
solution were emulsified 1:1 with 1 mL of IFA (total 2 
mL). Vaccines were administered half-subcutaneously 
and half-intradermally in one skin location (ie, upper 
arm or thigh) for vaccines 1–3 (days 1, 8, 15). Vaccines 
4–6 were given in a different extremity (days 43, 64, 85) 
to mitigate the risk of skin toxicity. Pembrolizumab 200 
mg was administered intravenously every 3 weeks for up 
to 2 years, beginning day 1 (figure 1).

Blood was collected from each participant at multiple 
time points (figure  1), and an excisional biopsy of a 
vaccine-site draining lymph node (sentinel immunized 
node (SIN)28) was performed on day 22 for the first 10 
participants (figure  1) to assess T cell Rsps. Peripheral 
blood mononuclear cells (PBMCs) and SIN cells were 
viably cryopreserved in 90% fetal bovine serum/10% 
dimethyl sulfoxide, and serum was also frozen for subse-
quent immunological assays in batch. Tumor biopsies were 

collected pretreatment and day 22 (n=12), with portions 
preserved in formalin and frozen in liquid nitrogen.

Objective clinical response was assessed at screening 
and on days 57, 127, and as indicated per standard care, 
using cross-sectional imaging. Participants were followed 
30 days after last dose of pembrolizumab, then annually 
for disease status and survival.

Objectives
The primary objectives of this study were (1) to determine 
whether administration of 6MHP plus pembrolizumab is 
safe, and (2) to estimate the immunogenicity of 6MHP in 
the blood, and SIN when available, when co-administered 
with pembrolizumab. An optimal treatment combination 
was defined as one with an acceptable toxicity profile 
as measured by dose-limiting toxicities (DLTs) and a 
high rate of high durable immune response (hdRsp) as 
measured by CD4+ T cell Rsp to 6MHP during the time 
period of vaccine administration.

Secondary objectives included determining whether 
6MHP plus pembrolizumab modifies the TME by 
increasing infiltration of CD4+ and CD8+ T cells into 
tumor metastases, and increasing Th1-dominant immune 
signatures in the TME.

Exploratory objectives included obtaining preliminary 
data on whether 6MHP plus pembrolizumab: (1) induces 
objective clinical responses in patients with or without 
prior PD-1 blockade therapy, (2) improves OS relative 
to published data, and (3) improves OS in patients with 
versus without T cell Rsps to melanoma antigens.

Summary of protocol revisions
The original protocol (V.5/18/2015) was only for 
patients offered pembrolizumab second-line therapy 
after ipilimumab, but approval of pembrolizumab as first-
line therapy led to revised inclusion criteria and objec-
tives (V.3/21/2016) prior to the first patient enrolled. 
These were maintained through the study. The only other 

Figure 1  Study schema. 6MHP, six melanoma helper peptides; Ab, antibody; ID, intradermally; IFA, incomplete Freund’s 
adjuvant; IV, intravenously; PBMC, peripheral blood mononuclear cells; PD-1, programmed cell death protein 1; SQ, 
subcutaneously.
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significant change was to reduce target enrollment from 
42 to 22 eligible participants.

Dose-limiting toxicities
A DLT was defined as any unexpected adverse event 
(AE) that was possibly, probably, or definitely related to 
treatment with 6MHP and/or pembrolizumab. A DLT 
of 6MHP was defined as grade ≥3 hematological or non-
hematological toxicity, except ulceration at a vaccine site 
was considered a DLT only if the ulcer was >2 cm in diam-
eter, required antibiotics, or required surgical debride-
ment. A DLT of pembrolizumab was defined as toxicity 
requiring permanent discontinuation per specified dose 
modification guidelines for drug-related AEs.29 Selected 
grade ≥2 ocular AEs were also considered DLTs, regard-
less of the agent to which the event may be attributed. 
AEs that led to treatment discontinuation were also 
considered DLTs even if they did not meet prespecified 
criteria for DLT. The DLT tolerance level was chosen 
to be 25%. Participants were monitored for toxicities 
during and for 30 days after last study treatment using 
National Cancer Institute Common Terminology Criteria 
for Adverse Events V.4.03 criteria. Stopping rules for 
observed toxicities were based on serious AEs rate of 
7.9% (95% CI (3.2% to 15.5%)) reported among patients 
treated with pembrolizumab alone.30 The rate of DLTs for 
early stopping included assessment up to day 43. DLTs 
were monitored for 30 days after last study treatment, and 
late observed rates that cross the bound would be reason 
to suspend accrual for safety review by the sponsor-
investigator and the Data Safety Monitoring Committee 
(DSMC). A sequential probability ratio test (SPRT) based 
on a binomial test of proportions for DLTs was used. Only 
the upper boundary was used for monitoring to protect 
against excessive failure rates. The stopping boundary 
was for a SPRT contrasting a 15% vs 30% DLT rate, with 
nominal type I and II errors of 10% and 10%, respectively.

