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Summary

Background—Nivolumab has shown improved survival in the treatment of advanced non-small-
cell lung cancer (NSCLC) previously treated with chemotherapy. We assessed the safety and
activity of combination nivolumab plus ipilimumab as first-line therapy for NSCLC.

Methods—The open-label, phase 1, multicohort study (CheckMate 012) cohorts reported here
were enrolled at eight US academic centres. Eligible patients were aged 18 years or older with
histologically or cytologically confirmed recurrent stage 111b or stage 1V, chemotherapy-naive
NSCLC. Patients were randomly assigned (1:1:1) by an interactive voice response system to
receive nivolumab 1 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks, nivolumab 3
mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 12 weeks, or nivolumab 3 mg/kg every 2
weeks plus ipilimumab 1 mg/kg every 6 weeks until disease progression, unacceptable toxicities,
or withdrawal of consent. Data from the latter two cohorts, which were considered potentially
suitable for further clinical development, are presented in this report; data from the other cohort
(as well as several earlier cohorts) are described in the appendix. The primary outcome was safety
and tolerability, assessed in all treated patients. This ongoing study is registered with
ClinicalTrials.gov, number NCT01454102.

Findings—Between May 15, 2014, and March 25, 2015, 78 patients were randomly assigned to
receive nivolumab every 2 weeks plus ipilimumab every 12 weeks (n=38) or nivolumab every 2
weeks plus ipilimumab every 6 weeks (n=40). One patient in the ipilimumab every-6-weeks cohort
was excluded before treatment; therefore 77 patients actually received treatment (38 in the
ipilimumab every-12-weeks cohort; 39 in the ipilimumab every-6-weeks cohort). At data cut-off
on Jan 7, 2016, 29 (76%) patients in the ipilimumab every-12-weeks cohort and 32 (82%) in the
ipilimumab every-6-weeks cohort had discontinued treatment. Grade 3—4 treatment-related
adverse events occurred in 14 (37%) patients in the ipilimumab every-12-weeks cohort and 13
(33%) patients in the every-6-weeks cohort; the most commaonly reported grade 3 or 4 treatment-
related adverse events were increased lipase (three [8%] and no patients), pneumonitis (two [5%)]
and one [3%] patients), adrenal insufficiency (one [3%] and two [5%] patients), and colitis (one
[3%] and two [5%] patients). Treatment-related serious adverse events were reported in 12 (32%)
patients in the ipilimumab every-12-weeks cohort and 11 (28%) patients in the every-6-weeks
cohort. Treatment-related adverse events (any grade) prompted treatment discontinuation in four
(11%) patients in the every-12-weeks cohort and five (13%) patients in the every-6-weeks cohort.
No treatment-related deaths occurred. Confirmed objective responses were achieved in 18 (47%
[95% CI 31-64]) patients in the ipilimumab every-12-weeks cohort and 15 (38% [95% CI 23-55])
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patients in the ipilimumab every-6-weeks cohort; median duration of response was not reached in
either cohort, with median follow-up times of 12-8 months (IQR 9:3-15:5) in the ipilimumab
every-12-weeks cohort and 11-8 months (6-7-15-9) in the ipilimumab every-6-weeks cohort. In
patients with PD-L1 of 1% or greater, confirmed objective responses were achieved in 12 (57%) of
21 patients in the ipilimumab every-12-weeks cohort and 13 (57%) of 23 patients in the
ipilimumab every-6-weeks cohort.

Interpretation—In NSCLC, first-line nivolumab plus ipilimumab had a tolerable safety profile
and showed encouraging clinical activity characterised by a high response rate and durable
response. To our knowledge, the results of this study are the first suggestion of improved benefit
compared with anti-PD-1 monotherapy in patients with NSCLC, supporting further assessment of
this combination in a phase 3 study.

Funding—ABristol-Myers Squibb.

