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Abstract
Associations between HLA class I antigen expression and the efﬁcacy of a melanoma vaccine (Melacine; Corixa
Corp.) were initially described in stage IV melanoma. Similar associations were observed in S9035, a phase III
adjuvant trial evaluating Melacine for 2 years compared with observation in patients with stage II melanoma. This
report provides long-term results. The effects of treatment on relapse-free survival (RFS) and overall survival (OS)
were evaluated, and prespeciﬁed analyses investigated associations between treatment and HLA expression.
Multivariable analyses were adjusted for tumor thickness, ulceration and site, method of nodal staging, and sex.
P ¼ 0.01 was considered statistically signiﬁcant in subset analyses to account for multiple comparisons. For the
entire study population of 689 patients, there were no signiﬁcant differences in RFS or OS by treatment arm. HLA
serotyping was performed on 553 (80%) patients (vaccine, 294; observation, 259). Among the subpopulation with
HLA-A2 and/or HLA-Cw3 serotype, vaccine arm patients (n ¼ 178) had marginally improved RFS (adjusted P ¼
0.02) and signiﬁcantly improved OS compared with observation arm patients (n ¼ 145), with 10-year OS of 75%
and 63%, respectively [hazard ratio (HR), 0.62; 99% conﬁdence interval (CI), 0.37–1.02; P ¼ 0.01]. There was no
impact of HLA-A2 and/or HLA-Cw3 expression on observation arm patients. An analysis of mature data from
S9035 indicates a signiﬁcant OS beneﬁt from adjuvant vaccine therapy for patients with HLA-A2– and/or HLACw3–expressing melanoma. The possibility of interactions between HLA type and outcome should be considered
in future immunotherapy trials. Further investigations of melanoma-associated antigens present in Melacine and
presented by HLA-A2 and HLA-Cw3 may be warranted. Cancer Immunol Res; 2(10); 981–7. 2014 AACR.

Introduction
In 2013, an estimated 76,690 new cases of invasive melanoma
and 9,480 deaths from melanoma occurred in the United States
(1). The majority of patients with invasive melanoma present
with clinically localized disease. Currently, high-dose IFNa-2b
and pegylated IFNa-2b are the only FDA-approved adjuvant
therapy options for patients with high-risk melanoma, but there
is a major unmet need for less toxic adjuvant therapies that could
potentially improve outcomes for the large number of patients
with intermediate-risk melanoma. Very few such patients
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receive adjuvant therapy today, and no therapy has been shown
to improve overall survival (OS) in patients with intermediatethickness, node-negative melanoma (2).
In light of this unmet need, the Southwest Oncology Group
(SWOG) initiated a phase III randomized clinical trial, S9035 in
1992, to evaluate the adjuvant use of an allogeneic melanoma
vaccine. The vaccine chosen, Melacine (Corixa Corp.), is a
polyvalent tumor-cell lysate derived from the melanoma
metastasis of two patients (3). The vaccine contains numerous
melanoma proteins that have shown the ability to mediate
signiﬁcant host immune reactivity in vivo (4). In a clinical trial
of patients with stage IV melanoma, 12 of 70 patients exhibited
a partial or complete response to Melacine (5). In addition,
Mitchell and colleagues (3, 6) have indicated that Melacine had
the ability to induce cytotoxic T lymphocyte–mediated
immune responses and objective clinical responses in patients
with stage IV melanoma. Mitchell and colleagues (5) used a
hypothesis-generating Monte Carlo simulation to elicit all of
the alleles most likely associated with clinical outcomes balanced against selecting criteria that apply broadly to the
studied population. This method resulted in the following
criteria: two or more of ﬁve prespeciﬁed HLA alleles (HLAA2, HLA-A28, HLA-B44, HLA-B45, and HLA-Cw3) and at least
one of the alleles HLA-A2 and HLA-Cw3 (5). This association
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led to the incorporation of serotyping into the S9035 protocol,
and the inclusion of prespeciﬁed analyses of the correlation
between these HLA serotypes and outcome.
S9035 accrued a total of 689 patients from April 1992 through
November 1996, and results were reported after a median
follow-up among patients still living at 5.6 years from the
start of the study (4). In that report, no statistically signiﬁcant
relapse-free survival (RFS) or OS beneﬁt was found for the
vaccine arm (4). However, in prespeciﬁed subset analyses based
on the work of Mitchell and colleagues (5), differences were
found. Speciﬁcally, among patients with the HLA-A2 and/or
HLA-Cw3 serotype, the 5-year RFS was 77% for the vaccine arm,
compared with 64% for the observation arm (P ¼ 0.004; ref. 7).
Given these notable results, and the fact that the original
analysis had insufﬁcient events to adequately examine OS, this
follow-up analysis evaluated long-term survival outcomes (RFS
and OS) of S9035 by treatment arm and HLA serotype.

