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ABSTRACT

Background: Patients with advanced melanoma have a poor
outcome. We hypothesize that combination immunotherapy
can synergistically activate host immunity to generate an
effective treatment for patients with high-risk, resected stage 3,
recurrent, refractory, or stage 4 melanoma.

Methods: We conducted a phase 2 clinical trial of HyperAcute
Melanoma (HAM) vaccine (NLG-12036, NewLink Genetics)
combined with pegylated interferon (Sylatron, Merck). Trial
design consisted of a 12-week regimen with the initial 4 weekly
treatments consisting of HAM alone (intradermally) followed by
8 additional treatments of HAM plus Sylatron (subcutaneously,
6 lg/kg). Trial endpoint outcomes include clinical response,
overall safety, and correlative findings for observed antitumor
effect.

Results: Our cohort consisted of 25 patients with a median age
of 60. Twenty-one patients completed the trial and 4 stopped
because of progressive disease (PD). According to the
Response Evaluation Criteria in Solid Tumors, of the 16 stage
4 patients, 2 had a complete response (CR), 1 had stable
disease, and 4 had no evidence of disease (NED) after
resection. For stage 2/3 patients, 3 of 9 remained NED, and the
1 stage 2C patient had slow PD with a single site resected and
is currently NED. The median overall survival time was 29
months, with 60% of the patients surviving for >1 year. Of the
25 patients, 12 (48%) are still alive. All evaluable patients
(21/21) seroconverted, developing autoimmune antibodies.
Four of 25 patients developed vitiligo, correlating with 2 CR
patients and 2 NED patients.

Conclusion: Combination immunotherapy with HAM plus
Sylatron shows clinical efficacy with tumor regression and
concomitant immune activation. Optimization of dosing
schedules and therapeutic efficacy should be further explored
to enhance the benefit of this promising immunotherapeutic
approach.

INTRODUCTION
In April 2010, the US Food and Drug Administra-

tion (FDA) approved the first active immunotherapy
for the treatment of cancer, Provenge (sipuleucel-T),
indicated for patients with metastatic, castrate-resis-
tant prostate cancer. Within 2 years, 2 more immu-
notherapeutic agents were approved for the treatment
of patients deemed to be at a high risk of systemic
recurrence: pegylated interferon (IFN) (Sylatron) for
patients with stage 3 melanoma and ipilimumab
(Yervoy) for stage 4 disease. In the present report,
we evaluate a novel combination immunotherapeutic
approach using the expression of a(1,3)galactosyl
epitopes (aGal) to induce tumor rejection (Hyper-
Acute Melanoma [HAM] vaccine) combined with the
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recently FDA-approved agent, pegylated IFN a-2b
(Sylatron).

The aGal epitopes are absent in human tissues,
but host immune responses against these epitopes
represent a potent mechanism of xenograft rejection.
Our immune system is continuously stimulated by
similar epitopes expressed by intestinal flora to
produce antibodies that recognize aGal epitopes.1,2

These antibodies, many of which are complement
activating, initiate hyperacute rejection of xenografted
tissues expressing aGal epitopes. Such a hyperacute
rejection is characterized by acute tissue damage
occurring within minutes to hours posttransplantation
and can facilitate antibody-dependent cell-mediated
cytotoxicity.3-5 Immunity to aGal epitopes expressed
on a-galactosyltransferase (aGT) genetically modified
melanoma cells induced antitumor immunity in aGT
knockout mice.6-8 Based on this data, aGal epitope-
mediated hyperacute rejection was suggested as a
potential therapeutic approach to treat human malig-
nancies, particularly melanoma.9-13

The utility of systemic adjuvant therapy with IFN a-
2b in melanoma patients at high risk for a systemic
recurrence has been extensively analyzed. The initial
FDA approval was based on the results from the large
group Eastern Cooperative Oncology Group (ECOG)
trial that demonstrated statistically significant relapse-
free survival (RFS) and overall survival (OS) benefits in
stage 2B and stage 3 melanoma patients treated with
high-dose IFN a-2b. Subsequent studies have con-
firmed an improvement in RFS but have produced
variable results regarding the true OS benefits.14-19

The lack of an overwhelmingly proven survival benefit,
in association with its high cost and numerous
adverse side effects, has detracted many oncologists,
both in the United States and in Europe, from treating
appropriately staged patients with a standard regimen
of IFN a-2b. The introduction of pegylated IFN a-2b
marked a significant advance in the available stan-
dard adjuvant therapies for high-risk melanoma. The
alteration in chemical structure brought significant
pharmacologic benefits, including a decreased rate of
drug absorption following subcutaneous injection and
reduced renal and cellular clearance.20 Subsequent-
ly, improved drug exposure, efficacy, and tolerability
are achieved with pegylated INF a-2b compared to
IFN a-2b.21,22

