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Abstract

Background We conducted a phase I dose escalation
study to evaluate the safety and immunologic response to
peptide immunomodulatory vaccines GL-0810 (HPV16)
and GL-0817 (MAGE-A3) in HPV16 and MAGE-A3-posi-
tive RM—SCCHN patients, respectively.

Methods Three dose levels (500, 1,000, and 1,500 pg) of
GL-0810 or GL-0817 with adjuvants Montanide (1.2 ml)
and GM-CSF (100 pg/m2) were administered subcu-
taneously q2 weeks for a total of four vaccinations in
HPV16 and MAGE-A3-positive RM-SCCHN patients,
respectively.
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Results Nine and seven patients were enrolled in the
HPV16 and MAGE-A3 cohorts, respectively. No dose-lim-
iting toxicities were observed, and toxicity was predomi-
nantly local and grade 1 (erythema, pain, and itching at the
injection site). In those patients who received all four vacci-
nations, 80 % (4/5) of the HPV 16 cohort and 67 % (4/6) of
the MAGE-A3 cohort developed antigen-specific T cell and
antibody responses to the vaccine. Significant concordance
between T cell and antibody responses was observed for
both groups. No clear dose-response correlation was seen.
All patients progressed by RECIST at first repeat imag-
ing, except for one patient in the MAGE-A3 500 pg cohort
who had stable disease for 10.5 months. The median PFS
and OS for the MAGE-A3 cohorts were 79 and 183 days,
respectively, and for the HPV16 cohort 80 and 196 days,
respectively.
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Conclusions GL-0810 and GL-0817 were well tolerated
in patients with RM—SCCHN with T cell and antibody
responses observed in the majority of patients who received
all four vaccinations.

Keywords Squamous cell carcinoma of the head and
neck - Peptide - Vaccine - Immune response

Abbreviations

B7H1 B7 homolog 1

CNS Central nervous system
CR Complete response

CTCAE  Common toxicity criteria for adverse events

DLT Dose-limiting toxicity

ECOG Eastern Cooperative Oncology Group

ELISA Enzyme-linked immunosorbent assay

ELISPOT Enzyme-linked immunospot

GM-CSF  Granulocyte macrophage colony stimulating
factor

HIV Human immunodeficiency virus

HLA Human leukocyte antigen

HPV16 Human papillomavirus 16

IFN-y Interferon gamma

IL-10 Interleukin 10

MAGE Melanoma antigen E

MDSC Myeloid derived suppressor cells

ml Milliliter

m2 Meter squared

MTD Maximum tolerated dose

NSCLC Non-small cell lung cancer

(0N} Overall survival

PD Progressive disease

PD-1 Programmed death 1

PD-L1 Programmed death-ligand 1

PET/CT  Positron emission tomography—computed
tomography

PGE2 Prostaglandin E2

PR Partial response

RECIST  Response evaluation criteria in solid tumors

R/M Recurrent/metastatic

SCCHN  Squamous cell carcinoma of the head and neck

SD Stable disease

TAP Transporter associated with antigen processing

TGF-8 Transforming growth factor beta

Tregs Regulatory T cells

UMGCC  University of Maryland Greenebaum Cancer
Center

ng Microgram

Introduction

Squamous cell carcinoma of the head and neck (SCCHN)
is the sixth most common malignancy worldwide [1].
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Despite aggressive initial definitive therapy, select groups
of patients with SCCHN are at high risk of the development
of second primary tumors, and a significant proportion of
patients will recur, commonly within the first 2 years [2].
Unfortunately, a significant proportion of these patients
will not have a salvage surgical or radiation option, and the
median survival for locoregionally recurrent or metastatic
disease treated with palliative chemotherapy alone is a dis-
mal 8-10 months [3]. New therapeutic modalities are des-
perately needed for this patient population.

In an effort to improve outcomes for recurrent/meta-
static SCCHN patients, we developed two separate peptide
immunomodulatory vaccines using HLA-I and HLA-II T
cell epitopes of the human papillomavirus type 16 (HPV16)
and melanoma antigen E (MAGE)-A3 tumor-associated
antigens. The human papillomavirus (HPV) now has an
established role in the etiology of squamous cell carci-
noma of the oropharynx [4]. HPV16 was chosen because it
accounts for the majority of cases (68—87 %) of HPV-pos-
itive head and neck cancer worldwide [5, 6] Additionally,
tumor specificity and the presence of well-defined peptide
epitopes make it an ideal target [7-9].

Melanoma antigen E (MAGE-A3) is a cancer—testis anti-
gen. Cancer—testis antigens are expressed by human tumors
of different histological types and have limited expression
in normal parenchyma [10]. For example, MAGE-A3 was
originally discovered in melanomas and has subsequently
been identified in various epithelial cell malignancies
including head and neck cancer where it has been found
in upward of 51 % of cases [10, 11]. Importantly, MAGE-
A3 expression may be associated with a more aggressive
course, as several studies suggest that MAGE-A3 may be
a negative prognostic indicator in hematologic malignan-
cies [12, 13]. Additionally, expression has been associated
with more advanced stage in squamous cell carcinoma of
the larynx [11]. Therefore, MAGE-A3 was chosen based
on its tumor specificity, high percent expression, and the
existence of previously defined HLA-I and HLA-II immu-
nostimulatory epitopes [14, 15].

