
Randomized Multicenter Trial of the Effects of Melanoma-
Associated Helper Peptides and Cyclophosphamide on the
Immunogenicity of a Multipeptide Melanoma Vaccine
Craig L. Slingluff Jr, Gina R. Petroni, Kimberly A. Chianese-Bullock, Mark E. Smolkin, Merrick I. Ross,
Naomi B. Haas, Margaret von Mehren, and William W. Grosh

Craig L. Slingluff Jr, Gina R. Petroni,
Kimberly A. Chianese-Bullock, Mark E.
Smolkin, and William W. Grosh, University
of Virginia, Charlottesville, VA; Merrick I.
Ross, MD Anderson Cancer Center, Hous-
ton, TX; Naomi B. Haas, Margaret von
Mehren, Fox Chase Cancer Center, Phila-
delphia, PA.

Submitted December 27, 2010; accepted
April 25, 2011; published online ahead of
print at www.jco.org on June 20, 2011.

Supported by Grants No. NIH R01
CA118386 from the National Institutes of
Health/National Cancer Institute (C.L.S); No.
NIH/NCI P30 CA44579 from the University
of Virginia (UVA) Cancer Center Support
Clinical Trials Office, Biorepository and
Tissue Research Facility, Flow Cytometry
Core, and Biomolecular Core Facility; No.
NIH M01 RR00847 from the UVA General
Clinical Research Center; and by philan-
thropic support from the Commonwealth
Foundation for Cancer Research, Alice and
Bill Goodwin, Frank and Jane Batten, the
James and Rebecca Craig Foundation,
George S. Suddock, Richard and Sherry
Sharp, and the Patients and Friends
Research Fund of the UVA Cancer Center.

Presented in part at the 24th Annual Meet-
ing of the International Society for the
Biological Therapy of Cancer, Washington,
DC, October 29-30, 2009.

Terms in blue are defined in the glossary,
found at the end of this article and online
at www.jco.org.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Clinical Trials repository link available on
JCO.org

Corresponding author: Craig L. Slingluff Jr,
MD, Department of Surgery, Human
Immune Therapy Center, University of
Virginia, 1352 Jordan Hall, Box 801457,
Charlottesville, VA 22908; e-mail:
cls8h@virginia.edu.

© 2011 by American Society of Clinical
Oncology

0732-183X/11/2921-2924/$20.00

DOI: 10.1200/JCO.2010.33.8053

A B S T R A C T

Purpose
This multicenter randomized trial was designed to test whether melanoma-associated helper
peptides augment CD8� T-cell responses to a melanoma vaccine and whether cyclophosphamide
(CY) pretreatment augments CD4� or CD8� T-cell responses to that vaccine.

Patients and Methods
In all, 167 eligible patients with resected stage IIB to IV melanoma were randomly assigned to four
vaccination study arms. Patients were vaccinated with 12 class I major histocompatibility
complex–restricted melanoma peptides (12MP) to stimulate CD8� T cells and were randomly
assigned to receive a tetanus helper peptide or a mixture of six melanoma-associated helper
peptides (6MHP) to stimulate CD4� T cells. Before vaccination, patients were also randomly
assigned to receive CY pretreatment or not. T-cell responses were assessed by an ex vivo
interferon gamma ELISpot assay. Clinical outcomes and toxicities were recorded.

Results
Vaccination with 12MP plus tetanus induced CD8� T-cell responses in 78% of patients and CD4�

T-cell responses to tetanus peptide in 93% of patients. Vaccination with 12MP plus 6MHP induced
CD8� responses in 19% of patients and CD4� responses to 6MHP in 48% of patients. CY had no
significant effect on T-cell responses. Overall 3-year survival was 79% (95% CI, 71% to 86%), with
no significant differences (at this point) by study arm.

