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A B S T R A C T

Purpose
We tested the hypothesis that the combination of tremelimumab and interferon alfa-2b acting via
different and possibly synergistic mechanisms would overcome tumor immune tolerance and lead
to significant and durable clinical responses.

Patients and Methods
We conducted a phase II study in which patients were administered tremelimumab 15 mg/kg/
course (three cycles [one cycle � 4 weeks]) intravenously every 12 weeks. High-dose interferon
alfa-2b (HDI) was administered concurrently, including intravenous induction at 20 MU/m2/d for 5
d/wk for 4 weeks followed by maintenance at 10 MU/m2/d subcutaneously three times a week for
8 weeks per course. From course 2 onward, HDI maintenance was administered subcutaneously.

Results
Thirty-seven patients with American Joint Committee on Cancer stage IV (9M1a, 6M1b, and
22M1c) were enrolled. Two patients had previously treated brain metastases. Grades 3 and 4
toxicities included neutropenia (six patients; 17%), diarrhea/colitis (four patients; 11%), liver
enzyme increase (four patients; 11%), rash (four patients; 11%), fatigue (15 patients; 40%), and
anxiety/depression (five patients; 14%). Response data were available for 35 patients. The best
objective response rate (RR; Response Evaluation Criteria in Solid Tumors) by intention to treat
was 24% (90% CI, 13% to 36%; four complete responses [CRs] and five partial responses [PRs]
that lasted 6, 6, � 12, � 14, � 18, 20, � 28, 30, and � 37 months, respectively). Fourteen patients
(38%) had stable disease (SD) that lasted 1.5 to 21 months. The median progression-free survival
was 6.4 months (95% CI, 3.3 to 12.1 months). The median overall survival (OS) was 21 months
(95% CI, 9.5 to not reached). There was a weak association between therapy-induced autoimmu-
nity and clinical benefits (CR/PR/SD; P � .0059), baseline C-reactive protein (CRP) less than or
equal to 2.7� the upper limit of normal and clinical benefits (P � .0494) and improved probability
of survival (P � .0032), and baseline lymphocyte count of at least 1,000/�L and response (CR/PR;
P � .0183) and clinical benefits (CR/PR/SD; P � .0255). Biomarker associations were not
significant after adjustment for multiple comparisons.

Conclusion
HDI can be administered combined with tremelimumab with acceptable toxicity and promising
durable antitumor efficacy that warrant further testing in a randomized trial.

J Clin Oncol 30:322-328. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Robust advances in our understanding of mela-
noma molecular biology and host immunity have
opened the field of melanoma therapy onto new
immunotherapeutic approaches that unlock the
immune response, including cytotoxic T-cell
lymphocyte-4 (CTLA-4) blockade, and molecu-
larly targeted agents, including BRAF kinase in-
hibitors that have shown a significant impact on
the clinical outcome.1-3 Although clinical benefits

from these agents are unprecedented, they appear
to be limited in duration and/or confined to sub-
groups of patients.

In advanced melanoma, the quality of the
host immune response has been shown to be
compromised, with a strong bias toward melanoma
antigen-specific T helper type 2–type polarization,4

that yields a microenvironment that facilitates the
progression of disease (PD).5 Strategies for over-
coming tumor-induced immune suppression that
build on the success of interferon alfa (IFN-�) and
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its immunomodulatory qualities as demonstrated in the adjuvant
setting6 through the downregulation of the CTLA-4 suppressive reg-
ulatory elements are desirable.7 High-dose IFN-� (HDI) has been
shown to play a critical role in the interruption of tumor immune
tolerance by both improving tumor immunogenicity and increasing
dendritic-cell (DC) activation and survival.7,8 IFN-� upregulates major
histocompatibility complex antigen processing and co-stimulatory mol-
ecules, which leads to more efficient antigen presentation that may
elicit previously low-affinity autoreactive T cells.7-9 Moreover, in their
immature state, IFN-treated DCs induce a polarized T helper type 1
(Th1) cytokine microenvironment.10 Similarly, IFNs polarize lym-
phocytes toward the proinflammatory Th1 phenotype.11-13 This sig-
nificant impact of type 1 IFNs in the cytotoxic T-cell compartment
induces potent anti–tumor cell–mediated cytotoxicity,14 and pro-
motes natural-killer cell–mediated proliferation and cytotoxicity.15