Immune response
Circulating CD4+ T cell Rsps to 6MHP peptides were 
assessed at each specified time point (figure  1) using 
ELISpot assays. IFN-γ ELISpot assays were performed 
directly ex vivo, after cryopreservation (direct ELISpot) 
as previously reported,22 for PBMC and, when available, 
SIN lymphocytes. Briefly, 200,000 PBMC were plated 
per well, and pulsed with synthetic peptide (10 µg/mL 
of each peptide), in quadruplicate. Negative controls 
included irrelevant peptide from HIV gag protein, and 
no peptide. Positive controls included a mixture of viral 
peptides (CEF peptide pool),31 phorbol myristate acetate 
(PMA)-ionomycin and phytohaemagglutinin (PHA). 
Evaluation of T cell Rsps was based on the following defi-
nitions at each assay time point: Nvax=number of T cells 
responding to vaccine peptide; Nneg=number of T cells 
responding to maximum negative control; Rvax=Nvax/Nneg. 
For evaluations of PBMC, a participant was considered to 
have a T-cell Rsp to vaccination (binary yes/no) at each 
time point after baseline, by direct ELISpot assay only if all 

the following previously used criteria22 were met: (1) Nvax 
exceeded Nneg by at least 20/100,000 CD4+ cells (0.02%), 
(2) (Nvax–1 SD)≥(Nneg+1 SD), (3) Rvax ≥2×, and (4) Rvax 
postvaccination ≥2× Rvax prevaccination. The criteria for a 
CD4+ Rsp in a SIN was the same as for PBMCs, but without 
criterion (4) above. The proportion of responding cells 
per 100 000 CD4+ T cells was calculated based on the 
proportion of CD4+ T cells (CD3+CD4+ by flow cytom-
etry) among PBMC or SIN. Fold-increases <1 were set to 
1 to indicate no response and to prevent overinflating 
adjusted fold-increases due to prevaccine ratios <1, or 
division by 0, while not affecting the determination of 
response. An hdRsp required a 5× increase above base-
line in any two or more time points (through day 85), 
and a durable immune response (dRsp) required only a 
2× increase over background. For comparison with our 
prior Mel44 trial,22 we further report on single detections 
of immune response at 2× (Rsp) and 5× (hRsp) increases 
above background. Continuous measures of immune 
response denoted as fold-increase must satisfy conditions 
(1)–(4) and were defined as the amount of Rvax.

The proportion of participants with an hdRsp, dRsp, 
Rsp, and hRsp in blood and, when available, Rsp in SIN 
was calculated (±90% CIs).32 Participants who discon-
tinued protocol therapy early were considered immune 
response failures if no response was observed in evaluable 
samples. Hypothesis testing was based on the number of 
participants that satisfied the criteria of an hdRsp in the 
blood, as specified in the initial protocol. The target of 22 
participants was chosen based on having sufficient infor-
mation to test for a null hdRsp rate of 20% vs an alterna-
tive hdRsp rate of 45% with a one-side 10% level binomial 
test. At study conclusion, the null hypothesis would be 
rejected and the treatment regimen considered worthy of 
further study if at least 8/22 (36%) eligible participants 
experience a hdRsp.