In order to improve the efficacy of these vaccines, we
incorporated several unique features into their design. First,
we included a “penetrin” sequence derived from HIV-TAT
(RKKRRQRRR) which facilitates peptide translocation
through the cell membrane directly to the endoplasmic
reticulum and golgi apparatus to form peptide-HLA com-
plexes [16]. Additionally, the junction of multiple HLA-I
and HLA-II peptide epitopes via furin-cleavable linkers
allows the release of individual epitopes when cleaved
in the Golgi [17, 18]. Furthermore, the inclusion of both
HLA-I and HLA-II epitopes facilitates both cytotoxic T
cell activation and stimulation of the CD4 T helper cell
response, important for development of tumor-specific
memory T cell and humoral immunity [19-22]. Finally, the
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combination of Montanide ISA 51 and granulocyte mac-
rophage colony stimulating factor (GM-CSF) is postulated
to enhance antigen presentation and promote dendritic cell
migration to the site of vaccination [23].

Based on promising preclinical data with these immu-
nomodulatory peptide vaccines [17], we initiated a pilot
study in five patients with recurrent or metastatic SCCHN
(RM-SCCHN). This pilot study demonstrated that these
immunomodulatory peptide vaccines in combination with
GM-CSF and Montanide adjuvant were well tolerated and
able to stimulate antigen-specific cellular and humoral
immunity. Although there were no documented responses,
one patient was still alive 31 months post therapy [18]. In
order to evaluate the safety of these vaccines in a larger
patient cohort and investigate how peptide dose correlates
with development of antigen-specific immunity, we per-
formed the current phase I dose escalation trial. Our data
from this study reaffirm the feasibility and safety of this
vaccine-based approach and document a striking correla-
tion between the development of antigen-specific T cell
and humoral immunity which will facilitate monitoring of
subsequent pivotal studies. Furthermore, the lack of clini-
cal efficacy in the face of a clear immunological response
suggests that these vaccines may be most clinically relevant
in resected SCCHN patients at high risk of disease recur-
rence and/or in combination with manipulation of specific
co-signaling pathways.

Materials and methods

We conducted a single center phase I dose escalation study
at the University of Maryland Greenebaum Cancer Center
(UMGCQC) to evaluate the effect and safety of three dose
levels (500, 1,000, and 1,500 pg) of HPV16 (GL-0810) or
MAGE-A3 (GL-0817) immunomodulatory peptide vaccine
in combination with adjuvant Montanide and GM-CSF in
HPV16 or MAGE-A3 expressing RM-SCCHN patients,
respectively. The primary objectives of the study were to
establish safety and the adequate biologic dose for this vac-
cine defined by immune response (see below).

Patient selection

Eligibility criteria included age >18 years, PS 0-2, biopsy
proven progressive, recurrent (postsurgical, radiation ther-
apy, chemotherapy, and combination therapy) or metastatic
SCCHN which by the judgment of the treating physician
was incurable by standard treatment modalities, or the
patient was unwilling to be treated with surgery, chemother-
apy or radiation therapy. A patient’s tumor must have tested
positive for either MAGE-A3 or HPV16. Main exclusion
criteria included known HIV infection, patients with any

malignant disease to the CNS or in a location that would
put the patient at significant risk should an inflammatory
response occur, patients undergoing treatment with systemic
immunosuppressants and/or had an immunocompromising
condition, or other active cancer requiring therapy or history
of malignancy that was expected to effect life expectancy.
Patients could not be treated with other cancer therapy con-
current with vaccine and could not have received chemo-
therapy, immunotherapy, biologic therapy, or radiation ther-
apy within 4 weeks of the date of first vaccination.

Importantly, an HLA-A*02 genotype was not included
as an entry criteria for this trial. The decision to elimi-
nate HLA typing from the inclusion criteria was based on
the fact that observed immunologic responses in the pilot
study were predominantly directed against the HLA-II vac-
cine epitopes. Based on the knowledge that class II mol-
ecules have an open binding groove and, as such, have less
stringent requirements for recognition we anticipated that
patients bearing diverse HLA-II genotypes could respond
to the class II vaccine epitopes [18].

