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Abstract

Background: Heat shock proteins (hsp) are intracellular chaperones that possess extracellular
immunostimulatory properties when complexed with antigens. A recombinant Hsp110-gp100
chaperone complex vaccine showed antitumor response and prolonged survival in murine
melanoma. A Phase Ib dose escalation study of a recombinant human Hsp110-gp100 vaccine
in advanced stage melanoma patients was performed to evaluate toxicity, immunostimulatory
potential, and clinical response.

Methods: Patients with pretreated, unresectable Stage 111B/C/IV melanoma received the
chaperone complex vaccine in a dose escalation protocol; 3 vaccinations over a 43-day period.
Tumor response, clinical toxicity, and immune response were measured.

Results: Ten patients (8 female, median age 70) were enrolled and 2 patients had grade 1
adverse events (AE); minor skin rash, hyperhidrosis, and fever (no grade 2 or higher AE). Median
progression free survival was longer for lower vaccine doses as compared to the maximum dose
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of 180 mcg (4.5 vs 2.9 months, p=0.018). The lowest dose patients (30 and 60 mcg) had clinical
tumor responses (1 partial response, 1 stable disease). CD8+ T cell IFN-y responses to gp100
were greater in the clinically responding patients. A pattern of of B cell responses to vaccination
was not observed. Regulatory T cell populations and co-stimulatory molecules including CTLA-4
and PD-1 appeared to differ in responders versus non-responders.

Conclusions: A fully recombinant human Hsp110-gp100 chaperone complex vaccine had
minimal toxicity, measurable tumor responses at lower doses, and produced peripheral CD8+
T-cell activation in patients with advanced, pretreated melanoma. Combination with currently
available immunotherapies may augment clinical responses.
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INTRODUCTION

Cutaneous melanoma is the most aggressive and a potentially lethal form of skin cancer[1].
It is estimated there will be over 100,000 new cases of melanoma in the United States in
2021 and the overall incidence continues to increase[2]. In the presence of nodal metastases,
5 year overall survival is approximately 65% and decreases to 25% in the presence of distant
metastatic disease[3, 4]. Previous treatments for metastatic melanoma offered minimal
clinical benefit with significant toxicity. However, with the advent of immunotherapy and
targeted molecular treatments for melanoma, significant improvements in prognosis have
been achieved over the past decade[1, 2, 5, 6]. As an early attempt at immune stimulation,
melanoma antigen targeted vaccines offered initial therapeutic promise, but eventually
yielded mixed results[6-9]. With a better understanding of the complex interactions between
the human immune system and tumor biology, cancer vaccines may still offer potential as a
component of immunotherapy.

Heat shock proteins (hsp) act as essential intracellular chaperones in numerous functions
such as translocation of polypeptides, assembly and disassembly of protein complexes,

and refolding of misfolded proteins[10-13]. They are constitutively present under normal
conditions, but can also be induced by various cellular stresses such as heat, oxidative stress,
and toxins[12, 13]. Presumably as a result of their function in polypeptide transport and
processing, tumor derived hsp have been shown to carry tumor-specific antigenic peptides
and induce tumor-specific immune response[14, 15]. Extensive studies have demonstrated
that the immunostimulatory properties of hsp can be attributed to their capability to
preferentially interact with receptors on specialized antigen-presenting cells (APCs) leading
to efficient antigen uptake, antigen cross-presentation, activation of dendritic cells, and
priming of T cells [11, 13, 16-23].

Autologous tumor-derived hsp have shown increased immunological activation and tumor
response in multiple clinical studies.[24-26] Indeed, a phase 11 trial of an autologous hsp
vaccine even demonstrated a survival benefit in melanoma patients with Stage IV disease
confined to the skin or lungs [27]. Despite these promising results, autologous hsp vaccines
carry limitations in clinical use such as requiring a patient specimen, complex procedures of
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vaccine preparation, and lack of antigenic information for immune monitoring. As such, we
instead sought to develop and study a fully recombinant chaperone vaccine by reconstituting
Hsp-antigen complexes using the exceptional protein-holding capacity of a large hsp such
as Hsp110[11, 28, 29]. While tumor-associated antigen gp100 is highly expressed in over
80% of human melanomas, hsp recombinant vaccines with gp100 had previously never been
explored in patients[11, 30, 31]. Preclinical work at our institution using a Hsp110-gp100
recombinant vaccine demonstrated antitumor activity, increased immunostimulation, and
prolonged survival in mice bearing B16 melanoma tumors.[11] In light of these promising
preclinical results, we performed a Phase 1b dose escalation clinical trial of a recombinant
human Hsp110-gp100 vaccine in advanced stage melanoma patients to evaluate toxicity,
immunostimulatory potential, and clinical response.

