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A B S T R A C T

Purpose
Nivolumab, a human immunoglobulin G4–blocking antibody against the T-cell programmed death-1
checkpoint protein, has activity against metastatic melanoma. Its safety, clinical efficacy, and
correlative biomarkers were assessed with or without a peptide vaccine in ipilimumab-refractory
and -naive melanoma.

Patients and Methods
In this phase I study, 90 patients with unresectable stage III or IV melanoma who were ipilimumab
naive and had experienced progression after at least one prior therapy (cohorts 1 to 3, 34 patients)
or experienced progression after prior ipilimumab (cohorts 4 to 6, 56 patients) received nivolumab
at 1, 3, or 10 mg/kg every 2 weeks for 24 weeks, then every 12 weeks for up to 2 years, with or
without a multipeptide vaccine.

Results
Nivolumab with vaccine was well tolerated and safe at all doses. The RECIST 1.1 response rate for
both ipilimumab-refractory and -naive patients was 25%. Median duration of response was not
reached at a median of 8.1 months of follow-up. High pretreatment NY-ESO-1 and MART-1–
specific CD8� T cells were associated with progression of disease. At week 12, increased
peripheral-blood T regulatory cells and decreased antigen-specific T cells were associated with
progression. PD-L1 tumor staining was associated with responses to nivolumab, but negative
staining did not rule out a response. Patients who experienced progression after nivolumab could
respond to ipilimumab.

Conclusion
In patients with ipilimumab-refractory or -naive melanoma, nivolumab at 3 mg/kg with or without
peptide vaccine was well tolerated and induced responses lasting up to 140 weeks. Responses to
nivolumab in ipilimumab-refractory patients or to ipilimumab in nivolumab-refractory patients
support combination or sequencing of nivolumab and ipilimumab.

J Clin Oncol 31:4311-4318. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Randomized studies have established that CTLA-4

blockade with ipilimumab improves survival for pa-

tients with stage IV melanoma.1,2 Targeted therapy

with vemurafenib improved survival for patients

with BRAF-mutated melanoma.3,4 Although both

of these drugs have received recent approval from

the US Food and Drug Administration, the 5-year

survival rate for patients with stage IV melanoma

remains low, with less than 20% of patients surviv-

ing more than 5 years.5,6

High levels of programmed death ligand 1

(PD-L1) are expressed by melanomas and other tu-

mors, leading to binding of the immune checkpoint

molecule programmed death-1 (PD-1) on infiltrat-

ing T cells and downmodulation of antitumor

immunity.7,8 PD-1–blocking antibodies were devel-

oped based on the importance of PD-1 as a check-

point protein limiting T-cell proliferation, function,

and cytokine secretion, particularly in chronic viral

infections or cancer-bearing hosts.9-16 High PD-1 is

found on circulating T cells and tumor-infiltrating T

cells from patients with melanoma, suggesting that

PD-1 abrogation may reverse cancer-associated

T-cell exhaustion. Nivolumab, formerly BMS-

936558/MDX-1106, is a fully human immuno-

globulin G4 (IgG4) monoclonal PD-1– blocking

antibody that abrogates its interaction with

PD-L1 and PD-L2.

Single doses of nivolumab induced responses

in patients with melanoma, colorectal cancer, and
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renal cell carcinoma.17 In another phase I study with nivolumab,

objective responses were reported in ipilimumab-naive patients with

non–small-cell lung cancer, melanoma, and renal cell cancer, with a

31% response rate in melanoma.18,19 No responses were observed in a

small cohort of patients whose tumors did not express PD-L1. Block-

ade of PD-L1 also resulted in durable tumor regression, with a 16%

response rate in patients with melanoma treated with a human IgG4

PD-L1–blocking antibody and a 28% response rate in patients treated

with a chimeric IgG4 molecule.20,21 Another IgG1 PD-1 antibody is

active in melanoma, and simultaneous nivolumab and ipilimumab

resulted in high response rates but significant toxicity.22,23 These data

highlight the potential of agents that abrogate PD-1/PD-L1 interac-

tions in T cells.

We report the results of treatment of patients with unresectable

metastatic melanoma who were ipilimumab naive (34 patients) or

refractory (56 patients) and received nivolumab at 1, 3, or 10 mg/kg.