Conclusion
Melanoma-associated helper peptides paradoxically decreased CD8� T-cell responses to a
melanoma vaccine (P � .001), and CY pretreatment had no immunologic or clinical effect. Prior
work showed immunologic and clinical activity of 6MHP alone. Possible explanations for negative
effects on CD8 responses include modulation of homing receptor expression or induction of
antigen-specific regulatory T cells.

J Clin Oncol 29:2924-2932. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Most peptide-based cancer vaccines have incorpo-
rated class I major histocompatibility complex
(MHC) –restricted peptides to activate CD8� cyto-
toxic T lymphocytes. However, activation of tumor-
specific CD4� helper T cells may also be critical for
elimination of tumor.1-3 Adoptive therapy with
CD4� T cells can induce tumor protection or regres-
sion,1,2 and depletion of CD4� T cells inhibits
vaccine-induced protective immunity.4 Immune re-
sponses to pathogens integrate cytotoxic T lympho-
cyte responses to epitopes presented by class I MHC
molecules and CD4� T-cell responses to epitopes
presented by class II MHC molecules.5 CD4� cells
can activate dendritic cells for heightened antigen

presentation. Th1 CD4� cells produce a cytokine
milieu critical for induction of immune-mediated
tumor destruction.6,7 CD4� T-cell responses are
also implicated in establishing immunologic mem-
ory.8 In patients with HIV, induction of CD4� re-
sponses to HIV antigens augments HIV-specific
CD8� T-cell reactivity.9 Despite the acknowledged
importance of CD4� helper T cells in active immu-
notherapy, there has been a paucity of experience, in
patients who have cancer, with tumor-associated pep-
tides that stimulate CD4� T-cell (helper peptides), the
investigation of which has been limited to pilot or
nonrandomized studies with only a few peptides.10-12

In prior studies,13-17 we included an HLA-DR–
restricted helper peptide from tetanus toxoid in mel-
anoma vaccines, which activated CD4� T cells
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nonspecifically. Class II MHC-restricted helper peptides from
melanoma-associated proteins now promise to activate CD4� T cells
in a melanoma-specific manner.18 In a phase I/II clinical trial, we
found that a mixture of six melanoma helper peptides (6MHP) de-
rived from cancer-testis antigens (CTAs) and melanocytic differenti-
ation proteins (MDPs) was immunogenic in more than 80% of
patients and was associated with durable clinical responses (12%) and
durable stable disease (12%).19 This study was designed to address
whether melanoma-associated helper peptides augment induction
and persistence of CD8� T-cell responses to a multipeptide melanoma
vaccine administered in the adjuvant setting to melanoma patients
with a predicted high risk for recurrence.

A second question addressed in this study was whether pre-
treatment with cyclophosphamide (CY) enhanced CD4� or CD8�

T-cell responses to a multipeptide vaccine. CY doses lower than
those used for tumor lysis have been reported to augment immune
responses in mice and humans20-24 through several potential
mechanisms.23,25-31 Prior studies20,24,29,30,32,33 have tested immu-
nomodulatory properties of 75 to 1,000 mg/m2 CY with varied
results. For patients with melanoma, CY pretreatment was associ-
ated with augmented delayed-type hypersensitivity responses to an
autologous melanoma cell vaccine in nonrandomized studies.20,21

However, studies of the effects of CY on immune responses to
vaccines have been limited by small sample size, nonrandomized
designs, and/or lack of defined antigens. The largest study is with
300 mg/m2 dosing, which we evaluated.

In this article, we report findings from a multicenter randomized
trial designed to test whether melanoma-associated helper peptides
augment CD8� T-cell responses to a melanoma vaccine and whether
CY pretreatment augments CD4� or CD8� T-cell responses.