Assay consistency is represented by interassay coeffi-
cients of variation (CVs) calculated for the response of 
two normal donors to the CEF peptide pool. For the 
high responder normal donor, mean number of spots 
was 165/100,000 cells plated, and the CV was 27%. A 
low responder normal donor was included in 4 of the 16 
assays, for which the mean was 18 and the CV was 24%.

TME—multiplex immunohistochemistry and analysis
Changes in the TME were assessed by multiplex immuno-
histochemistry (mIHC) and image analysis for quantifica-
tion of melanoma tertiary lymphoid structures (TLSs) and 
TILs; 5 µm thick sections were cut from formalin-fixed, 
paraffin-embedded tumor specimens, with human LN 
samples as positive controls, and mIHC was performed. 
Details for the mIHC are mentioned in online supple-
mental text.

Stained slides were scanned using the PerkinElmer 
Vectra V.3.0 system. Regions of interest were selected in 
Phenochart software analyzing the entire tumor biopsy, 
and these regions were matched between the TLS and TIL 
panels; ×20 magnification images were acquired. These 
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images were spectrally unmixed using single stain posi-
tive control images in the InForm software (Akoya Biosci-
ences), and immune cells were quantified using HALO 
software (Indica Labs, Albuquerque, New Mexico, USA). 
Lymphocyte densities were quantified (cells/mm2).

The proportion of participants with increased infiltra-
tion of CD4+ and CD8+ T cells into tumor metastases and 
increased Th1-dominant immune signatures in the TME 
were estimated. If increased infiltration of immune cells 
on day 22 compared with pretreatment is observed in the 
tumor in 9/12 eligible participants then the lower limit 
of a one-sided 90% CI exceeds 50%, then this would be 
considered a promising result and supportive of further 
study of the treatment regimen.

Clinical efficacy
Participants were assessed for objective clinical responses 
(RECIST V.1.1) and were classified by best overall response. 
ORR was estimated. Progression-free survival (PFS) and 
OS distributions were estimated using Kaplan-Meier curves 
(±95% CI); HR (±90% CIs) were used to compare PD-1 
Ab-experienced to PD-1 Ab-naïve participants.

RESULTS
Clinical characteristics
The study opened to accrual November 19, 2015, 
and closed to accrual June 26, 2019 after meeting the 
enrollment target. Among 27 participants assessed, 
22 eligible participants were enrolled and treated 
(online supplemental figure 1): 6 naïve to PD-1 Ab 
and 16 PD-1 Ab experienced. The melanomas had 
arisen from a non-acral skin primary (12, 54%), acral 
skin primary (5, 23%), uveal primary (3, 14%), or anal 
mucosal primary (2, 9%). Most participants had ECOG 
performance status of 0 (59%) and stage IV disease 
at registration (95%). Participant demographics are 
provided in online supplemental table 1. Clinical and 
immunological details for each participant are shown 
in table 1. Follow-up data for calculating OS and PFS 
were collected up to December 1, 2021.

Toxicities and adverse events
The most common treatment-related adverse events 
(trAEs) of any grade were injection site reaction 
(91%), fatigue (82%), skin induration at vaccine sites 
(73%), anemia (41%), lymphopenia (27%), fever 
(27%), elevated aspartate aminotransferase (AST) 
(27%), pruritus (27%), and maculopapular rash 
(27%) (online supplemental table 2A). Maximum 
grades for the systemic trAEs were primarily grade 1 
and were transient. Vaccine site reactions, induration, 
and ulceration were grade 2 in 5%, 23%, and 0% of 
participants, respectively, and were grade 3 in 5%, 0%, 
and 5%, respectively.

Four treatment-related DLTs were observed in 
three (14%) participants, which did not cross the 
study safety bound (online supplemental table 2B). 
All three participants were PD-1 Ab experienced. 