Recently, the final results of the European Orga-
nization for Research and Treatment of Cancer clinical
trial that examined the role of adjuvant therapy with
Sylatron in resected, stage 3 melanoma patients were
published.22,23 In this phase 3 controlled trial, 1,256
patients were randomized after a complete node
dissection to observation vs Sylatron (at a dose of 6
lg/kg/wk for the first 8 weeks, followed by 3 lg/kg/wk)

for up to 5 years of treatment. At a median follow-up
point of 3.8 years, this trial showed a highly
statistically significant and sustained impact on RFS,
with a 4-year RFS rate of 45.6% in the Sylatron group
compared to 38.9% in the observation-only arm
(hazard ratio¼0.82, P¼0.01). The difference in distant
metastasis-free survival (DMFS) and OS was not
statistically significant. Additionally, several other
studies have examined the utility of pegylated IFN,
either as a single agent or combined with other
agents.24-27 As a result, the US FDA approved
Sylatron on April 11, 2011, for the adjuvant treatment
of stage 3 melanoma patients with microscopic or
gross nodal involvement.

In our first-in-human-subjects, unique combina-
tion immunotherapy phase 2 study, we examined the
safety, efficacy, and immune responses generated by
a vaccine comprised of 3 allogeneic human melano-
ma cell lines genetically altered to express aGT (HAM
vaccine) administered with Sylatron to patients with
advanced melanoma.

METHODS
Patients

All patients 18 years of age or older were enrolled
in the study if they met eligibility criteria, mainly
American Joint Committee on Cancer stage 3B or 3C
melanoma that had been surgically resected and
rendered no evidence of disease (NED). Ulceration of
the primary melanoma was annotated but not
exclusionary if present. The same group of patholo-
gists confirmed the Breslow depth of invasion for all
patients. Patients were considered high risk if they
had a thick primary melanoma (the stage 2C patient
had a Breslow depth >4.0 mm) or had resected,
stage 3 disease. Patients were considered refractory if
their cancer recurred after standard approaches to
treatment. Patients with stage 4 melanoma had
distant, metastatic disease at the time of enrollment.
All patients were required to have an ECOG perfor-
mance status of 0 or 1 and adequate tests of
hematologic, hepatic, and renal function. The ECOG
performance status is a scale of patient function that
ranges from 0 to 5 (0: fully active, 1: restricted in
physical strenuous activity but ambulatory, 2: ambu-
latory >50% of the waking hours, 3: limited self-care,
confined to bed or chair >50% of waking hours, 4:
completely disabled, and 5: dead).

Only 1 patient with stage 2C disease was enrolled
in the trial. All stage 3 patients were considered NED at
the time of enrollment, with whole-body positron
emission tomography (PET)/computed tomography
(CT) scan, CT scan, and magnetic resonance imaging
(MRI) or CT scan of the head confirming no evidence
of metastatic disease. The stage 4 patients were a
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mixture of patients who had known metastatic disease
at the time of enrollment and/or had been previously
treated with surgical resection of metastatic disease.
Previous adjuvant therapy or systemic therapy (che-
motherapy, immunotherapy, or other clinical trials) for
all patients (stages 3 and 4) was allowed for inclusion
purposes. Patients with treated brain metastases
without evidence of recurrence over 3 months and
no new lesions identified also were allowed to

participate. An institutional review board–approved
written informed consent form was obtained from all
patients enrolled in the trial. Table 1 outlines the patient
demographics and baseline disease characteristics.

HAM Formulation
The HAM vaccine comprises 3 components in

equal doses, each containing an allogeneic melano-
ma tumor cell line genetically engineered to express
aGT (HAM1, HAM2, and HAM3 cell lines). Each of the
components was manufactured in a multistep bio-
technology process beginning with transduction of a
parental cancer cell line with a recombinant Moloney-
based retroviral vector (LNCKG) to express the
murine aGT cDNA.28,29 As a result, genetically
transduced cells presented aGal residues on their
cell surfaces. HAM cells were further characterized by
their expression of cell surface markers, with all cell
lines grown and expanded under good manufacturing
practice conditions and lethally irradiated to prevent
cell replication. A sterile suspension of cells mixed
with 5% glycerol is cryopreserved and kept in a vapor
phase of liquid nitrogen until use. Prior to administra-
tion, vaccine cells are quickly thawed and immedi-
ately drawn into syringes for administration within 30
minutes of complete thawing.