Introduction

In patients who have advanced non-small-cell lung cancer (NSCLC) without targetable
mutations, first-line treatment is platinum-based combination chemotherapy. This approach
has been the standard of care for the past three decades with few improvements in
outcomes, 12 and is characterised by moderate-to-severe toxicities, including haematological
adverse events and non-haematological toxicities, such as fatigue, nausea, vomiting, and
alopecia. The proportion of patients who achieved a response to chemotherapy remains in
the 30% range; 134 responses are rarely durable, and nearly half of patients die within 1
year.3-> A profound need exists for treatment strategies to improve long-term survival in
patients with newly diagnosed advanced NSCLC.

Research in context
Evidence before this study

We searched PubMed for reports published between Jan 1, 2010, and Aug 24, 2016,
without language restrictions, using the search terms “immunotherapy”, “nivolumab”,
“pembrolizumab”, “durvalumab”, “atezolizumab”, “ipilimumab”, “tremelimumab”,
“anti-PD-1", “anti-PD-L1”, or “anti-CTLA-4" with “combination” and “lung”. Anti-
PD-1 monotherapies have shown improved survival compared with docetaxel in patients
with advanced non-small-cell lung cancer (NSCLC) previously treated with
chemotherapy. Recently, a response rate of 23% was reported with the combination of
durvalumab plus tremelimumab in patients with advanced NSCLC, most of whom had
been previously treated with chemotherapy. In patients with melanoma, the combination
of nivolumab plus ipilimumab showed improved response and survival compared with
either agent alone. The present study was designed to examine the safety and efficacy of
nivolumab plus ipilimumab in patients with chemotherapy-naive, advanced NSCLC.

Added value of this study

The results of this trial show that the combination of nivolumab and ipilimumab is well
tolerated and is associated with promising, durable, clinical activity. Response rates were
at least comparable with those achieved with first-line platinum-based chemotherapy and
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seemed to exceed the activity expected with nivolumab monotherapy based on previously
reported phase 1 data, especially in patients with PD-L1-positive NSCLC.

Implications of all the available evidence

To our knowledge, the results of this study represent the first suggestion of improved
benefit relative to anti-PD-1 monotherapy in patients with NSCLC and highlight the
potential role for immunotherapy combinations as first-line treatment for NSCLC. Based
on these findings, first-line combination treatment with nivolumab and ipilimumab is
being prospectively assessed in patients with advanced NSCLC in an ongoing phase 3
study.

Methods

Antibodies that inhibit immune checkpoints such as CTLA-4 and PD-1 have improved
outcomes for patients with several different types of cancers.6-12 In NSCLC, nivolumab (a
fully human 1gG4 antibody against PD-1) improves overall survival compared with
docetaxel in patients with previously treated advanced NSCLC.10.11 The proportion of
patients responding to nivolumab ranges from 15% to 20% in unselected patients,10-11.13 and
responses have tended to be durable, persisting for months or years even after
discontinuation of therapy.13

Since PD-1 and CTLA-4 modulate effector T-cell activation, proliferation, and function
through distinct, complementary mechanisms,14 the combination of nivolumab plus
ipilimumab (a fully human 1gG1 antibody against CTLA-4) represents a rational approach to
improve antitumour immunity. In patients with metastatic melanoma, the combination of
nivolumab and ipilimumab has enhanced activity relative to either monotherapy,1°:16 and
median overall survival was not reached after a minimum of 2 years follow-up.1” The
combination is approved in the USA and Europe for patients with melanoma.

Given the established safety and activity of nivolumab monotherapy in previously treated
advanced NSCLC and the long-term survival reported with combination immunotherapy in
melanoma, this portion of the phase 1 multicohort CheckMate 012 study was designed to
assess nivolumab plus ipilimumab as first-line therapy for patients with advanced NSCLC.
Separate cohorts of this study in which nivolumab was given as monotherapy or in
combination with other therapies have been reported previously.18:19