Study design

Patients meeting initial inclusion/exclusion criteria under-
went a biopsy of accessible tumor for determination of
HPV16 and MAGE-A3 status. Patients with HPV16-posi-
tive tumors were assigned to cohort 1 and were treated with
HPV16 immunomodulatory peptide vaccine GL-0810 plus
adjuvant, and those with MAGE-A3-positive tumors were
assigned to cohort 2 and treated with MAGE-A3 immu-
nomodulatory peptide vaccine GL-0817 plus adjuvant. If a
patient’s tumor was both MAGE-A3 and HPV 16 positive,
they were enrolled in the cohort with the fewest patients.
Both cohorts 1 and 2 ran independently of each other.
Three dose levels (500, 1,000, and 1,500 pg) of HPV16
or MAGE-A3 immunomodulatory vaccines were tested in
sequential groups of patients. Each peptide was admixed
with fixed doses of the adjuvants Montanide (1.2 ml) and
GM-CSF (100 pg/m?2) and given together as one injection.
A total of four vaccinations were administered subcutane-
ously in the inguinal region at 2-week intervals. Dose esca-
lation occurred in each cohort once three subjects from the
preceding dose level received at least two of the planned
four vaccinations, and no patient experienced a dose-lim-
iting toxicity (DLT). Doses were not escalated in any indi-
vidual patient. If two or more patients experienced a DLT
at a given dose level, accrual at that dose would be halted,
and the preceding dose level would be expanded to six
patients. Data were to be analyzed after at least three vac-
cinated patients had received a dose that was tolerated. The
dose that provided an adequate immunologic response was
to be expanded by nine patients for a total of 12 patients
at that particular dose. Therefore, the maximum number of
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subjects that could be enrolled in each of the two cohorts
was 24 (6 + 6 + 12).

An adequate biological dose was to be defined by a five-
fold increase in interferon (IFN)-y expression level in the
ELISPOT assay after the first 2 weeks of therapy. If an ade-
quate biological response was not generated in a majority
of patients at any dosage, then the dose at which the great-
est increase in IFN-y would be expanded.

Screening of patients took place within 30 days prior and
baseline evaluations within 7 days prior to the first vaccina-
tion. During the screening phase, patients underwent PET/
CT for baseline radiographic evaluation (up to 6 weeks
prior to the first vaccination) as well as tumor biopsy to
determine MAGE-A3 and HPV16 expression. After each
vaccination, the patient was observed for 4 h with vital
signs and evaluation of the injection site pre dose, immedi-
ately post injection, 0.5, 1, 2 and 4 h post dosage. Subjects
were evaluated at each vaccination visit, 2 and 6 weeks
after the fourth vaccination, and thereafter every 3 months
through month 24. At these visits, history and physical
examination, adverse event recording, ECOG performance
status, physical tumor measurements (if applicable) and
blood draws for immune response evaluations were taken.
A repeat PET/CT was done 6 weeks (£7 days) after the
fourth vaccination (3 months after first vaccination).

Patients who, prior to completing the allotted number of
peptide vaccinations, had disease progression, intolerable
toxicity, or refused further treatment, had treatment discon-
tinued and were followed until the end of the study.

Adverse events monitoring

Toxicity was defined as per the NCI Common Toxicity cri-
teria for adverse events (CTCAE) version 3.0. Dose-lim-
iting toxicity criteria are shown in supplemental Table 1.
Discontinuation of an individual patient from the study was
based on adverse events deemed related to the study medi-
cation as detailed in supplemental Table 2.

Disease monitoring

A maximum of three measurable lesions were identified
as target lesions in each patient and were measured and
recorded at baseline by physical examination and/or intra-
venous contrast enhanced PET/CT. Definition of complete
response (CR), partial response (PR), stable disease (SD),
or progressive disease (PD) was based on response evalua-
tion criteria in solid tumors (RECIST 1.1).

Laboratory methods

Descriptions of MAGE-A3 and HPV16 peptides, isola-
tion of peripheral blood mononuclear cells, MAGE-A3 and
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HPV16 analysis by PCR, Trojan-specific T cell response
monitoring, Interferon-y restimulation ELISPOT assay,
MAGE-Trojan and HPV16-Trojan ELISA used in this
study are found in our previously published pilot study
[18]. Importantly, all ELISPOT assay results reported
in this study included in vitro stimulation, to enhance
response detection.

Statistical analysis

This phase I study was designed to evaluate the safety of
the vaccines and establish an adequate biological dose of the
HPV16 and MAGE-A3 peptide immunomodulatory vac-
cines. Based on the results of the pilot study [18], we did not
anticipate serious toxicity, and therefore a true MTD was
not anticipated, but an adequate biologic dose was sought.
Descriptive statistics were utilized to describe the incidence
of adverse effects as defined by CTCAE version 3.0.

A biological (immunological) response was defined as
a binary (positive vs. negative) response measured in each
patient after treatment with either HPV16 or MAGE-A3
immunomodulatory peptide vaccine. Positive response was
defined as an at least fivefold increase in interferon (IFN)-y
expression level in the ELISPOT assay after the first
2 weeks of therapy. An adequate dose was defined as a dose
that provided a high response rate. The goal of the design
was to find a biologically ‘adequate’ dose, while using a
very small number of patients, because optimal biological
dose may not exist or require a large number of patients.

Additional endpoints included progression-free sur-
vival (PFS), response and overall survival (OS). PFS and
OS functions were estimated using the Kaplan—Meier
approach. PFS time was defined as the time from first treat-
ment to documentation of progression or death. If a patient
died without a progression documented, the patient would
be considered to have progressed on their death date. OS
time was defined as the time from first treatment until death
or censored at the last date of patient contact. Response
evaluations including CR, PR, SD, and PD were defined as
detailed above.