Study Design and Treatment
This study examined the safety and efficacy of the

combination of the HAM vaccine and Sylatron. The
study consisted of a 12-week regimen with the initial
induction phase of 4 weekly treatments of HAM alone
(50 million cells each of HAM1, HAM2, and HAM3),
followed by 8 additional treatments of each HAM
formulation (150 million cells total) of the same
quantity and Sylatron (6 lg/kg). The HAM vaccine
was administered as intradermal injections, while the
Sylatron was administered subcutaneously. Guide-
lines for dose modification and reduction based upon
adverse side effects were built into the protocol.
Following the completion of the trial, all patients
underwent regular follow-up visits and clinical exam-
ination every 3 months for the first year and every 6
months for the second year. Blood was taken for
immunologic analyses from all patients at each follow-
up interval.

Toxicity and Response Assessments
We utilized the descriptions and grading scales

found in the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 3.0)
for reporting of all adverse events (AEs). We assessed
all clinical responses based upon the standard
Response Evaluation Criteria in Solid Tumors (RE-
CIST), version 1. Table 2 shows all of the reported

Table 1. Patient Demographics and Characteristics (n¼25)

Variable Value

Age, years
Median 60
Range 23-74

Tumor type
Cutaneous/unknown primary 24
Ocular 1

Sex
Female 9
Male 16

Eastern Cooperative Oncology Group performance status
0 25
1 0

Previous therapy for stage 4 patients
Number of previous regimens 11
Range of previous regimens 1-3
Adjuvant interferon 5
High-dose interleukin-2 1

Previous brain metastasis 1
American Joint Committee on Cancer stage 4 patients
M1a 4
M1b 3
M1c 9

Initial tumor stage
2C 1
3B 6
3C 2
4 16

Pathologically positive lymph nodes
0 nodes 5
1 node 6
2 to 4 nodes 7
‡5 nodes 3
Not evaluable 4

Ulceration of primary melanoma
No 4
Yes 9
Missing/unknown 12

Breslow thickness of primary melanoma
<1.5 mm 3
1.5 to 3.99 mm 10
‡4.0 mm 12
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AEs considered possibly, probably, or definitely
related to the study regimen.

All imaging studies were performed prior to
enrollment and following the completion of the study.
Clinically indicated studies were performed on an
individual basis. Patients were classified as having a
complete response (CR), NED, stable disease (SD),
progressive disease (PD), or as dying as a direct
result of their disease (DOD). Table 3 shows the
individual clinical responses for the trial, and a
summary of all responses is included in the text.

Statistical Methods
The study size was planned for 25 patients and

designed as a single-arm phase 2 clinical trial. Based
upon a previous phase 1 dose-escalation trial that
used the HAM vaccine as monotherapy for 6 patients
with stage 4 melanoma (Riker et al, unpublished data,
2006), we were able to ascertain a safe dose of the
HAM vaccine. Similarly, safety data for the optimal
maximal tolerated dose for Sylatron were readily
accessible through ongoing clinical trials and pub-
lished data.24-27 Performing a dose-escalation phase
1/2 trial with the combined agents was unnecessary
because of the well-established safety profile of each
agent. OS was defined as the time from registration to
date of death, and progression-free survival (PFS)
was defined as the amount of time that the patient
was free of disease until the first clinical or radio-
graphic evidence for recurrence of disease.

Kaplan-Meier methods were used to estimate
median OS and PFS rates and the 12-month OS rate
using SAS version 9.2 (SAS Institute). All other
endpoints, including baseline characteristics, AE
rates, and immunologic response parameters were
summarized with descriptive statistics. The number of
AEs for each patient was characterized according to
the type of AE, severity (grade), and the time of onset
in relation to each weekly administration.

