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A B S T R A C T

Purpose
A phase I/II trial was performed to evaluate the safety and immunogenicity of a novel melanoma
vaccine comprising six melanoma-associated peptides defined as antigenic targets for melanoma-
reactive helper T cells. Source proteins for these peptides include MAGE proteins, MART-1/
MelanA, gp100, and tyrosinase.

Patients and Methods
Thirty-nine patients with stage IIIB to IV melanoma were vaccinated with this six-peptide mixture
weekly at three dose levels, with a preceding phase I dose escalation and subsequent random
assignment among the dose levels. Helper T-lymphocyte responses were assessed by in vitro
proliferation assay and delayed-type hypersensitivity skin testing. Patients with measurable disease
were evaluated for objective clinical response by Response Evaluation Criteria in Solid Tumors.

Results
Vaccination with the helper peptide vaccine was well tolerated. Proliferation assays revealed
induction of T-cell responses to the melanoma helper peptides in 81% of patients. Among 17
patients with measurable disease, objective clinical responses were observed in two patients
(12%), with response durations of 1 and 3.9� years. Durable stable disease was observed in two
additional patients for periods of 1.8 and 4.6� years.

Conclusion
Results of this study support the safety and immunogenicity of a vaccine comprised of six
melanoma helper peptides. There is also early evidence of clinical activity.

J Clin Oncol 26:4973-4980. © 2008 by American Society of Clinical Oncology

INTRODUCTION

CD4� T lymphocytes are critical in generating
effector T-cell responses, licensing dendritic cells,
and maintaining immunologic memory.1-4 How-
ever, their role in melanoma has not been well de-
fined, and cancer vaccine trials have largely ignored
the impact of vaccination on helper T cells and,
instead, have focused on epitopes for CD8� cyto-
toxic T lymphocytes. In prior trials, we incorpo-
rated a nonspecific helper peptide from tetanus
toxoid, restricted by multiple HLA-DR mole-
cules, that induces helper T-cell responses when
administered in an emulsion with Montanide
ISA-51 adjuvant (Seppic Inc, Fairfield, NJ) and
granulocyte-macrophage colony-stimulating fac-
tor.5,6 However, nonspecific helper T-cell re-
sponses may not be optimal for induction of
antitumor immunity.

HLA-DR–restricted peptides have been identi-
fied from melanoma-associated proteins,7-13 but
there is little in vivo human experience with them.
Prior studies used only one or two peptides and
limited enrollment to a single major histocompati-
bility complex class II allele.14-16 Immune responses
were disappointing for most peptides tested. The
intent of the present study was to evaluate the safety
and immunogenicity of a vaccine comprising six
melanoma-associated helper peptides derived from
cancer-testis antigens and from melanocytic differ-
entiation proteins. A secondary aim was to measure
clinical outcome.

PATIENTS AND METHODS

Patients

Patients with American Joint Committee on Cancer
stage IIIB to IV melanoma, with or without measurable
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disease, were eligible. Candidates were required to express at least one of the
five HLA-DR alleles by which CD4 T-cell recognition for the six peptides had
been defined (HLA-DR1, -DR4, -DR11, -DR13, or -DR15; approximately
90% of patients screened, data not shown). Other inclusion criteria included
age 18 years or older, Eastern Cooperative Oncology Group performance
status of 0 to 1, adequate liver and renal function, and ability to provide
informed consent. Exclusion criteria included ocular melanoma; pregnancy;
cytotoxic chemotherapy, interferon, or radiation within the preceding month;
known or suspected allergies to vaccine components; multiple brain metasta-
ses; use of corticosteroids; class III or IV heart disease; systemic autoimmune
disease with visceral involvement; and uncontrolled diabetes (hemoglobin
A1C � 7%). Patients were studied after informed consent and with institu-
tional review board (HIC No. 10464) and US Food and Drug Administration
approval (BB-IND No. 10825).