PATIENTS AND METHODS

Patients

Eligible patients had American Joint Committee on Cancer (AJCC;
6th edition) (34) stage IIB to IV melanoma from cutaneous, mucosal, or
unknown primary sites, rendered clinically free of disease by surgery or
stereotactic radiosurgery. Inclusion criteria included expression of HLA-
A1, -A2, or -A3; expression of HLA-DR1, -DR4, -DR11, -DR13, or -DR15;
age 18 years and older; Eastern Cooperative Oncology Group (ECOG)
performance status 0 to 1; adequate liver and renal function; and ability to
give informed consent. Exclusion criteria included ocular melanoma;
pregnancy; cytotoxic chemotherapy, interferon, or radiation within the

preceding 4 weeks; multiple brain metastases; use of steroids; class III to IV
heart disease; or severe autoimmune disease. Patients provided informed
consent, and the study was approved by the institutional review board and
the US Food and Drug Administration.

Vaccine Composition

Patients received a vaccine comprising 12 melanoma peptides restricted
by HLA-A1, -A2, or -A3 (12MP), as described,16 plus peptides to stimulate
helper T cells. Vaccines with 12MP plus the tetanus peptide AQYIKANSK-
FIGITEL13 are called MELITAC 12.1; vaccines incorporating 12MP plus a
mixture of 6MHP19 are called MELITAC 12.6. Peptide sequences are provided
in the Data Supplement.

Each vaccine was administered as 2 mL of stable water-in-oil emulsion
prepared by the two-syringe method and consisting of 100 �g of each of the 12
melanoma peptides, 190 �g of each helper peptide, and 1 mL Montanide
ISA-51 VG adjuvant (Seppic, Paris, France/Fairfield, NJ).35 A drop of each
emulsion was tested for stability in water before injection. Vaccines were
administered, half subcutaneously and half intradermally, on days 1, 8, 15, 29,
36, and 43 and then at 3, 6, 9, and 12 months (Fig 1).

Clinical Trial Design

This was an open-label, multicenter phase I/II study with random
assignment to MELITAC 12.1 or MELITAC 12.6, with or without CY
pretreatment (Fig 1). Primary goals were to test safety and immunogenic-
ity. The study was designed to assess a partial ordering of immune response
magnitudes among the four study arms, specifically arm D (12.6 � CY)
greater than B (12.1 � CY) or C (12.6), and B or C greater than A (12.1).
The study included interim safety assessments. Sample size determination
was based on differences in cumulative immune response measured in the
peripheral blood mononuclear cells (PBMCs) over six vaccines compared
with baseline. We were interested in detecting at least a 30% increase in the
four main comparisons of interest. The study was designed to test these
comparisons at the two-sided 2.5% significance level (10% overall) with
90% power at the alternative, requiring 40 participants per arm (total, 160
eligible). Maximum accrual was adjusted up to 173 participants to allow
for 5% ineligibility and 3% overenrollment. Patients were accrued at three
participating institutions, were stratified by HLA type and institution
(Table 1), and were randomly assigned within strata with various block
sizes. Randomization lists were generated by the study statisticians and
stored in the database, with arm assignment being released to the study
coordinator only at the time of registration. The study design is presented
schematically in Figure 1.

Toxicity Assessment and Stopping Rules

The trial was monitored continuously for treatment-related adverse
events by using National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0. Toxicities were recorded by patients in a
daily toxicity diary and reviewed weekly by interview with a study clinician.
Protocol treatment was to be discontinued for all grade 3, ocular grade 1,

Arm A: vaccination: MELITAC 12.1 

Arm B: vaccination: MELITAC 12.1 + cyclophosphamide 

Arm C: vaccination: MELITAC 12.6 

Arm D: vaccination: MELITAC 12.6 + cyclophosphamide 

Clinical evaluation and blood sampling 
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Fig 1. Mel44 protocol schema. MELITAC
12.1, vaccines with 12 class I major histo-
compatibility complex–restricted mela-
noma peptides (12MP) plus the tetanus
peptide AQYIKANSKFIGITEL; MELITAC
12.6, vaccines incorporating 12MP plus a
mixture of six melanoma-associated helper
peptides (6MHP).
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allergic grade 2, or higher, unexpected treatment-related adverse events. Pa-
tients with disease progression requiring other therapy were removed
from treatment.