Table 2. Adverse Events Attributed to the Treatment

All
Grades
(n¼25) Grade 3 Grade 4

n % n % n %

Dermatology 24 96 0 0 0 0
Bruising 1 4 0 0 0 0
Vitiligo 4 16 0 0 0 0
Dry skin 1 4 0 0 0 0
Induration/fibrosis 19 76 0 0 0 0
Injection site reaction 23 92 0 0 0 0
Nail changes 1 4 0 0 0 0
Pruritus 4 16 0 0 0 0

Blood/Bone Marrow 14 56 1 4 0 0
Hemoglobin 3 12 0 0 0 0
Leukocytes (total WBC) 10 40 0 0 0 0
Lymphopenia 1 4 0 0 0 0
Neutrophils 7 28 1 4 0 0
Platelets 4 16 0 0 0 0

Constitutional 19 76 0 0 0 0
Cold sweats 1 4 0 0 0 0
Fatigue 13 52 0 0 0 0
Fever 8 32 0 0 0 0
Insomnia 2 8 0 0 0 0
Rigors/chills 3 12 0 0 0 0
Diaphoresis 1 4 0 0 0 0
Weight loss 1 4 0 0 0 0

Endocrine 1 4 0 0 0 0
Hypothyroidism 1 4 0 0 0 0

Gastrointestinal 19 76 0 0 0 0
Anorexia 7 28 0 0 0 0
Diarrhea 13 52 0 0 0 0
Appetite change 2 8 0 0 0 0
Dyspepsia 1 4 0 0 0 0
Mucositis 1 4 0 0 0 0
Nausea 11 44 0 0 0 0
Dysgeusia 1 4 0 0 0 0
Vomiting 2 8 0 0 0 0

Metabolic 4 16 1 4 0 0
Hypoalbuminemia 1 4 0 0 0 0
ALT/SGPT elevation 2 8 1 4 0 0
AST/SGOT elevation 2 8 1 4 0 0
Hyperglycemia 1 4 0 0 0 0

Neurology 4 16 1 4 0 0
Dizziness 2 8 1 4 0 0
Irritability 1 4 0 0 0 0
Lightheadedness 1 4 0 0 0 0
Sensory changes 1 4 0 0 0 0

Pain 18 72 0 0 0 0
Back pain 1 4 0 0 0 0
Extremity pain 1 4 0 0 0 0
Headache 13 52 0 0 0 0
Muscle pain 13 52 0 0 0 0

Table 2. Continued.

All
Grades
(n¼25) Grade 3 Grade 4

n % n % n %

Vascular 1 4 0 0 0 0
Lymphedema 1 4 0 0 0 0

ALT/SGPT, alanine aminotransferase/serum glutamic pyruvic
transaminase; AST/SGOT, aspartate aminotransferase/serum glutamic
oxaloacetic transaminase; WBC, white blood cell.
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Biomarkers
Certain biomarkers were assessed only once prior

to enrollment (antigen recall skin test panel, human
leukocyte antigen type, ABO/Rh blood typing, hepa-
titis panel, human immunodeficiency virus), while
others were assessed at baseline, during each week
or intermittently throughout the 12-week trial, and
after the completion of the trial every year (comple-
ment activity, anti-aGal and antityrosinase antibodies,
immunoglobulin [Ig] G, IgM, antinuclear antibodies,
anti-DNA, antithyroglobulin, and anticardiolipin [phos-
pholipid] antibodies). Most patients were tested
throughout and after the trial for replication competent
retrovirus at various time points.

Anti-aGal Antibodies and Antityrosinase Anti-
bodies

Serum samples were collected prior to immuniza-
tion; on days 15, 29, 43, 57, and 71; and every 2
months at follow-up visits. Serum was separated and
stored at �808C until assayed. Anti-aGal antibodies

were detected by standard enzyme-linked immuno-
sorbent assay techniques. Antityrosinase (anti-Tyr)
antibodies (Ab) were calculated as the percent
change in the anti-Tyr Ab with the following formula:
(optical density[OD] test�OD baseline) / OD baseline
3 100.

RESULTS
Patient Characteristics

Twenty-five patients (16 men, 9 women) aged 23
to 74 years old were enrolled between July 2008 and
October 2010. Sixteen patients had stage 4 melano-
ma, 8 patients had stage 3 disease, and 1 patient had
stage 2C disease. All of the stage 2/3 patients
enrolled in the trial were NED, and all stage 4 patients
had received at least 1 form of previous therapy (IFN,
interleukin [IL]-2, immunotherapy, chemotherapy,
clinical trial). One patient had previously treated brain
metastasis, and 1 patient had known ocular melano-
ma, metastatic to the liver (Table 1).

Treatment Details
All patients underwent the same administration of

the HAM vaccine: alone for the first 4 weeks followed
by combined administration of the HAM vaccine
(intradermal) and Sylatron (subcutaneous). Each
component of the HAM vaccine was administered
separately at 3 distinct sites on the skin, rotating the
extremity each week. The HAM vaccine and Sylatron
were not given within an extremity that had previously
undergone a complete lymph node dissection. Three
injections (HAM1, HAM2, HAM3) were given weekly.
Each administration site was circled with a pen and
the patient subsequently reported the immediate and
delayed reactions at these sites that were clinically
examined each week at the time of the next
administration. The Sylatron was given subcutane-
ously along the proximal aspect of the same extremity
as the HAM vaccine.