Clinical Trial Design

The study was conducted at Roswell Park Comprehensive Cancer Center (RPCCC) after
review and approval by the Institutional Review Board. Written, informed consent was
obtained from all study participants. Healthy men and non-pregnant women, 18 years of
age and above were recruited to enroll in this prospective, single center, Phase Ib clinical
vaccine trial (Clinical Trials Registration: NCT01744171). Enrollment of patients took place
between March 2013 and January 2018. Patients with Stage 11IB/C/IV melanoma who were
either ineligible for or had failed at least one standard of care regional therapy or one
non-vaccine based systemic therapy were eligible for enrollment. Patients were required to
have measurable disease by RECIST criteria, a good performance status (ECOG 0-2), and
a life expectancy greater than 6 months. A full outline of inclusion and exclusion criteria is
displayed in Supplemental Tables 1 and 2, respectively.

Vaccine Administration, Monitoring, and Outcomes

Through successive NCI RAID (Rapid Access to Intervention Development) grants
(#736285: “Development and Clinical Implementation of a Novel Recombinant Human
Hsp110 gp100/ Hsp110-TRP2 Chaperone Complex Polyvalent Melanoma Vaccine” and
“Large Scale GMP Production of a Novel Recombinant Human Hsp110 gp100 Chaperone
Complex Melanoma Vaccine for Clinical Phase | Assessment.”), the novel human
recombinant Hsp110-gp100 chaperone complex melanoma vaccine was successfully GMP
mass produced for evaluation in a human Phase | clinical trial. Prior to initiation, the vaccine
was approved by the FDA for human clinical trial use (IND 15293). The vaccine was
administered on days 1, 15, and 43 following enrollment and was injected intradermally,
alternating on the right/left trunk adjacent to nodal basins. The dose for an individual patient
was the same for all three vaccinations. The vaccine dose for the first patient was 30 mcg;
subsequent patients were enrolled in a dose escalation protocol until the last six patients
enrolled each received the planned maximum dose of 180 mcg. Computed topography of
the chest, abdomen, and pelvis was performed at days 0, 90, and 180 for target lesion
surveillance and response was measured as per RECIST criteria. Clinical visits for toxicity
assessments and blood draws were performed at days 0, 13, 29, 41, 57, 90, and 180. The
primary outcomes of the study were toxicity and maximum tolerated dosage with secondary
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outcomes of disease progression, survival, and immunologic response also examined.
Classification and reporting of adverse events were based on Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0 provided by the NCI.

PBMC Isolation and Cryopreservation

Peripheral blood mononuclear cells (PBMC) were isolated from peripheral blood of
melanoma patients by a density gradient centrifugation method using lymphocyte separation
media (Corning). PBMC were cryopreserved in CTL-Cryo ABC serum-free freezing media
and stored in liquid nitrogen until use.

ELISPOT Assay

ELISA

Cryopreserved PBMC were thawed in pre-warmed X-VIVO-15 media (Lonza) and the

cell number was counted using automated cell counter (Bio-Rad). PBMC (1 x 10 cells)
were cultured with 1 ug/ml of gp100 overlapping peptide pool (JPT) in RPMI 1640

media supplemented with 10% human AB serum (Gemini Bio-Products, Inc), L-glutamine,
penicillin, streptomycin, and 1% nonessential amino acids (complete media) containing
human recombinant IL-2 (10 U/ml; Roche) and IL-7 (10 ng/ml; R&D Systems) into
96-well round-bottom microplates for 13-14 days. The cells were expanded every 3—4

days with complete media containing IL-2 and IL-7. 96-well filter plates (MAHAS4510;
Millipore) were coated with IFN-y mAb (1-D1K; MABTECH) and incubated overnight

at 4°C. After the plates were blocked with complete media, cultured PBMC (5 x 10%)

were resuspended in X-VIVO-15 media and added to each well in the presence or absence
of 1 ug/ml of gp100 overlapping peptide pool, and then incubated for 20-22 h in 5%