Study design and participants

This was an open-label, phase 1, multicohort study done at nine academic centres in the
USA and three in Canada. Patients in the cohorts reported here were enrolled at eight of the
US centres (appendix p 2). Eligible patients were aged 18 years or older with histologically
or cytologically confirmed recurrent stage I11b or stage IV NSCLC with radiographic
evidence of measurable disease by Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1.20 Patients were required to be chemotherapy-naive for advanced NSCLC;
previous neoadjuvant and adjuvant chemotherapies for locally advanced disease were
allowed (with no washout periods specified) as long as all other eligibility criteria were met.
Previous oral tyrosine kinase inhibitors were also allowed in the adjuvant or metastatic
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disease setting if administration had been completed at least 2 weeks before randomisation.
Patients were required to have an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1; adequate haematological, hepatic, and renal function; and life
expectancy of at least 3 months. Patients with stable, treated brain metastases were eligible if
they had completed radiotherapy, surgery, or radiosurgery at least 2 weeks before enrolment
and did not have active cerebral oedema requiring steroid treatment. Collection of
pretreatment tumour tissue (excisional, incisional, or core needle) was required, but
biomarker analyses (eg, PD-L1 expression) were not used to select patients. Baseline
laboratory tests required to assess eligibility included white blood cell counts, neutrophils,
platelets, haemoglobin, serum creatinine, alanine amino-transferase, aspartate
aminotransferase, and total bilirubin. Patients with a history of autoimmune disease were not
eligible, nor were those with previous malignancies (unless a complete remission was
achieved at least 2 years prior to study entry). Another exclusion criterion was a need for
immunosuppressive doses of systemic corticosteroids, although use of local cortico-steroids
(with minimal absorption), physiological replacement doses of systemic corticosteroids, or a
brief course of corticosteroids for treatment of non-autoimmune conditions or delayed
nausea were allowed.

The study protocol was approved by the institutional review board at each participating
centre. The study was done in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines, as defined by the International Conference on Harmonisation.
All patients provided written informed consent before enrolment.

Randomisation and masking

Procedures

Eligible patients were randomly assigned to receive nivolumab 1 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 6 weeks, nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1
mg/kg every 12 weeks, or nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every
6 weeks intravenously (appendix p 3). An interactive voice response system was used to
assign patients (1:1:1) to these three cohorts. Randomisation was stratified by histology
(squamous vs non-squamous Vs not otherwise specified). Patients and investigators were not
masked to treatment.

The main text of this paper focuses on results obtained in the two nivolumab 3 mg/kg
cohorts, which were considered potentially suitable for further clinical development. Results
obtained in the nivolumab 1 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks
cohort are described in the appendix (pp 12-16). Treatment was to be continued until disease
progression, unacceptable toxicities, or consent withdrawal (appendix pp 3, 8). Patients
could be treated beyond initial progression as long as they were considered by the
investigator to be deriving clinical benefit and tolerating study treatment. No nivolumab or
ipilimumab dose reductions were allowed, but administration of either drug could be delayed
for adverse events (appendix p 6). Ipilimumab could be discontinued and nivolumab
continued as monotherapy if the investigator was able to attribute adverse events to
ipilimumab only. Treatment beyond initial progression was to be discontinued if an
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additional 10% increase in tumour burden beyond initial progression was measured on
subsequent imaging.

Safety was assessed throughout the study (appendix p 7) by the investigators. Two follow-up
visits for safety assessments were required after discontinuing study treatment: one at 30
days and one at 100 days after the last dose or date of discontinuation. Categories of select
adverse events (those with a potential immunological cause) were based on a prespecified
list of terms from the Medical Dictionary for Regulatory Activities version 18.1. The
severity of adverse events was graded using the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0, and the causal association with study
drugs was determined by the investigators. Tumour response was monitored using spiral CT
with contrast or MRI at weeks 11, 17, and 23, and then every 12 weeks until disease
progression (investigator-assessed per RECIST version 1.1). For patients treated beyond
initial progression, following a scan done 6 weeks after documentation of progression,
tumour assessments continued on the original schedule if the investigator felt that the patient
continued to derive clinical benefit without a further increase in tumour burden of more than
10%. Patients who discontinued for reasons other than progressive disease or consent
withdrawal continued tumour assessments on the protocol-defined schedule until
documented progression. Patients were followed for survival every 12 weeks after
discontinuing study treatment.