The exact McNemar test at the 0.05 level of signifi-
cance was used to assess whether there was a concordance
between T cell and antibody responses for patients treated
with the HPV16 and MAGE-A3 vaccines. Statistical analy-
sis was conducting using R (v.3.0.2).

Results
Patient demographics

Between 2008 and 2012, 56 patients were screened
for enrollment on the clinical trial. Forty-four patients
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iAssessed for Eligibility and Signed Consent = 56

Excluded = 12

y

A

-Did not meet full entry criteria =1
-Patients decision to withdraw = 11

Underwent Biopsy = 44

Excluded = 21

/

T

-Biopsy not able to be evaluated=1
-HPV and MAGE negative = 20

HPV 16 positive = 12

|MAGE and

HPV positive = 2 | [ mac

E positive=9

A

A

Excluded =6

Patient decided to not start trial = 2
Change in status and no longer eligible =3
No slot available = 1

—_—

Total Enrolled = 17

/\

HPV arm =10
-HPV positive =9
-HPV and MAGE positive =1

1 patient was found to not meet
entry criteria after first vaccine
and removed from trial

HPV arm evaluable for end points=9

Fig. 1 Consort diagram

underwent biopsy for evaluation and nine patients tested
positive for MAGE-A3, 12 for HPV 16, and two were posi-
tive for both HPV16 and MAGE-A3. A total of 17 patients
were enrolled on the protocol. One patient was subse-
quently discovered to be ineligible and was taken off of the
study. Therefore, there were 16 evaluable patients including
nine patients in the HPV16 cohort and seven patients in the
MAGE-A3 cohort (Fig. 1). The study was closed prema-
turely on 7/11/13 due to poor accrual. All patients enrolled
had completed treatment by this time, and one patient
remained in survival follow-up.

Baseline patient characteristics are shown for the HPV 16
and MAGE-A3-positive cohorts in Tables 1 and 2, respec-
tively. The median age of the entire study population was
60, and all patients were male and predominantly white. In
the HPV16 cohort, 89 % of patients had an oropharyngeal
primary, whereas in the MAGE-A3 cohort, the primary site
varied between oropharynx, hypopharynx, and larynx. The
HPV16 cohort contained younger patients with disease that
was predominantly metastatic, whereas MAGE-A3-posi-
tive patients had predominantly locoregional recurrence.
HPV16-positive patients were more heavily pretreated with
palliative chemotherapy compared to the MAGE-A3-posi-
tive patients.

MAGE arm=7
- MAGE positive =6
- MAGE and HPV positive =1

MAGE arm evaluable for endpoints =7

Feasibility and toxicity

In the HPV16 cohort, three patients were vaccinated at
each dose level (500, 1,000, and 1,500 pg). In the MAGE-
A3 cohort, three patients were vaccinated at the 500 and
1,000 pg dose levels, while only one patient was treated at
the 1,500 pg dose level. Eleven out of the 16 treated patients
received all four vaccinations. In the HPV16 cohort, five
out of nine patients completed all four vaccinations, and
in the MAGE-A3 cohort, six out of seven patients received
all four vaccines. Five patients progressed during vaccine
therapy and therefore did not receive all four vaccinations.

Toxicity data are shown in Tables 3 and 4 for HPV16
and MAGE-A3 cohorts, respectively. Overall, the vaccine
was well tolerated with predominantly local grade 1 tox-
icity including erythema, pain, and itching at the injection
site. The patient receiving the MAGE-A3 vaccine at the
highest dosage did experience grade 1 systemic symptoms
including headache, nausea and chills. One patient receiv-
ing the MAGE-A3 vaccine at 500 pg, developed a pharyn-
gocutaneous fistula 7 days after his first vaccination. This
was treated conservatively and he received all remaining
doses. No patients discontinued treatment early because of
toxicity.
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Table 1 Baseline characteristics of patients in HPVI16-positive
cohort

Table 2 Baseline characteristics of patients in MAGE-A3-positive
cohort

Characteristic Value Characteristic Value
Total number of patients 9 Total number of patients 7

Age, years median (range) 53 (43-68) Age, years median (range) 63 (48-71)
Gender Gender

Male 9 Male 7
Female 0 Female

Race Race

Black 1(11 %) Black 2 (29 %)
White 8 (89 %) White 571 %)
Other 0 Other 0
Performance status Performance status

Median Median

Range 0-1 Range 0-1
Primary site Primary site

Oral 0 Oral 0
Oropharynx 8 (89 %) Oropharynx 2 (29 %)
Hypopharynx 0 Hypopharynx 3 (42 %)
Larynx 1(11 %) Larynx 2 (29 %)
Nasopharynx 0 Nasopharynx 0
Nasal/paranasal 0 Nasal/Paranasal 0
Disease at enrollment Disease at enrollment