Clinical Trial Design

The main objectives of this study were to assess the safety of administer-
ing six class II major histocompatibility complex–restricted synthetic mela-
noma peptides in a vaccine at increasing doses and to select the dose level (200,
400, or 800 �g of each peptide) that produced the greatest magnitude of
immune response with high probability. The trial was monitored for
treatment-related adverse events, and a modified dose-finding scheme was
used to assess safety. For the initial phase, the first nine patients were accrued to
increasing dose levels in cohorts of three patients. Subsequent patients were
randomly assigned to one of the three dose regimens. Assuming that safety
criteria would be satisfied for two or more dose levels, this study was designed
to select the best treatment worthy of further investigation in single-factor
Bernoulli response experiments using the ranking and selection procedure,
BSH.16a Sample size was established to ensure that, if the difference between
the immune response rates was at least � � 25%, then the higher one will be
selected with high probability. Accrual of 12 eligible patients per dose, regard-
less of selecting between two or three dose levels, satisfied the minimum
criteria of P � .80.

Toxicity Assessment and Stopping Rules

The trial was monitored continuously for treatment-related adverse
events using National Cancer Institute Common Toxicity Criteria version 2.
Toxicities were recorded by patients using a daily toxicity diary, which was
reviewed by interview with a study clinician weekly. Dose-limiting toxicity was
defined as an unexpected adverse event possibly, probably, or definitely related
to treatment and � grade 4 metabolic/hematologic toxicity, � grade 3 non-
hematologic/metabolic toxicity, � grade 2 allergic reaction, or � grade 1
ocular adverse event. Visual flashing lights/floaters needed to occur more than
twice as nonisolated events to be considered a dose-limiting toxicity. Patients
with unequivocal disease progression were removed from treatment.

End Points for the Study

The study had two primary end points, safety and immunogenicity. The
primary immunologic end point was T-cell response to the six melanoma
helper peptides, as measured by proliferation assay in the lymph node draining
the vaccine site (sentinel immunized node [SIN]17). Secondary end points
included T-cell responses to helper peptides in peripheral-blood mononuclear
cells (PBMC), delayed-type hypersensitivity (DTH) testing, and clinical out-
come. Patients with measurable disease were observed for objective clinical
response using Response Evaluation Criteria in Solid Tumors. All patients
were observed for progression-free/disease-free and overall survival.

Vaccine Composition

All patients received a vaccine comprising the following six melanoma
peptides reported to be restricted by one or more HLA-DR molecules: AQ-
NILLSNAPLGPQFP (Tyrosinase56-70, HLA-DR4),7 FLLHHAFVDSIFEQ
WLQRHRP (Tyrosinase386-406, HLA-DR15),8 RNGYRALMDKSLHVGT
QCALTRR (Melan-A/MART-151-73, HLA-DR4),9 TSYVKVLHHMVKISG
(MAGE-3281-295, HLA-DR11),10 LLKYRAREPVTKAE (MAGE-1,2,3,6121-134,
HLA-DR13),11 and WNRQLYPEWTEAQRLD (gp10044-59, HLA-DR4
and HLA-DR1).12,13 An alanine residue has been added at the N terminus
of AQNILLSNAPLGPQFP (Tyrosinase56-70) to prevent cyclization
of the N-terminal glutamine residue in the originally described se-
quence QNILLSNAPLGPQFP.7,18

The peptides for vaccines were synthesized and purified (� 95%) under
Good Manufacturing Practices conditions by Multiple Peptide Systems (now
NeoMPS, San Diego, CA). After solubilization, each peptide was sterile fil-
tered, mixed, vialed, and lyophilized under Good Manufacturing Practices
conditions by Merck Biosciences AG Clinalfa (Läufelingen, Switzerland) in
single-use vials. Vials were submitted to quality assurance studies including
sterility, identity, purity, potency, general safety, pyrogenicity, and stability in
accordance with Code of Federal Regulations guidelines and BB-IND No.
10825. In addition, a tetanus helper peptide, AQYIKANSKFIGITEL, was used
in laboratory analyses.5

Collection of PBMCs

Blood (80 to 100 mL) was drawn at weeks 0, 1, 3, 5, 7, 12, and 18 and
at months 6, 9, 12, 18, and 24 (Fig 1). Lymphocytes were isolated using
Ficoll gradient centrifugation and cryopreserved in 10% dimethyl sulfox-
ide/90% serum.