CO;, incubator at 379C. IFN-y production was developed by substrate (5-bromo-4-chloro-3-
indolyl phosphate/nitroblue tetrazolium; Sigma) following incubation with IFN-y mAb (7-
B6-1-biotin; MABTECH) and streptavidin-alkaline phosphatase (MABTECH). Dark-violet
spots on the plate membranes were counted by an automated ELISPOT plate reader (CTL).
A response was considered positive when spot numbers in triplicate assays stimulated with
gp100 peptide were twice higher than the number of spots without peptide and significantly
exceeded the cutoff value (cutoff = mean £ 3 SD).

Wells were coated in recombinant gp100 in PBS overnight. Each serum was then diluted
1:50 and plated for 1:4 serial dilution in reaction buffer (R&D Systems). The plate was

then incubated for 1 hour. After 3 washes with reaction buffer, the plates were blocked

with reaction buffer with 1% BSA for 1 hour. After 3 washes, biotinylated goat ant-human
IgG+IgM (Jackson ImmunoResearch) was added to each well for 1 hour. After 3 washes,
the enzyme reaction was performed by adding Reagent A mixed with Reagent B (R&D
systems). The reaction proceeded for 30 minutes at room temperature. Then 0.16M sulfuric
acid was added to each well and incubated for 20 minutes. The plates were screened directly
using a Hybrid Reader, Synergy H1 (BioTek) at 450 nm with a 570 nm offset. The antibody
titer for each serum was defined as the last dilution of serum which gave an absorbance ratio
(AR) of 2. The AR was calculated by dividing the OD figure for antibody-positive serum by
the OD figure for the antibody-negative serum.
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Flow Cytometry

Analytic flow cytometry was performed on FACSCanto Il (BD Biosciences) with analysis
by FlowJo software (TreeStar). All cells were gated by lymphocytes and live cells

by exclusion of cells stained with propidium iodide (PI). Cells were sorted through
CD3+CD4+CD8- and CD3+CD4-CD8+ gates initially. For identification of regulatory T
cells, gates for CD3, CD4, CD25, CD127, and FoxP3 markers were used. Cells were then
put through further gates for PD-1, CTLA-4, Lag 3, and Tim-3 and then quantified.

Statistical Analysis

RESULTS

Progression Free Survival (PFS) was calculated from the time of enroliment on study until
the time of disease progression by RECIST criteria or death. Patients alive at last follow

up were censored, regardless of disease status. PFS was calculated using Kaplan Meier
(KM) methods and curves and the log-rank test was performed. P-values less than 0.05
were considered statistically significant. For ELISPOT, ELISA, and flow cytometry, group
comparisons were not performed due to the small number of responders (the study was
powered to address toxicity and not responses). All analyses were performed using SAS 9.3
(SAS Institute, Cary, NC).

Patient Characteristics and Dose Escalation

Ten patients were enrolled in the clinical trial. Patient, treatment, and toxicity data are
summarized in Table 1. Median age was 70 and the majority of patients were female. Stage
of disease at enrollment was 20% Stage 111C and 80% Stage IV disease. Seven patients

had undergone prior surgical treatment with curative intent and the majority of patients
(80%) had previously undergone radiation therapy to an involved lymph node basin. Ninety
percent of patients received some form of immunotherapy prior to entering the trial. A
detailed description of each patient’s clinical history and previous treatments, reflecting

the wide range of therapies that ultimately failed prior to entry into this trial, is detailed

in Supplemental Table 3. Dose escalation took place in the planned fashion with no dose
limiting toxicity; one patient each at 30 mcg, 60 mcg, 90 mcg, and 120 mcg, followed by six
patients at the maximum dose of 180 mcg. Toxicity was minimal with only grade 1 events
noted in 2 patients (Table 1).