Patients and Methods
Clinical trial design
Eligible patients were 18 years or older with completely
resected primary cutaneous melanoma that measured 1.5 to
4.0 mm in thickness or Clark level IV (if thickness was unavailable), met all study eligibility criteria, were within 56 days of
deﬁnitive surgery for the treatment of melanoma, and had no
evidence of regional or metastatic disease on physical examination and chest X-ray (4). Patients were randomly assigned to
either observation or 2 years of adjuvant therapy with a
polyvalent, allogeneic melanoma cell lysate vaccine (Melacine;
ref. 4). The randomization was stratiﬁed to balance for sex,
tumor thickness (1.5–3.0 mm, 3.1–4.0 mm, or Clark level IV
thickness unknown), and method of nodal staging (surgical,
which could be elective lymphadenectomy or sentinel node
biopsy, or clinical). Tumor ulceration, anatomic location of the
primary tumor (extremity or nonextremity), and age were
recorded as potential prognostic factors, but were not used
in the stratiﬁcation at the time of randomization. The Melacine
vaccine is composed of an allogeneic melanoma cell lysate plus
the immunologic adjuvant DETOX (detoxiﬁed Freund adjuvant, containing mycobacterial cell wall skeleton plus monophosphoryl lipid A; ref. 4). Each vaccine treatment consisted of
two intramuscular injections of the vaccine/adjuvant combination (1.0 mL of Melacine cell lysate plus 0.25 mL of DETOX
split between two injection sites) given into extremities that
were not involved with melanoma. The vaccines were delivered
over the course of four 6-month cycles, with each cycle consisting of 10 vaccinations (on weeks 1, 2, 3, 4, 6, 8, 12, 16, 20, and
24) followed by a 3-week rest (4).
Methods for HLA class I serologic typing
All participating patients had their HLA class I alleles
determined at a single central laboratory as previously
described, using a panel of HLA class I antisera in an antigen/antibody test (7–9).
Statistical analysis
The primary objective of this analysis was to evaluate longterm RFS and OS in patients from S9035 by study arm and by
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HLA serotype. RFS was deﬁned as the time from the date of
randomization to the date of the ﬁrst clinical evidence of
disease recurrence or death without evidence of recurrence,
with patients last known to be alive and relapse free censored
at the date of the last contact. OS is deﬁned as the time from the
date of randomization to the date of death due to any cause,
with patients last known to be alive censored at the date of the
last contact. Power and design speciﬁcations for the study were
as previously presented (4). Survival plots were generated by
the method of Kaplan and Meier (10). All multivariable RFS and
OS comparisons were performed using Cox regression (11).
Analyses by study arm were adjusted for the design-speciﬁed
stratiﬁcation factors, including tumor thickness, nodal staging
method, and sex. Additional analyses by study arm and HLA
phenotype status were also adjusted for ulceration and primary site location, which were recognized as prognostic
factors in the overall trial results (4, 8). Vaccine was coded as
"1" and observation as "0."
Previous trials of Melacine that enrolled stage IV patients
indicated a relationship between ﬁve HLA class I serotypes and
vaccine response (5). In prespeciﬁed analyses, we examined
whether RFS and OS differed according to whether patients
had 2 of the HLA alleles HLA-A2, HLA-A28, HLA-B44, HLAB45, and HLA-Cw3, and by whether patients expressed HLA-A2
and/or HLA-Cw3 versus neither HLA-A2 nor HLA-Cw3. The
analysis performed in 2002 examining the effect of HLA
serotype on RFS used a critical level of P ¼ 0.10 in tests for
interactions to minimize the possibility of missing a potentially
signiﬁcant interaction (12). Within HLA subsets, the analysis
used a two-sided a level of P ¼ 0.01 to account for multiple
comparisons in evaluation of the series of prespeciﬁed HLA
hypotheses (7). For consistency, these statistical parameters
are retained in this follow-up analysis of long-term outcomes.