Locoregional recurrence only 2 (22 %) Locoregional recurrence only 5 (71 %)
Metastatic disease 7 (78 %) Metastatic disease 2 (29 %)
Sites of metastatic disease Sites of metastatic disease

Lung 5 Lung 2

Bone 2 Bone 0

Liver 1 Liver 0

Other 1 (retroperitoneum) Other 1 (axilla)
Number of prior chemotherapy regimens Number of prior chemotherapy regimens

0 2 (22 %) 0 4 (57 %)
1 3(33 %) 1 3 (43 %)
2 2 (22 %) 2 0

3+ 2 (22 %) 3+ 0

Immunologic outcomes

Interferon gamma (IFNy) ELISPOT and ELISA assays
were used to evaluate post vaccination peptide vaccine-spe-
cific T cell and antibody responses, respectively. ELISPOT
and ELISA results for individual responding patients at the
three vaccine dosages in the HPV16 cohort and MAGE-
A3 cohort are shown in Figs. 2 and 3, respectively, and a
summary of immunologic responses is shown in Table 5. In
the HPV16 cohort, all patients who had a T cell response
also had an antibody response, with 44 % (4/9) of patients
having both a T cell and antibody response to the Trojan
peptide vaccine. One patient (043) had a T cell response
and antibody to HPV 16 at baseline, which increased after
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the fourth vaccination. One patient (003) had an antibody
response, but not a T cell response, and four patients had no
detectable immunologic response to the vaccine. Amongst
patients who received all four vaccinations, 80 % (4/5) had
both T cell and antibody responses.

In the MAGE-A3 cohort, all patients who had a T cell
response also had an antibody response, with 57 % (4/7)
of patients having both a T cell and antibody response to
the peptide immunomodulatory vaccine. One patient (004)
did not have a T cell response, but had antibody to MAGE-
A3 at baseline. Two patients had no response to the peptide
antigens by either ELISPOT or ELISA. Amongst patients
who received all four vaccinations, 67 % (4/6) of patients
had both a T cell and antibody response.
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Tal?le 3 Tox.ic.ity data for Dosage level Number of patients Toxicity Grade 1* Grade 2* Grade 3* Grade 4*
patients receiving the HPV16
pepti.de immunomodulatory 500 pg 3 Induration at injection site 1
vaceine 1,000pg 3 Pruritus at injection site 3
Erythema at injection site 2
Edema at injection site 3
1,500 pg 3 Pruritus at injection site 3
Edema at injection site 1
* Number of events
Table 4 Toxicity .data Dosage level Number of patients Toxicity Grade 1* Grade 2* Grade 3* Grade 4*
for patients receiving
the MAGE-A3 peptide 500 pg 3 Pharyngocutaneous Fistula 1
immunomodulatory vaccine . .
Erythema at injection site 3
Pain at injection site 3
1,000 pg 3 Pruritus at injection site 1
Pain at injection site 1
Edema at injection site 1
1,500 pg 1 Headache 2
Nausea 2
Pruritus at injection site 2
Chills 2
Flu-like symptoms 3
* Number of events Joint pain !
For both groups, there was significant concordance  Discussion

between T cell and antibody responses (p < 0.001),
with T cell responses preceding antibody detection.
Antibody titers were sustained in responding patients
at the last time point of evaluation, with some patients
having rising titers even at 3 months after the first vac-
cination. Higher dosages of vaccine did not appear to
increase response rate but may lead to a more rapid T
cell response. Due to the lower accrual, we were unable
to determine the adequate biologic dosage based on our
preplanned analysis parameters; however, given that all
dosages were well tolerated, we anticipate that the high-
est dosage of 1,500 ug will be selected for further study
in both cohorts.

Clinical outcomes

There were no complete or partial responses by RECIST.
All patients progressed at first repeat imaging except for
one patient in the MAGE 500 pg cohort (patient 017) who
had stable disease. This patient withdrew consent but did
continue to follow-up at UMGCC, and his disease was sta-
ble for 10.5 months off any therapy before progressing. The
median PFS and OS for the MAGE-A3 cohort were 79 and
183 days, respectively, and for the HPV16 cohort 80 and
196 days, respectively.

This novel phase I dose escalation trial, evaluated the safety
and immune response at three different dose levels of
MAGE-A3 (GL-0817) or HPV16 (GL-0810) immunomod-
ulatory peptide vaccines with adjuvants Montanide and
GM-CSF in patients with locally recurrent or metastatic
MAGE-A3 or HPV16-positive SCCHN, respectively. The
vaccines were well tolerated, and no dose-limiting toxicity
was reached. In patients who received all four vaccinations,
80 % of HPV16 positive and 67 % of MAGE-A3-positive
patients developed both a T cell and antibody response. In
both groups, there was a significant correlation between T
cell response and subsequent antibody response. However,
these immune responses did not translate into any clinical
responses as measured by RECIST.

