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Summary

Background—Concurrent administration of the immune checkpoint inhibitors nivolumab and
ipilimumab has shown greater efficacy than either agent alone in patients with advanced
melanoma, albeit with more high-grade adverse events. We assessed whether sequential
administration of nivolumab followed by ipilimumab, or the reverse sequence, could improve
safety without compromising efficacy.

Methods—We did this randomised, open-label, phase 2 study at nine academic medical centres
in the USA. Eligible patients (aged >18 years) with unresectable stage I11 or IV melanoma
(treatment-naive or who had progressed after no more than one previous systemic therapy, with an
Eastern Cooperative Oncology Group performance status of 0 or 1) were randomly assigned (1:1)
to induction with intravenous nivolumab 3 mg/kg every 2 weeks for six doses followed by a
planned switch to intravenous ipilimumab 3 mg/kg every 3 weeks for four doses, or the reverse
sequence. Randomisation was done by an independent interactive voice response system with a
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permuted block schedule (block size four) without stratification factors. After induction, both
groups received intravenous nivolumab 3 mg/kg every 2 weeks until progression or unacceptable
toxicity. The primary endpoint was treatment-related grade 3-5 adverse events until the end of the
induction period (week 25), analysed in the as-treated population. Secondary endpoints were the
proportion of patients who achieved a response at week 25 and disease progression at weeks 13
and 25. Overall survival was a prespecified exploratory endpoint. This study is registered with
ClinicalTrials.gov, number NCT01783938, and is ongoing but no longer enrolling patients.

Findings—Between April 30, 2013, and July 21, 2014, 140 patients were enrolled and randomly
assigned to nivolumab followed by ipilimumab (n=70) or to the reverse sequence of ipilimumab
followed by nivolumab (n=70), of whom 68 and 70 patients, respectively, received at least one
dose of study drug and were included in the analyses. The frequencies of treatment-related grade
3-5 adverse events up to week 25 were similar in the nivolumab followed by ipilimumab group
(34 [50%; 95% CI 37-6-62-4] of 68 patients) and in the ipilimumab followed by nivolumab group
(30 [43%; 31-1-55:3] of 70 patients). The most common treatment-related grade 3—4 adverse
events during the whole study period were colitis (ten [15%]) in the nivolumab followed by
ipilimumab group vs 14 [20%] in the reverse sequence group), increased lipase (ten [15%] vs12
[17%]), and diarrhoea (eight [12%] vs five [7%]). No treatment-related deaths occurred. The
proportion of patients with a response at week 25 was higher with nivolumab followed by
ipilimumab than with the reverse sequence (28 [41%; 95% CI 29:4-53.8] vs 14 [20%; 11-4-31-3]).
Progression was reported in 26 (38%; 95% CI 26:7-50-8) patients in the nivolumab followed by
ipilimumab group and 43 (61%; 49-0-72-8) patients in the reverse sequence group at week 13 and
in 26 (38%; 26-7-50-8) and 42 (60%; 47-6—71-5) patients at week 25, respectively. After a median
follow-up of 19-8 months (IQR 12-8-25-7), median overall survival was not reached in the
nivolumab followed by ipilimumab group (95% CI 23.7-not reached), whereas over a median
follow-up of 14.7 months (IQR 5-:6-23-9) in the ipilimumab followed by nivolumab group, median
overall survival was 16-9 months (95% CI 9:2-26.5; HR 0-48 [95% CI 0-29-0-80]). A higher
proportion of patients in the nivolumab followed by ipilimumab group achieved 12-month overall
survival than in the ipilimumab followed by nivolumab group (76%; 95% CIl 64-85 v5s54%; 42—
65).

Interpretation—Nivolumab followed by ipilimumab appears to be a more clinically beneficial
option compared with the reverse sequence, albeit with a higher frequency of adverse events.

Introduction

Median overall survival for patients with advanced melanoma treated with chemotherapy is
approximately 11 months.! Immune checkpoint inhibitors, along with targeted agents
against the BRAF-MEK pathway, have transformed the treatment approach for advanced
melanoma in recent years. Ipilimumab, a fully human 1gG1 monoclonal antibody that blocks
the cytotoxic T lymphocyte antigen 4 (CTLA-4) receptor on T cells, was the first agent to
show a long-term overall survival benefit in advanced melanoma with up to 10 years' follow-
up in some patients and 3-year survival of 22%.2 Nivolumab is a fully human IgG4
monoclonal antibody that blocks the interaction of programmed death receptor-1 (PD-1) on
T cells with its ligands programmed death ligand 1 (PD-L1) and programmed death ligand 2
on tumour cells or antigen-presenting cells.® In a phase 3 study in previously untreated
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patients with BRAF wild-type advanced melanoma, nivolumab led to improved overall
survival and 40% of patients achieved an objective response.l Another phase 3 study in
patients with advanced melanoma that had progressed on ipilimumab, with or without a
BRAF inhibitor, reported 32% of patients treated with nivolumab achieving an objective
response.*

Because CTLA-4 and PD-1 inhibit antitumour immunity via non-redundant signalling
pathways,> combination therapy with ipilimumab and nivolumab has been investigated. A
phase 3 study® in previously untreated patients with advanced melanoma showed that
concurrent nivolumab and ipilimumab, or nivolumab monotherapy, is associated with a
significantly higher proportion of patients achieving an objective response and longer
progression-free survival than ipilimumab monotherapy (58% [95% CI 52-0-63-2] of
patients treated with concurrent nivolumab and ipilimumab; median progression-free
survival 11-5 months [95% CI 8-9-16-7] vs 44% treated with nivolumab monotherapy;
median progression-free survival 6:9 months [4-3-9:5] vs19% treated with ipilimumab
monotherapy; median progression-free survival 2.9 months [2-8-3-4]); however, the
incidence of treatment-related grade 3—4 adverse events was higher with concurrent therapy
(55%) than with nivolumab monotherapy (16%) or ipilimumab monotherapy (27%).