The IFN-induced Th1 bias can be detected in the circulating blood of
patients with melanoma as upregulated proinflammatory cytokine
response (Th1 polarization) as we have previously shown in the con-
text of the adjuvant E1694 trial.16 In addition, locally produced type 1
IFNs induce the expression of integrins and chemokine receptors and
the recruitment of natural-killer cells and macrophages that lead to
Th1 rather than T helper type 2 lymphocyte traffic to the tumor site.17

This effect has been demonstrated clinically in which responding
patients had significantly greater increases in intratumor CD11c�

DCs and CD3� T cells in a neoadjuvant melanoma study of HDI.18

This potent antitumor impact of IFN-� can be suppressed by
tumor tolerogenic mechanisms, which explains the limited clinical
activity of IFN-� as a monotherapy in metastatic melanoma. Com-
bination with the CTLA-4 blockade may alter this balance and
downregulate CTLA-4-mediated counter regulatory mechanisms
and possibly also release inhibitory influences on activated CD4
and CD8 effector cells. CTLA-4 is a key element in immune
tolerance and a central negative regulator of T cell-mediated anti-
tumor immune responses, and preclinical studies suggested
that CTLA-4 serves as a natural braking mechanism for T-cell
activation.19-22 The inhibitory signal produced by CTLA-4 is,
therefore, blocked by anti–CTLA-4 antibodies (tremelimumab or
ipilimumab), and T-cell activation is enhanced.23-27 Tremeli-
mumab has been demonstrated to have a significant immune
modulating role in which it unlocks the immune response by
disrupting CTLA-4, enhances proinflammatory T-cell cytokine
production,28 and increases T-cell infiltration in responding tu-
mors.29 Therefore, we hypothesized that IFN-� and tremeli-
mumab may have an additive or synergistic effect in the promotion
of tumor elimination, which led to our additional hypothesis that
the combination as tested in our phase II study would improve the
clinical outcome of patients with metastatic melanoma.

PATIENTS AND METHODS

Patients

Patients 18 years of age or older were enrolled in the study if they had
inoperable American Joint Committee on Cancer stage IV melanoma (cuta-
neous, uveal, or mucosal) and measurable disease. All patients were required
to have an Eastern Cooperative Oncology Group performance status of 0 or 1
and adequate tests of hematologic, renal, and liver function, including lactate
dehydrogenase (LDH) of no more than 2� the upper limit of normal (ULN).
Previous adjuvant therapy or systemic therapy for advanced melanoma was

allowed except for anti–CTLA-4. Patients with treated brain metastasis were
eligible. Patients were ineligible if they had serious illnesses specified in the
study protocol such as inflammatory bowel disease and diverticulitis. An
institutional review board–approved written informed consent form was ob-
tained from all patients.

Study Design and Treatment

This was a study of the safety and efficacy of the combination of HDI and
tremelimumab. One course of therapy consisted of three cycles (one cycle�28
days). Tremelimumab 15 mg/kg was administered intravenously at the start of
the first cycle. For cycle 1, IFN-�-2b was administered intravenously at 20
MU/m2/d for 5 d/wk for 4 weeks. For cycle 2 onward, IFN-�-2b was admin-
istered subcutaneously at 10 MU/m2/d for 3 d/wk for 4 weeks. Patients without
evidence of PD or limiting toxicities were offered additional courses of therapy
up to a maximum of four courses.

Toxicity and Response Assessments

Descriptions and grading scales found in the National Cancer Institute
Common Terminology Criteria for Adverse Events (version 3.0) were used for
grading and reporting of adverse events (AEs). For the purpose of response
assessment (Response Evaluation Criteria in Solid Tumors [RECIST] version
1), imaging staging studies were carried out at the end of each course (three
cycles) or earlier if clinically indicated. Patients were classified as having a
complete response (CR), partial response (PR), stable disease (SD), or PD.