Safety
AEs related to the study regimen are summarized

in Table 2. The most common AEs related to the
combination were a hyperemic, indurated, and raised
area at the site of intradermal HAM vaccine injection,
seen in almost all patients. Constitutional symptoms,
such as fatigue, lethargy, malaise, fever, rigors, and
chills were common, limited to grade 1 or 2 toxicity.
Other AEs reported were diarrhea (52%), nausea
(44%), anorexia (28%), headache (52%), and muscle
pain (52%).

Response
Response data were available for all 25 patients,

with 21 completing the 12-week trial and subsequent-

Table 3. Patient Responses

Patient

Stage at
Enrollment
in Trial

Clinical
Response Status

Duration of
Survival,
Months

1 4 CR Alive 36
2 4 CR Alive 28
3 4, NED NED Alive 26
4 4, NED NED Alive 21
5 4, NED NED Alive 21
6 4 NED Alive 12
7 4 SD Alive 21
8 4 PD Alive 16
9 4 PD DOD 9
10 4 PD DOD 5
11 4 PD DOD 2
12 4 PD DOD 29
13 4 PD DOD 10
14 4 PD DOD 5
15 4 PD DOD 16
16 4 PD DOD 6
17 2C, NED NED Alive 30
18 3B, NED NED Alive 28
19 3B, NED NED Alive 28
20 3B, NED NED Alive 18
21 3B, NED PD DOD 9
22 3C, NED PD DOD 19
23 3B, NED PD DOD 11
24 3B, NED PD DOD 7
25 3C, NED PD DOD 2

CR, complete response; DOD, dying as direct result of disease; NED, no
evidence of disease; PD, progressive disease; SD, stable disease.
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ly providing follow-up for more than 3 years. Four
patients did not complete the 12-week trial because of
rapid PD.

According to standard RECIST criteria, 2 patients
with stage 4 disease had a CR with regression of all
metastatic disease. Additionally, 2 patients had SD,
and 1 of these 2 patients subsequently became NED
after a resection of a single metastatic lesion. Three
patients with stage 4 disease continued to be NED
(Table 3).

For the 9 patients who began the trial with
resected (NED) stage 2/3 disease (1 patient with
stage 2C disease, 8 with stage 3 disease), 4 remained
NED after the completion of the trial and during the
follow-up period. One of these 4 patients developed
slow PD at a single site that was subsequently
resected; the patient remains alive with an ECOG
performance status of 0 at approximately 30 months.

All evaluable patients (21/21) seroconverted,
developing autoimmune antibodies at the completion
of the trial. Vitiligo developed in 4 of 25 patients,
correlating with 2 CR and 2 NED patients.

Survival
The median follow-up period was 26 months, with

the total length of follow-up for those still alive ranging
from 12 to 36 months. The median PFS was 8.2
months (95% confidence interval [CI], 3.0 to 14.0
months). The median OS was 29 months (95% CI, 9
months to not yet reached). Kaplan-Meier plots
cannot be reasonably applied to this study because
of its small sample size and marked heterogeneity of
the study population with different stages of disease.

We therefore did not generate such plots and instead
have discussed select cases in an empiric fashion to
highlight some of the more interesting findings.

Biomarkers
All patients tested had detectable levels of anti-

aGal Ab before receiving HAM immunotherapy. The
baseline values of anti-aGal Ab varied between
patients (mean 39, range 6-156 lg/mL) with immuni-
zation increasing the anti-aGal IgG responses in all
patients. Twenty-four of 25 patients had increased
anti-aGal Ab after immunization (mean 23, range 3-
127 lg/mL), persisting for more than 300 days in the
majority of patients. Select patients’ serum levels are
shown in Figure 1.

To determine if anti-Tyr Ab were induced after
HAM immunotherapy, 2 serial blood samples were
collected after HAM immunization. Twenty-three
patients were tested for the presence of anti-Tyr Ab,
with patients considered positive or reactive if they
developed at least a 20% change in detectable anti-
Tyr Ab. A 20% change appeared to correlate with a
significant clustering of antibody response in patients
(Figure 1). A total of 7 patients developed anti-Tyr Ab
after immunization, and 3 patients had decreased
levels during immunization.