Clinical findings with concurrent administration of nivolumab and ipilimumab®-8 have
generated interest in the sequential administration of these agents to maintain a high level of
antitumour activity but reduce toxicity. However, during the design of our study, it was
unknown whether one sequence might be associated with greater toxicity or greater efficacy
than the alternative sequence because the agent given first might change the host or tumour
biology in such a way as to make the second agent more or less active. Ipilimumab has been
postulated to lead to a more favourable tumour milieu for efficacy with concurrent or
sequential anti-PD-1 therapy because it increases tumour-infiltrating lymphocytes and
interferon-y-inducible genes in the tumour microenvironment,?19 which in turn could
increase PD-L1 expression.1! This hypothesis on the mechanism is noteworthy because high
tumour expression of PD-L1, the main ligand for PD-1, has been associated with an
increased proportion of patients achieving an objective response and improved overall
survival in patients treated with nivolumab as a single agent.# In a phase 1 dose-escalation
study of concurrent nivolumab and ipilimumab in a combined cohort of 93 patients, 38
(41%) patients had an objective response, whereas sequential ipilimumab followed by
nivolumab 1 mg/kg or 3 mg/kg in two cohorts of 16 patients each led to an objective
response in ten (63%) and three (19%) patients, respectively.12 However, nivolumab
followed by ipilimumab has not been tested in a clinical trial. Therefore, we assessed the
safety and efficacy of a planned switch from nivolumab to ipilimumab, or the reverse
sequence, followed by nivolumab continuation therapy, in patients with advanced melanoma.

Study design and participants

In this randomised, open-label, phase 2 study, we recruited patients from nine academic
medical centres in the USA (appendix, p5). Eligible patients were at least 18 years of age,
had histologically confirmed unresectable stage I11 or stage IV melanoma, and were
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previously untreated or had progressed after no more than one previous systemic therapy.
Criteria for determining progression on previous systemic therapy were based on
investigator-assessed radiographic imaging. Patients were also required to have measurable
disease by CT or MRI within 28 days prior to randomisation as per Response Evaluation
Criteria in Solid Tumors version 1.1 (RECIST v1.1) criteria, an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1, known BRAFVE00E mytational
status or consent to BRAFY690E mutation testing during the screening period, and suitable
lesions available for baseline biopsies and biopsies at week 13 (eg, assessment of PD-L1).
Patients with active brain metastases, autoimmune disease, medical conditions requiring
systemic treatment with corticosteroids or other immunosuppressive drugs, and previous
treatment with anti-PD-1, anti-PD-L1, or anti-CTLA-4 antibodies were excluded.
BRAFVE00E mytation status was ascertained according to local institutional standards, which
included several different methods: ABI polymerase chain reaction (PCR; Applied
Biosystems, Foster City, CA, USA), COBAS (Roche, Branchburg, NJ, USA),
pyrosequencing, RGQ PCR (Qiagen, Manchester, UK), Sanger sequencing, SNaPshot
(Applied Biosystems, Foster City, CA, USA), THxID (bioMérieux, Durham, NC, USA), and
other real-time PCR. Patients with either BRAFY600E wild-type or BRAFVE0OE mutation-
positive status were eligible.

All patients provided written informed consent. The protocol, amendments, and patient
informed consent were approved by the institutional review board (IRB) or independent
ethics committee (IEC) of the participating centre before initiation of the study at the site.

Randomisation and masking

Procedures

Patients were randomly allocated (1:1) to receive nivolumab followed by ipilimumab or
ipilimumab followed by nivolumab (appendix p 6). When each patient had signed their
informed consent form and was registered, they were assigned a patient number through an
interactive voice response system (IVRS). The investigator or designee registered the patient
for enrolment. Once enrolled in the IVRS, patients were randomised. An independent
vendor managed the IVRS for randomisation, which used a permuted block schedule in a
1:1 ratio with a block size of four (2:2). There were no stratification factors. This study was
open label; the investigators, site staff, and patients were aware of the treatment assignments
before and during the study.

Patients assigned to the nivolumab followed by ipilimumab group received nivolumab
(Bristol-Myers Squibb, Princeton, NJ, USA) at 3 mg/kg as a 60-min intravenous infusion
every 2 weeks for up to six doses during weeks 1 to 13 in the first induction period, followed
by a planned switch to ipilimumab (Bristol-Myers Squibb) 3 mg/kg as a 90-min intravenous
infusion every 3 weeks for up to four doses during weeks 13-25 in the second induction
period. Patients assigned to the ipilimumab followed by nivolumab group received the
reciprocal planned switch sequence. The time interval between drug sequences was 2 weeks
for nivolumab followed by ipilimumab whereas it was 3 weeks for ipilimumab followed by
nivolumab (dosing intervals were different for the two strategies because the agents have
different frequencies of administration). After induction, all patients in both groups who
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completed the second induction period with the second immunotherapy agent and had
clinical benefit were eligible to enter the continuation period and receive nivolumab 3 mg/kg
every 2 weeks for up to 2 years or longer until progression, unacceptable toxicity, or
withdrawal of consent.

During all treatment periods, dose reductions and escalations were not permitted, dose
interruptions of up to 6 weeks were allowed for infusion reactions, and treatment
modifications (eg, dose omissions) were based on specific laboratory and adverse event
criteria. Dose omissions (but not dose delays) were allowed during the two induction
periods. During the continuation period, dose delays with nivolumab were permitted. Dose
omissions during the induction periods or dose delays during the continuation period were
allowed in the following situations: any grade 2 non-skin treatment-related adverse event
(excluding grade 2 treatment-related fatigue or laboratory abnormalities); any grade 3 skin
treatment-related adverse event; any grade 3 treatment-related laboratory abnormality (with
exceptions for lymphopenia, leukopenia, and raised concentrations of aspartate
aminotransferase, alanine aminotransferase, total bilirubin, or asymptomatic amylase or
lipase); and any adverse event, laboratory abnormality, or intercurrent illness which, in the
judgment of the investigator, warranted omitting the dose.