Two DLTs were attributed to pembrolizumab alone 
(VMM 1088, grade 3 elevated AST; VMM 1301, grade 
3 uveitis), one was attributed to vaccine alone (VMM 
1290, grade 3 skin ulceration at vaccine site), and one 
was attributed to pembrolizumab and vaccine (VMM 
1290, grade 3 uveitis). Grade 3 elevated AST of VMM 
1088 returned to pretrial baseline after a prednisone 
taper. VMM 1301 developed uveitis in the right eye 
after cataract surgery while on pembrolizumab; the 
last vaccine was 1-year prior to the DLT occurrence. 
That uveitis resolved with steroids; however, right eye 
vision remained poor due to pseudophakic cystoid 
macular edema secondary to cataract surgery. VMM 
1290 had been treated with four cycles of ipilimumab/
nivolumab and 27 cycles of pembrolizumab prior to 
study enrollment (PR as best RECIST response prior 
to subsequent disease progression) and is the one 
PD-1 Ab-experienced participant who had a PR on 
this study and remains alive still after 45 months. The 
uveitis of VMM 1290 resolved with steroids, and vision 
returned to pretrial baseline; the grade 3 skin ulcer-
ation at the vaccine site healed without antibiotics or 
surgery.

All 22 participants received one or more vaccinations. 
Nine (41%) completed all protocol treatment. Two (9%) 
stopped early for DLTs, while the third with a DLT (VMM 
1301) completed all vaccinations over a year before DLT 
occurrence. Eleven (50%) discontinued early due to 
melanoma disease progression during active treatment 
(online supplemental figure 1).

CD4+ T cell response
T cell Rsps were evaluated against the pool of 6MHP 
using direct ex vivo IFN-γ ELISpot assays. An example 
direct ELISpot response is shown in online supplemental 
figure 2. Only 1/22 (4.5%; 90% CI (0% to 20%)) partic-
ipants met criteria for a hdRsp, a PD-1 Ab-naïve partic-
ipant (VMM 1278; table 2). At least twofold T cell Rsps 
were detected in 7/22 participants (32%; 90% CI (16% 
to 52%)) overall by week 13, including 4/6 PD-1 Ab naïve 
(67%; 90% CI (27% to 94%)) and 3/16 PD-1 Ab expe-
rienced (19%; 90% CI (5% to 42%)) (figure 3A). This 
included six with Rsp in PBMC and one with Rsp in a 
SIN. Among these seven participants with a Rsp, sites of 
primary melanoma were primary cutaneous non-acral 
(four), uveal (two), and cutaneous acral melanoma 
(one). Six of these same seven participants also met 
criteria for an hRsp (five in PBMC and one in a SIN). Two 
participants had a dRsp. The best immune response for 
each participant and the detailed ELISpot data are shown 
in table 1 and online supplemental table 3, respectively.

To explore whether the PBMC for the two cohorts 
differed in immune responsiveness at baseline, we 
compared the IFN-γ producing cells per 100,000 PBMC 
at baseline for the two cohorts, by Mann-Whitney U test, 
p values were 0.66, 0.08, and 0.75 for reactivity to CEF 
peptides, PHA, and PMA, respectively.
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TME—multiplex immunohistochemistry and analysis
Tumor biopsies obtained pretreatment and day 22 for 12 
participants (table 1) were evaluated with mIHC (repre-
sentative images in online supplemental figures 3 and 4). 
CD4+ T cells were not reported because of technical chal-
lenges with that antibody. Total DAPI+ cells, pretreatment 
and day 22, for each of these 12 participants are provided 
in online supplemental table 4. TME evaluation in 12 
participants revealed increased densities (cells/mm2) of 
CD8+ T cells (10/12, 83%), CD20+ B cells (10/12, 83%), 
and Tbet+ cells (9/12, 75%) by day 22 (table 3), among 
others. The median fold increases of these cells were 2.58, 
2.62, and 4.02, respectively. Tumor biopsies were also eval-
uated for a classical TLS presence (yes/no), which was 
defined as a structure containing discrete B and T cell 
regions and containing PNAd+ vasculature indicative of 
high endothelial venules. No classical TLS structures 
were observed in pre-treatment or post-treatment biop-
sies for the 12 participants (online supplemental table 
5). However, TLS-like structures containing several key 
features of TLS were identified in three participant spec-
imens (VMM 1014, VMM 1265, and VMM 1301) post-
treatment only (online supplemental table 5, figure 4B). 
These TLS-like structures contained partially organized 
B and T cell clusters and PNAd+ vasculature. Addition-
ally, TLS-like structures consisting of distinct B and T cell 
regions but lacking PNAd+ vasculature, were observed in 
one of those same patient specimens post-treatment only 
(VMM 1301) (online supplemental table 5 and figure 
4A). Many of the evaluated participant biopsies contained 
peritumoral stroma—where TLS are commonly found; 
however, most were core biopsies, and this may contribute 
to undersampling for TLS (online supplemental table 5). 
Additionally, TLS assessments were made in day 22 biop-
sies; thus, TLS maturation may occur at a later time point 
that was not sampled.