Harvest of the SIN

On day 22 (week 3), the lymph node draining the replicate immuniza-
tion site (SIN) was localized and harvested under local anesthesia, as report-
ed.17 A central slice was preserved in formalin, and the remainder was
dissociated mechanically into a single-cell suspension and cryopreserved by
the University of Virginia’s Tissue Procurement Facility.

VaccinesMelanoma

Stage
IIIB-IV

HLA-DR1, 4,
11, 13, or 15

Vaccines

1 8 15 22 29 36 43 Week 7 12 18 Month 6 9 12 18 24Day

Blood draws

DTH
testing

Blood draws Blood draws

Harvest Sentinel
Immunized Node

(SIN)

DTH
testing

Fig 1. Flow diagram for Mel41 clinical trial. For each vaccine, the peptides were administered with granulocyte-macrophage colony-stimulating factor 110 �g in a stable
emulsion with Montanide ISA-51 adjuvant 1 mL on days 1, 8, 15, 29, 36, and 43 (weeks 0, 1, 2, 4, 5, and 6). The first three vaccinations were divided between two
injection sites (primary and replicate), and the last three were delivered to the primary injection site only. At each injection site, half of the vaccination was administered
subcutaneously, and half was administered intradermally. DTH, delayed-type hypersensitivity.
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Proliferation Assays

Responses to the six melanoma helper peptides were assessed in vitro by
measuring proliferation after antigen exposure. PBMCs were thawed in RPMI
1640 medium with 5% heat-inactivated human AB serum (Gemini Bio-
Products, West Sacramento, CA) and DNAse (Worthington Biochemical
Corporation, Lakewood, NJ, Catalogue No. LS002139; 100 mg, 2,430
units/mg dry weight) at 100 U/mL and washed twice. Cells were adjusted to
1 � 106 cells/mL in tissue culture medium consisting of AIM V (Invitrogen
Corporation/GIBCO, Carlsbad, CA) with heat-inactivated 10% human AB
serum plus each of the following 11 conditions: media only; bovine serum
albumin (BSA; Sigma-Aldrich, St Louis, MO; 10 �g/mL); tetanus peptide (10
�g/mL); each of the six melanoma helper peptides (10 �g/mL, individually
tested); six melanoma helper pool (6MHP; all six peptides, each 10 �g/mL);
and phytohemagluttinin (PHA; Sigma; 5 �g/mL). PBMCs from two normal
donors (Virginia Blood Services, Richmond, VA) were included as controls
in each of following 13 conditions: media only; BSA; tetanus peptide;
six-melanoma peptide pool; PHA; influenza lysate; lysate control (Micro-
bix Biosystems Inc, Toronto, Ontario, Canada); and PHA. Cultures were
prepared in triplicate in 96-well, flat bottom cluster dishes and incubated
for 5 days at 37°C and 5% carbon dioxide. On day 5, 1 �Ci/well of tritiated
thymidine was added for 8 hours before harvesting. Background stimula-
tion was determined as the mean of media-only and BSA-stimulated
cultures and was used to determine fold-increase or stimulation index
based on the following definitions: Nvax � stimulation in vaccine peptide;
Nneg � stimulation in negative control; and stimulation index �
Rvax � Nvax/Nneg.