Adverse events and laboratory values were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events version 4.0. Laboratory tests included
chemistry and haematology tests, and were done in the nivolumab followed by ipilimumab
group during the first induction period at weeks 1, 3, 5, 7, 9, and 11, and during the second
induction period at weeks 13, 16, 19, and 22; and in the ipilimumab followed by nivolumab
group during the first induction period at weeks 1, 4, 7, and 10, and during the second
induction period at weeks 13, 15, 17, 19, 21, and 23; and in both groups during the
continuation period every 2 weeks (plus or minus 3 days) starting at week 25. Select adverse
events (ie, those with a potential immunological cause) were assessed and recorded by the
investigator at each site according to organ category, as in previous studies.1#: Patients had
tumour assessments (per investigator assessment) as defined by modified RECIST v1.1
criteriald with CT, MRI, or both, before dosing at baseline, weeks 13, 25, 33, and 41, and
then every 12 weeks beginning at week 49. The same assessment method and technique, as
specified by RECIST v1.1, were used to characterise each lesion at baseline and during
follow-up. If the information required for assessment was unavailable or incomplete, the
response in the patient's lesion was categorised as “unable to determine”. Patients who had
clinical or radiological progressive disease before completing the first or second induction
periods were allowed to remain on their current study treatment for the remainder of the
induction period, as long as they were tolerating study treatment and did not have rapid
clinical deterioration.

Permanent discontinuation of one study drug did not preclude patients from receiving the
other immune checkpoint inhibitor, assuming recovery to baseline or resolution of the
adverse event. However, patients who had a response status of progressive disease according
to investigator-assessed RECIST v1.113 at week 13, and who had an additional 20% or
greater increase in the sum of longest diameters, including all target lesions and measurable
new lesions at week 25 compared with week 13, were discontinued from the study.
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For the exploratory analysis of pharmacodynamic changes in immune markers, baseline
tumour PD-L1 expression was assessed in a central laboratory (Mosaic Laboratories, Lake
Forest, CA, USA) with an automated Bristol-Myers Squibb—-Dako (Dako, Carpinteria, CA,
USA) validated immunohistochemistry assay4 and scored by a qualified pathologist at
Mosaic Laboratories. High PD-L1 expression was defined as at least 5% of tumour cells
exhibiting cell-surface PD-L1 staining of any intensity in a section containing at least 100
evaluable cells.

Our research hypothesis was that a 24-week sequential treatment regimen of nivolumab
followed by ipilimumab or ipilimumab followed by nivolumab would be associated with a
clinically acceptable frequency of grade 3-5 treatment-related adverse events in patients
with advanced or metastatic melanoma. The primary endpoint of this study was the
occurrence of treatment-related grade 3-5 adverse events during the induction period (ie, up
to week 25) in all patients who received sequential induction treatment and was investigator-
assessed. Secondary endpoints were the proportion of patients with a confirmed response
(partial or complete response) at week 25 and the proportion of patients with progressive
disease at weeks 13 and 25. Duration of response was also reported in a post-hoc analysis.
Prespecified exploratory endpoints included assessment of safety during the two induction
periods and during the continuation period, overall survival, and an assessment of
pharmacodynamic changes in immune markers from baseline and correlates with efficacy at
weeks 13 and 25. These data will be reported elsewhere.

Patients were assessed for safety if they had received either study drug. The primary
endpoint of treatment-related grade 3-5 adverse events during the induction period was
defined as the number of patients who had at least one treatment-related grade 3-5 adverse
event with an onset date on or after the first day of the induction period and not later than 30
days after the last dose from the induction period, divided by the number of treated patients.
Adverse events with an onset date after the start of subsequent anticancer therapy or the start
date of continuation period treatment were excluded from the primary endpoint analysis.

To assess the proportion of patients who achieved a response, RECIST v1.1 response criteria
were modified in this study to disregard the week 13 assessment, which only reflects the
activity of the first agent in the treatment sequence, at all post-week 13 assessment
timepoints. Therefore, confirmed response at week 25 was defined as the number of patients
with a complete or partial response at week 25, irrespective of the tumour assessment at
week 13, with confirmatory imaging at week 33. The proportion of patients who achieved a
response and best overall response during the overall study were assessed with additional
follow-up during the continuation period, also disregarding the week 13 assessment.
Progressive disease was defined at week 13 with RECIST v1.1 criteria, and at week 25 with
modified RECIST v1.1 criteria (data at week 25 were compared with baseline data,
discounting data from the week 13 scan).

The trial is ongoing but no longer enrolling patients; in this Article, we report the primary
analysis for the primary and secondary endpoints, but overall survival follow-up is ongoing.
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Statistical analysis

A sample size of about 140 patients (70 per group) was not based on power considerations
and was chosen to provide a reasonable level of precision for estimating adverse event
incidence for the treatment sequences. No statistical hypothesis testing was planned to assess
differences between groups because the primary endpoint was safety. The population
assessed for all primary, secondary, and exploratory outcomes was prespecified as all treated
patients—ie, the as-treated population. The primary analysis of the frequency of treatment-
related grade 3-5 adverse events during the first and second induction periods in both groups
was done in all treated patients (ie, those who had received at least one dose of study
treatment). The subset of patients who received at least one dose of study treatment in the
second induction period was used as a sensitivity analysis of this primary endpoint. The
proportions of patients reporting grade 3-5 adverse events with 95% Cls are presented for
each treatment group. In determining the reliability of the adverse event estimates for the
primary analysis, the exact 95% CI width was estimated to be 24% for a grade 3-5 adverse
event rate of 40% in either cohort, assuming n=68. This sample size also provided for
adequate samples of tumour tissues and peripheral immune cells to achieve stable estimates
for exploratory biomarker analyses.

The proportion of patients achieving a response at week 25 was defined as the number of
patients who had a complete response or partial response at week 25 per modified RECIST
v1.1 criteria, with confirmation on the scheduled scan at week 33 (or any subsequent scan
done at least 4 weeks after the week 25 scan), divided by the total number of treated
patients. The proportion of patients with a response and corresponding 95% Cls were
computed by group in all treated patients with the Clopper—Pearson method.