Clinical Outcome

Median progression free survival of the entire cohort was 2.9 months and was found to be
longer in patients receiving lower vaccine doses as compared to the maximum dose of 180
mcg (4.5 vs 2.9 months, p=0.018, Figure 1). One patient receiving the 180-mcg dose died
at the 10-week time point from disease progression. There were no other patient deaths

in the cohort during the time of follow-up. The two patients at the lowest doses (30 and
60 mcg) exhibited clinical tumor responses (1 partial response, 1 stable disease); all other
patients exhibited target lesion growth at the first post-vaccination surveillance imaging.
A comparison of clinical outcomes from prior immunotherapies versus the vaccine were
examined and no associations were noted (Table 2).
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Immunologic Profiles of Peripheral Blood Samples

ELISPOT of T-cell samples at designated time points after vaccine inoculation were
examined for IFN-y production with exposure to gp100 versus exposure to a negative
control. The highest reactivity was noted in the two patients at the lowest doses who also
exhibited clinical tumor response (Figure 2A, B). These responders also had the highest
baseline T cell reactivity to gp100 prior to vaccination. Aggregate data across the remaining
cohort of non-responders showed increased IFN-y production with gp100 exposure, but
not to the degree of the responders (Figure 2C). Averaged results were compared between
responders vs. non-responders and demonstrated a pattern of higher baseline reactivity and
higher late time point reactivity in responders (Figure 2D). Patients receiving < 180 mcg
doses were also compared to those receiving 180 mcg and were noted to have increased
activity, but only at later time points (E).

To determine potential B cell responses to the vaccination, gp100-specific IgG antibody
was measured by ELISA in the serum of treated patients. Variable responses were noted
with no distinct pattern related to the clinical responders (Figure 3A). Similar to the T

cell responses, several patients had strong baseline levels of anti-gp100 antibody already
present prior to vaccination. Comparing the responders to non-responders, no clear pattern
of baseline antibody presence and generation of levels above baseline were noted (Figure
3B).

As there appeared to be an association with T cell responses to the vaccine, specific T
cell populations were analyzed by flow cytometry and compared between responders and
non-responders. There was an increased number of CD4+ T reg already present at higher
levels in responders and at the end of the vaccination period (Figure 4). No discernable
pattern was noted for MDSC as these tended to be a minor population of the overall
number of leukocytes in all patients. The expression of the negative co-stimulatory molecule
CTLA4 was uniformly high on all CD4+ T cells measured, but had decreased levels in
the CD8+ T cells of responders. Interestingly, the negative co-stimulatory molecule PD-1
appeared upregulated in CD4+ T cells of responders with mixed responses in the CD8+
T cells (Figure 4). No obvious differences or patterns of expression were noted with

the co-stimulatory molecules TIM3 or LAG3 in the T cell populations of responders or
non-responders (data not shown).

DISCUSSION

Heat shock proteins provide a natural link between the innate and adaptive immune
responses by combining properties of antigen carriage (chaperoning) with activation

of antigen-presenting cell.[32] Therefore, the relevance of hsp immune activation to

cancer may be profound and their potential contributions toward clinical outcomes
underappreciated. In colorectal cancer, Hsp110 overexpression has been shown to induce
sensitization to anticancer agents such as oxaliplatin and 5-fluorouracil, which are
routinely prescribed in the adjuvant setting[33]. Our early preclinical work showed that
genetic modification of poorly immunogenic murine cancers for Hsp110 overexpression
significantly enhanced tumor immunogenicity[32]. Clinical investigation to leverage Hsp70
in breast cancer and Gp96 in glioma and renal and ovarian cancers is ongoing[34].
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Recently, the broad and potent antigen-presenting ability of hsp have also been used for
development of prophylactic vaccines against infectious diseases including tuberculosis,
HSV, and meningitis[35-37]. The unique properties of hsp have demonstrated clinical
efficacy in mouse models of melanoma. The protein antigen carried by Hsp110 contains

a large reservoir of potential peptides for stimulating polyepitope-directed T cells, which
is also supported by our preclinical observation that the protective antitumor effect elicited
by a chaperone-protein antigen complex vaccine was more potent than that achieved by a
chaperone-peptide antigen complex vaccine [29].