Results
Description of the study population
A total of 689 patients were enrolled into the study. Updated
eligibility assessment showed 91 ineligible patients, mostly due
to nonconforming pathology or inadequate surgical resection
(95% of exclusions). Although the trial was activated in April
1992, sample collection for HLA serotyping began in September
1994, with the last patient accrued by 1996. A cohort of 553
(80%) of the entire 689 enrolled patients gave consent and
underwent HLA class I serotyping. The total was composed of
383 (94%) of the 409 patients entered on or after September 1,
1994, who were all prospectively typed, and 170 (61%) of the 280
patients entered before September 1, 1994, who were retrospectively typed after earlier entry into the protocol (7). In this
analysis, 294 patients in the vaccine arm and 259 in the
observation arm were included. Patient characteristics within
the HLA serotyped cohort were well balanced by treatment
arm (7) Also, there was no difference in the proportion
of patients by study arm who were HLA-A2þ and/or HLAC3þ (P ¼ 0.27) or who had 2 of the Mitchell ﬁve alleles
(P ¼ 0.47). This analysis inevitably excluded some patients
relapsing within the initial 2 years of enrollment, before the
institution of HLA phenotyping (7). However, the results were
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Table 1. RFS and OS analysis results
5-Year estimate
Analysis
RFS
Eligible
All randomized
A2þ and/or Cw3þ
A2 and Cw3
2 of Mitchell 5
0 or 1 of Mitchell 5
OS
Eligible
All randomized
A2þ and/or Cw3þ
A2 and Cw3
2 of Mitchell 5
0 or 1 of Mitchell 5

10-Year estimate

Vaccine

Observation

Vaccine

Observation

HR (95% CI)a

P

66%
67%
78%
64%
84%
67%

64%
63%
65%
66%
61%
67%

56%
57%
66%
54%
72%
56%

54%
53%
54%
57%
49%
58%

0.94 (0.74–1.18)
0.86 (0.70–1.07)
0.67 (0.43–1.04)
1.14 (0.70–1.88)
0.46 (0.24–0.86)
1.07 (0.72–1.59)

0.58
0.18
0.02
0.49
0.002
0.65

81%
82%
90%
80%
93%
83%

77%
76%
76%
84%
74%
82%

67%
68%
75%
67%
78%
69%

67%
66%
63%
75%
61%
72%

0.93 (0.72–1.21)
0.88 (0.69–1.13)
0.62 (0.37–1.02)
1.33 (0.73–2.41)
0.50 (0.24–1.03)
1.07 (0.59–1.47)