Dose Modifications

For tremelimumab, there were no dose modifications but only delays or
permanent discontinuation. Dose modifications were adopted for IFN-�-2b
on the basis of published criteria.30,31

Statistical Methods

The study size was based on the therapeutic target of achieving, with
acceptable toxicity, a 20% or better objective RR, CR, or PR by RECIST. We
assumed a RR of 7% because the standard of care would have been too low to
generate interest to continue investigation of this regimen. The study sample
size was based on an optimal two-stage design in which 16 patients were to be
enrolled onto stage 1. If toxicity was acceptable and two or more responses
occurred in the first stage, an additional 21 patients were to be enrolled onto
stage 2 (N � 37 patients). If five or more responses occurred by the end of stage
2, then we would have considered the regimen to be potentially worthy of
further investigation. The type I error was 10%, and the power was 80%.

Secondary objectives included estimation of progression-free survival
(PFS) and OS. Survival times of patients were measured from the initial date of
treatment to the recorded date of death. Survival and PFS were estimated by
using the the Kaplan-Meier method. The number of patients who experienced
AEs (National Cancer Institute Common Terminology Criteria for Adverse
Events version 3.0) in each cycle of treatment and for 30 days after the last
protocol treatment administered were characterized by the type of AE and
grade and the time of onset in relation to the first day of therapy for each cycle.
Associations between biomarkers and the primary clinical end points (re-
sponse, survival, and PFS) were explored by using statistical graphics, Fisher’s
exact test, Wilcoxon two-sample test, or log-rank test. The statistical analysis of
these biomarkers was conducted as exploratory data analyses.

Biomarkers

Selected serum biomarkers (ie, interleukin [IL]-1�, -1�, -2, -2R, -6, -8,
-10, and -17, tumor necrosis factor �, IFN-�, macrophage inflammatory
protein (MIP) –1�, MIP-1�, IFN-� inducible protein 10 (IP-10), and vascular
endothelial growth factor) were evaluated at baseline in 33 patients with
available samples by using a multiplex system (Luminex 100 Bio-Plex System
and Human 16-Plex Custom Kit; Bio-Rad, Hercules, CA). Human CRP (In-
vitrogen, La Jolla, CA) was assayed separately as a result of required dilution
differences. In addition, serum samples of patients were tested (at baseline, 3, 6,
9, 12 months, and progression) for the presence of the following autoantibod-
ies (enzyme-linked immunosorbent assay immunoassay kits; DiaSorin, Salug-
gia, Itally): antinuclear antibody, antithyroglobulin, antithyroperoxidase, and
anticardiolipin antibody. Induced autoimmunity (present/absent) was de-
fined by either the existence of antibody (during treatment) above the thresh-
old to any one of four different antigens or the existence of immune-related

Phase II of Interferon-� and Tremelimumab in Metastatic Melanoma

www.jco.org © 2011 by American Society of Clinical Oncology 323



AEs during treatment (ie, rash, diarrhea/colitis, hepatitis, or endocrinopathies;
Table 1).

RESULTS

Patient Characteristics

Thirty-seven patients (23 men and 14 women), age 28 to 76 years
were enrolled between November 2006 and March 2010. All patients
had stage IV melanoma (nine, M1a; six, M1b; and 22, M1c), and most
patients had previously received therapy (zero to five regimens). Two
patients had previously treated brain metastases (Table 2).

Treatment Details

Seventy-two courses of tremelimumab were administered (aver-
age of two courses per patient) as summarized in (Appendix Table A1,
online only).

Efficacy

At the end of stage I enrollment (n � 16), the study met the
interim analysis criterion of at least two objective responses and, there-
fore, moved into stage II enrollment.