End Points

The primary end point was the maximum cumulative circulating CD8�

T cell response to 12MP measured by ELISpot assay over the first six vaccines
(to day 50). This is reported both as a binary measure of immune response
(yes/no) and a continuous measure based on fold-increase over background
corrected for any prevaccine reactivity. Secondary end points included CD8�

T-cell responses to 12MP during and after booster vaccines (� day 50 to 2
years), T-cell response to helper peptides, disease-free survival, and over-
all survival.

Collection of PBMCs

At times shown in Figure 1, peripheral blood (120 mL week 0, then 75
mL) was drawn into heparinized tubes, and 20 mL was drawn for serum
studies. Blood drawn at other participating institutions was shipped in insu-
lated containers at near room temperature for overnight delivery. PBMCs were
isolated by using Ficoll gradient centrifugation and were cryopreserved in 10%
dimethylsulfoxide/90% serum by the Biorepository and Tissue Research Fa-
cility at the University of Virginia.

ELISpot Assays

ELISpot assays (for interferon gamma) were performed on PBMCs col-
lected through day 50 (weeks 0, 1, 2, 3, 5, and 7). Assays were performed
directly ex vivo after cryopreservation (direct ELISpot), as reported17,36 (de-

tails in Data Supplement). Patients were designated immunologic responders
if vaccine antigen-specific responses represented increases of at least 0.02% of
CD4� or CD8� T cells over negative control and were at least two-fold above
the negative control and above any prevaccine response, and if standard
deviations of the antigen-reactive responses and negative controls did not
overlap. These criteria match those we used previously17 and are in the range of
other published criteria (Data Supplement). Interassay coefficients of varia-
tion (CVs) were calculated for normal donor PBMC responses to the pool of
32 peptides from cytomegalovirus, Epstein-Barr virus, and influenza pro-
teins,37 testing high and low responders in each assay. For two high-responder
donors (mean spots per 100,000 cells: 233, 485), CVs were 15% and 7%,
respectively (weighted mean, 10%). For two low-responder donors (mean
spots per 100,000 cells: 29, 96), CVs were 47% and 28%, respectively (weighted
mean, 34%).

Primary analyses were performed on the basis of eligible patients. For
hypothesis testing, patients who discontinued protocol therapy early were
considered to have immune response failures if no response was observed in
evaluable samples. Immune response rates were calculated on the basis of the
proportion of patients whose data met the stated criteria. Point estimates and
95% CIs were calculated for summary parameters. Differences between study
arms by binary measures of immune response and measures of cumulative
response were assessed by �2 tests and Kruskal-Wallis tests, respectively. Eval-
uation of immune response persistence to year 2 is not yet complete and will be
reported in the future. The product-limit method was used to estimate overall
survival and disease-free survival.

Table 1. Demographics and Clinical Characteristics of Eligible Patients

Characteristic

Study Arm

All
(N � 167)

A
(n � 41)

B
(n � 41)

C
(n � 42)

D
(n � 43)

No. % No. % No. % No. % No. %

Sex
Male 28 68 25 61 29 69 30 70 112 67

Race
Black/African American 0 0 0 0 0
Hispanic 1 0 1 0 2 1.2

Hospital
Fox Chase Cancer Center 9 6 7 6 28
MD Anderson Cancer Center 12 13 13 14 52
University of Virginia 20 22 22 23 87

Disease status
Initial diagnosis 17 20 24 24 85
Recurrence 24 21 18 19 82

Stage at enrollment
IIB 2 2 5 4 13
IIC 2 3 3 2 10
IIIA 4 8 5 4 21
IIIB 11 10 11 18 50
IIIC 10 10 9 8 37
IV 12 8 9 7 36

ECOG PS
0 34 39 40 38 151
1 7 2 2 5 16

Median age, years 59 60 55 58 58
HLA expression

HLA-A1 12 13 13 14 52
HLA-A2 23 21 22 19 85
HLA-A3 15 17 20 20 72
HLA-A31 4 1 0 1 6

NOTE. Total enrollment for study arms A through D was 41, 43, 42, and 44, respectively.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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RESULTS