DISCUSSION
Since the introduction of high-dose IL-2 therapy

for patients with metastatic melanoma, several re-
markable advances have improved our ability to treat
patients with advanced melanoma. In recent years,
these novel therapies have been developed as a
direct result of an improved understanding of the host
immune system and the mechanisms by which it is
able to recognize and destroy tumor cells. Schwart-
zentruber et al showed that in patients with advanced
metastatic melanoma, the addition of a gp100 specific
peptide to high-dose IL-2 therapy significantly en-
hanced their PFS and overall response rates.30 This
finding was soon followed by the development of 2
novel agents, vemurafenib and ipilimumab, that each
use a different approach to treatment. Several
landmark studies have shown these 2 agents are
the first to provide a significant improvement in the OS
of treated patients with metastatic melanoma.31-34

In an attempt to further the research focused upon
the immunotherapy of melanoma, we designed a
phase 2 study to assess the overall efficacy of a
combination approach, utilizing 2 immunotherapeutic
agents, specifically the HAM vaccine plus Sylatron.
This small, phase 2 trial resulted in several interesting
and compelling findings. Of the 16 patients with stage
4 disease, the most notable were 2 patients: 1 with
dramatic tumor regression of all metastatic disease

Table 4. Summary of Clinical Responses

Response
by Stage

Number of
Patients (%)

Duration of
Survival Range,

Months

Stage 4
Overall 16
DOD 8 (50) 2-29
CR 2 (12.5) 28-36
NED 4 (25) 12-26
SD 1 (6.3) 21
PD (alive) 1 (6.3) 16

Stage 2/3
Overall 9
DOD 5 (55.5) 2-19
NED 3 (33.3) 18-28
PDa 1 (11.1) 30

CR, complete response; DOD, dying as direct result of disease; NED, no
evidence of disease; PD, progressive disease; SD, stable disease.
aThe stage 2C patient had slow PD with a single site resected and is
currently NED.
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and 1 with CR of a single metastatic nodule that
rendered the patient NED without evidence of
recurrence at more than 28 months.

This immunotherapeutic combination appears to
have a more beneficial effect than either component’s
individual use. However, this hypothesis is specula-
tive because of the lack of synergism or combination
effect, as the expected recurrence rate for stage 2/3
patients is clearly not 100%. In fact, a portion of these
patients might have been cured by their operations
that rendered them NED; therefore, the treatment
strategy would have had no impact upon their
ultimate long-term survival. However, select cases in
this study clearly demonstrate that this treatment
regimen resulted in the regression of metastatic
disease and subsequently resulted in long-term
survival. One patient clearly expressed this benefit,
experiencing a very slow and steady CR of all disease
following the completion of the trial.

For the stage 2/3 patients, several continue to be
without evidence of disease, with the longest follow-
up at 30 months thus far. In these high-risk patients, a
longer follow-up will be necessary to determine the

durability and long-term efficacy of this treatment
combination. Compared to historical controls, the
results of this trial suggest some possible evidence of
a combined effect, compared to monotherapy, as
several patients are without evidence of a systemic
recurrence at >2 years following the completion of
the study.

Patients Experiencing CR
The first patient with a CR began the trial in

November 2008 and completed it in February 2009.
This patient tolerated the 12-week regimen, with the
exception of a single-dose reduction of 50% of the
Sylatron secondary to dehydration. Upon completion
of the trial, the patient began to develop vitiligo at the
3 original sites of the HAM vaccine along the left
forearm, followed by a slow, but continuous, resolu-
tion of the in-transit disease along the left lower
extremity. By 5 months posttrial, the patient had
complete resolution of all disease except for a
remaining large, matted, nodal mass in the left groin.
Some questionable hypermetabolic lymph nodes
within the celiac axis and paraaortic area were
identified during whole-body PET/CT fusion scanning.
As we continued to follow this patient, contemplating
surgically debulking the left groin nodes, the matted
nodes slowly and steadily regressed over the next 5
months. By 18 months posttrial, the left groin showed
no evidence of palpable disease on physical exam-
ination. Continued follow-up for >36 months posttrial
has shown complete tumor regression of all residual
disease, without any evidence of recurrent disease on
serial whole-body PET/CT scanning (Figure 2). This
patient has returned to normal activity (ECOG
performance status of 0) and continues to have
several patchy areas of vitiligo.