Response (stages I and II)

Response data were available for 35 patients. One patient with
poor performance status had worsening fatigue and depression dur-

ing the HDI induction phase and was discontinued from the study
without imaging studies or objective assessment of PD. Another pa-
tient with baseline symptoms of nausea and vomiting and biopsy-
proven gastric metastases received 4 days of intraveneous HDI and
was discontinued as a result of poor tolerance (grade 2 vomiting was
the worst AE). The patient/physician decision was to resect the gastric
mass that contributed to the symptoms. The best objective RR (35
evaluable patients) was 26% (90% CI, 0.14% to 0.38%; four CRs and
five PRs that lasted 6, 6,�12,�14,�18, 20,�28, 30, and 37 months,
respectively), including M1a (five patients), M1b (two patients), and
M1c (three patients, including one uveal primary). Among these nine
responders, four patients had received previous adjuvant IFN-�. It is
noteworthy that seven patients had received previous high-dose IL-2,
but none of these patients had a response in this study. For one
additional patient, the PR status was not confirmed (unconfirmed PR)
then had PD (RECIST) after which the patient was rendered disease-
free (no evidence of disease [NED]) surgically. This patient continued
to be NED postoperatively for greater than 16 months. Fourteen
patients (38%; including four patients with uveal melanoma) had SD
(which lasted 1.5 to 21 months). The disease control rate was 66%
(90% CI, 0.53% to 0.79%). Another patient who had PD as the best
response went on to receive 2 weeks of temozolomide and decitabine
in a study and was discontinued as a result of toxicities and transferred
to hospice care. This patient presented NED by positron emission
tomography– computed tomography PET-CT 15 months later with
no other treatment for melanoma in the interim. With the use of
intention-to-treat analysis (N�37), the RR was 24% (90% CI, 13% to
36%). The efficacy by tumor response is summarized in Table 3. The
durability of responses and SD in the individual patients are summa-
rized in Table 4. We conducted a one-tailed binomial test that the
observed RR (nine of 35 patients [26%]) was better than the compar-
ison rate of 7%. This test yielded a P � .001, and thus, we rejected the

Table 1. Adverse Events Considered Possibly, Probably, or Definitely Related
to the Study Regimen (CTCAE version 3)

Type

All Grades Grade 3 Grade 4

No. of
Patients %

No. of
Patients %

No. of
Patients %

Immune mediated
Diarrhea/colitis 21 57.0 3 8.0 1 2.7
Hyper/pothyroidism 2 5.4 0 0 0 0

Hypogonadism 1 2.7 0 0 0 0
Hepatitis-increased
AST/ALT/AP/GGT

8 21.6 3 8.0 1� 2.7

Skin rash 23 62.0 4 11.0 0 0
Constitutional

Fatigue 37 100 15 40.5 0 0
Gastrointestinal

Nausea 27 73.0 1 2.7 0 0
Vomiting 17 46.0 1 2.7 0 0

Hematologic
Neutropenia 19 51.4 5 13.5 1 2.7

Neuropsychiatric
Depression/anxiety 9 24.3 4 11.0 0 0

Renal
Increased

Cr/dehydration 2 5.4 1 2.7 0 0
Respiratory

Bronchospasm 1 2.7 1 2.7 0 0
Other

Cardiac arrhythmia
(atrial fibrillation) 1 2.7 1 2.7 0 0

Increased CPK 9 24.3 2 5.4 1 2.7

Abbreviations: AP, alkaline phosphatase; Cr, creatinine; CPK, creatine phos-
phokinase; CTCAE, Common Terminology Criteria for Adverse Events; GGT,
gamma-glutamyltransferase.

�GGT.

Table 2. Patient Demographics and Baseline Disease Characteristics
(N � 37 patients)

Variable
No. of

Patients %

Age, years
Median 56
Range 28-76

Cutaneous/unknown primary 29 78
Ocular 8 22
Sex

F 14 38
M 23 62

Performance status
0 18 49
1 19 51

Previous therapy 22 60
No. of previous regimens (range) 1-5
Adjuvant IFN 14 38
High-dose IL-2 7 19

Previous brain metastases 2 5.4
AJCC stage

M1a 9 24
M1b 6 16
M1c 22 60

Abbreviations: AJCC, American Joint Committee on Cancer; IFN, interferon;
IL-2, interleukin-2.
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null hypothesis and claim the therapy was significantly better than the
assumed uninteresting rate of 7%.