Clinical outcome
Objective clinical responses were observed in 23% (one 
complete response (CR), four partial responses (PR)) of 
participants (table 4). All five participants with an objec-
tive clinical response had a primary cutaneous (non-acral) 
melanoma. Time to best clinical response was 9.5 (CR, 
VMM 1276), 7.8 (PR, VMM 1295), 2.1 (PR, VMM 1290), 
1.8 (PR, VMM 1278), and 1.7 (PR, VMM 1285) months. 
VMM 1276 first achieved a PR at 1.8 months and subse-
quently a CR at 9.5 months. T cell Rsps to 6MHP were 
observed in 4 of 5 participants with CR/PR (80%), but 
in only 3 of 17 participants with SD or progressive disease 
(PD) as best clinical response (17.6%). However, among 
those 17 participants, 11 discontinued study treatment 
prior to administration of the last vaccine and collection 
of week 13 PBMC; 2 of 3 participants with a T cell Rsp 
and SD or PD completed all vaccinations with PBMC 
obtained through at least week 13 (VMM 1299 had PBMC 
collected through week 12 and thus missed one vaccine/
blood draw). Among the six participants naïve to PD-1 
blockade, four experienced objective clinical responses, 
including one CR and three PRs (4/6; ORR 67%) (figure 
3A). These six participants included one with uveal mela-
noma. Thus, objective responses were observed in 4/5 
participants with melanoma metastatic from a cutaneous 
primary (80%). PD-L1 expression by melanoma cells for 
these six participants was negative (<1%) for two, positive 
(≥1%) for three, and unknown for one. BRAF status was 
V600E mutated for two, wild-type for three, and unknown 
for one (table  1). Among the 16 participants who had 
previously had PD-1 antibody therapy, there was 1 PR 
(1/16; ORR 6%) and 4 SD for an overall DCR of 31% 
(5/16). Duration of SD for these four participants was 2.4 
(VMM 1287), 2.9 (VMM 1274), 5.7 (VMM 1306), and 8.0 
(VMM 1301) months.

Table 3  Infiltration of CD8+ T cells into the tumor microenvironment

Cell type
Median baseline 
(cells/mm2)

Median day 22 
(cells/mm2)

Median fold 
increase

Number of 
participants with 
fold increases (%)

Lower limit of 90% 
CI
(% increasing)

CD8+ cells 107.8 194.7 2.58 10* (83.3) 61.4

CD8+GzmB+ cells 5.0 31.6 3.63 9* (75.0) 52.5

CD8+Tbet+ cells 0.48 3.71 4.83 9* (75.0) 52.5

FoxP3+ cells 11.63 13.75 1.15 8 (66.7) 44.1

Granzyme B+ cells 9.11 37.6 2.93 8 (66.7) 44.1

Tbet+ cells 1.34 7.45 4.02 9* (75.0) 52.5

CD20+ cells 0.83 6.40 2.62 10* (83.3%) 61.4

CD8+Ki67+ cells 59.5 104.6 2.07 10* (83.3%) 61.4

CD20+Ki67+ cells 0.35 1.08 2.11 9* (75.0%) 52.5

CD83+ cells 0.31 0.19 0.50† 4 (33.3%) 15.4

Ki67+ cells 980.0 1280.7 0.89 4 (33.3%) 15.4

*Increased infiltration in 9/12 participants was designated as a promising result in the study design.
†Median fold increases calculated on 10 patients. Two were excluded for values of 0 at both baseline and Day 22.