Some patients also received an HLA-A*0201–restricted multipeptide

vaccine. In addition to reporting on the safety, tolerability, and efficacy

of this regimen, we also explored a number of immune correlates of

response to this treatment and evaluated the hypothesis that PD-L1

expression in tumor tissue predicts response to nivolumab.

PATIENTS AND METHODS

Patients

Ninety patients were enrolled at Moffitt Cancer Center onto this trial
approved by the University of South Florida Institutional Review Board
(ClinicalTrials.gov identifier: NCT01176461). Inclusion criteria included
written informed consent; age � 16 years; histologic diagnosis of unresectable
stage III or IV melanoma with measurable disease by RECIST 1.1; progressive
disease after at least one previous systemic treatment; positive tumor staining
in at least 10% of tumor cells for gp100, NY-ESO-1, and/or MART-1; Eastern
Cooperative Oncology Group performance status of 0 or 1; and adequate
hepatic, renal, and hematologic function. Patients were prescreened for HLA-
A*0201 by allele-specific polymerase chain reaction for cohorts 1 to 5. Patients
with treated brain metastases were allowed if they were radiologically stable 8
weeks after treatment; patients with untreated brain metastases were allowed
in cohort 6. Any number of prior therapies was allowed; treatment with prior
anti–PD-1 or anti–PD-L1 was not. The 34 patients in consecutively accrued
cohorts 1 to 3 were ipilimumab naive and received nivolumab with peptide
vaccine, and the 56 patients in cohorts 4 to 6 (ipilimumab refractory) had
progressive disease without responding to prior ipilimumab. Cohorts 4 and 5
were consecutively accrued and received nivolumab with peptide vaccine, and
cohort 6 received nivolumab alone and accrued concurrently with cohorts 4 to
5 (Table 1). Before completing one cycle, in cohorts 1 to 3, two patients

experienced progression, one withdrew consent, and one developed dose-
limiting optic neuritis; in cohorts 4 to 6, one patient withdrew consent. All five
patients had progressive disease, were included in the analysis for safety and
efficacy, and were replaced per protocol. No patients were ineligible or lost
to follow-up.

Study Design and Treatment

Nivolumab was provided by Bristol-Myers Squibb (Princeton, NJ). The
gp100209-217 (210M; National Service Center [NSC] No. 683472) and MART-
126-35 (27L; NSC No. 709401) peptides were provided by the Cancer Therapy
Evaluation Program of the National Cancer Institute. The good manufactur-
ing practice–grade gp100280-288 (288V; NSC No. 683473) and NY-ESO-1157-

165 (165V; NSC No. 717388) peptides were produced by Clinalfa (Zurich,
Switzerland). All peptides were emulsified in Montanide ISA 51 VG (Seppic,
Paris, France) and were included to assess the effects of PD-1 blockade on
antigen-specific T-cell reactivity. The protocol was conducted under Investi-
gation New Drug number BB 13704, with primary end points of toxicity and
tolerability and secondary correlative end points.

Assessment of Response and Adverse Effects

Tumor assessments included chest, abdomen, and pelvis computed to-
mography (CT) and brain magnetic resonance imaging with contrast every 12
weeks. Objective response (complete response [CR] � partial response [PR])
was evaluated using RECIST 1.1 and immune-related response criteria;
immune-related response criteria were only used to determine whether pa-
tients should remain on treatment in case of a mixed response. Patients were
assessed with history and physical examinations every 2 weeks for up to 24
weeks and then every 12 weeks thereafter. Leukapheresis was performed before
treatment, at week 12, and at week 24 in cohorts 1 to 5.24 Patients were
discontinued from treatment for progression, dose-limiting nivolumab- or
vaccine-related adverse events as defined in the Appendix (online only), or
withdrawal of consent.