For evaluations of PBMCs, a patient is considered to have a proliferation
response to vaccination only if all of the following criteria have been met:

Rvax � 4; (Nvax – 1 standard deviation) � (Nneg � 1 standard deviation); and
Rvax after vaccination � 4 � Rvax before vaccine. Prevaccination lymph node
samples were not routinely evaluated; thus, the third criterion was not applied
to SIN. Fold-increases less than one were converted to one to prevent inflation
of adjusted fold-increases as a result of prevaccine ratios less than one and
division by zero, while not affecting the determination of response. Influenza
lysate controls in normal donors provided an assessment of interassay repro-
ducibility; the calculated interassay coefficient of variation was 48%.

DTH Testing

At least 2 days before the first vaccination, patients were injected intrad-
ermally (usually on a forearm) with a panel of recall antigens (tuberculin,
tetanus toxoid [when available], Trichophyton, and Candida) and with the
6MHP (100 �g each). The diameter of induration was read at 24 hours by the
patients and at 48 hours by a licensed practitioner. Tests were repeated at week
12 (day 85) and were considered positive if, at 24 or 48 hours, the diameter of
induration was at least 5 mm greater than the maximum prevaccine diameter.

Immunologic Reagents for Flow Cytometry

The fluorescent tagged antibodies used were specific for CD3 allophyco-
cyanin (APC), CD3 APC-cyanine7 (Cy7), CD4 phycoerythrin (PE; BD Bio-
sciences, San Jose, CA), CD8 PE-Cy7 (Beckman Coulter, Miami, FL), FoxP3
(rat, clone PCH101) and its isotype control (eBiosciences, San Diego, CA), and
CD25-PE (Miltenyi Biotec Inc, Auburn, CA).

Phenotypic Analysis of Peptide-Stimulated Cells

After 5 days of incubation, 6MHP-stimulated carboxyfluorescein diac-
etate succinimidyl ester–labeled PBMC were stained with CD3-APC, CD4-PE,

Table 1. Demographics and Clinical Characteristics of Eligible Patients� by Treatment Group

Characteristic

Arm and Peptide Dose (No. of patients) Total (N �37)

Arm A, 200 �g (n � 12) Arm B, 400 �g (n � 12) Arm C, 800 �g (n � 13) No. of Patients %

Female 3 6 7 16 43
Race

Non-Hispanic white 12 12 11 35 95
Egyptian 0 0 1 1 3
Hispanic 0 0 1 1 3

Age, years
Median 63 58 62 59
Range 36-84 34-78 42-79 34-84

Performance status � 0 9 8 7 24 65
Disease stage

IIIB, IIIC 3 5 3 11 30
IV 9 7 10 26 70

Disease status
Clinically NED 5 8 6 19 51
Nonmeasurable disease 0 1 0 1 3
Measurable disease 7 3 7 17 46

HLA-DR type†
1 1 1 3 5
4 2 8 6 16
11 4 2 4 10
13 8 0 4 12
15 3 5 3 11
7 1 2 3 6
12 1 1 0 2
14 1 0 1 2
17 3 1 0 4

Abbreviation: NED, no evidence of disease.
�One ineligible patient, who was treated in the 200-�g group, was a 38-year-old white male with measurable stage IV disease who was ineligible because of

uncontrolled diabetes (hemoglobin A1C � 7.7%). The other patient, who was treated in the 400-�g group, was a 56-year-old white male with stage IIIA disease who
was incorrectly staged as IIIB.

†Two additional patients had second HLA-DR alleles that could not be defined with certainty.

Melanoma Helper Peptide Vaccine Trial
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and CD8-PE-Cy7 antibodies. Cells were fixed in 0.5% paraformaldehyde
(Sigma-Aldrich) and collected on a Becton Dickinson FACSCalibur with dual
lasers (488 and 635 nm; BD Biosciences) capable of seven-parameter (four-
color) analysis. Data were analyzed with FloJo software (Treestar, Ash-
land, OR).