PD-L1 was assessed retrospectively in fresh or archival pretreatment tumour samples
collected before the first dosing date with the use of a validated immunohistochemistry assay
(Dako, North America, Carpinteria, CA, USA)2! that used a rabbit antihuman PD-L1
antibody (clone 28-8; Epitomics, Burlingame, CA, USA). Tumour PD-L1 expression was
measured as percentage of tumour cells with membrane staining (any intensity) in a section
containing at least 100 evaluable tumour cells.

The primary outcome of the study was the frequency of adverse events and serious adverse
events occurring up to 100 days after the last dose of study drug. Secondary outcomes
comprised the proportion of patients achieving a confirmed objective response, median
duration of response, and progression-free survival at 24 weeks using tumour assessments
reported by investigators and defined according to RECIST version 1.1 (excluding clinical
progression). Objective response was defined as the proportion of all treated patients with
either a confirmed complete response or partial response. Duration of response was defined
from the first documented objective response and progression-free survival was defined from
the date of first dose of study medication; both were defined as the time to the date of first
disease progression or death, if death occurred within 100 days of the final dose of
nivolumab or ipilimumab, whichever was administered last. Among patients without
previous RECIST-defined progression, patients who died beyond 100 days and those who
remained alive were censored at the last tumour assessment date (before subsequent
therapy). Progression-free survival at 24 weeks was defined as the proportion of all treated
patients who remained progression-free at 24 weeks and survived through 24 weeks. Median
progression-free survival, overall survival, overall survival at 1 year, and associations
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between clinical activity and tumour PD-L1 expression, smoking status, and £GFR mutation
status were assessed as prespecified exploratory endpoints.

Statistical analysis

Recruitment of about 30 patients per cohort was planned with the goal of identifying safe
regimens for future clinical development, with “safe” defined as less than 25% of treated
patients (seven or fewer of 30) discontinuing study drug due to treatment-related adverse
events by week 17. At 30 treated patients per cohort, the probability of observing seven or
fewer such events was 76% or 28% if the true toxicity rate was 20% or 30%, respectively,
providing false-negative rates of 24% and false-positive rates of 28% deemed acceptable.

Analyses were based on a Feb 18, 2016, database lock. All patients who received at least
one dose of study drug were eligible for safety and efficacy assessments. Patient
demographics and frequency of adverse events were summarised with descriptive statistics.
For determination of the total number of patients with an adverse event, patients were
counted only once at the preferred term, once at the system organ class, and once at the
patient level. Two-sided 95% exact Cls were calculated for the proportion of patients
achieving an objective response using the Clopper-Pearson method. Estimated time-to-event
endpoints were calculated with the Kaplan-Meier method, with two-sided 95% Cls for
medians and rates calculated using standard methods. All statistical analyses were done with
SAS version 9.04.

This ongoing study is registered with ClinicalTrials.gov, number NCT01454102.

Role of the funding source

Results

The funder provided the study drug and worked with the investigators to design the study
and to collect, analyse, and interpret the data. The report was prepared by the corresponding
author with input from all coauthors and with editorial assistance from professional medical
writers, funded by the sponsor. The authors and professional medical writers had full access
to the raw data, and the decision to submit the report for publication was made by all
authors.