Statistical Analysis

The primary objective of this study was to assess the safety and tolerabil-
ity of nivolumab with a peptide vaccine in ipilimumab-refractory or -naive
patients. The secondary objectives were to evaluate the objective response rate
(ORR) and changes in immunity. Toxicity rate was calculated by using the
number of patients with grade 3 or greater toxicity divided by all patients. The
ORR was estimated using the number of CRs and PRs at 24 weeks divided by
the total number of patients evaluable for response. Patients who were ob-
served for at least 24 weeks were evaluable for efficacy. The stable disease rate
was estimated using the number of patients with stable disease (SD) for at least
24 weeks divided by the total number of evaluable patients. Progression-free
survival rate was calculated as the sum of the ORR and stable disease rate. The
Clopper-Pearson method was used to estimate 95% CIs for toxicity rate and
ORR. Fisher’s exact test was performed to investigate whether the proportion
of grade 1 or 2 infusion reactions differed between cohorts 1 to 3 and 4 to 6. To
evaluate change in biomarkers after 12 weeks of treatment, a two-sided signed
rank test was performed. A Wilcoxon rank sum test was performed to deter-
mine whether biomarker levels at baseline or their change after 12 weeks of
treatment differed between responders and nonresponders. For tetramer data,
the frequency of the negative tetramer control was subtracted from each
corresponding tumor-associated tetramer to ensure that the biomarkers were
comparable across batches. To adjust for multiplicity for biomarker analyses, a
false discovery rate of 5% was used to declare statistical significance. For other
end points, an � level of .05 was used to declare statistical significance. The
binomial CIs in Table 4 were calculated using the exact Clopper-Pearson
method. We used SAS 9.2 (SAS Institute, Cary, NC) and Matlab 2009b
(MathWorks, Natick, MA) for the statistical analyses.

RESULTS

Baseline Patient Characteristics

Between August 2010 and December 2012, 102 patients were

screened, and 90 patients were enrolled. All patients were evaluated

Table 1. Description of Cohorts

Cohort
No. of

Patients

Dose of
Nivolumab

(mg/kg)

Received
Prior

Ipilimumab

Received
Peptide
Vaccine

HLA-A�0201
Positive

Cohort 1 10 1 No Yes Yes

Cohort 2 13 3 No Yes Yes

Cohort 3 11 10 No Yes Yes

Cohort 4 10 3 Yes Yes Yes

Cohort 5 5 3 Yes Yes Yes

Cohort 6 41 3 Yes No Not required

NOTE. For cohorts 4 and 6, only grade 1 and 2 dose-limiting toxicities for
ipilimumab were allowed; cohort 5 patients were required to have had grade
3 dose-limiting toxicity for ipilimumab.
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for toxicity, 87 were evaluated for response, and three were too

early for response evaluation. In cohorts 1 to 3, 10 patients received

1 mg/kg, 13 patients received 3 mg/kg, and 11 patients received 10

mg/kg of nivolumab and were evaluable for efficacy and safety.

Thirty patients completed cycle 1 and were evaluable for immune

response, and four patients dropped out as a result of progression.

In cohorts 4 and 5, 15 patients completed nivolumab at 3 mg/kg in

cycle 1 and were evaluable for toxicity, efficacy, and immune

response. In cohort 6, 41 patients were treated with nivolumab 3

mg/kg, and one patient dropped out as a result of progression; all

patients were evaluable for safety and 37 were evaluable for effi-

cacy. Median age was 62 years. Seventy percent of patients had

American Joint Commission on Cancer M1c disease. Thirty pa-

tients received two or more prior therapies for metastatic disease.

Seventy-four patients had primary cutaneous melanoma. Eight

patients had ocular melanoma, and eight patients had an unknown

primary. BRAF mutational status was known for 70 tumors, and 16

tumors were BRAF mutated. Three patients had experienced pro-

gression after a BRAF-targeted therapy before enrollment, and one

of the three patients exhibited a PR on this trial. Ten patients had

radiated brain metastases, and five additional patients in cohort 6

had untreated brain metastases. Patient characteristics at trial entry

are listed in Table 2.

Safety

Treatment-related adverse events are listed in Table 3 by co-

hort. The most common adverse events were fatigue in all cohorts

and injection site reaction from vaccine in cohorts 1 to 5. Most

events were mild to moderate in severity and easily managed by

supportive treatment. In cohorts 1 to 3, one dose-limiting toxicity

(DLT), grade 3 bilateral optic neuritis (at 3 mg/kg in cohort 2),

resolved to baseline with a 60-mg prednisone taper over 4 weeks

and topical corticosteroids. Two other patients in cohorts 1 to 3

discontinued treatment secondary to toxicity beyond the DLT

period of 12 weeks. One patient had grade 3 fevers in cycle 2 that

required 4 weeks of a prednisone taper from 60 mg for resolution,

and one patient had grade 3 pneumonitis after completion of two

cycles of therapy requiring a prednisone taper from 120 mg over 2

months for resolution. Dose-limiting colitis was not seen in this

trial. In 56 patients in ipilimumab-refractory cohorts 4 to 6, one

DLT (grade 3 rash) was observed in cohort 6 that resolved com-

pletely with a 6-week prednisone taper from 60 mg. One episode of

grade 3 pneumonitis was observed in cohort 5, requiring predni-

sone tapers from 120 mg lasting 3 to 4 months for complete

resolution, after the DLT period of 12 weeks. Both patients fully

recovered to baseline. No other grade 3 immune-related adverse

events were seen in cohorts 4 to 6. More grade 1 or 2 infusion

reactions were observed in cohorts 4 to 6 (nine of 56 patients, 16%)