The exploratory endpoints of overall survival and response duration were estimated by the
Kaplan-Meier method. Hazard ratios (HRs) and associated 95% Cls with a Cox-proportional
hazards model, and median overall survival and corresponding two-sided 95% Cls, were
also calculated on a post-hoc basis. We report an analysis of overall survival after 46% of
patients had died. An update of the overall survival analysis is planned after 65% of the
patients have died or after 2 years of follow-up from the last patient randomised, whichever
occurs first.

The primary database lock occurred on May 22, 2015, after all treated patients had
completed or discontinued the induction period. All week 13 and week 25 endpoints were
analysed at this database lock. Safety, efficacy, and overall survival during the overall study,
including the continuation period, were updated using a subsequent database lock on Nov
13, 2015, capturing a minimum follow-up of 15 months. SAS version 9.2 was used for all
statistical analyses.

This study is registered with ClinicalTrials.gov, number NCT01783938.

Role of the funding source

The study was designed by the lead and corresponding investigators (JSW and FSH). Data
collected by the funder were analysed in collaboration with all authors. The funder of the
study provided funding for writing and editorial support for this report. The lead and
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corresponding authors (JSW and FSH) had full access to all the data in the study and had
final responsibility for the decision to submit for publication.

Between April 30, 2013, and July 21, 2014, we enrolled 177 patients at nine sites in the
USA; 37 were excluded and 140 were randomly assigned to the two treatment groups (figure
1). Between May 9, 2013, and Aug 12, 2014, 70 patients were randomly allocated to
nivolumab followed by ipilimumab and 70 patients to the reverse sequence (ie, ipilimumab
followed by nivolumab). 68 patients were treated in the nivolumab followed by ipilimumab
group (because two patients were excluded for unrelated serious adverse events before the
first dose) and 70 patients were treated with the reverse sequence (figure 1). Demographic
and baseline characteristics were generally balanced between the groups (table 1), apart
from higher proportions of patients with ECOG performance status of 0, PD-L1 expression
of 5% or higher, and a history of brain metastases in the nivolumab followed by ipilimumab
group. Most patients were men, with ECOG performance status of 0, but with a
predominance of M1c disease and a substantial proportion with raised lactate dehydrogenase
concentrations. Previous systemic cancer therapy was received by ten (15%) of 68 patients
in the nivolumab followed by ipilimumab group and eight (11%) of 70 patients in the
ipilimumab followed by nivolumab group.

Patients in the nivolumab followed by ipilimumab group received a mean of 17-4 (SD 16-7)
doses of nivolumab and 2.4 (1-37) doses of ipilimumab and a median of six (IQR 6-0-36-0)
doses of nivolumab and three (1-5-4-0) doses of ipilimumab. Patients in the ipilimumab
followed by nivolumab group received a mean of 3-2 (SD 1:05) doses of ipilimumab and
13-9 (16-8) doses of nivolumab and a median of four (IQR 2.0-4-0) doses of ipilimumab and
four (1-0-30-0) doses of nivolumab. 32 (47%) of 68 patients assigned to nivolumab followed
by ipilimumab received at least six doses of nivolumab compared with 29 (41%) of 70
assigned to the reverse sequence. More patients in the nivolumab followed by ipilimumab
group than patients assigned to the reverse sequence continued on to at least one dose in the
second induction period (58 [85%] of 68 in the nivolumab followed by ipilimumab group vs
53 [76%] of 70 in the ipilimumab followed by nivolumab group), although similar numbers
of patients subsequently received at least one dose of nivolumab in the continuation period
(32 [47%] vs 32 [46%], respectively; appendix p 1). Nine (13%) of 68 patients in the
nivolumab followed by ipilimumab group remained on study treatment at database lock on
Nov 13, 2015, compared with ten (14%) of 70 in the ipilimumab followed by nivolumab
group; the most common reasons for discontinuation in the nivolumab followed by
ipilimumab group were study drug toxicity (24 [35%] of 68 patients) and disease
progression (18 [26%]), whereas in the ipilimumab followed by nivolumab group the most
common reasons were disease progression (39 [56%] of 70 patients) and study drug toxicity
(12 [17%]; appendix p 1). A higher proportion of patients assigned to nivolumab followed
by ipilimumab received subsequent systemic anticancer therapy (25 [37%] of 68) than in the
reverse sequence group (14 [20%] of 70; appendix p 2).

The proportions of patients with treatment-related grade 3-5 adverse events at the primary
assessment timepoint at week 25 were similar between groups (34 [50%; 95% CI 37-6-62-4]
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of 68 patients in the nivolumab followed by ipilimumab group vs 30 [43%; 31-1-55-3] of 70
patients in the ipilimumab followed by nivolumab group; figure 2 [adverse events were
counted only once for both induction periods]). No treatment-related deaths occurred during
this study. In the prespecified sensitivity analysis in treated patients who received at least
one study drug dose in the second induction period, the frequency of drug-related grade 3-5
adverse events during the induction periods (ie, up to week 25) was similar between groups
(31 [53%] of 58 in the nivolumab followed by ipilimumab group vs27 [51%] of 53 in the
ipilimumab followed by nivolumab group). In the nivolumab followed by ipilimumab group,
a higher rate of treatment-related grade 3—4 adverse events occurred during the second
induction period and the continuation period compared with the first induction period (tables
2, 3, 4, figure 2). For the ipilimumab followed by nivolumab group, rates of treatment-
related grade 3—4 adverse events were consistent throughout all three treatment periods
(tables 2, 3, 4, figure 2). In patients with a grade 3—4 select adverse event (ie, those with a
potential immunological cause) in the first induction period, only one patient subsequently
developed a grade 3—4 select adverse event in the second induction period (a patient in the
ipilimumab followed by nivolumab group who initially had a skin adverse event later
developed a hepatic adverse event).