Intracellular Detection of FoxP3

Cryopreserved PBMC and SIN lymphocytes were thawed in pre-
warmed thaw medium and then surface labeled for CD4 (PE; BD Bio-
sciences) and CD25 (Miltenyi Biotec). Labeled cells were fixed, permeabilized,
and stained using APC-conjugated antihuman FoxP3 or its isotype control.
Data were collected on a Becton Dickinson FACSCalibur and analyzed using
FloJo software.

RESULTS

Eligibility Review

Thirty-nine patients were enrolled; however, two were found to
be ineligible on postreview (incorrect staging [stage IIIA] and uncon-
trolled diabetes at study entry). Their data are included for toxicity and
adverse event assessments but are excluded from analyses of immu-

nologic and clinical outcomes. Patient demographics and clinical pre-
sentations were similar across study groups (Table 1).

Summary of Clinical Toxicities

Treatment-related adverse events are listed for all 39 patients in
Appendix Table A1 (online only). There were no grade 4 toxicities, no
deaths on study, and no dose-limiting toxicities at any dose. Toxicity
profiles were comparable across dose levels (data not shown). Grade 1
and 2 flu-like symptoms were common and usually limited to 24
hours after each vaccine. All patients developed vaccine injection site
reactions. Other common treatment-related grade 1 and 2 toxicities
were fatigue (85%), headache (41%), myalgias (28%), rigors/chills
(28%), arthralgias (18%), nausea (21%), and dizziness/lightheaded-
ness (21%). Common treatment-related laboratory abnormalities in-
cluded grade 1 hyperkalemia (33%), decreases in hemoglobin (28%),
and lymphopenia (13%). Hyperglycemia was recorded in 49% of
patients, but blood samples were not fasting, so the hyperglycemia is
not likely to be clinically relevant. There was one treatment-related
grade 3 toxicity (injection site reaction in a patient in group A, which
was the group treated with 200 �g). The following unexpected
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Fig 2. Cellular proliferative responses to six melanoma helper peptides (6MHP) in peripheral-blood mononuclear cells (PBMCs) and the sentinel immunized node (SIN).
(A) Proliferation data are shown for one patient VMM699 at 5 days after stimulation with the 6MHP pool, individual peptides, or an irrelevant tetanus helper peptide.
Calculated stimulation index (SI) data are shown; SIs above the red line (SI � 4) are considered positive. The patient is HLA-DR4 and HLA-DR12 positive; described
HLA-DR restrictions for peptides with responses (TSY, WNR, FLL, and AQN) are DR11, DR4 and DR1, DR15, and DR4, respectively. W, weeks; T, vaccine treatment;
SIN W � 3, sentinel immunized node harvested at week 3. (B) SIs reported for the pool of 6MHP correlated with the sum of maximum SIs for each peptide at all time
points evaluated in the PBMC or SIN. (C) Time course for proliferation assay SI data over time for all evaluated patients, with box plots (boxes � 25th to 75th percentiles;
vertical lines � minimum to maximum). Numbers at the top of each bar are the number of assessable patients at the time shown. W, weeks from study initiation; M,
months from study initiation; T, treatment/vaccine number; SIN, day of SIN biopsy; NA, not available. These are PBMC data only. Blood was not drawn at weeks 2,
4, and 6 and was not evaluated at month 12. (D) Box plot of SIs for immune responders, through week 12, in the PBMC and SIN for each study group (groups A, B,
and C � 200, 400, and 800 �g dose, respectively).
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treatment-related adverse events required institution review board
reporting in four patients: grade 2 autoimmune reaction (group B, 400
�g), grade 1 blurred vision (group C, 800 �g), grade 2 vomiting and
grade 2 anorexia (group C), and grade 2 edema and grade 2 skin
erythema (group C).