than in cohorts 1 to 3 (one of 34 patients, 3%), although this was

not statistically significant (P � .08). No patient discontinued

nivolumab as a result of an infusion reaction, and no treatment-

related deaths were observed.

Clinical Activity

Median follow-up times were 20.3 months for patients in

cohorts 1 to 3, 6.8 months for cohorts 4 to 6, and 8.1 months for all

patients. Confirmed responses and durations of response for

ipilimumab-naive patients in cohorts 1 to 3 (n � 34) are listed in

Table 2. Demographic and Clinical Characteristics by Cohort

Characteristic

No. of Patients

Cohort 1 (n � 10) Cohort 2 (n � 13) Cohort 3 (n � 11) Cohort 4 (n � 10) Cohort 5 (n � 5) Cohort 6 (n � 41)

Sex

Female 5 7 4 3 1 12

Male 5 6 7 7 4 29

Age, years

Mean 66.2 61.5 58.5 57.8 67.4 62.1

Range 55-77 17-85 48-70 26-78 62-72 24-85

BRAF genotype

V600E positive 1 1 3 2 3

V600K positive 1 1

Wild type 2 5 5 4 4 36

Not tested 7 6 3 3 1 2

No. of prior treatments

1 9 12 9 4 2 22

2 1 1 2 6 3 14

3 4

4 1

Stage

M1a 0 0 2 0 0 2

M1b 6 0 2 0 2 5

M1c 4 13 7 10 2 30

IIIc 0 0 0 0 1 4

Ocular primary

Yes 3 1 1 0 1 2

No 7 12 10 10 4 39

Nivolumab With Vaccine in Ipilimumab-Refractory or -Naive Melanoma
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Table 4. Two patients (6%) had CRs, six patients (18%) had PRs,

seven patients (21%) had SD at 24 weeks, and 19 patients (55%)

had progressive disease. The confirmed CR�PR rate for cohorts 1

to 3 was 24%, with a disease control rate (CR�PR�SD) of 45%. In

responders, at a median follow-up of 21.2 months, median dura-

tion of response was not reached (range, 24 to 140� weeks).

Responses and durations of response for evaluable ipilimumab-

refractory patients in cohorts 4 to 6 (n � 53) are listed in Table 4.

Fourteen patients had PRs (26%, with 13 confirmed), 11 had SD at

24 weeks (21%), and 28 (53%) experienced progression. The

CR�PR rate was 26%, with a disease control rate of 47%. In

responders, at a median follow-up of 8.4 months, the median

Table 3. Treatment-Related AEs by Cohort

Treatment-Related AE

No. of Patients

Cohort 1 (1 mg/kg);
HLA-A2 Positive,
Ipilimumab Naive

(n � 10)

Cohort 2 (3 mg/kg);
HLA-A2 Positive,
Ipilimumab Naive

(n � 13)

Cohort 3
(10 mg/kg); HLA-A2

Positive,
Ipilimumab Naive

(n � 11)

Cohort 4 (3 mg/kg);
HLA-A2 Positive,

Ipilimumab
Refractory (n � 10)

Cohort 5 (3 mg/kg);
HLA-A2 Positive,

Ipilimumab
Refractory (grade 3

AE; n � 5)

Cohort 6 (3 mg/kg);
No Vaccine, HLA

Unrestricted,
Ipilimumab

Refractory (n � 41)

All AEs Grade 3/4 All AEs Grade 3/4 All AEs Grade 3/4 All AEs Grade 3/4 All AEs Grade 3/4 All AEs Grade 3/4