Survival

The median follow-up was 21 months (range, 9 to 33 months) for
patients at risk of progression and 22 months (range, 15 to 44 months)

for patients who were still alive. The median PFS was 6.4 months (95%
CI, 3.3 to 13.1 months). The Kaplan-Meier plot of the probability of
PFS is shown in Figure 1. The median OS was 21 months (95% CI, 9.5
months to not reached). The Kaplan-Meier plot of the probability of
OS is shown in Figure 2.

We estimated the 1-year OS rate by the model proposed by Korn
et al.32 The distribution of prognostic factors for 37 patients is shown
in Appendix Table A2 (online only) along with the observed and
predicted 1-year survival rates for each prognostic category. The pre-
dicted 1-year OS rate was 21%, although the observed rate was 62%
(95% CI, 46% to 78%; P � .001).

Safety

AEs that were considered related to the study regimen are sum-
marizes by severity in Table 1. Autoimmune toxicities as a result of
tremelimumab were successfully managed with corticosteroids. Over-
all, toxicities were not worse than those expected with HDI or treme-
limumab monotherapy.30,33

Biomarkers

The baseline lymphocyte count (absolute lymphocyte count
[ALC]) and CRP were found to be weakly associated with therapeutic

Table 3. Efficacy Summary (stages I and II): Best Response on the Basis of 37 Patients Enrolled

Response
Status

No. of
Patients

Duration
(months)

Primary Classification

Cutaneous Ocular Unknown M1a M1b M1c

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

RR
Overall 9� 8 of 9 89 1 of 9 11 0 5 of 9 56 2 of 9 22 3 of 9 33
CR 4 of 9 � 14 to 30 3 of 4 75 1 of 4 25 0 1 of 4 25 1 of 4 25 2 of 4 50
PR� 5 of 9 3 to � 37 5 of 5 100 0 0 3 of 5 60 1 of 5 20 1 of 5 20

SD 14 1.5-21 7 of 14 50 4 of 14 29 2 of 14 3 of 14 21 3 of 14 21 7 of 14 50
PD 12 8 of 12 67 3 of 12 25 0 1 of 12 8 1 of 12 8 9 of 12 75
No response data 2†

Abbreviations: CR, complete response; NED, no evidence of disease; PD, progression of disease; PR, partial response; RR, response rate; SD, stable disease.
�One additional responder was not confirmed per Response Evaluation Criteria in Solid Tumors, had PD, and rendered surgically NED with no progression at greater

than 16 months. This patient was designated SD.
†Two (one cutaneous, M1c; one unknown, M1c) unknown responses.

Table 4. Durability of Responses and Stable Disease (best radiologic response)

Primary Classification
Duration
(months) Comment

Responders
1. Cutaneous M1a � 37 PR 3 surgical CR�

2. Cutaneous M1c 30 CR
3. Ocular M1c � 28 CR
4. Cutaneous M1c 20 PR3 PD3 surgical NED

� 4 months
5. Cutaneous M1a � 18 CR
6. Cutaneous M1b � 12 PR†
7. Cutaneous M1a 6 PR
8. Cutaneous M1a 6 PR
9. Cutaneous M1b � 14 CR

Durable stable
disease (�
3 months)

1. Unknown M1a 4
2. Cutaneous M1c 9
3. Ocular M1c 4.5
4. Ocular M1c 13
5. Cutaneous M1b 21
6. Cutaneous M1b 4
7. Ocular M1c 7
8. Cutaneous M1b 4.5
9. Cutaneous M1a 10.5
10. Unknown M1c 4 3 Surgical NED for 5

months
11. Cutaneous M1a 3 Unconfirmed PR3 PD3

surgical NED � 16
months

Abbreviations: CR, complete response; NED, no evidence of disease; PD,
progression of disease; PR, partial response.