The second patient with a CR presented with a
single metastatic nodule along the left forearm as the
only remaining site of disease. The patient completed
the 12-week trial; however, the patient also had to
omit 1 week of the trial because of grade 4 toxicity
with dehydration. After rehydration, the patient com-
pleted the remainder of the trial. During week 6 of the
trial, the left forearm nodule began to diminish in size,
and by week 10, it had completely regressed. As in
the case of the previous CR, grade 4 toxicity was seen
during Sylatron administration with resultant dehydra-
tion and intermittent dose reduction or stoppage. The
patient completed the trial in August 2009 and
remains NED at 28 months.

Tumor Destruction
An interesting patient from this trial highlights a

case of direct immunologic evidence of tumor destruc-
tion from the host immune system. The patient was 23

Figure 1. A: Level of anti-a galactosyl epitopes (Gal)
antibodies induced after HyperAcute Melanoma (HAM)
immunotherapy. B: Levels of anti-aGal antibodies of all 25
patients. The values of anti-aGal antibodies were determined
using a standard consisting of an affinity purified human anti-
aGal immunoglobulin by enzyme-linked immunosorbent
assay. ANOVA, analysis of variance.
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Figure 2. Whole-body scans and immunohistochemistry of a patient with a complete response to
therapy. A: Serial whole-body positron emission tomography/computed tomography scanning
of a patient who developed a complete regression of metastatic melanoma. Scans show before
and after treatment results. Mo, months. B: Immunohistochemistry of resected stable tumor
mass after competing therapy. H&E, hematoxylin and eosin staining; HMB-45, melanoma marker
antibody staining; CD68, macrophage lineage staining; CD56, natural killers staining; CD20, B-cell
lineage staining; CD3, T-cell staining; CD4, staining for helper T cells; CD8, staining for cytotoxic T
cells.
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years old, the youngest patient in the trial, and his
primary melanoma was identified in the middle of the
back. He underwent a wide local excision of the
primary melanoma, followed by bilateral axillary lymph
node dissections because of the involvement of the
sentinel lymph nodes bilaterally with metastatic mela-
noma. Just prior to enrollment in the trial, a whole-body
PET/CT identified a 1 cm hypermetabolic nodule along
the right back, overlying the scapula. A fine needle
aspiration biopsy of the nodule showed that it was an
isolated, subcutaneous, metastatic melanoma nodule
in the soft tissue overlying the right scapula.

No other lesions were identified, and he success-
fully completed the trial without dose reduction.
Posttrial imaging with PET/CT fusion scan did not
reveal any further evidence of new or progressive
metastatic disease. We resected the single metastatic
nodule that had remained about the same size
throughout the trial and thoroughly analyzed the
resected lesion with a panel of immunohistochemical
studies to identify the infiltrated cells within the tumor
mass. We found a massive infiltration of CD8þ T cells
(99%) and few CD4þ cells (<1%) in a background of
necrotic tumor cells, with little evidence of a remaining
viable tumor (not shown). This patient remains without
evidence of recurrent or metastatic disease at >1
year. Therefore, we report direct immunologic activa-
tion of the host immune system with a dramatic
infiltration of CD8þ T cells into the tumor mass,
presumably as a result of this combination immuno-
therapy approach.

Vitiligo
Prior to enrollment, 9 patients had an initial

staging of stage 2C, 3B, or 3C disease. Of these, 5
patients died from PD, 1 had limited single-site PD
and is currently NED with an OS of 30 months, and 3
(33%) remain NED with a median RFS/OS of 23
months. All 3 NED patients were staged as 3B,
successfully completed the 12-week regimen, and
subsequently developed autoimmune antibodies.
Two of these patients had clinical manifestations of
autoimmune depigmentation (vitiligo). Vitiligo did not
develop within any of the nonresponders in this study.

Clinical vitiligo has been shown to develop in
parallel with the clinical responses to various forms of
immunotherapy regimens in melanoma patients.
Vitiligo occurs via a loss of epidermal melanocytes
with accompanying skin infiltration of cytotoxic T
lymphocytes (CTLs).35 The exact pathogenesis of
vitiligo is unknown, with hypotheses ranging from an
autoimmune mechanism in response to the breaking
of self-tolerance to neural, biochemical, genetic, and
structural defect pathways. The association of vitiligo
with other autoimmune disorders such as thyroid

disease, lymphomas, and organ-specific autoantibod-
ies has long been noted, with several immune-
modulating therapies, such as IFN, implicated in the
induction of vitiligo.36