There were felt to be several ideal features of a fully recombinant Hsp110 gp100 chaperone
complex melanoma vaccine approach: low toxicity, simple in vitro production, no need for
autologous tumor, no HLA restriction, no co-administration with an “adjuvant”, stimulation
of both the cellular and humoral arms of the immune system, and the use of a well-defined
tumor antigen which is maximally loaded within the vaccine. The synthetic production

of the recombinant chaperone complex also meant that the vaccine could be generated in
unlimited quantities with significant uniformity from batch to batch. To date, it has remained
stable at minus 70°C for over 5 years, allowing for the possibility of widespread distribution
and standardized multi-institutional use. Finally, a synthetic “building block” approach of
combining antigen with hsp could ultimately be used to produce a polyvalent vaccine

that could overcome “antigen loss” by a subset of tumor cells secondary to immunologic
selection pressure from a single antigen vaccine. While it should be ackowledged that

not all tumors and patients share the antigens within a given recombinant vaccine, the
numerous clinical advantages listed above still make it an appealing option when compared
to autologous derived hsp. In practice, our currently reported Phase Ib study showed that

a recombinant human Hsp110-gp100 chaperone complex melanoma vaccine had minimal
toxicity across a population of pretreated, advanced stage melanoma patients and produced
measurable tumor responses at lower doses, which also correlated with more robust immune
responses.

The melanoma patient population accrued to this study was extremely diverse in terms of
anatomic location of their primary melanoma, extent of prior therapies, and exposure to
contemporaneous systemic therapies. Despite having limited options outside of a clinical
trial, these heavily pre-treated patients universally tolerated the vaccine regimen with almost
no toxicity. As the vaccination was given as a simple intradermal injection at day 1 then
approximately 2 and 6 weeks later, there was broad acceptance by patients. Unlike current
intra-tumoral clinical trials, imaging or interventions to access tumors and burdensome
injection schedules were not necessary. In this study, 90% of patients also previously
received some form of immunotherapy with all of them having progressive disease at the
time of enrollment. Although there was no obvious correlation between response to the
vaccine and prior immune therapy responses, it was observed that the lowest doses of
vaccine appeared to have the best clinical responses and T cell immune activation. While
this would seem counterintuitive, there is preclinical data to support this finding. It has
been shown that administration of large doses of tumor-derived hsp does not elicit tumor
immunity in mice, suggesting that there may be dose restriction of immunogenicity of
tumor-derived hsp as a vaccine[38]. Unlike pharmacologic drugs, immune agents such as
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this vaccine may have an effective biological dose range that is not accurately determined by
standard dose escalation/toxicity protocols.

Analysis of the systemic immune changes to the vaccine favored T cell responses as gp100
antibody production did not appear to be induced, consistent with preclinical data[11, 35,
39]. Interestingly, there was some degree of existing immune reactivity towards gp100

as baseline samples had evidence of B and T cell response in most patients. These
differences did not appear to correspond to eventual vaccine responses. Specific to the T cell
responses, the gp100 antigen-specific production of IFN-y was notably higher in patients
who responded clinically to the vaccine. Interestingly, we noted that the T-cell reactivity

of peripheral samples to gp100 in these patients initially seemed to diminish from baseline
until 90 days from the first vaccine dose (Figure 2D). By only sampling T-cells peripherally,
we are not fully capturing the reaction within the tumor microenvironment (TME). As seen
with Tumor Infiltrating Lymphocytes (TIL) in many other melanoma studies, it is likely
that the most reactive immune cells become sequestered at the sites of disease and react
within the TME rather than peripherally.[5, 40] As such, it is possible that, in isolating the
T-cells from the peripheral blood of responders, we were only capturing their circulating
populations and not those that were the most responsive to gp100. As the tumors then
became more evasive of antigen recognition, these T-cells returned to the circulation and
were captured in our later peripheral blood samples. It is also possible that our peripheral
blood analysis did not capture all cell types within the TME that could be drivers of

the immune response. Future studies would likely benefit from sampling immune cells in
resected tumor specimens, if available. Finally, flow cytometric analyses indicated that the
clinically responding patients had an on-going immune response with increases in Treg and
PD-1 positive T cell populations. Lower levels of CTLA4 in the CD8+ T cells of responders
may indicate a pool of T cells that are either not fully activated and/or are less susceptible to
tumor-mediated immunosuppression.