Autoimmune Toxicities

Autoimmune toxicities were observed in eight patients (21%),
including four patients in group A, three patients in group B, and one
patient in group C (maximum grade was grade 1 in seven patients and
grade 2 in one patient). Four patients (10%) developed treatment-
related vitiligo; four patients (10%) had asymptomatic elevations of
rheumatoid factor, and one patient (3%) had asymptomatic elevation

of antinuclear antibody. Details are listed in Appendix Table A2 (on-
line only).

Immune Response Data in PBMC and SIN:

Proliferation Assay

All 37 eligible patients were assessable for immune responses
in PBMCs; 36 were assessable in SIN. Prevaccine proliferative
responses to these peptides (� four-fold the negative controls)
were detectable in PBMC in two patients (5.2-fold to MAGE-
1,2,3,6121-134 and 4.5-fold to 6MHP pool and 4.3-fold to MAGE-
3281-295, data not shown). This represents 5% of patients; thus,
criteria used for proliferation assay responses result in 95% of
patients being negative before vaccination.

Immune responses induced by the six melanoma helper peptides.
Vaccines induced immune response to multiple antigens (Fig 2A).
Reactivity to the mixture of six helper peptides (6MHP) correlated
well with the sum of reactivities to individual peptides (Spearman r �
0.77 in PBMC and r � 0.96 in SIN, both P � .001; Fig 2B), so reactivity
to the 6MHP mixture was used for comparisons across study arms.
Reactivity in PBMC was first evident 3 weeks after the first vaccine and
persisted through week 7 (Fig 2C), with a slow decline in reactivity
through week 39. For each patient, a median of four PBMC samples
(range, one to eight samples) were evaluated through a median of 12
weeks (range, 3 to 52 weeks); among patients with a detectable prolif-
erative response, a median of three PBMC samples tested positive.
Twenty-one patients had immune responses to 6MHP in the PBMC,
of whom 20 had assessable SIN. Nineteen of these patients (95%) had
immune responses detected in the SIN. The one exception had a weak
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Fig 3. Identification and characterization of the cells responding to the six melanoma helper peptides (6MHP). (A) Two patients were evaluated for proliferative
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Table 2. Proliferative Immune Responses to Peptides After Vaccination

Patient Group
No. of

Patients

% of Patients With
Proliferative Responses�

PBMC
(n � 37)

SIN
(n � 36)

Overall
(N � 37)

Arm A, 200 �g 12 67 83 83
Arm B, 400 �g 12 42 91 92
Arm C, 800 �g 13 62 62 69
Overall 37 57 78 81

Abbreviations: PBMC, peripheral-blood mononuclear cell; SIN, sentinel im-
munized node.

�No difference was noted among study groups when examined as a
continuous response.
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response in the SIN (4.15�, data not shown). There were nine addi-
tional patients with immune responses in the SIN without immune
response in PBMC.

Immune responses were not dose dependent across the dose range
tested in this study. Vaccination induced immune reactivity to 6MHP
in 57% of patients in PBMC, 78% of patients in SIN, and 81% of
patients in PBMC or SIN (Table 2). Results did not differ by study
group in �2 analyses. Furthermore, the magnitudes of response to the
6MHP pool were comparable across peptide doses (Fig 2D).

Responding cells are CD4� T cells. The melanoma helper pep-
tides were originally identified as epitopes for CD4� T lymphocytes;
however, such peptides could contain embedded CD8 T-cell epitopes.
To determine whether responding T cells were CD4� or CD8� cells,
mononuclear cells were stained with carboxyfluorescein diacetate suc-
cinimidyl ester, cultured 5 days with 6MHP, and evaluated by flow
cytometry. Proliferating cells were CD4�; there was no significant
proliferation of CD8� cells (Fig 3A).