�NED.
†Likely CR; residual 4-mm lung nodule.
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Fig 1. Kaplan-Meier plot of the probability of progression-free survival (PFS; N �
37). The estimated median was 6.4 months (95% CI, 3.3 to 12.1).
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benefit (CR/PR/SD v PD). Similarly, baseline vascular endothelial
growth factor and IL-6 were also found to be weakly associated with
clinical benefit but with even lesser significance. CRP was examined at
the cutoff value of 1.5� the ULN (on the basis of the report by
Marshall et al34), but no significant association was detected with
clinical response, clinical benefit, survival, or PFS. Because the distri-
bution of our data suggested that CRP at 2.7� the ULN might be a
cutoff value, we explored baseline CRP at �2.7� the ULN and found
a weak association with clinical benefit (P� .05; Fisher’s exact test) but
not with clinical response, and we found an association with improved
probability of survival (P � .003; log-rank test) but not with PFS as
illustrated in Appendix Figure A1 (online only). The baseline ALC of
at least 1,000/�L (n � 34 patients) was associated with response
(CR/PR v SD/PD; P � .02) and clinical benefit (CR/PR/SD v PD;
P � .03; Wilcoxon two-sample test) but not survival end points
(Appendix Fig A2, online only). In addition, post-therapy evidence of
autoimmunity was associated with clinical benefit (CR/PR/SD v PD;
P� .006; Fisher’s exact test; Appendix Fig A3, online only). All of these
associations lost significance (all P � .05) when multiple comparisons
were corrected for. We found no correlations between baseline LDH
or S100B levels and any of the efficacy outcomes. Similarly, no associ-
ations were found with outcomes for baseline measurements of IL-1�,
-1�, -2, -2R, -6, -8, -10, and -17, tumor necrosis factor �, IFN-�,
MIP-1�, MIP-1� or IP-10.

DISCUSSION

The tested combination of HDI and tremelimumab was relatively well
tolerated with AEs that were expected and manageable. The frequency
of AEs was not worse than those reported with HDI, tremelimumab,
or ipilimumab monotherapy.3,30

The clinical activity appeared promising by all measures that we
assessed, including durable RR, PFS, OS, and 1-year OS rates as ana-
lyzed by the model proposed by Korn et al.32 Interestingly, one patient
with unconfirmed PR (designated SD), who went on to progress at 3
months after grade 3 diarrhea that was managed with steroids, was
rendered NED surgically. This patient remained NED at greater than
16 months. This observation suggested that surgery to render patients
NED is appropriate for those who respond and then progress at

solitary sites that are operable. Another patient, who had PD, received
2 weeks of temozolomide/decitabine, and was transferred to hospice
care, presented NED by positron emission tomography– computed
tomography 15 months later. This finding was similar to other obser-
vations reported with this class of drugs in patients with melanoma.35

These results compare favorably to monotherapy with HDI, tremeli-
mumab,33 or ipilimumab.3 IFN-� was the first recombinant cytokine
to be investigated for the therapy of metastatic melanoma and yielded
RRs of approximately 16%. However, the median duration of re-
sponse was only approximately 4 months. The ipilimumab-gp100
phase III study that led to recent approval of the US Food and Drug
Administration of ipilimumab for metastatic melanoma randomly
assigned 676 pretreated patients. The RR was 5.7% (ipilimumab plus
gp100), 10.9% (ipilimumab plus placebo), and 1.5% (gp100 plus
placebo). The median OS was 10.0 months (ipilimumab plus gp100),
10.1 months (ipilimumab plus placebo), and 6.4 months (gp100 plus
placebo). One-year survival rates were 44% (ipilimumab plus gp100),
46% (ipilimumab plus placebo), and 25% (gp100 plus placebo).3 Our
data also compare favorably to the recently reported CA184-024 phase
III trial in which ipilimumab plus dacarbazine had a significant sur-
vival benefit over dacarbazine alone as a first-line treatment in meta-
static melanoma (median OS, 11.2 v 9.1 months; median PFS, 2.8 v 2.6
months; RR, 15% v 10%).2 Tremelimumab 15 mg/kg every 90 days
(up to four cycles) was tested in a second-line phase II study
(A3671008) in inoperable, American Joint Committee on Cancer
stage III/IV melanoma (N � 246).36 The objective RR was 7%, me-
dian OS was 10.1 month, and 1-year survival rate was 41%.36 In a
subsequent phase III trial (A3671009) in treatment-naive advanced
melanoma that compared tremelimumab to dacarbazine/temozolo-
mide, the median OS was 11.8 months.37 Therefore, we concluded
that the level of activity noted in our single-arm phase II study war-
rants additional testing in a randomized trial. Because of the interval
approval of the US Food and Drug Administration of ipilimumab for
therapy of advanced melanoma, this study, by extension, argues for
the evaluation of ipilimumab in combination with IFN-� in a ran-
domized phase II study.