Consistent with our findings from our pilot study
[18], the preponderance of T cell responses were
directed against the whole Trojan vaccine or the class II
epitopes. The increased recognition of the whole Trojan
vaccine may reflect an intrinsic bias in our assay design,
necessitated by limited sample availability, in which
PBMC were initially stimulated by the whole Trojan
vaccine in vitro, with secondary stimulation using the
intrinsic Class I and II peptide epitopes. Alternatively,
it is possible that the increased responses to the whole
vaccine are a result of “neo epitopes” generated by
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artificial linking of multiple epitopes. Finally, since this
trial was conducted in patients with existing disease, if
peptide T cells trafficked to the tumor site, their actual
numbers could be artificially reduced in the peripheral
blood. Unfortunately, we were unable to distinguish
these possibilities in our study secondary to limited
sample availability.

There was a significant correlation between T cell and
antibody responses. As anticipated, in the majority of
responding patients, the T cell response preceded the anti-
body response. While some T cell responses began to wane,
most antibody responses continued to increase after the
last vaccination. Higher doses in both the MAGE-A3 and
HPV16 cohorts appeared to generate earlier, but not more
robust responses. Although lower than expected accrual
prevented statistical analysis to determine an adequate bio-
logic dosage, given that all dosages were well tolerated and
higher dosages may be associated with an earlier response,
we anticipate that the 1,500 pg dosage will be used in sub-
sequent trials.

Interestingly, two patients (one in HPV16 cohort and one
in MAGE-A3 cohort) had baseline antibodies against their
respective peptide vaccine. While antibodies to HPV16 E6
have been reported in up to 35 % of patients with squamous
cell carcinoma of the oropharynx, even upward of 10 years
before a diagnosis of cancer [24], baseline antibodies to
MAGE-A3 are rarely found [21, 25].

Despite a T cell and antibody response in the major-
ity of patients who completed all four vaccinations, we
observed no clinical responses in either cohort. One patient
in the MAGE-A3 500 pg cohort did have stable disease for
10.5 months. While appropriate endpoints for trials con-
tinue to be debated, despite the efficacy and recent approval
of Sipuleucel-T for the treatment of metastatic castrate
resistant prostate cancer, a pooled analysis of therapeu-
tic vaccine trials published since 2004, involving multiple
tumor types with a total of 973 patients, found an overall
response rate of 3.6 % and a response rate of 3.7 % in tri-
als that included only peptide vaccines [26]. Similar to our
findings, analysis of published therapeutic cancer vaccine
trials have shown that evidence of activation of the immune
system by laboratory correlates has not translated into clin-
ical responses [26].

To our knowledge, this trial as well as our previously
published pilot study [18] represent the first published
experience using therapeutic immunomodulatory peptide
vaccines to treat RM-SCCHN. However, MAGE-A3 and
HPV16 peptide vaccinations have been evaluated in the
treatment of other cancers. For example, vaccination with
MAGE-A3 peptide vaccines can stimulate cellular and
humoral immune responses in both melanoma and NSCLC.
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Fig. 2 ELISPOT and ELISA results from HPV16-positive patients p
who had a response to vaccine. ELISPOT Assay: Collection of periph-
eral blood mononuclear cells (PBMCs) occurred before and after
vaccination at time points shown in Figure 2. T cell reactivity meas-
urements were carried out against human papillomavirus (HPV16)—
Trojan- and individual Trojan-specific HLA class I (HPV-CTL) and
Class II (HPV-HTL) using interferon-y (IFN-y) ELISPOT assays.
Control values are shown without subtraction from experimental val-
ues. ELISPOT assays were performed with in vitro stimulation. Num-
ber of spots per 100,000 PBMCs is shown on the Y-axis. Antigen con-
centration was 10 pg/ml. Due to variation in response, some figures
contain different increments for the Y-axis. ELISA Assay: HPV16-
Trojan-specific immunoglobulin G (IgG) antibody response was eval-
uated before and after vaccination at time points shown in Figure 2.
Absorbance data on the Y-axis represent mean optical density (OD)
results from triplicate wells from three different plasma dilutions. a
HPV16 500 pg cohort. b HPV16 1,000 ug cohort. ¢ HPV16 1,500 pg
cohort. *Patient 003 did not have a T cell response