Eligibility Review

In all, 170 patients were enrolled beginning in March 2005 until
meeting the accrual goal in January 2008. Three (1.8%) were ineligible
on post review (one thrombocytopenia, one tumor progression before
first treatment, and one insufficient time after radiation therapy).
These patients had been randomly assigned to arms B (two) and D
(one). Immune responses were evaluable for 161 (96%) of the 167
eligible patients. Patient demographics and clinical presentations were
similar across study arms (Table 1).

CD8 T-Cell Responses to Class I MHC-Restricted

Peptides: Direct ELISpot Assay

Immune responses were induced by 11 of the 12 peptides by day
50. Patients in arm A or B (MELITAC 12.1 with or without CY) had
the highest immune response rates for nine of the peptides (Table 2).
Rates of immune response to at least one peptide restricted by each
HLA allele were also highest in arms A and B: 69%, 83%, and 68%, for
HLA-A1, -A2, and -A3, respectively (Table 2). CD8� T-cell response
rates to the 12MP mixture were 78% and 71% for arms A and B,
respectively (P � .45, not significant), and 19% and 28% for arms C
and D, respectively (P � .34, not significant; Fig 2 and Table 2). For
this end point, the predicted ordering of D more than (C or B) more
than A was the opposite of what was observed. For most peptides
tested, the observed ordering was effectively A � B more than C � D,

with marked decreases in reactivity observed in arms C and D com-
pared with arms A and B (P � .001 for both).

Magnitudes of CD8� T-cell responses to 12MP are shown in
Figure 3, both by fold-increase (Fig 3A) and by percent of CD8� cells
(Fig 3B). For arms A and B, these values were equivalent at approxi-
mately 5� and 0.2% of CD8� cells, but for arms C and D, median
values were only 1�, and 0% of CD8� cells. Differences across all four
arms were significant (P � .001) for both analyses. For arms A and B,
75th percentile values were approximately 0.5% to 0.7%, and the
highest responses exceeded 1% (Fig 3A). Summaries of raw ELISpot
data are provided in the Data Supplement.

CD4� T-Cell Responses to Tetanus Helper Peptide and

6MHP: Direct ELISpot Assay

Th1 CD4� T-cell responses were measured by direct interferon
gamma ELISpot assay. Immune responses to tetanus peptide were
detected in 91% of patients vaccinated with tetanus peptide (average
across arms A and B) and in only 18% of patients vaccinated with
6MHP (arms C and D; Fig 2 and Table 2). Responses to 6MHP were
detected in only 1% of patients vaccinated with tetanus peptide (arms
A and B) but in 52% of patients vaccinated with 6MHP (arms C and D;
Fig 2 and Table 2). CD4� T-cell response magnitudes were greater to
tetanus peptide (medians, approximately 0.25% for arms A and B; Fig
3C) than to 6MHP (medians � 0.1% for arms C and D; Fig 3D).
Differences across all four arms were significant (P � .001). However,

Table 2. Percent of Patients (167 evaluable patients) With Immune Responses to Each Peptide or to Peptide Mixtures (direct ELISpot data through day 50)

Individual Class I MHC Peptides�

Source
Protein

Study Arm Pairs of Study Arms

A (12.1)
(n � 41)

B (12.1 � Cy)
(n � 41)

C (12.6)
(n � 42)

D (12.6 � Cy)
(n � 43)

A�B (12.1)
(n � 82)

C�D (12.6)
(n � 85)

HLA-A1
DAEKSDICTDEY Tyrosinase 42 54 23 14 48 19
EADPTGHSY MAGE-A1 8 8 8 0 8 4
EVDPIGHLY MAGE-A3 25 15 8 0 20 4
SSDVIPIGTY Tyrosinase 8 0 0 7 4 4