0.61
0.31
0.01
0.22
0.01
0.69

95% CIs are provided for the analyses of RFS and OS by intervention arm. Consistent with the design, which speciﬁes a two-sided a
level of P ¼ 0.01 to account for multiple comparisons within HLA subsets, 99% CIs are provided for the HLA subset analyses (i.e., A2þ
and/or Cw3þ; A2 and Cw3; 2 of Mitchell 5; 0 or 1 of Mitchell 5).
a

conﬁrmed in the subset of 383 prospectively serotyped
patients, justifying the inclusion of all 553 serotyped patients
in the ﬁnal analysis.
Analysis of RFS and OS by treatment arm
At the time of the present analysis, median follow-up among
patients still alive was 12.1 years (maximum, 15.2 years). In
multivariable regression adjusting for stratiﬁcation factors, RFS
was not statistically different for patients assigned to the vaccine
arm when either the eligible patients (P ¼ 0.58) or all randomized
patients (intent-to-treat analysis; P ¼ 0.18) were evaluated

(Table 1). Similarly, OS did not differ signiﬁcantly by treatment
arm either in eligible patients (P ¼ 0.61; Fig. 1) or in all randomized patients (P ¼ 0.31). Results were similar when primary site
and tumor ulceration were included in the multivariable regression along with the stratiﬁcation factors (data not shown).
Analysis of RFS and OS by HLA serotype
There was a signiﬁcant test for the interaction between
treatment arm and the HLA-A2/Cw3 status (A2þ and/or
Cw3þ vs. both A2 and Cw3; P ¼ 0.06). This analysis of the
effect of HLA serotype used a critical level of P ¼ 0.10 in tests for

Figure 1. OS by treatment arm in
eligible patients.
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Figure 2. A, RFS by treatment arm in HLA-A2 and/or HLA-Cw3 patients. B, RFS by treatment arm in patients expressing 2 of the Mitchell 5 alleles. C, RFS


by treatment arm in HLA-A2 and HLA-Cw3 patients. D, RFS by treatment arm in patients expressing none or one of the Mitchell 5 alleles.

interactions to minimize the possibility of missing a potentially
signiﬁcant interaction (12). In the A2þ and/or Cw3þ groups, the
10-year RFS for vaccine arm patients was 66%, compared with
54%, for observation arm patients (P ¼ 0.02; Fig. 2A). In the A2
and Cw3 groups, the 10-year RFS for vaccine arm patients was
54%, compared with 57% for observation arm patients (P ¼
0.49; Fig. 2C).
There was a highly signiﬁcant test for the interaction between
treatment arm and the expression of at least two of the ﬁve HLA
serotypes initially described by Mitchell and colleagues (P ¼
0.005). Among patients expressing at least two of the ﬁve alleles,
the 10-year RFS for vaccine arm patients was 72% compared
with 49% for observation arm patients (P ¼ 0.002; Fig. 2B).
Among patients expressing one or none of the ﬁve alleles, 10year RFS for vaccine arm patients was 56% compared with 58%
for observation arm patients (P ¼ 0.65; Fig. 2D). Thus, there was
improved RFS primarily among vaccine arm patients expressing
at least two of the ﬁve noted alleles at 10 years after registration.
There was a statistically signiﬁcant test for the interaction
between treatment arm and the HLA A2/Cw3 status (P ¼ 0.01).
In the A2þ and/or Cw3þ groups, the 10-year OS for vaccine arm
patients was 75%, compared with 63% for observation arm
patients (P ¼ 0.01; Fig. 3A). In the A2 and Cw3 groups, the 10year OS for vaccine arm patients was 67%, compared 75% for
observation arm patients (P ¼ 0.22; Fig. 3C).
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There was also a signiﬁcant interaction between treatment
arm and the expression of at least two of the ﬁve HLA serotypes
(P ¼ 0.02). Among patients expressing at least two of the ﬁve
alleles, the 10-year OS for vaccine arm patients was 78%,
compared with 61% for observation arm patients (P ¼ 0.01; Fig.
3B). Among patients expressing one or none of the ﬁve alleles,
the 10-year OS for vaccine arm patients was 69%, compared
with 72% for observation arm patients (P ¼ 0.69; Fig. 3D). Thus,
improved OS was seen primarily among vaccine arm patients
expressing at least two of the ﬁve noted alleles 10 years after
registration.
Because all analyses of the interaction between intervention
and HLA serotype were derived in multivariable regressions,
the effects noted above are independent of the adjustment
variables, including tumor thickness, nodal staging method,
sex, ulceration, and primary site location.