[27, 28] While in NSCLC, the use of this vaccine has only
been tested in the adjuvant setting [28], data evaluating the
clinical efficacy of a MAGE-A3 peptide vaccine against
active macroscopic disease exist in metastatic melanoma,
demonstrating some activity in cutaneous or lymph node
metastasis, but not visceral metastasis [25, 29, 30]. For
example, Marchand et al. analyzed clinical response in 33
patients with stage III or IV metastatic melanoma treated
with recombinant MAGE-A3 protein with immunologi-
cal adjuvant SBAS-2. There were two partial responses
and two mixed responses; however, there were no clinical
responses in any patients who had visceral metastasis [29].
Therapeutic vaccines targeted against HPV have shown
some clinical efficacy for precancerous lesions [31].
Potential reasons for lack of clinical efficacy in the face
of an active immune response must be understood in order
to effectively inform subsequent studies. Two of the major
impediments to clinical efficacy are immunologic tolerance
and patient selection. The causes of immunologic tolerance
in SCCHN are the result of both tumor expression of mol-
ecules which dampen the immune response and active cel-
lular suppression. For example, SCCHN cells can secrete
immunosuppressive cytokines such as TGF-B, IL-10, and
prostaglandin E2 (PGE2) [32, 33]. Additionally, tumor
expression of B7-H1 (PD-L1) which inhibits the activity of
PD-1 expressing CD4 and CD8 T cells, has been shown to
be expressed in 40-70 % of SCCHN patients with higher
expression in HPV-positive patients [34-36]. Furthermore,
in HPV-positive SCCHN, early viral oncogenes ES, E6 and
E7 can downregulate antigen processing and presentation
[37, 38]. E5 and E7 can decrease cell surface expression of
HLA-I, and E7 can downregulate expression of transporter
associated with antigen processing (TAP) [37, 38]. Impor-
tantly, direct down regulation of MAGE-A3 expression
may prove unlikely, as in melanoma patients treated in the
therapeutic trials discussed above, MAGE-A3 expression



Cancer Immunol Immunother (2015) 64:367-379 375

a ELISPOT ELISA
Patient 002 —o— 11100 Patient 002
s —=—1/1000
- E° 7 —a—1/5000
g oDay0 (g4
'; 83 £ V\\\o
| uDay ® 2, /
E abay 5| £ 4 [ e N
= 2 L - ——
e [hy w 3 0 T T T T
HPV-Tojan  HPVHIL HPV-CIL Confrol Day0 Day 29 Day 43 Day 57 3 months
Antigen Time
—o—1/100 .
e 11000 Patient 003
_ —a— 1/5000
E5
S
w4
83 =
2 /’/
s
a1
-
Day0 Day15 Day28 Day 43 Day57  3months
Time
b ELISPOT ELISA
Patient 039 —o— 1100 Patient 039
z —x—1/500
500 oDay 0 557 —a—1/1000
= 400 {4
3 aDy1s | 5 T
& 300 o3
: sDay 29 3 2 X,
S0 § ra X
E oDay 42 21 /AV
o aDay 57 20 | e : . )
0 < Day0 Day15 Day29 Day42 Day57 3 6 9
HPVTiojam  HPVHTL  HPVCTL  Coawol | M3months months months months
Antigen Time
c ELISPOT ELISA
Patient 043 —o—1/100 Patient 043
—s—1/1000
e 0bay 0 E°T ——s000
B 400 ahay 15 24
= -~
< X0 abay 20 83
— (-3
* 200 nDay £2 e2
e s | 3 —
wsmortns| B0l e
HATojan  HPVHTL HPVCTL Coulrol Day0 Day15 Day29 Day42 Day57 3 months
Antigen Time
Patient 049 —o—1/100 Patient 049
o —x— 1500
E59 ...m-. 171000
(=3
DDay0 g4
83
@Dayts|
g2
BDy29| 2,
S 4\_—4-"_'--'_-'—4’
—= .| eDays7| 2o . . . e
HPVTope  HPVHTL  HPVCTL Control Day0 Day15 Day29 Day57
Antigen Time

@ Springer



376

Cancer Immunol Immunother (2015) 64:367-379

a ELISPOT ELISA
Patient 017 —a—1/25 Patient 017
—o—1/50
900 - €5
2 % aDay 0 § ——1/100
= 500 oDayd | 4
T 6o aDay2s | © 3
= ez | £2 5
a@ 42 ©
s — (e | g, Z
o T T T — "7 | gDay 54 2 R N
MAGE- MAGEHIL MAGE  MAGE-  Conlrol 2o O T " 7 .
Trojan c11 Cn2 a3 monkhs Day0 Day 14 Day28 Day 42 Day54  3months
Antigen Time
—a— 1125 Patient 004
—_ —o— 1/50
§ ®1 100
24
83
@
22 &
£4 ©
©
20 .
-4
Day0
Time
b ELISPOT ELISA
Patient 035 —&—1/25 Patient 035
—o—1/50
.5‘;' DDay 0 £57 ——100
o 24
; BhDay B g s /‘
a
‘E 0 Day 29 2, 4
E 20 4 2 Day 42 8 ; /
0 - . T T T | BDay 57 2 o ——
MAGE- MACE- MAGE- MAGE Calol | .. 20 T T T T T
Trosan HIL cn1 cnz Day0 Day 15 Day29 Day42 Day57 3 months
Antigen Time
Patient 034 —— 1125 Patient 034
—o—1/50
.0, BDay15 | £ 57 1100
® 600 V 24
& 500 1 BDay2 | =
S 400 93
& 300
Pl GDayd2 | § 2 3
% 00 1 g 1 ”////
0 I ; : . , | m3manths| § M
MAGE MAGEHTL MAGE  MAGE-  Conial 20 e T T T
Trojan cn1  cnz Day 15 Day29 Day 42 3months
Antigen Time
c ELISPOT ELISA
Patient 047 —o—1/100 Patient 047
—a—1/500
» 1200 DDay0 | E Sy 11000
§ oo o g4
® 800 Y @Day 15 A W‘f———O
S / Q3
~ 600 SDay 29 o /-
g W 7 Day 42 g2
/ ]
E Zn'; A E 1 / M
T T T T | BDay 57 s T
MAGE- MAGE- MAGE MAGE- Conirol 3 20 T T T T T
Tro@an HIL CIL1 Cn2 - Dayo0 Day 15 Day29 Day 42 Day 57 3 months
Antigen Time