During the whole study period (a minimum follow-up of 15 months), grade 3—4 treatment-
related adverse events were reported in 43 (63%) of 68 patients in the nivolumab followed
by ipilimumab group (any grade: 65 [96%]) and in 35 (50%) of 70 patients in the
ipilimumab followed by nivolumab group (any grade: 64 [91%]; appendix p 3). Treatment-
related grade 3—4 increases in alanine aminotransferase and aspartate aminotransferase were
more frequent in those treated with nivolumab followed by ipilimumab than in those treated
with the reverse sequence (appendix p 3). The most common treatment-related grade 3—4
adverse events during the whole study period were colitis (ten [15%] in the nivolumab
followed by ipilimumab group vs 14 [20%] in the reverse sequence group), increased lipase
(ten [15%] vs 12 [17%]), and diarrhoea (eight [12%] vs five [7%]).

Types and frequencies of treatment-related adverse events leading to discontinuation during
the whole study period were similar between groups (any grade: 25 [37%] of 68 in the
nivolumab followed by ipilimumab group vs 23 [33%] of 70 in the ipilimumab followed by
nivolumab group; grade 3-4: 17 (25%) vs 19 [27%)], respectively). The most frequently
reported treatment-related adverse events of any grade leading to discontinuation were
colitis (six [9%] of 68 in the nivolumab followed by ipilimumab group vs12 [17%] of 70 in
the ipilimumab followed by nivolumab group), increases in alanine aminotransferase (three
[4%] vstwo [3%]), and AST (two [3%] vstwo [3%]), and diarrhoea (two [3%] vstwo
[3%]).

During the whole study period, the most frequently reported treatment-related adverse
events with a potential immunological cause of any grade in both groups were diarrhoea (32
[47%] of 68 in the nivolumab followed by ipilimumab group vs 31 [44%] of 70 in the
ipilimumab followed by nivolumab group), pruritus (24 [35%] vs 30 [43%]), rash (27 [40%)]
vs 23 [33%)]), raised alanine aminotransferase (24 [35%] vs 17 [24%]), raised AST (21
[31%] vs 17 [24%]), and hypothyroidism (15 [22%] vs 15 [21%]; appendix p 4). The most
frequent treatment-related adverse events with a potential immunological cause of grade 3-4
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in both groups were colitis (ten [15%] of 68 in the nivolumab followed by ipilimumab group
vs 14 [20%] of 70 in the ipilimumab followed by nivolumab group), diarrhoea (eight [12%]
vsfive [7%]), and raised alanine aminotransferase (seven [10%] vstwo [3%]).

Systemic corticosteroids were used in 57 (84%) of 68 patients assigned to nivolumab
followed by ipilimumab and in 36 (51%) of 70 assigned to the reverse sequence; infliximab
was used in four (6%) versus four (6%) patients, and mycophenolic acid in two (3%) versus
no patients, respectively. In both treatment groups, most treatment-related adverse events
with a potential immunological cause resolved after management in all categories, apart
from the endocrine-related adverse events with a potential immunological cause. Most
adverse events belonging to the endocrine select adverse event category were not regarded as
resolved, even when well controlled, because these patients still needed hormone
replacement therapy.

The proportion of patients who achieved a response at week 13 was higher in the nivolumab
followed by ipilimumab group than in the ipilimumab followed by nivolumab group (24
[35%] of 68 vsseven [10%] of 70, respectively). The proportion of patients who had a
confirmed response during induction (ie, up to week 25) was also higher in those treated
with nivolumab followed by ipilimumab than in those treated with the reverse sequence (28
[41%; 95% CI 29-4-53-8] of 68 1514 [20%; 11-4-31-3] of 70, respectively; table 5). With
additional follow-up, and with the efficacy assessment shifted from a simple timepoint
analysis to best overall response analysis, a greater proportion of patients in the nivolumab
followed by ipilimumab group achieved a complete or partial response (table 5).

Median duration of response was not reached in either group during the study; most
responding patients remained in response (27 [71%] of 38 in the nivolumab followed by
ipilimumab group vs20 [90%] of 22 in the ipilimumab followed by nivolumab group) at an
overall median duration of follow-up of 18-6 months (IQR 8-4-25-6). During the whole
study period, a higher proportion of patients achieving a response was reported in patients
with baseline PD-L1 expression of 5% or more versus less than 5% in both groups (table 5).
However, a greater proportion of patients in the nivolumab followed by ipilimumab group
than in the ipilimumab followed by nivolumab group were evaluable for PD-L1 expression
at baseline (53 [78%] of 68 vs44 [63%] of 70) and had baseline PD-L1 expression of 5%
more (22 [42%] of 53 vs 10 [23%] of 44).

At week 13, disease progression was reported in 26 (38%; 95% CI 26:7-50-8) of 68 patients
in the nivolumab followed by ipilimumab group and in 43 (61%; 49-0-72-8) of 70 patients in
the ipilimumab followed by nivolumab group. At week 25, the proportion of patients with
disease progression was unchanged for the nivolumab followed by ipilimumab group (26
[38%; 95% CI 26-7-50-8] of 68); in the ipilimumab followed by nivolumab group, one
patient who showed progression at week 13 had a partial response at week 25, decreasing
the progression rate to 60% (42/70; 47-6—71.5). The depth of tumour response, assessed as
the percentage reduction in target lesion, improved from week 13 to week 25 and with
additional follow-up (figure 3).
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After a median follow-up of 19-8 months (IQR 12-8-25-7) in the nivolumab followed by
ipilimumab group, median overall survival was not reached (95% CI 23-7—not reached),
whereas over a median follow-up of 14-7 months (IQR 5:6-23:9) in the ipilimumab followed
by nivolumab group, median overall survival was 16-9 months (95% CI 9-2-26.5; HR 0-48
[95% CI 0-29-0-80], figure 4). A higher 12-month overall survival was recorded in patients
assigned to nivolumab followed by ipilimumab than in those patients assigned to the reverse
sequence (76% [95% CI 64-85] vs54% [42-65%]; figure 4). In a post-hoc multivariate
analysis of overall survival adjusting for the imbalances between groups in ECOG
performance status, history of brain metastases, and baseline PD-L1 expression, the adjusted
HR was consistent with the primary analysis in favouring nivolumab followed by
ipilimumab relative to the reverse sequence (adjusted HR 0-57 [95% CI 0-33-0-99]). Figure
5 shows the results of the post-hoc subgroup analyses.