FoxP3-Positive CD4� Cells Are Not Increased by

Vaccination With Melanoma Helper Peptides

We evaluated whether vaccination with 6MHP may expand cir-
culating CD4� CD25HI FoxP3-positive regulatory T cells by staining
PBMCs from five patients (Fig 3B). The proportion of FoxP3-positive
cells did not increase during or after vaccination. The proportion of
FoxP3-positive cells was higher in SIN than in PBMCs; we have ob-
served this result in prior vaccine studies. Findings shown here are for
FoxP3-positive CD4� cells, but the same conclusion is drawn by
evaluation of CD25HI CD4� cells (data not shown).

DTH Testing

Seven (29%) of 24 assessable patients developed DTH responses
to 6MHP after vaccination (Fig 4A). Reasons for not being assessable
for DTH included early disease progression, noncompliance, and
failure to place DTH tests at week 12. Decreased reactivity to 6MHP
was observed in only one patient. For the seven patients with DTH
reactivity, increases in mean DTH reactivity to 6MHP were greater
than changes in DTH reactivity to a panel of standard recall anti-
gens (Fig 4B).

Among the 24 assessable patients, 37% of those with T-cell pro-
liferation responses in vitro had DTH positivity, but all nonresponders
were DTH negative (Fig 4C). There were trends toward associations
between DTH reactivity and peptide dose, clinical disease status, and
stage, but because of the small numbers, these trends cannot be mean-
ingfully assessed for statistical significance (Fig 4D).

Clinical Outcomes

This study included 17 eligible patients with measurable disease
(Table 1), among whom two patients experienced objective clinical
tumor regressions (response rate � 12%) and two (12%) experienced
durable stable disease. One objective response has been durable and
ongoing for 3.9 years, and one response was durable for 1 year, after
which surgical resection of a single site of progression has been fol-
lowed by 1.5 additional years of stable disease. One patient with stable
disease remains alive and free of progression at 4.6 years, whereas the
other patient is alive at 2.4 years after having experienced progression
at 1.8 years (Appendix Table A3, online only). Survival estimates at 18
months are 55% (95% CI, 30% to 74%) for patients with evidence of
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disease, 89% (95% CI, 63% to 97%) for patients clinically free of
disease, and 72% (95% CI, 54% to 84%) for all patients (Appendix
Table A4, online only).

DISCUSSION

To our knowledge, this is the first evaluation of this vaccine prepara-
tion, comprised of six peptides from melanocytic differentiation anti-
gens and cancer testis antigens, and of four of the peptides within it to
be performed in humans. The findings demonstrate safety and immu-
nogenicity. Immune responses to the 6MHP pool were detected in
more than 80% of patients (Table 2) across a wide range of HLA-DR
molecules, suggesting that these peptides may be broadly relevant to
the immune response to melanoma. Findings suggest promiscuity of
these helper peptides across a wider range of HLA-DR molecules than
originally reported (Fig 2A); a full analysis of this promiscuity is being
prepared separately (manuscript in preparation). The immune re-
sponses were transient in some patients and persistent in others (Figs
2A and 2C). That some responses were detectable through week 39,
more than 6 months after the last vaccine, suggests the possibility of
memory T-cell induction. However, the transience of some responses
also suggests immune regulatory processes that should be identified
and targeted for combination immunotherapy in the future. A
follow-up trial with these six helper peptides includes booster vac-
cines, which will be evaluated for maintaining responses.

In addition to in vitro evidence of immunogenicity of this helper
peptide vaccine, we also observed in vivo evidence of immune reactiv-
ity based on DTH responses in seven (29%) of 24 assessable patients.
There were also autoimmune reactivities in 21% of patients, including
vitiligo in 10%, without associated symptoms. Clinical responses were
observed in two of 17 patients with measurable disease, and durable
disease stabilization occurred in two additional patients. Immune
responses were identified to 6MHP for all patients with DTH re-
sponses, all patients with autoimmune toxicities, and all four patients
with partial clinical responses or stable disease. Together, these data
suggest both biologic activity and evidence of clinical activity. This
phase I/II trial provides data that support larger studies of this six–
helper peptide mixture with or without immunogens to stimulate
CD8� T cells.
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