Fatigue 9 0 13 0 7 0 4 0 2 0 23 0

Nausea 4 0 3 0 2 0 0 0 2 0 3 0

Diarrhea 6 0 2 0 5 0 1 0 1 0 9 0

Pruritus 5 0 1 0 6 0 6 0 1 0 13 0

Injection site reaction 9 0 10 0 11 0 5 0 4 0 0 0

Dry mouth 1 0 0 0 1 0 0 0 0 0 2 0

Mouth sores 1 0 0 0 0 0 0 0 0 0 0 0

Rash 4 0 1 0 4 0 6 0 4 0 17 2

Pain, injection site 4 0 2 0 0 0 1 0 1 0 NA NA

Arthralgias 2 0 0 0 0 0 4 0 2 0 6 0

Chills 1 0 1 0 1 0 0 0 1 0 3 0

Vomiting 3 0 1 0 1 0 0 0 0 0 0 0

Periorbital edema 2 0 0 0 0 0 0 0 0 0 0 0

Headache 1 0 0 0 1 0 0 0 0 0 4 0

Optic neuritis 0 0 0 1 0 0 0 0 0 0 0 0

Fevers 0 0 1 0 3 0 0 0 1 0 2 0

Vitiligo 0 0 2 0 0 0 1 0 1 0 1 0

Interstitial pneumonitis 0 0 2 1 0 0 0 0 1 1 0 0

Hypothyroidism 0 0 1 0 2 0 2 0 1 0 3 0

Hypopituitarism 0 0 0 0 0 0 0 0 0 0 1 0

Flatulence 0 0 3 0 0 0 0 0 0 0 1 0

Night sweats 0 0 1 0 1 0 1 0 1 0 2 0

Thyroiditis 0 0 0 0 1 0 0 0 0 0 1 0

Infusion reaction 0 0 0 0 1 0 3 0 3 0 3 0

95% CI, % NA 0.2 to 35 NA 0.5 to 71.6 0.1 to 12.9 0.7 to 9.4

Abbreviations: AE, adverse event; NA, not applicable.

Table 4. Efficacy

Cohort
No. of

Patients

Objective Response

Response Duration (weeks)

Stable
Disease

� 24
Weeks Progression-Free

Survival Rate
at 24 Weeks (%)No. % 95% CI (%) No. %

Ipilimumab-naive patients

Cohort 1 10 3 30 6.7 to 65.3 140�, 128�, 76� 2 20 50

Cohort 2 13 4 31 9.1 to 61.4 84�, 36, 24, 24 1 8 39

Cohort 3 11 1 9 0.2 to 41.3 84� 4 36 45

Patients who received prior
ipilimumab

Cohort 4 10 3 30 6.7 to 65.3 60�, 60�, 60� 2 20 50

Cohort 5 5 1 20 0.5 to 71.6 36� 2 40 60

Cohort 6 38 10 26 13.4 to 43.1 48�, 36�, 36�, 36� 7 18 44

All cohorts 87 22 25 16.6 to 35.8 36�, 24�, 24�, 24� 24�, 12� 18 21 46

Weber et al
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duration of response was not reached (range, 12� to 60� weeks).

For all 87 evaluable patients, the CR�PR rate was 25%, with a

disease control rate of 46%. In Figure 1A, representative CT scans

in the top row, left to right, are shown of a patient before ipili-

mumab, after ipilimumab (progression with multiple neck lesions

at the arrow), after the first cycle of nivolumab at week 12 (regres-

sion), and after the second cycle at week 24 (free of disease).

Immunohistochemical Staining for PD-L1

Forty-four patients in cohorts 1 to 6 had pretreatment tumors

available for PD-L1 staining; 12 (27%) of 44 patients were positive

when defined as greater than 5% membranous staining, and 23

(52%) of 44 patients were positive when defined as greater than 1%

staining. The ORR (CR�PR) was 67% (eight of 12 patients) in the

5% positive group, whereas for patients with negative staining, the

ORR was 19% (six of 32 patients). The ORR was 39% (nine of 23

patients) in the 1% positive group, whereas for patients with neg-

ative staining, it was 23% (five of 21 patients; Fig 1B, left). Repre-

sentative stains of negative, � 1% positive, and � 5% positive

specimens are shown in Figure 1B, with isotype control-stained

images on the right. These data show a significant association

between PD-L1 staining and response using an automated assay at

the 5% membranous staining level (P � .004). Because patients

with negative staining by either definition could respond to niv-

olumab, PD-L1 staining could not be used to accurately select

patients for nivolumab treatment.