Initial cohorts specified in an early amendment to the CheckMate 012 protocol assessed the
safety and efficacy of the combination of nivolumab and ipilimumab given in the following
schedules: nivolumab 1 mg/kg plus ipilimumab 3 mg/kg or nivolumab 3 mg/kg plus
ipilimumab 1 mg/kg every 3 weeks for four doses, followed by nivolumab 3 mg/kg every 2
weeks until disease progression, unacceptable toxicity, or withdrawal of consent (appendix
pp 12-16).22 These schedules were characterised by poor tolerability, with 25 (51%) of 49
patients having grade 3-4 treatment-related adverse events, including three treatment-related
deaths, and a discontinuation rate of up to 33% due to grade 3—4 treatment-related adverse
events. Four additional cohorts specified in subsequent protocol amendments evaluated
lower doses of both agents or less frequent dosing of ipilimumab, or both. These four
regimens were nivolumab 1 mg/kg plus ipilimumab 1 mg/kg every 3 weeks for four cycles,
nivolumab 1 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks, and nivolumab 3
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mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 12 weeks or 6 weeks (appendix p 3).
These regimens were better tolerated, although clinical activity was suboptimal when
nivolumab was given at the lower dose (1 mg/kg).22 Overall, of the six nivolumab plus
ipilimumab regimens assessed, the results obtained with the first four are presented in the
appendix (pp 12-16). Here, we focus on results obtained with the last two regimens, which
were considered potentially suitable for further clinical development: nivolumab 3 mg/kg
every 2 weeks plus ipilimumab 1 mg/kg given either every 12 weeks or every 6 weeks.

Between May 15, 2014, and March 25, 2015, 78 patients with chemotherapy-naive advanced
NSCLC were randomly assigned to treatment with nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 12 weeks (n=38, all were treated) or every 6 weeks (n=40, of
whom 39 were treated; figure 1). The one patient in the ipilimumab every-6-week dosing
schedule group who did not receive treatment had a rapid decline in health after
randomisation to this cohort and was therefore never treated. All 77 treated patients were
assessed for safety and clinical activity. The two cohorts were balanced for ECOG
performance status, disease stage, histology, and £GFR mutations (table 1). The cohort that
received ipilimumab every 12 weeks had fewer never-smokers and fewer male patients than
the every-6-weeks cohort (table 1). 61 (79%) of 77 patients had tumour samples in which
PD-L1 could be assessed (31 [82%] in the every-12-weeks cohort and 30 [77%] in the
every-6-weeks cohort); PD-L1 expression was 1% or greater in 44 (72%) samples overall
(21 [68%] in the ipilimumab every-12-weeks cohort and 23 [77%] in the ipilimumab
every-6-weeks cohort). Tumour PD-L1 expression was not quantifiable at the time of
analysis in 16 (21%) of 77 patients (seven [18%] of those in the ipilimumab every-12-weeks
cohort and nine [23%] in the ipilimumab every-6-weeks cohort), either because of
inadequate tissue amount or quality (n=4 in both cohorts) or because no tumour tissue
specimen was available for assessment (n=3 in the ipilimumab every-6-weeks cohort; n=5 in
the ipilimumab every-12-weeks cohort). The lack of tumour tissue for these latter eight
patients represented a protocol violation. Tissue for one of these patients in the every-6-
weeks cohort was provided after the database lock, and that patient’s tumour PD-L1
expression level was subsequently determined to be less than 1%.

At the time of this analysis, median follow-up was 12-8 months (IQR 9-3-15:5) in the
ipilimumab every-12-weeks cohort and 11-8 months (6-7-15-9) in the ipilimumab every-6-
weeks cohort. At data cut-off on Jan 7, 2016, across cohorts, 61 (79%) patients had
discontinued study treatment (29 [76%] in the every-12-weeks cohort and 32 [82%] in the
every-6-weeks cohort), most commonly because of disease progression (figure 1, appendix p
8). 11 (29%) patients in the ipilimumab every-12-weeks cohort and 15 (38%) patients in the
ipilimumab every-6-weeks cohort had died, mostly from disease progression (nine [82%] of
11 in the ipilimumab every-12-weeks cohort and 13 [87%] of 15 in the ipilimumab every-6-
weeks cohort). One patient in the ipilimumab every-12-weeks cohort died from acute
respiratory failure and one from an unknown cause; one patient in the ipilimumab every-6-
weeks cohort died from a pulmonary embolism and one from a lung infection; none of these
events were judged to be treatment-related. Nine (24%) patients in the ipilimumab every-12-
weeks cohort and seven (18%) patients in the ipilimumab every-6-weeks cohort remained on
treatment at the time of database lock.
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The median duration of nivolumab treatment was 9.4 months (IQR 3.6-12.8) in the
ipilimumab every-12-weeks cohort and 4.1 months (1.9-10.1) in the ipilimumab every-6-
weeks cohort (appendix p 8). The median duration of ipilimumab treatment was 9.7 months
(IQR 5.5-13.8) in the ipilimumab every-12-weeks cohort and 3-4 months (1.4-9.4) in the
ipilimumab every-6-weeks cohort. Relative dose intensities for both agents were well
balanced across the two cohorts (appendix p 8). Relative dose intensities of 90% or greater
were achieved in 25 (66%) and 26 (67%) patients for nivolumab and 33 (87%) and 33 (85%)
patients for ipilimumab in the ipilimumab every-12-weeks and the ipilimumab every-6-
weeks cohorts, respectively.