https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
https://dx.doi.org/10.1136/jitc-2022-005424
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OS and PFS outcomes for these two patient subsets are 
shown in figure  2. The median OS for PD-1 Ab-experi-
enced participants was 10.6 months (95% CI (4.34 to 
47.38)), and was not reached for PD-1 Ab-naïve partici-
pants (HR 6.3 (90% CI (2.1 to 28.7)). Median PFS was 
1.9 months (95% CI (1.64 to 12.03)) and 6.2 months 
(95% CI (1.31 to 16.79)) for PD-1 Ab-experienced and 
Ab-naïve participants, respectively (HR 3.7 (90% CI (1.4 
to 12.4)). Median follow-up for the two subsets was 24.4 

months. After a median follow-up of 45.4 months (range 
37–55 months), 4/6 PD-1 Ab-naïve participants remain 
alive. Additional exploratory analyses were performed to 
understand if clinical response or T cell Rsp was associ-
ated with OS (figure 3). Since both are time-dependent 
variables, these were assessed in a landmark analysis at 
13 weeks, since the vaccines were completed by then. OS 
based on landmark analysis was prolonged for those with 
objective clinical responses by week 13 (CR/PR vs SD/PD: 

Table 4  Best clinical response on study treatment

PD-1 Ab
naïve
(n=6)

PD-1 Ab
experienced
(n=16)

All
participants
(n=22)

Complete response 1 (16.7%)
(0.4% to 64.1%)

0
(0.0% to 20.6%)

1 (4.5%)
(0.1% to 22.8%)

Partial response 3 (50.0%)
(11.8% to 88.2%)

1 (6.2%)
(0.2% to 30.2%)

4 (18.2%)
(5.2% to 40.3%)

Stable disease 0
(0.0% to 45.9%)

4 (25%)
(7.3% to 52.4%)

4 (18.2%)
(5.2% to 40.3%)

Progressive disease 2 (33.3%)
(4.3% to 77.7%)

11 (68.8%)
(41.3% to 89.0%)

13 (59.1%)
(36.4% to 79.3%)

Number progression-free 2 (33.3%)
(4.3% to 77.7%)

0
(0.0% to 20.6%)

2 (9.1%)
(1.1% to 29.2%)

Number alive 4 (66.7%)
(22.3% to 95.7%)

2 (12.5%)
(1.6% to 38.4%)

6 (27.3%)
(10.7% to 50.2%)

Number of participants, % of total, (95% CI).

A

C

B

D

Figure 2  Clinical outcomes overall and as a function of clinical cohort. Kaplan-Meier survival curves show estimated overall 
survival (A) and progression-free survival (B) for the full dataset (n=22), and overall survival (C) and progression-free survival 
(D) stratified by clinical cohort (programmed death 1 (PD-1) antibody (Ab) naïve or experienced).
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Figure 3  (A) Immune response and objective clinical response. (B) Landmark analysis of overall survival by complete/partial 
response (CR/PR) by week 13. (C) Landmark analysis of overall survival by twofold T cell responses by week 13. Ab, antibody; 
PD-1, programmed death 1.
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3-year OS was 100% (90% CI (100% to 100%) given no 
deaths for CR/PR vs 22% (90% CI (8% to 41%) for SD/
PD; figure 3B). VMM 1295 had a PR at 7.8 months and 
thus had not experienced a PR before the landmark at 13 
weeks. The four participants who developed an objective 
response by week 13 continue to be alive at last follow-up, 
with one of them going on to develop a CR by 9.5 months. 
The landmark analysis was based on participants with at 
least a 2× T cell Rsp over background consistent with the 
definition used in other prior vaccine trials,22 and the 
more stringent hdRsp was only observed in one partici-
pant. Interestingly, OS was significantly longer for those 
with T cell Rsps by week 13 in this landmark analysis (HR 
6.5 (90% CI (2.1 to 29.2)), figure 3C).