Immune Biomarkers

Thirty-seven patients in cohorts 1 to 5 had pre- and postleu-

kapheresis specimens, and 48 patients had preleukapheresis spec-

imens available for analyses of T-cell biomarkers. At baseline,

antigen-specific CD8� T cells that bind tetramers for NY-ESO-

1157-165 and MART-126-35 were significantly lower in responders

and stable patients compared with nonresponders (P � .001 and

P � .003, respectively; Fig 2A and 2B). CD8� T cells binding

tetramers for MART-126-35 increased in responders and stable

patients at 12 weeks but decreased significantly in nonresponders

(P � .005; Fig 2C). The difference in the change of MART-126-35 T

cells between responders and stable patients and nonresponders was

not statistically significant after adjusting for multiple comparison

(P � .002, q � 0.098). A representative gating strategy for tetramer

staining analysis is shown in Appendix Figure A1 (online only).14

Regulatory T cells (Tregs; defined as CD4�CD25�CD127lowFoxP3�)

decreased in responders and stable patients and significantly increased

in nonresponders at 12 weeks (P � .01; Fig 2D).

Treatment With CTLA-4 Blockade After Progression

on Nivolumab

An unplanned analysis was performed on patients who received

ipilimumab after progression in cohorts 1 to 3. Twelve of the 18

nonresponders subsequently received ipilimumab at 3 mg/kg for a

planned four doses. Two patients had PRs (48 weeks and 84� weeks).

In Figure 1A, representative CT scans in the bottom row, left to right,

are shown of a patient before nivolumab, after nivolumab (progres-

sion in pleural disease, see arrow), after four doses of ipilimumab at

week 12 (regression), and at week 24. Two mixed responses were

observed, and eight patients had progressive disease. Two of the 12

patients required corticosteroids and infliximab for dose-limiting

colitis with ipilimumab.

DISCUSSION

This study demonstrates the clinical activity of nivolumab with or

without a multipeptide vaccine in ipilimumab-refractory or -naive

metastatic melanoma. One quarter of patients had objective re-

sponses in this pretreated population, albeit in a heterogenous

population at different doses of nivolumab. Durability of response

is noteworthy, with all but four RECIST responders of 22 remain-

ing on study. Five patients stopped treatment secondary to toxicity.

All patients successfully returned to baseline status with systemic

corticosteroids. Three of those patients experienced progression,

and two sustained a partial response without further therapy, sug-

gesting no clear association of corticosteroid-requiring immune-

related adverse events with response. Disease regression was

observed as early as 5 weeks after initiating treatment. Responses

were seen in patients with both BRAF wild-type and BRAF V600E-

mutated melanomas and in those with untreated brain metastases.

The addition of the peptide vaccine did not impact clinical efficacy

with PD-1 blockade, although it provided a tool for immune

monitoring of T-cell responses.

All dose levels were safe and tolerable, with only one DLT at 3

mg/kg with vaccine (cohort 2). Nivolumab, with and without peptide

vaccination, was safe at the doses and schedule used in ipilimumab-

refractory or -naive patients. Our data suggest that treatment with

nivolumab was well tolerated in patients who experienced progression

after ipilimumab. Notably, in five patients in cohort 5 who had prior

grade 3 immune-related adverse events with ipilimumab, none of the

DLTs were recapitulated after nivolumab.

A number of pretreatment and pharmacodynamic immune

biomarkers were associated with response or progression in this

study. Increased Treg frequency at week 12 was associated with

progression. These data are consistent with reports of high levels of

Tregs in patients with melanoma who experience progression after

other forms of immunotherapy.20 CD4�CD25�FoxP3� Tregs de-

rived from peripheral blood suppress the generation of melanoma-

specific cytotoxic T lymphocytes, and CTLA-4 expression on Tregs

is important for their suppressive activity.25-27 PD-1 blockade has

been shown to promote melanoma antigen-specific CTL genera-

tion and attenuate the inhibitory effect of Tregs.
27,15 High pretreat-

ment tetramer staining on CD8� T cells for NY-ESO-1 or MART-1

antigens was associated with progression. We hypothesize that the

high baseline levels of tumor antigen–reactive T cells observed in

patients who experienced progression may be dysfunctional and

unable to respond to PD-1 abrogation as a result of expression of

other inhibitory checkpoint proteins.28-32 Assessment of the

tetramer-positive T cells from responders and those who experi-

enced progression is ongoing. An association was observed be-

tween pretreatment tumor expression of PD-L1 and response

using a cutoff of more than 5% membranous staining (P � .004),

but not with a cutoff of more than 1%. The utility of this biomarker

for patient selection was unclear because both ipilimumab-

refractory and -naive patients with negative staining still re-

sponded to nivolumab. Our data differ from those of Topalian et

al,18 but we used a different antibody and an automated staining

Nivolumab With Vaccine in Ipilimumab-Refractory or -Naive Melanoma
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Fig 1. (A) The upper row shows computed tomography (CT) scan images of the neck of a patient in cohort 4 who received ipilimumab at 3 mg/kg (pre ipi) and who