Discussion
The observation that treatment with the polyvalent melanoma cell lysate vaccine, Melacine, was consistent with
improved OS in a subset of intermediate-thickness nodenegative melanoma patients deﬁned by HLA serotype extends
the ﬁndings of the previous report on S9035 by Sosman and
colleagues (7), which indicated a highly signiﬁcant beneﬁt of
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Figure 3. A, OS by treatment arm in HLA-A2 and/or HLA-Cw3 patients only. B, OS by treatment arm in patients expressing 2 of the Mitchell 5 alleles.


C, OS by treatment arm in HLA-A2 and HLA-Cw3 patients only. D, OS by treatment arm in patients expressing none or one of the Mitchell 5 alleles.

adjuvant therapy with Melacine with respect to RFS among
patients expressing two or more of the Mitchell 5 class I
antigens. The consistent effect of prespeciﬁed HLA serotypes
on vaccination outcomes across studies in different disease
stages and maintained over many years of follow-up suggests
an effect that is unlikely to be due to chance alone. Moreover,
the lack of impact of HLA serotype on outcome in the observation arm directly implicates the host (vaccine recipient in
this case) immune response to Melacine and not selection of a
subset of patients with an inherently favorable prognosis.
The mechanism of action of this allogeneic cell lysate and the
critical antigens involved has not been elucidated to date. The
most likely explanation would seem to be the existence of HLAA2– and HLA-Cw3–restricted antigenic peptides in the cell
lysate that were important to the vaccine's antitumor immune
effect; however, a possible effect of the vaccine adjuvant
(detoxiﬁed Freund adjuvant) in stimulating host immunity
must also be considered. Why any such adjuvant effect should
be HLA restricted in the precise pattern observed is unexplained at this time (13). Mitchell and colleagues (5) originally
hypothesized that the HLA restricted effect was due to a
"match" between the HLA haplotype of the 2 patients whose
tumors comprised the cell lysate (which formed the basis for
the selection of the Mitchell 5 HLA antigens) and the vaccine
recipient. However, our current understanding of antigen