HLA-A2
GLYDGMEHL MAGE-A10 39 48 9 11 43 10
IMDQVPFSV gp100 78 57 18 21 68 20
YLEPGPVTA gp100 9 0 5 0 5 2
YMDGTMSQV Tyrosinase 4 0 5 5 2 5

HLA-A3
ALLAVGATK gp100 42 47 5 0 44 2
ASGPGGGAPR NY-ESO-1 16 6 0 0 11 0
LIYRRRLMK gp100 0 0 0 0 0 0
SLFRAVITK MAGE-A1 53 59 5 14 53 10

Mixtures of class I MHC peptides
Maximum of HLA-A1 peptides 42 69 23 21 56 22
Maximum of HLA-A2 peptides 83 57 23 26 70 24
Maximum of HLA-A3 peptides 68 59 5 14 64 10
Maximum of all 12 peptides 73 68 17 26 71 21
12MP mixture 78 71 19 28 74 24

Helper peptides
6MHP mixture 2 0 48 56 1 52

Tetanus peptide 93 90 12 23 91 18

NOTE. Bold values represent the highest immune response rates per study arm (or pair of study arms).
Abbreviations: Cy, cyclophosphamide; MAGE, melanoma-associated gene; MHC, major histocompatibility complex; 6MHP, mixture of six melanoma-associated

helper peptides; 12MP, 12 class I MHC-restricted melanoma peptides.
�Immune response rates for individual peptides or for groups of peptides restricted by an HLA allele are based on the subset of patients expressing that HLA allele.

Helper Peptides and Cyclophosphamide in Melanoma Vaccines

www.jco.org © 2011 by American Society of Clinical Oncology 2927



there is no evidence of association between immune responses and
relapse-free or overall survival.

Summary of Clinical Toxicities

Treatment-related adverse events are detailed in the Data Supple-
ment for 170 treated patients and were similar to those from our prior
peptide-based trials.16,17,19 There was one treatment-related grade 4
toxicity (hypoglycemia; � 1%), but no treatment-related deaths or
deaths on study. Fourteen patients (8%) had unexpected treatment-
related grade 3 adverse events that required reporting to the institu-
tional review board: four (arm A), seven (arm B), two (arm C), and
one (arm D). They included injection site ulceration (n � 10); injec-
tion site reaction/induration (n � 7); and auditory toxicity, lym-
phopenia, vomiting, hypoglycemia, muscle pain, pain (not otherwise
specified), dyspnea, pneumonitis, and cytokine release syndrome (one
each). Treatment-related autoimmune toxicities were reported in 10
patients (6%; details and study completion rates in Data Supplement).

Clinical Outcome

For the entire patient cohort, estimates were approximately 88%
(95% CI, 81% to 92%) for 2-year overall survival and 56% (95% CI,
48% to 63%) for 2-year disease-free survival and were 79% (95% CI,
71% to 86%) for 3-year overall survival and 52% (95% CI, 44% to
60%) for 3-year disease-free survival. There were no significant differ-
ences in outcome by study arm at this early follow-up. In a global test
across the four study arms, there was no difference in overall survival
(P � .95) or disease-free survival (P � .26). Kaplan-Meier curves are
shown in Figure 4.

DISCUSSION

Cancer immunotherapy is coming of age, with a cancer vaccine ap-
proved for prostate cancer,38 improved survival with CTLA4 (CD152)

blockade for melanoma,39 clinical benefit of adding a peptide vaccine
to high-dose interleukin-2 (IL-2),40 and durable responses to adoptive
T-cell therapy for melanoma and other cancers.41 These treatments
increase T-cell activation, and most target defined T-cell antigens. In
addition, most effective immune therapies can also induce severe
toxicity. Cancer vaccines offer the potential to activate T cells with
specificity and low morbidity to bring benefits of immune therapy to
patients treated in the adjuvant setting.