DISCUSSION
To our knowledge, this is the first trial reporting safety, 
immunogenicity, and clinical outcomes of a peptide 
vaccine designed to stimulate CD4+ T cells co-adminis-
tered with PD-1 blockade for participants with advanced 
melanoma who were PD-1 Ab naïve or PD-1 Ab experi-
enced. Treatment-related DLTs were observed in three 
(14%) participants, which did not cross the study safety 
bound, supporting safety of this combination. An hdRsp 
to 6MHP was detected in only one participant, but 
twofold T cell Rsps to 6MHP were detected in 7/22 by 
week 13. Objective clinical responses were observed in 
23%, including 4/6 PD-1 Ab naïve (67%) and 1/16 PD-1 
Ab experienced (6%, table  1). OS was longer for PD-1 
Ab-naïve than Ab-experienced participants. In landmark 
analyses at 13 weeks, OS was also longer for those with 
T cell Rsps and for those with objective responses. TME 
evaluation revealed increased densities of CD8+ T cells, 
CD20+ B cells, and Tbet+ cells by day 22.

Our prior work has demonstrated that vaccines using 
6MHP, restricted by class II MHC, emulsified in IFA 
induce Th1-dominant CD4+ T cell Rsps in 40%–80% of 
patients and induce objective clinical responses.13 15 
However, some T cell Rsps with IFA are transient, and not 
all participants develop high and/or durable responses. 
Thus, there is still a need to enhance immune responses 
to vaccines. In the present study, we have found that vacci-
nation with 6MHP in IFA plus pembrolizumab induced 
T cell Rsps in 7/22 participants (32%) overall, of which 
4/6 were PD-1 Ab naïve (67%) and 3/16 were PD-1 Ab 
experienced (19%). Only 1 of 22 participants met criteria 
for hypothesis testing of a hdRsp, which was less than 
the 18% hdRsp rate with 6MHP plus IFA alone in the 
prior Mel44 trial.22 The lower than anticipated immune 
response rate reported in the current trial may in part be 
attributable to 73% of study participants (16/22) being 
PD-1 Ab experienced. Recent data in mice and humans 
have shown that the timing of PD-1 blockade relative to 
the administration of a cancer vaccine may be crucial 
in dictating the therapeutic responses observed.20 21 33 
Among PD-1-resistant mouse models, simultaneous PD-1 
blockade with vaccine therapy reversed PD-1 resistance 

and consequently reduced tumor volume and prolonged 
OS. However, when PD-1 blockade was given before 
antigen priming, the therapeutic benefit seen from 
their simultaneous administration was eliminated.21 In 
a human trial for metastatic prostate cancer, prostate-
specific antigen levels decreased with concurrent, but not 
sequential, administration of PD-1 blockade plus a cancer 
vaccine, and measurable tumor volume decreased for 4/5 
patients treated concurrently.33 Since most participants 
develop an immune response to vaccination by week 
13,13 22 the prior murine study21 raises the possibility that 
the most optimal timing for initiation of PD-1 blockade 
is after an immune response has occurred, rather than 
before the cancer vaccine. PD-1 blockade prior to vaccine 
generated dysfunctional PD-1+CD38hiCD8+ T cells, which 
mediated resistance to anti-PD-1 Ab.21 Administering 
PD-1 blockade before vaccine may create a negative feed-
back loop by which more IFN-γ is released, PD-L1 and 
IDO expression is upregulated, and regulatory T cells 
are recruited to the TME,34 collectively blunting new T 
cell proliferation on exposure to a subsequent vaccine 
antigen. Our results corroborate this hypothesis as 4/6 
PD-1 Ab-naïve participants (67%) had a T cell Rsp, 
which is within range of immune response rates of prior 
studies,12–14 and the only participant with an hdRsp was 
also PD-1 Ab naïve. Our data, combined with that from 
the aforementioned mice and human studies, support 
initiating vaccines prior to, or concurrent with, adminis-
tration of PD-1 blockade therapy. This may be relevant to 
consider in analysis and design of ongoing clinical trials 
of neoantigen vaccines, where PD-1 Ab is given prior to 
creation of the neoantigen vaccine. Furthermore, given 
the induction of dysfunctional PD-1+CD38hiCD8+ T cells 
reported by Verma et al,21 investigating the presence of 
PD-1+CD38hi cells in CD8+ and CD4+ cells would be inter-
esting to investigate in future studies and with a larger 
sample size.