experienced progression at week 12 with multiple subcutaneous lesions shown at the arrows (pre PD-1). Regression of disease occurred after six doses of nivolumab

at 3 mg/kg at week 12 (post PD-1 week 12) and further regression at week 24 (post PD-1 week 24). The lower row shows CT scan images of the thorax of a patient in cohort

2 who received nivolumab 1 mg/kg (pre PD-1 ab) at baseline and who experienced progression at week 12 with increased pleural disease shown at the arrows (post PD-1 ab). There

was significant regression of pleural and lung disease after four doses of ipilimumab at 3 mg/kg off protocol at week 12 (post ipi week 12) and further regression at week 24 (post

ipi week 24). (B) Bar graphs indicating proportion of patients that are responders (blue bars) or nonresponders (yellow bars) using positive staining cutoffs of 1% or 5% tumor cells

with membranous staining of 100 tumor cells counted to define programmed death-ligand 1 (PD-L1) status. Examples of zero staining and � 1% and � 5% positive staining of tumor

cells are also shown in the near right column of three micrographs, with corresponding control images with isotype control staining shown in the far right column of three micrographs.

Results for a total of 44 patients with available specimens are shown. CR, complete response; PD-1, programmed death-1; PR, partial response.
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system. PD-L1 expression co-localizes with infiltrating lympho-

cytes and may be associated with secretion of interferon gamma, so

its induction may depend on the dynamic ratio of effector to

regulatory cells within tumors that may vary over time.33 Ipili-

mumab can induce an influx of CD8 T cells, which might augment

PD-L1 expression,34 but tumors from ipilimumab-refractory pa-

tients in our study did not have a higher frequency of PD-L1

expression than those from ipilimumab-naive patients. The utility

of PD-L1 staining as a predictive biomarker needs to be further

explored in large randomized studies.

Ipilimumab-refractory patients had a clinically meaningful re-

sponse rate and tolerated nivolumab safely, supporting further testing

of nivolumab at 3 mg/kg in patients who experienced progression after

receiving ipilimumab, even with grade 3 immune-related adverse

events. The peptide vaccination did not add to the clinical activity of

nivolumab, although induction of antigen-specific T-cell responses

may be associated with clinical response.35 The peripheral-blood bio-

markers explored herein require further study. Determination of the

optimal sequencing or simultaneous combination of these two im-

mune checkpoint inhibitory therapies will be required to maximize

patient benefit.
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Fig 2. Baseline tetramer staining of CD8� (A) NY-ESO-1157-165– and (B) MART-126-35–specific T cells as a percentage of total CD8 T cells on the ordinate, and response

plus stable disease versus progression on the abscissa for 45 patients. (C) Changes from baseline to week 12 in tetramer staining of MART-126-35–specific T cells as

a percentage of total CD8 T cells on the ordinate, with responder plus stable disease versus progression on the abscissa for 37 patients. (D) Dot plots showing

CD4�/CD25�/CD127lowFoxP3� T regulatory cells (Tregs) as a percentage of total CD4 T cells on the ordinate, with responder plus stable disease versus progression

on the abscissa.
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Appendix

Description of Cohorts and Treatment

Cohort 1 was treated at 1 mg/kg; cohorts 2, 4, 5, and 6 were treated at 3 mg/kg; and cohort 3 was treated at 10 mg/kg of nivolumab.

Patients on cohorts 4 and 6 were ipilimumab refractory and could have had grade 1 or 2 toxicity, but patients on cohort 5 could have had

grade 3 dose-limiting toxicity (DLT) after ipilimumab without requiring infliximab. Patients on cohorts 4 and 5 were HLA-A*0201

positive and received peptide vaccine; cohort 6 was an extension group totaling 41 patients who were not required to be HLA-A*0201

positive and did not receive peptide vaccine, as shown in Table 1. Each treatment cycle (12 weeks) comprised six doses of nivolumab and

peptide vaccine administered every 2 weeks. Patients received two cycles with response assessments at 12 and 24 weeks. After 24 weeks,

nivolumab alone was administered for those with stable or regressing disease every 12 weeks for up to 2 years.