There are several potential limitations to our study. The trial was originally designed to
primarily assess for adverse events and was performed in a very small cohort of patients,
limiting conclusions regarding response. Additionally, the effective dosing range of the
vaccine was not yet known, so the escalation schedule may have been suboptimal. Although
we did find a statistically significant difference in survival and measurable tumor response
between lower versus higher doses, more detailed analyses are statistically limited due to
the very small number of patients. Furthermore, while 90% of patients in this trial had
previously received some form of immunotherapy, this was done in a non-standardized
fashion in terms of timing or selection of therapy. It is possible that delayed immunologic
responses or a cumulative reaction from multiple therapies might have been responsible

for the observed vaccine responses. As most of the patients had progressive disease from
their prior immunotherapy treatments, the potential for a delayed response seems unlikely.
Lastly, immunologic data from peripheral blood draws were limited in some patients that
were non-responders past 90 days as they chose to leave the trial upon knowledge of disease
progression. Observations made from the peripheral blood may also not truly reflect the
processes happening in the tumor microenvironment or secondary nodal tissue.
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When the concept for this phase | fully recombinant human hsp melanoma vaccine

clinical trial was being developed, there were almost no effective therapies for advanced,
unresectable melanoma. Overall response rates to interleukin-2 (IL 2) approach 24% with

a 7-8% complete response rate[41]. However, treatment related toxicity is very high,
limiting its applicability to most patients with metastatic melanoma[42]. The currently
available treatments for stage IV melanoma, either anti-PD-1 therapy or BRAF/MEK
inhibitors, were just being evaluated in early stage clinical trials. Although these

treatments have now dramatically improved survival for advanced melanoma, many patients
will still be nonresponders. Only half of melanoma patients will be BRAF mutant,
excluding this targeted therapy treatment option. Anti-PD-1 therapies are expensive, require
intravenous administration, and can cause prolonged toxicities that might not resolve with
discontinuation of treatment as well as a very low, but not inconsequential treatment related
mortality. Consequently, there is still a clinical need for low cost, low toxicity immune-based
therapies for metastatic melanoma.

Although a Phase 2 study of the Hsp110-gp100 recombinant vaccine alone at a dose of
30-60 mcg in a larger cohort of patients could further define its therapeutic role, a more
interesting approach would be to assess its safety and efficacy specifically in combination
with other immune therapies. Based on our observation of increasing PD-1 expression

over time and its correlation with response, combining the Hsp110-gp100 vaccine with anti-
PD-1 immunotherapies may enhance the therapeutic potential. Additional options would
include the administration of the vaccine in the adjuvant setting, following surgery in
high-risk patients. A next-generation chaperone-based immune modulator with enhanced
immunostimulatory capacity could also be considered for vaccine development[43]. Finally,
preclinical murine data from our laboratory have shown that coadministration of multiple
hsp vaccines complexed with different antigens (ex. a recombinant Hsp110-gp100 vaccine
with a second recombinant Hsp110 vaccine utilizing antigen TRP2) inhibited tumor growth
more than either vaccine alone[29]. While this strategy has not yet been evaluated in
humans, further trials could be performed with a polyvalent Hsp110-melanoma antigen
chaperone complex vaccine.