We previously found that vaccination with either 12MP or
6MHP induced antitumor CD8�16,17 and CD4� T cells,19 respec-
tively. In this study, we tested the hypothesis that adding 6MHP to
12MP would increase the magnitude and persistence of CD8� T-cell
responses to 12MP, but it paradoxically decreased CD8� T-cell re-
sponses compared with MELITAC 12.1 vaccination. Adding 12MP
did not appear to inhibit helper T-cell responses: CD4� T-cell response
rates to tetanus peptide exceeded 90%, and response rates to 6MHP were
approximately 50%. The latter result is comparable with the 57%
immune response rate in PBMCs when vaccinating with 6MHP
alone.19 However, responses to 6MHP were lower than responses to
tetanus peptide. One might conclude that the negative effect of 6MHP
simply reflects a weak helper T-cell response. However, in a separate
study, we found that vaccination with 12MP � 6MHP led to lower
CD8� T-cell responses than vaccination with 12MP alone.42

Possible explanations for the observed negative effect as mea-
sured in PBMCs may include induction of antigen-specific regulatory
T cells, Th2 cytokine induction by 6MHP, increased homing of T cells
to tumor deposits, or sequestration of T cells at the vaccine site.43 Prior
vaccination with 6MHP has induced Th1-dominant responses and
was not associated with increases in total regulatory T cells.19 If clinical
outcome were improved with addition of 6MHP, it might suggest that
melanoma-specific helper T-cell responses support better homing to
tumor; however, these patients had no clinically evident disease at
study entry, and at current early follow-up, a survival effect has not
been observed. There is a weak trend to shorter disease-free survival
for patients on arm A (MELITAC 12.1 alone), leaving open some
possibility that there may be a clinical impact with longer follow-up.
Future studies to define the mechanism of this observation will in-
clude characterizing cytokines and chemokines produced in the vac-
cine site microenvironment and draining nodes, changes in antigen-
specific regulatory T cells, and differences in homing receptors
expressed on T cells induced by each vaccination strategy.

In addition to testing the effect of melanoma-associated helper
peptides, this study also evaluated the effect of CY pretreatment. CY
provided no detectable improvement in CD4� or CD8� T-cell re-
sponses (Figs 2 and 3) or in clinical outcome (Fig 4). In preclinical
studies, immunopotentiation has been reported with CY adminis-
tered 1 to 7 days before vaccination.44-47 Prior experience in humans
suggested that CY increased immunogenicity when administered 3
days before a cell-based vaccine, but those studies were nonrandom-
ized and were limited by semiquantitative immunologic end
points.20,21,24 Other human experience failed to identify changes in
regulatory T cells with CY treatment,48 and recent data identified
negative effects of CY (200 mg/m2 or greater) pretreatment on cellular
immune responses to a breast cancer cell vaccine.33 This study was
unique in evaluating effects of CY on immune responses to defined
antigens as well as effects on both CD4� and CD8� responses. Other
doses or timing of CY pretreatment may have effects different from
those observed in this study; however, the dose and timing here is in

12MP
6MHP
Tetanus

P = .45 P = .34

P < .001

P < .001

Pa
tie

nt
s 

w
ith

 E
LI

sp
ot

Re
sp

on
se

 (%
)

Study Arm

100

80

60

40

20

0
A

12.1
B

12.1 +
cyclophosphamide

C
12.6

D
12.6 +

cyclophosphamide    

Fig 2. Immune response rates for 12 class I major histocompatibility
complex–restricted melanoma peptides (12MP), a mixture of six melanoma-
associated helper peptides (6MHP), and tetanus peptide by ELISpot assay are
shown for each study arm. These are based on evaluation of peripheral blood
mononuclear cells at weeks 1, 2, 3, 5, and 7 (through day 50). P values for the
response to 12MP are noted for four pairs of study arms. 12.1 [MELITAC
12.1], vaccines with 12MP plus the tetanus peptide AQYIKANSKFIGITEL; 12.6
[MELITAC 12.6], vaccines incorporating 12MP plus 6MHP.
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the range of what has been previously tested. Thus, this study and
others challenge the value of CY as a vaccine adjuvant for induction of
CD8� or Th1 CD4� responses.