Definition of Tolerability

Groups of 10 patients were planned for cohorts 1 to 5, and in those cohorts, DLT seen in two or more of the first six patients or three

or more of 10 patients was defined as beyond the maximum-tolerated dose for that dose and cohort and would be felt to be intolerable.

Toxicity

Adverse events were graded and recorded according to Common Terminology Criteria for Adverse Events, version 4.0. DLT was

defined as any grade 3 or 4 adverse event or grade 2 or greater ocular adverse event within 12 weeks of treatment. Grade 3 infusion reactions

were exempt from the DLT definition. All grade 3 immune-related adverse events that resolved to grade 1 or less within 28 days were

exempt from DLT definition with the exception of pancreatitis; ocular, hepatic, and endocrine toxicities; and colitis.

Flow Cytometry

Peripheral-blood mononuclear cells were collected by leukapheresis as previously described.24 Functional and phenotypic markers of

T cells were evaluated by flow cytometry using antibodies from BD Biosciences (San Jose, CA), except where indicated. Peripheral-blood

mononuclear cells were stained with Live/Dead violet dye (Invitrogen, Carlsbad, CA) to gate on live cells. After this, cells were assessed for

expression of CD45, CD3, CD4, CD8, PD-1, and CTLA-4. Nivolumab was found in control experiments to not interfere with binding of

the PD-1–specific antibody (MIH4 from eBioscience, San Diego, CA) to the PD-1 receptor on T cells. T regulatory cells (Tregs) were

characterized by staining for T cells that were CD4�CD25�CD127lowFoxP3� (eBioscience). For tetramer analyses, a dump gate was used

that excluded CD14�, CD19�, and CD56� cells.24 Antigen-specific CD8� T cells were assessed with tetramers staining for gp210 (wild

type and 210M), MART-1 (wild type and 27L), and NY-ESO-1 (wild type and 165V; Beckman Coulter, Brea, CA). A negative tetramer

control was included for every sample. Data were acquired on an LSR II flow cytometer (BD Biosciences) and analyzed with Flowjo

software (TreeStar, Ashland, OR). Data were analyzed by the principal investigator, J.S.W., and biostatisticians X.Z. and Y.A.C.

Immunohistochemistry

Immunohistochemical staining of paraffin-embedded sections for gp100, MART-1, and NY-ESO-1 was performed on archived

formalin-fixed paraffin-embedded pretreatment tumor specimens as previously described.19 The immunohistochemistry assay for

programmed death-ligand 1 (PD-L1) incorporated an anti–PD-L1 rabbit monoclonal antibody (clone 28-8), which was developed on an

automated platform by Dako North America (Carpinteria, CA). Consecutive sections were stained for PD-L1 and a negative control

reagent to control for nonspecific staining. All sections were independently read by two pathologists, with final scores confirmed through

an adjudication process. A sample was deemed PD-L1 positive for membranous staining by two alternative definitions: if � 5% or 1% of

tumor cells, in a minimum of 100 evaluable tumor cells, had observable PD-L1–positive staining at any intensity. Specificity of the 28-8

antibody clone was assessed by western blotting against recombinant PD-L1 protein and lysates from PD-L1–expressing cell lines, as well

as cell lines that do not express PD-L1. In addition, immunohistochemistry assays with antigen competition and assessing of the staining

pattern in a panel of 30 normal human tissues demonstrated the expected pattern for specific PD-L1 binding.
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Fig A1. Gating strategy and representative tetramer staining profile for NY-ESO-1157-165 antigen-specific T cells. Percent positive staining as defined in Patients and

Methods by flow cytometry is shown on the ordinates, and mean fluorescence intensity is shown on the abscissas. Initial gating was on forward scatter (FSC) and side

scatter (SSC) and then on CD45� T lymphocytes; dead cells were then gated out, as were CD4�, CD14�, CD19�, and CD56� cells, with gating then on CD3�CD8�

T cells that were tetramer specific. “A” and “W” represent two channels on the flow cytometer. APC-A, allophycocyanin-A; FITC-A, fluorescein isothyocyanate–A;

PerCP, peridinin-chlorophyll proteins.
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