@ Springer



Cancer Immunol Immunother (2015) 64:367-379

377

«Fig. 3 ELISPOT and ELISA results from MAGE-A3-positive
patients who had a response to vaccine. ELISPOT Assay: Collection
of peripheral blood mononuclear cells (PBMCs) occurred before and
after vaccination at time points shown in Figure 3. T cell reactivity
measurements were carried out against MAGE-A3—Trojan- and
individual Trojan-specific HLA class I (MAGE-CTL) and Class 11
(MAGE-HTL) using interferon-y (IFN-y) ELISPOT assays. Con-
trol values are shown without subtraction from experimental values.
ELISPOT assays were performed with in vitro stimulation. Number
of spots per 100,000 PBMCs is shown on the Y-axis. Antigen con-
centration was 10 pg/ml. Due to variation in response, some figures
contain different increments for the Y-axis. ELISA Assay: MAGE-
A3-Trojan-specific immunoglobulin G (IgG) antibody response was
evaluated before and after vaccination at time points shown in Fig-
ure 3. Absorbance data on the Y-axis represent mean optical density
(OD) results from triplicate wells from three different plasma dilu-
tions. a MAGE-A3 500 pg cohort. b MAGE-A3 1,000 pg cohort.
¢ MAGE-A3 1,500 pg cohort. *Patient 004 did not have a T cell
response

was still present in the combined 25 patients who under-
went subsequent resection of cutaneous metastasis [23, 29].

Vaccine induced antitumor immunity also competes
with and may actually augment regulatory immune
responses. For example, regulatory T cells (Tregs), which
suppress effector T cells and mediate peripheral tolerance
are increased in the blood and tumor microenvironment in
SCCHN patients [39, 40]. Myeloid derived suppressor cells
(MDSC), which also have been found to be increased in the
SCCHN tumor microenvironment, are known to suppress
the immune response through secretion of IL-10, increas-
ing Tregs and decreasing T cell activation and migration
[32, 41]. Our understanding of the role that each of these
elements plays, alone and collectively in the regulation of
antitumor vaccine-based immune responses, is hindered
by the lack of post treatment tissue analysis, as findings in
peripheral blood may not correlate with responses in the
tumor microenvironment.

The second factor that likely contributes to the lack
of observed efficacy was the patient cohort selected for

Table 5 Summary of T Cell and antibody response to vaccines

study. The majority of the studied patient population had
progressed through multiple lines of therapy and rep-
resents a population where advancement of disease is
typically rapid. For example, progression-free survival
with second-line chemotherapy in recurrent/metastatic
SCCHN is 1-3 months [42, 43]. In this heavily pretreated
population, the immune response to vaccination did not
develop until weeks, and in some cases, months after the
start of vaccine therapy—mitigating its potential efficacy
in the face of actively progressing disease. For exam-
ple, five patients (four in HPV 16 and one in MAGE-A3
cohort) progressed before they could even receive all four
vaccinations.

The potential means to surmount these hurdles
include combining the peptide-based vaccine with other
immunotherapy agents known to inhibit death of antitu-
mor effector T cells e.g., anti-B7-H1 or to mitigate the
effects of cellular suppression e.g., Cytoxan [44, 45].
In addition, the delay between vaccination and develop-
ment of the immune response suggests that the efficacy/
utility of this regimen may best be determined in the
adjuvant setting.

In conclusion, peptide immunomodulatory vaccines
against HPV16 (GL-0810) and MAGE-A3 (GL-0817) in
recurrent/metastatic SCCHN are well tolerated and stimu-
lated potentially meaningful T cell and antibody responses
in the majority of patients who completed all four vaccina-
tions. In responding patients, T cell responses significantly
correlated with antibody responses in both the HPV16
and MAGE-A3 cohorts—a finding with important bio-
logic implications, which may also simplify monitoring of
subsequent studies. While clinical efficacy was lacking in
this refractory patient population, protocol development is
underway to evaluate the efficacy of the MAGE-A3 immu-
nomodulatory peptide vaccine in the adjuvant setting after
definitive therapy in high-risk squamous cell carcinoma of
the oral cavity.

Cohort T cell and antibody response* T cell and antibody response in patients who received all four vaccinations
All patients 50 % (8/16) 73 % (8/11)

MAGE-A3 57 % (417) 67 % (4/6)

HPV16 44 % (4/9) 80 % (4/5)

* All patients who had a T cell response also had an antibody response. One patient in the HPV16 500 g cohort had an antibody response, but
not a T cell response
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