It is not unexpected for PD-1 blockade alone to 
increase intratumoral T and B cells, as well as Th1 (Tbet+) 
cells in the TME35; however, peptide vaccines may 
further enhanced tumor targeting and infiltration.19 36 
The impact of the vaccines in this trial may be direct, by 
enhancing CD4+ T cells reactive to tumor antigens and 
possibly by inducing epitope spreading to CD8+ T cells, 
and indirect by secretion of IFN-γ by those T cells, which 
in turn enhances expression of critical homing receptor 
ligands by tumor-associated endothelium.37 The impact 
of vaccines is supported by murine models of colon 
and breast carcinoma which demonstrated the addition 
of a cancer vaccine to PD-L1 inhibition significantly 
enhanced CD4+ and CD8+ T cell infiltration into the TME 
and promoted the Th1 phenotype of TILs.36 In humans, 
Kjeldsen et al demonstrated increases in vaccine-specific 
CD3+ and CD8+ T cells in tumors of 4/5 patients, 3 of 
whom had an objective clinical response.19 We have not 
yet evaluated for epitope spreading in this study and have 
not infiltrating T cells or B cells for reactivity to mela-
noma antigens generally or to peptides in our vaccines 
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more specifically. In ongoing studies, we are working to 
understand whether CD4+ T cells induced by vaccination 
infiltrate melanoma metastases, whether they remain 
functional in situ, and whether they may explain in part 
the infiltration by other CD4+ or CD8+ T cells.

In the present study, objective clinical responses were 
seen in 4/6 PD-1 Ab-naïve participants (67%; 1 CR, 3 
PR), which compares favorably to that of 33% published 
for pembrolizumab alone.3 Since uveal melanoma tends 
to respond poorly to PD-1 blockade,38 39 it may be more 
relevant that the objective clinical response rate among 
PD-1 Ab-naïve participants with non-uveal melanomas was 
4/5 (80%; 90% CI (34% to 99%)). Although a limitation 
of our study is that the sample size is small among PD-1 
Ab-naïve participants, our results are nonetheless provoc-
ative. Interestingly, the 80% ORR among PD-1 Ab-naïve 
participants with cutaneous melanomas is concordant 
with data from a recent clinical trial using a peptide 
vaccine of similar length plus nivolumab among PD-1 
Ab-naïve participants with metastatic cutaneous (non-
uveal) melanoma, which reported an 80% ORR (90% CI 
(63% to 91%)).19 While the power in the current study is 
too small to draw a conclusion, it nevertheless provides 
insight into a possible synergistic effect between 6MHP 
plus pembrolizumab. Since the CI of the 4/5 participants 
with non-uveal melanomas who had an objective clinical 
response was 34%–99%, a larger sample size is needed to 
provide a more precise estimate of the response rate in 
those naïve to PD-1 blockade.

In our study, OS was prolonged for PD-1 Ab-naïve 
versus Ab-experienced participants as well as for those 
with T cell Rsps and for those with objective responses 
in landmark analyses. This prolonged OS may in part be 
attributable to the higher immune response rates seen 
among the PD-1 Ab-naïve patients, more optimal antigen 
priming prior to PD-1 blockade as discussed in the afore-
mentioned murine21 and human33 studies, or due to the 
nature of disease among PD-1 Ab-experienced patients 
that, by definition, have progressed on prior PD-1 and 
Cytotoxic T Lymphocyte Associated Protein 4 (CTLA-4) 
therapies.

CONCLUSION
In participants with advanced melanoma, combined 
treatment with the 6MHP vaccine plus pembrolizumab 
was safe, increased intratumoral T and B cells, as well as 
Th1 (Tbet+) cells, and induced T cell Rsps that were asso-
ciated with prolonged OS. The low T cell Rsp rate in PD-1 
Ab-experienced participants corroborates prior murine 
studies that caution against delaying cancer vaccines until 
after PD-1 blockade. The promising ORR and OS in PD-1 
Ab-naïve participants support consideration of a larger 
study to assess definitive benefit.
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