Both melanocytes and melanoma cells express
the shared melanocyte differentiation antigens Melan
A/MART1, gp100, tyrosinase, TRP-1, and TRP-2, all of
which are recognized by antigen-specific CTLs,
especially CD8þ T cells.37,38 Elevated circulating
levels of anti-melanocyte-specific CD8þ T cells, along
with the presence of melanocyte-specific antibodies
and tumor-infiltrating lymphocytes (TIL), strongly
implicate a host-mediated immune response as the
likely mechanism for vitiligo formation.39,40 Vitiligo
affects approximately 3% of patients with melanoma,
and this number increases in patients who receive
various forms of immunotherapy.37

Investigation by Boasberg et al showed the
development of vitiligo to be a non–time-dependent
covariate for improved survival in melanoma patients,
with median survival of 18.2 months for vitiligo vs 8.5
months for patients without vitiligo.35 Quaglino et al
also demonstrated an increased overall 5-year sur-
vival in stage 3 patients with vitiligo (65% vs 42.5%
without vitiligo) and higher DMFS over 5 years (52.4%
with vitiligo vs 21.5% without), conversely citing vitiligo
as a time-dependent covariate for prognosis.41 They
also found a prognostic advantage in stage 4 patients
who developed vitiligo both before and after the
demonstration of metastatic disease.41 The results of
our study lend further support for the correlation of
the development of vitiligo and a clinical response
after combination immunotherapy. However, this
study is much too small, with the development of
vitiligo seen in too few patients, to draw any
conclusions about the development of vitiligo as a
true predictor of clinical response.

Autoimmune Antibodies
The development of autoimmune antibodies re-

sults from similar antigenicity between self-antigens
and foreign antigens. A certain level of autoimmunity
is necessary for an effective immunostimulatory
treatment for melanoma. Multiple studies have shown
that patients commonly develop autoimmune anti-
bodies after treatment with IFN. Bouwhuis et al
suggest that the prognostic significance of the
development of autoimmune antibodies after treat-
ment with adjuvant IFN is incongruent, with several
models yielding different outcomes.22

Gogas et al examined 200 patients with melanoma
who were previously treated with IFN to assess the
prognostic significance of developing autoimmune
antibodies after treatment with IFN a-2b.42 They
looked for the development of autoimmune antibod-
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ies, specifically antithyroglobulin, antinuclear, anti-
DNA, and anticardiolipin (phospholipid) antibodies.
Patients were also examined for the development of
vitiligo after treatment and other clinical signs of
autoimmunity. Of the 52 patients who developed
autoimmune antibodies or developed clinical signs of
autoimmunity, only 7 patients had recurrence of
disease. In comparison, of 148 who did not serocon-
vert and develop autoimmune antibodies, 108 pa-
tients had a recurrence of disease. The patients who
developed autoantibodies also had higher RFS rates
and greater median OS compared to those who did
not. Gogas et al concluded that the development of
autoantibodies after treatment with IFN a-2b treatment
had prognostic implications that translated into
improved clinical outcomes.42

Based upon this trial, we chose to examine the
same set of autoimmune antibodies for our study. In a
striking finding, we found that all patients tested (21/21,
100%) who began the trial without evidence of
autoimmune antibodies seroconverted, developing 1
or more antibodies after completing the trial. Specifi-
cally, we found that all patients developed antithyr-
oglobulin and/or anticardiolipin antibodies. Although
the overall clinical significance of this peculiar finding
remains unanswered, that 100% of the patients
developed autoimmune antibodies, far above the
frequency of any previous study to date that has
utilized IFN, is quite compelling. Interestingly, the 2
patients with CRs in our study both developed clinical
signs of vitiligo, and 2 others (NED patients) also
showed evidence of autoimmunity and remain NED as
of spring 2014. Although several possible explanations
exist for the development of autoimmune antibodies,
for all our tested patients to develop autoimmune
antibodies following the completion of the trial is a
striking finding. The exact immunologic mechanism
has yet to be determined, but this combination of
agents appears to have measurable activity in terms of
developing autoimmune antibodies.

CONCLUSION
Combination therapy using the HAM vaccine and

Sylatron is feasible, safe, and shows promising
efficacy data. This combination is capable of inducing
complete and durable clinical responses with dramat-
ic regression of bulky metastatic disease. This clinical
effect is associated with the specific infiltration of CTL
and direct evidence of TIL within metastatic melano-
ma lesions by the host immune system. The
development of autoimmunity in all patients in this
trial is significant, as our study is the first to date that
shows such a high conversion rate. Future clinical
trials are currently in development that will address
the optimal dosing and duration of this combination,
as well as other potentially synergistic combinations.
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