Discussion

In this open-label, randomised, phase 2 study, with a median follow-up of 18 ¢ 6 months,
patients treated with nivolumab followed by ipilimumab had a similar frequency of
treatment-related grade 3-5 adverse events up to week 25 as those treated with the reverse
sequence. Grade 3—4 adverse events leading to treatment discontinuation were also similar
between groups. Nivolumab followed by ipilimumab was associated with a lower proportion
of patients with disease progression at weeks 13 and 25, a higher proportion of patients with
a confirmed response at week 25 and throughout the entire study period, and longer median
overall survival than the reverse sequence of ipilimumab followed by nivolumab. Sequential
administration of immune checkpoint inhibitors with complementary mechanisms of action
has drawn attention recently because of trial data showing the clinical benefits of concurrent
combination therapy with nivolumab and ipilimumab compared with either agent given
alone in patients with advanced melanoma.®-8 Different dosing sequences with immune
checkpoint inhibitors could result in distinct efficacy and toxicity profiles, offering patients
new therapeutic options. We report, for the first time to our knowledge, the safety and
efficacy of a planned switch from nivolumab to ipilimumab, or the reverse sequence, in
patients with advanced melanoma. Nivolumab followed by ipilimumab versus the reverse
sequence was associated with a higher overall frequency of adverse events but with
improved efficacy. Taken together, and consistent with the higher response rate of nivolumab
compared with ipilimumab as monotherapy, these data suggest a benefit-risk profile that
favours the sequence of nivolumab followed by ipilimumab in patients with advanced
melanoma.

The frequency of treatment-related grade 3—4 adverse events was similar between groups
during the induction periods up to week 25. A difference between groups in the frequency of
treatment-related grade 3—4 adverse events was seen over time. When looking at the safety
profile during each study period, we saw a higher than expected toxicity of ipilimumab when
given in close proximity after nivolumab. In the nivolumab followed by ipilimumab group,
the frequency of treatment-related grade 3—4 adverse events was low in the first induction
period with nivolumab monotherapy but increased with ipilimumab monotherapy during the
second induction period to a rate near that seen with concomitant nivolumab and
ipilimumab,® and decreased only slightly during the nivolumab continuation period. By
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contrast, there was little change in the frequency of treatment-related grade 3—4 adverse
events in the ipilimumab followed by nivolumab group from ipilimumab monotherapy
during the first induction period to nivolumab monotherapy during the second induction
period and the continuation period. Additionally, systemic corticosteroids were used more
frequently in patients treated with nivolumab followed by ipilimumab than in those treated
with the reverse sequence, which probably represents the investigator's recognition of
immune-mediated toxicity that might not have been fully captured by standard Common
Terminology Criteria for Adverse Events grading criteria and its management using
established guidelines. Furthermore, a higher proportion of patients discontinued treatment
because of progressive disease in the ipilimumab followed by nivolumab group, which
indicates that fewer patients in this group continued on therapy and had the potential to
develop toxicity requiring discontinuation, which might have magnified the difference in
corticosteroid use between treatment groups.

A novel feature of the design of this study was that patients who discontinued the first
immune checkpoint inhibitor because of toxicity were allowed, upon resolution of the
adverse event, to continue and receive the second immune checkpoint inhibitor. Our findings
did not show any exacerbation of adverse events, irrespective of the severity of the initial
event, within or between the select adverse event categories, in patients treated sequentially
with nivolumab and ipilimumab in both treatment groups. Of patients with a grade 3—4
select adverse event with the first agent, only one subsequently developed a grade 3—4 select
adverse event with the second agent, suggesting that toxicity with one immune checkpoint
inhibitor does not predict toxicity with a subsequent immune checkpoint inhibitor. Whether
toxicity with one immune checkpoint inhibitor is likely to predispose a patient to toxicity
with another immune checkpoint inhibitor is an important question for future trials.

The nature of the treatment-related adverse events and those leading to permanent
discontinuation was consistent with what has been reported in previous studies of
ipilimumab and nivolumab given as monotherapy or concurrent combination
therapy.14:6:8.15.16 However, the frequency of adverse events was higher in our study than
with either agent as monotherapy, and slightly lower than or similar to that with concurrent
ipilimumab and nivolumab. As in previous studies, select adverse events (ie, those with a
potential immunological cause) were manageable with standard treatment algorithms (ie,
that included systemic corticosteroids). Of the treatment-related select adverse events,
hepatic and endocrine adverse events occurred more frequently in patients treated with
nivolumab followed by ipilimumab than in those treated with the reverse sequence, whereas
the frequencies of gastrointestinal adverse events were similar between groups.

With a planned treatment switch irrespective of week 13 response, a consistently improved
clinical benefit with nivolumab followed by ipilimumab versus ipilimumab followed by
nivolumab suggested that nivolumab followed by ipilimumab might be a more beneficial
option than the reverse sequence. Switching of treatments seemed to increase the depth of
response as shown by the higher proportion of patients with confirmed responses between
weeks 13 and 25, and in some patients, even converted the patient from being a non-
responder to a responder.
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A higher proportion of patients with baseline PD-L1 expression of 5% or more versus those
with less than 5% achieved a response in both treatment groups, and the proportion of
patients who achieved a response was higher in the nivolumab followed by ipilimumab
group than in the ipilimumab followed by nivolumab group irrespective of PD-L1
expression. However, a greater proportion of patients in the nivolumab followed by
ipilimumab group than in the ipilimumab followed by nivolumab group were evaluable for
PD-L1 expression at baseline and had baseline PD-L1 expression of 5% or more, and these
imbalances might partly explain the low response rate in patients with PD-L1 expression of
less than 5% in the ipilimumab followed by nivolumab group.