The identification of biomarkers that predict therapeutic benefits
of these agents would enable the improved selection of patients so that
only those patients who are most likely to benefit from therapy would
be treated, which would spare patients who are less likely to benefit
from the significant toxicities associated with treatment. This is espe-
cially important for anti–CTLA-4 monoclonal antibody therapy and
for IFN-� treatment, both of which induced durable clinical benefits
in a group of patients. We have explored a panel of candidate bio-
markers at baseline for their prognostic and predictive value. These
biomarkers were selected on the basis of previous supporting reports.
We found a weak association between autoimmunity and clinical
benefit. This association lost significance when multiple comparisons
were corrected for. Our hypothesis on the basis of similar observa-
tions38,39 was that the prevention of melanoma relapse and mortality
with IFN is associated with immune modulation that may increase
resistance to melanoma.38,40-52 Furthermore, the immunotherapeutic
induction of autoimmunity may provide a useful surrogate biomarker
of therapeutic benefit in studies of autoimmunity and its genetic
determinants that may help identify patients more likely to benefit
from immunotherapies associated with autoimmunity. We believe
that this association needs to be explored further in larger studies that
are adequately powered for this purpose.
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Fig 2. Kaplan-Meier plot of the probability of overall survival (N � 37). The
estimated median was 21 months (95% CI, 9.5 months to not reached).
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For the first detection of melanoma stage IV disease, CRP has
been shown to be potentially superior to conventional LDH measure-
ment.53 The potential role of CRP as a mediator of immune tolerance
is also interesting. CRP binds to phosphocholine in damaged mem-
branes where it increases clearance of apoptotic cells and binds to
nuclear antigens, and by masking autoantigens from the immune
system or enhancing their clearance, CRP may prevent autoimmu-
nity.54 Interestingly, a study that used a human hepatoma cell line
showed that IFN-� inhibited CRP promoter activity and CRP secre-
tion.55 In addition, CRP was reported to predict response in a phase III
study that tested tremelimumab.34 In this study, the association we
found with clinical benefit and improved survival lost significance
when multiple comparisons were corrected for. Therefore, additional
exploration in larger studies that are adequately powered for this
purpose is important to better define the role of CRP.

In a pooled analysis of three studies that tested ipilimumab in
metastatic melanoma, a higher ALC was significantly associated with
clinical activity.56,57 Similarly, in another analysis of 51 patients who
received ipilimumab, the ALC also correlated with clinical benefit.
Patients with an ALC of at least 1,000/�L after two ipilimumab doses
had a significantly improved clinical benefit rate and median OS.58 In
this study, no patient with an ALC less than 1,550/�L had an objective
response, and no patient with an ALC less than 1,200/�L had either an
objective response or SD by RECIST. A baseline ALC � 1,000/�L
showed an association with response and clinical benefit that lost
significance when multiple comparisons were corrected for. Again,
additional exploration of the predictive role of the ALC in larger
studies is indicated. To date, the reports on the ALC are interesting but
weak, and it is important to explore the impact of this and similar
regimens on specific T-cell components, including helper, cytotoxic,
and regulatory, tumor antigen-specific T-cell reactivity, and myeloid-
derived suppressor cell activity.59,60 Through a deepening of our un-
derstanding mechanistically, our work may lead to improved designs
of therapeutic combinations in our quest to safely and definitively
overcome melanoma immune tolerance.

In conclusion, this study met our phase II criteria for efficacy.
The combination of HDI and tremelimumab had tolerable and
manageable toxicity that was acceptable in relation to the signifi-
cant therapeutic benefit observed. Therefore, testing in a random-
ized setting is warranted.
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