In summary, this study supports the immunogenicity of 12MP
for CD8� T cells and both tetanus peptide and 6MHP for CD4� T
cells. However, the combination of 6MHP with 12MP paradoxically
reduced the circulating CD8� T-cell response, and CY (300 mg/m2)
pretreatment had no measurable effect on CD8� or CD4� responses.
Clinical outcome was not increased by adding melanoma-associated
helper peptides or by adding CY, although there is a trend to shorter
disease-free survival in patients who received neither (arm A). None-
theless, the immunogenicity of 6MHP in this study, and its clinical

activity in prior work,19 support further investigation of vaccines by
using melanoma-associated helper peptides, and the interaction of
CD8� and CD4� T-cell responses needs to be understood. We plan to
pursue whether the combination vaccination induces antigen-specific
regulatory T cells, regulatory cytokines, or homing receptors that may
alter homing to tumor, vaccine sites, or other peripheral tissues.
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Box plots represent the magnitude of ELISpot reactivity to the 12MP mixture, mixture of six melanoma-associated helper peptides (6MHP), or tetanus peptide through
day 50. Boxes represent 25th through 75th percentile values, with mean (black circle) and median (horizontal line) marked, and with maximum and minimum values
at the ends of the stems. Maximum responses to the 12MP pool per patient are plotted as fold-increase over baseline (A) and as increase in percent of CD8� cells
(B). Maximum responses to the 6MHP pool (C) and tetanus peptide (D) are plotted as increase in percent of CD4� cells responding to each peptide in interferon gamma
ELISpot assays. The mean background reactivity across all assays was 19.3 spots (95% CI, 15.9 to 22.7 spots). CD8� cells and CD4� cells on average represented
20% (95% CI, 19% to 21%) and 36.3% (95% CI, 34.5% to 38.2%) of peripheral blood mononuclear cells, respectively. Thus, on average, 100 spots per well above
negative controls represent approximately 0.25% of CD8� cells.
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Glossary Terms

Cancer-testis antigen (CTA): Proteins expressed on the
surface of cancer and testicular cells capable of eliciting an im-
mune response outside of the immunologically shielded testis.

CD4: The surface antigen that characterizes CD4� T lympho-
cytes, CD4 is associated with the T-cell receptor and major histo-
compatibility complex, necessary for antigen recognition.

CTLA4 (CD152): Receptor on activated T cells that binds B7
molecules with a higher affinity than CD28, downregulating
T-cell responses by inhibiting CD28 signaling.

ELISpot: Enzyme-linked immunospot that is exquisitely sensi-
tive to assay minute amounts of mediators that are produced by
cells. Typically, cells are deposited on a membrane coated with an
antibody specific for a given protein. The protein of interest is
captured directly around the secreting cell and is detected with an
antibody specific for a different epitope. Coupled with colorime-
try, the cells are visualized by specialized plate readers. Thus, the
molecule is assayed before it is diluted in the supernatant, cap-
tured by receptors of adjacent cells, or degraded.

Helper peptide: A peptide that binds to class II MHC molecules and
thereby creates an epitope recognized by CD4� helper T cells.

Melanocytic differentiation protein (MDP): Protein ex-
pressed by melanocytes and by melanoma cells, typically functioning as
part of the melanin synthetic pathway. Examples include tyrosinase,
gp100, and MART-1/MelanA.

Th1: A categorization of helper (CD4�) T-cell responses, manifested
typically by production of cytokines, including interferon gamma,
interleukin-2, and tumor necrosis factor �, and with functional impor-
tance in supporting generation of cytotoxic T-cell responses.

Th2: A categorization of helper (CD4�) T-cell responses, manifested
typically by production of cytokines, including interleukin-4,
interleukin-5, and interleukin-10, and with functional importance in
supporting generation of B-cell and antibody responses.
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