Although this study provides important information about the sequential use of nivolumab
and ipilimumab in the setting of advanced melanoma, the results should be interpreted with
caution because of the limitations of the trial. First, the study used an open-label,
randomised, phase 2 design with little power to detect differences in the outcome.
Additionally, the absence of stratification led to imbalances in baseline characteristics
between the treatment groups (eg, a greater percentage of patients with ECOG performance
status 0, PD-L1 expression =5%, and a history of brain metastases in the nivolumab
followed by ipilimumab group than in the other group). Moreover, the subgroup analyses
were post-hoc and were limited by a scarcity of events. The planned treatment switch, which
occurred irrespective of disease response, does not typically represent real-world practice,
although patients who progress on one agent are usually switched rapidly to the next line of
therapy. Furthermore, the safety profiles should be interpreted in the context of the different
dosing schedules for nivolumab and ipilimumab and a study design that allowed patients to
permanently discontinue during one study period or agent but still continue onto the next
study period or agent. The concept of initiating a different immune checkpoint inhibitor after
permanent discontinuation of another is an area of future research. The primary efficacy
endpoint of response at week 25 might have occurred too early to represent the full benefit
from immune checkpoint inhibition, as shown by improved response rates recorded with
longer follow-up. Finally, there was an imbalance between groups in patients who received
subsequent anticancer therapy, which is possibly indicative of the difference between groups
in survival.

These results could influence further development of sequenced therapy with nivolumab and
ipilimumab, in view of the difference in response and overall survival favouring nivolumab
followed by ipilimumab, even when imbalances in prognostic factors are accounted for.
Additionally, the original premise of the study was that sequential therapy would reduce the
toxicity compared with concurrent therapy because drug concentrations of the initial agent
in the first induction period, which might be associated with adverse events, would decrease
during the second induction period. The rapid switch to the next treatment at week 13
apparently mitigated this decline and resulted in sufficiently high drug concentrations in the
second induction period to account for the notable occurrence of adverse events that were
similar to that seen with concurrent therapy. In fact, the proportion of patients who achieved
a response and the level of toxicity in the nivolumab followed by ipilimumab group were
similar to those seen with the FDA-approved, concurrent nivolumab and ipilimumab
regimen, suggesting that there is little advantage to sequential as opposed to concurrent
therapy.8:8:17 The differences in safety and efficacy between the two sequential regimens
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might also be attributable to differences in the pharmacodynamic properties of the individual
agents. For example, because an anti-CTLA-4 antibody bound to CTLA-4 might be
internalised rapidly by the cell, whereas an anti-PD-1 antibody might occupy the PD-1
receptor for a prolonged period,18-21 treatment with nivolumab before ipilimumab might be
similar to receiving both agents concurrently. Alternatively, our results might be simply
related to ipilimumab being more toxic and less efficacious than nivolumab. In support of
this hypothesis, nivolumab and the anti-PD-1 antibody pembrolizumab given as single
agents have been shown to be associated with better efficacy than ipilimumab monotherapy
in patients with advanced melanoma, with fewer high-grade adverse events.5:22

In conclusion, a planned treatment switch from nivolumab to ipilimumab showed improved
efficacy outcomes compared with a planned switch from ipilimumab to nivolumab, but with
a higher overall frequency of adverse events. Because overall survival data for patients
treated with nivolumab followed by ipilimumab are immature, any indirect comparison with
concurrent therapy awaits long-term follow-up; as per protocol, a 2-year follow-up of overall
survival is planned. Furthermore, the clinical relevance of the higher toxicity profile noted
over time for nivolumab followed by ipilimumab remains unclear. The mechanism that
accounts for the improved clinical outcomes with nivolumab followed by ipilimumab
compared with the reverse sequence is unknown, although detailed correlative analyses of
tumour and blood samples are being done to assess what factors might account for the
difference. Future prospective studies will hopefully provide insight into important
mechanisms by which immune checkpoint inhibition mediates tumour regression, how one
immune checkpoint inhibitor affects another, and the development of new sequential
treatment regimens.
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Research in context
Evidence before this study

To identify studies of combination therapy of a programmed death receptor-1 (PD-1)
inhibitor and a cytotoxic T-lymphocyte antigen 4 (CTLA-4) inhibitor in advanced
melanoma, we searched PubMed and congress abstracts from the annual meetings of the
American Society of Clinical Oncology, European Society of Medical Oncology/
European Cancer Congress, and Society for Melanoma Research, between April 1, 2008,
and April 30, 2013. Our search terms were “ipilimumab”, “melanoma”, “nivolumab”, and
“pembrolizumab”. Our search identified three (phase 1, 2, and 3) clinical studies of
nivolumab given concurrently with ipilimumab, a phase 1 safety trial of pembrolizumab
given concurrently with ipilimumab, and a small retrospective case series of nivolumab
or pembrolizumab given sequentially with ipilimumab in patients with advanced
melanoma. These studies showed that concurrent combination therapy with nivolumab
and ipilimumab improves the proportion of patients achieving a response versus either
agent alone, albeit with more high-grade adverse events. Ipilimumab, nivolumab, and
pembrolizumab are approved by the US Food and Drug Administration and the European
Commission for the treatment of patients with metastatic melanoma as single agents;
nivolumab and ipilimumab are also approved as concurrent combination therapy. Clinical
findings with concurrent administration of nivolumab and ipilimumab have triggered
interest in sequential administration of these agents to potentially maintain a high amount
of antitumour activity and minimise toxicity.

Added value of this study

For the patient population investigated in this study, treatment options are needed that
improve existing approved therapies, from both efficacy and safety perspectives. Our data
suggest that administration of nivolumab followed by a planned switch to ipilimumab is
associated with a higher overall frequency of treatment-related grade 3—4 adverse events,
but provides improved efficacy, compared with administration of ipilimumab followed by
a planned switch to nivolumab. No previous study has shown benefit from a clear
temporal approach to the administration of checkpoint inhibitors.