Conclusions

In heavily pretreated patients with advanced melanoma, a recombinant human Hsp110-
gp100 chaperone complex vaccine had minimal toxicity and resulted in measurable tumor
responses at lower doses (with corresponding immune activation). Further study is warranted
in combination with currently available immunotherapies, development of multiantigen
melanoma vaccines, and the potential use of Hsp110 vaccine strategies for other cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis

Recombinant vaccines using heat shock proteins complexed with tumor antigens have
shown promising results in murine models. A Phase 1b study of a recombinant Hsp110-
gp100 vaccine in human melanoma was undertaken and demonstrated minimal toxicity,
measurable tumor response, and T cell activation.
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Figure 1 -

Lc?wer doses of the Hsp110-gp100 recombinant vaccine were associated with longer
progression free survival. Kaplan Meier methods comparing the survival of patients
receiving the maximum dose (180mg) of the recombinant vaccine to all others receiving
lower doses. Those receiving lower dosage showed increased PFS as measured by RECIST
criteria (p=0.018).
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T cell responses to gp100 were noted at higher levels in responders at baseline and following
vaccination. ELISPOT assays for IFN-y production show higher levels in the responders
(patient 1 [A] and patient 2 [B]) versus non-responders (C) (patients 3-10, data aggregated
in post-hoc analysis). When the groups were compared, patients with clinical responses
showed increased reactivity whereas non-responders showed only minor changes and were
mostly below the functional readout of the assay (D). Patients receiving < 180 mcg doses
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versus those receiving 180 mcg were also compared and demonstrated increased activity
only at later time points (E).
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Detection of gp100 specific IgG antibody was variable across patients in the study and
had no obvious pattern associated with vaccination. The antibody titers of all available
samples were recorded with a variable baseline presence of antibody responses noted

(A). Comparison of responders (Pt01 and Pt02) versus non-responders did not exhibit any
correlation to clinical outcomes or response to vaccination (B).
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Figure 4 —.

Fl?)W cytometry demonstrated higher levels of Treg and PD-1 expressing T cells in
responders (Pt01 and Pt02) as compared to non-responders. The majority of patients did

not have elevated MDSC populations and CTLA-4 expression was lower in CD8+ T cells of
responders as compared to non-responders.
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Patient, treatment, and toxicity data for the ten patients who received the recombinant human hsp110-gp100

chaperone complex melanoma vaccine.

19

patient A Gend st Prior Prior Priorl th Dose Toxicity Numfber Gge}de
atien ge ender age Surgery* Radiation riorimmunotherapy oo Event EvZnts EventT
PTOL 66 F Y, Yes No Yes 30 meg Eg&?ﬁgi@%"s 1 1
PT 02 79 M v Yes Yes Yes 60 mcg None 0 0
PT 03 74 F v Yes No No 90 mcg None 0 0
PT 04 81 F v No Yes Yes 120 mcg None 0 0
PT 05 72 F v Yes Yes Yes 180 mcg None 0 0
PT 06 36 F v Yes Yes Yes 180 mcg None 0 0
PTO7 46 F e Yes Yes Yes 180 mcg Hyg e 5+l 1
PT 08 85 F v No Yes Yes 180 mcg None 0 0
PT 09 48 M v No Yes Yes 180 mcg None 0 0
PT 10 60 F Iic Yes Yes Yes 180 mcg None 0 0

*
For therapeutic Intent

fNo grade 2 or higher adverse events occurred in the cohort
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A comparison of individual patient clinical outcomes from prior immunotherapies versus the recombinant
human hsp110-gp100 chaperone complex melanoma vaccine.

Patient  Response to Prior Immunotherapy  Vaccine Dose  Number of Vaccine Doses  Outcome of hsp110-gp100 Vaccine
PT 01 Progression 30 mcg 3 Partial Response
PT 02  Partial response and then progression 60 mcg 3 Stable Disease
PT 03 N/A 90 mcg 3 Progression
PT 04 Stable Disease, Progression 120 mcg 3 Progression
PT 05 Progression 180 meg 3 Progression
PT 06 Progression 180 mcg 3 Progression
PT 07 Mixed Response, Progression 180 mcg 3 Progression
PT 08 Progression 180 mcg 2 Progression
PT 09 Mixed Response, Progression 180 mcg 3 Progression
PT 10 Mixed Response, Progression 180 mcg 3 Progression
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