www.aacrjournals.org

presentation would indicate that allogeneic peptide fragments
are recognized in the context of the recipient HLA haplotype,
regardless of the haplotype of the antigen "donor" through the
process of antigen cross-presentation. Irrespective of the precise mechanism, the existence of a distinct and identiﬁable
subset of patients with clinical beneﬁt from allogeneic vaccination suggests a need for continued exploration of immunebased adjuvant strategies in melanoma, with particular reference to melanoma-associated antigens present in Melacine
and presented by HLA-A2 and HLA-Cw3. Moreover, the possibility of interactions between HLA haplotype and treatment
with other types of immunotherapy, such as IFNa, ipilimumab,
IL2, anti–PD-1, or anti–PD-L1 antibody therapies, may warrant
further study, although previous efforts to ﬁnd such interactions have been inconclusive (14, 15).
Although the results of this analysis closely mirror those of
the prior analysis conducted a decade earlier, some caveats
must be considered. Collection of samples for HLA class I
serotyping was only initiated after trial recruitment had already
begun. Therefore, 136 patients (20%) were not serotyped. The
patients not serotyped likely had more aggressive disease
leading to progression and removal from the trial before serotyping was initiated (7). However, the main ﬁndings were
conﬁrmed in analyses restricted to only the 383 prospectively
serotyped patients, so it is unlikely that the inclusion of some
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patients retrospectively serotyped or the loss of some patients
with progressive disease before the initiation of serotyping
materially affected the conclusions. In addition, this analysis
was limited to well-deﬁned hypotheses about prespeciﬁed
antigens and groups of antigens that were established when
serotyping was added to the protocol. The Cox regression model
included adjustments for all the stratiﬁcation and important
prognostic factors that were available at the time (7).
Since the trial began, major changes have occurred in the
speciﬁcity and sensitivity of HLA haplotyping. The analyses
initially performed by Mitchell and colleagues and those done
as part of the S9035 trial involved serotyping methodologies
that are now considered out of date. Current molecularly based
HLA typing techniques have reﬁned and further segmented
some of the HLA serotypes used in the present analysis (16).
This development hinders the translation of the results from
the S9035 trial to the care of present-day patients but presents
an opportunity for future trials to more completely characterize the patient populations being studied.
In addition, since the S9035 trial began in 1992, the standard
of care for surgical treatment of intermediate-thickness clinically node-negative melanoma has changed, with the abandonment of elective lymphadenectomy and the widespread use
of sentinel node biopsy, now the norm in this patient population. In the S9035 trial, only a quarter of all patients enrolled
underwent surgical staging of the regional nodes, and sentinel
node biopsy was rarely used, so micrometastases would have
been present in some patients who were classiﬁed as being
node-negative in this trial. The inability to detect microscopic
lymph node involvement in the S9035 trial means that this
patient population likely included both stage II and stage III
melanoma patients. The prognosis of such patients would be
worse than that of present-day patients with melanoma with
tumors of intermediate thickness, and the effect of the adjuvant therapy could have been different between patients with
and without microscopic nodal involvement, making it more
difﬁcult to compare these results with ﬁndings from more
recent studies. Other groups have examined several different
antigens as vaccines in early-phase clinical trials. These include
the antigens MAGE-A3, MART-1, gp100, and tyrosinase, but
whether any of these antigens have antitumor efﬁcacy when
used in the adjuvant setting remains unclear (17–21). Melacine
contains all the above antigens, along with others that have not
been characterized. The only positive phase III vaccine trial in
melanoma reported to date used gp100:209–217 peptide fragments in patients with unresectable stage III and IV melanoma
along with high-dose IL2 (20). In this trial, patients had to
express the HLA A201 genotype to be eligible (the molecular
counterpart of the HLA-A2 serotype in our study). Patients
receiving IL2 combined with the gp100 peptide vaccine showed
a signiﬁcantly higher response rate (16% vs. 6%; P ¼ 0.03) and a
trend toward longer median OS (17.2 vs. 11.2 months; P ¼ 0.06;
ref. 20). The addition of IL2 was hypothesized to work via its

ability to overcome a weak immune response to gp100.
Although not directly analogous to our own ﬁndings, the results
of this phase III trial lend support to the notion that melanocyte
antigen peptide vaccines in properly HLA-restricted patients
can have clinical signiﬁcance. Further evidence is provided by a
trial involving ESO, a cancer antigen group, which, when
administered as a vaccine, led to CD4þ T-cell responses only
in patients with a speciﬁc MHC class II allele, HLA-DR52b, that
is present in about half of the Caucasian population (22). The
identiﬁcation of speciﬁc MHC class II epitopes that correlate
with response supports the role of immunologic evaluation of
host HLA alleles in tumor vaccine trials.
Patients with surgically resected melanoma at risk for
relapse need an active and durable therapy to prevent melanoma recurrence. This ﬁnal report of the S9035 trial indicates a
potentially clinically signiﬁcant OS beneﬁt from adjuvant
vaccine therapy for patients with HLA-A2 and/or HLA-Cw3
serotypes that was not seen in the entire group of treated
patients. These results suggest that our understanding of the
optimal ways to stimulate an antitumor immune response in
patients with melanoma is still incomplete, and the possibility
of interactions between HLA haplotype and outcome should be
considered in future immunotherapy trials.
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