Implications of all the available evidence

Results from this study could help to inform the choice of initial treatment if sequential
approaches in advanced melanoma are used, and a planned analysis could provide
insights into the mechanism of action and correlative science of sequential therapy with
nivolumab and ipilimumab.
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Figure 1. Trial profile
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Figure 2. Treatment-related grade 3-5 adverse events by study period No treatment-related
deaths were reported during any study period

*95% CI 37-6-62-4%. t95% CI 31-1-55:3%. FAdverse events were counted only once for
both induction periods. Error bars are 95% Cls.
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Figure 3. Tumour burden change from baseline (A) at week 13 and (B) at week 25, and (C) best
tumour burden change during the entire study period

*Patients with target lesion at baseline and at least one tumour assessment (A) at week 13 or

(B) at week 25 or (C) on treatment. TNegative/positive value means maximum tumour
reduction/minimum tumour increase. Reduction is based on evaluable target lesion
measurements up to the start of subsequent therapy. Horizontal dotted reference line

indicates the 30% reduction consistent with a Response Evaluation Criteria in Solid Tumors
version 1.1 response. tResponders (A) at week 13 or (B) at week 25 or (C) during the entire

study period. Square symbol represents percentage change truncated to 100%.
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Number at risk Workhs

(number censored)

Nivolumab followed 68(0) 66(0) 63(0) 58(1) 51(1) 49(3) 42(7) 31(15) 25(19) 6(38) 0(44)
by ipilimumab

Ipilimumab followed 70(0) 61(0) 52(0) 44(0) 38(0) 34(2) 29(5) 22(11) 17(15) 5(25) 0(30)
by nivolumab

Figure 4. Overall survival
HR=hazard ratio. NR=not reached. *Median follow-up in the nivolumab followed by

ipilimumab group was 19-8 months (IQR 12-8-257). tMedian follow-up in the ipilimumab
followed by nivolumab group was 147 months (56-23.9).
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Figure 5. Subgroup survival analysis
NR=not reached. ECOG=Eastern Cooperative Oncology Group. PD-L1=programmed death-

ligand 1. LDH=lactate dehydrogenase. ULN=upper limit of normal.
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Table 1

Baseline characteristics

Nivolumab followed by ipilimumab (n=68)

Ipilimumab followed by nivolumab (n=70)

Age (years)

605 (46:5-70-0)

63.0 (52:0-73.0)

Sex

Men 46 (68%) 46 (66%)

Women 22 (32%) 24 (34%)
Ethnic origin

White 65 (96%) 66 (94%)

Black or African—-American 1 (1%) 2 (3%)

Other 2 (3%) 2 (3%)
ECOG performance status

0 47 (69%) 37 (53%)

1 21 (31%) 33 (47%)
AJCC stage at study entry

11 6 (9%) 12 (17%)

\Y 62 (91%) 58 (83%)
M stage

MO0 0 3 (4%)

M1la 3 (4%) 7 (10%)

M1b 14 (21%) 8 (11%)

M1lc 45 (66%) 43 (61%)
Not reported 6 (9%) 9 (13%)
Baseline LDH

<ULN 45 (66%) 41 (59%)

>ULN 23 (34%) 29 (41%)

<2 x ULN 59 (87%) 58 (83%)

>2 x ULN 9 (13%) 12 (17%)
BRAF status

BRAF/E muytant 19 (28%) 20 (29%)

Wild type 44 (65%) 43 (61%)

Not reported 5 (7%) 7 (10%)
Previous systemic therapy for metastatic disease

Any previous systemic therapy 10 (15%) 8 (11%)

Previous interleukin 2 4 (6%) 2 (3%)
PD-L1 expression 5% * 22/53 (42%) 10/44 (23%)

History of brain metastases
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Nivolumab followed by ipilimumab (n=68) Ipilimumab followed by nivolumab (n=70)

Yes 9 (13%) 2 (3%)
No 53 (78%) 60 (86%)
Not reported 6 (9%) 8 (11%)

Data are median (IQR), n (%), or n/N (%). ECOG=Eastern Cooperative Oncology Group. AJCC=American Joint Committee on Cancer.
LDH=lactate dehydrogenase. PD-L1=programmed death ligand 1. ULN=upper limit of normal.

*
The proportion of patients with PD-L1 expression =5% among those with quantifi able PD-L1 (ie, 53 patients in the nivolumab followed by
ipilimumab group and 44 patients in the ipilimumab followed by nivolumab group).
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Response to treatment

Week 25

Table 5

Entire study period

Page 29

Nivolumab followed by
ipilimumab (n=68)

Ipilimumab followed by
nivolumab (n=70)

Nivolumab followed by
ipilimumab (n=68)

Ipilimumab followed by
nivolumab (n=70)

Best overall response

Complete response
Partial response
Stable disease
Progressive disease
Unable to determine

Overall response, n/N
(%; 95% ClI)

Median duration of
overall response,
months (IQR)

28/68 14/70 (41%;
29.4-53.8) "

(20%; 11-4-31-3) ©

8/68 (12%)

30/68 (44%)

2/68 (3%)

15/68 (22%)

13/68 (19%)

38/68 (56%; 43-3-67-0)

NR (8:4-19-3)

4170 (6%)

18/70 (26%)

6/70 (9%)

20/70 (29%)

22/70 (31%)

22/70 (31%; 20-9-43-6)

NR (7:5-17-2)

Overall response by PD-L1 expression, n/N evaluable (%; 95% CI)

PD-L1 <5%
PD-L1 >5%

8/31 (26%; 11.9-44-6)
12/22 (55%; 32:2-75-6)

3/34 (9%; 1.9-237)
4110 (40%; 12.2-73-8)

13/31 (42%; 24-5-60:9)
16/22 (73%; 49-8-89-3)

6/34 (18%; 6-8-34.5)
6/10 (60%; 26-2-87-8)

Data are n/N (%) unless otherwise indicated. NR=not reached. PD-L1=programmed death ligand 1. The assessment of best overall response
disregarded the week 13 tumour assessment. Reasons for patients judged as “unable to determine” include discontinuation, start of a subsequent
anticancer therapy, or death before the week 25 assessment; and no evaluable tumour assessment done beyond the week 13 timepoint.

*
Confirmed with scan at week 33 (or any subsequent scan done >4 weeks after the week 25 scan).
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