Any-grade treatment-related adverse events were reported in 31 (82%) of 38 patients in the
ipilimumab every-12-weeks cohort and 28 (72%) of 39 in the ipilimumab every-6-weeks
cohort; grade 3—4 treatment-related adverse events occurred in 14 (37%) patients in the
ipilimumab every-12-weeks cohort and 13 (33%) in the ipilimumab every-6-weeks cohort
(table 2). The most frequently observed categories of treatment-related select adverse events
were skin (15 [39%] in the ipilimumab every-12-weeks cohort and 14 [36%] in the
ipilimumab every-6-weeks cohort), gastrointestinal (nine [24%] and nine [23%]), and
endocrine (four [11%] and eight [21%]; table 3). The most frequent grade 3—4 treatment-
related adverse events overall were increased lipase (three [8%] in the ipilimumab every-12-
weeks cohort and none in the every-6-weeks cohort), pneumonitis (two [5%] and one [3%]),
adrenal insufficiency (one [3%] and two [5%]), and colitis (one [3%] and two [5%]; table 2).
Treatment-related serious adverse events were reported in 12 (32%) patients in the
ipilimumab every-12-weeks cohort and 11 (28%) patients in the every-6-weeks cohort
(appendix p 9). A similar proportion of patients in both cohorts discontinued treatment
because of treatment-related adverse events (table 3). These events occurred early (within
the first 3 months of treatment) for one patient in the every-12-weeks cohort and three
patients in the every-6-weeks cohort (two of whom had not yet received a second dose of
ipilimumab). Late discontinuations (after 3 months) were similar across both cohorts (three
in the every-12-weeks cohort and two in the every-6-weeks cohort). The most common
treatment-related adverse event leading to discontinuation was pneumonitis (any grade, two
[5%] in both cohorts; table 3). There were no treatment-related deaths at the time of analysis
(table 2).

Confirmed objective responses were achieved in 18 (47%) patients in the every-12-weeks
cohort and 15 (38%) in the every-6-weeks cohort, all of which were partial responses (table
4, figure 2). Two partial responses (one in each cohort) were subsequently found to be
complete pathological responses upon excisional biopsy of residual lesions after study
treatment. 14 (78%) of 18 responders in the ipilimumab every-12-weeks cohort and 12
(80%) of 15 responders in the ipilimumab every-6-weeks cohort had a response by the first
scan (week 11; figures 2A, B). 13 (72%) responses in the ipilimumab every-12-weeks cohort
and 12 (80%) responses in the ipilimumab every-6-weeks cohort were ongoing as of the last
tumour assessment before censoring (appendix p 4). Median duration of response had not
been reached in either cohort (table 4).

Progression-free survival at 24 weeks was 68% (95% CI 50-80) in patients receiving
ipilimumab every 12 weeks and 47% (31-62) in those receiving ipilimumab every 6 weeks
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(table 4). Median progression-free survival was longer in the ipilimumab every-12-weeks
cohort than in the every-6-weeks cohort (table 4, figure 2C). 23 (61%) patients in the
ipilimumab every-12-weeks cohort and 25 (64%) patients in the every-6-weeks cohort had
progressed or died. Overall survival at 1 year was 69% (95% CI 52-81) in the every-6-
weeks cohort (table 4). Overall survival at 1 year in the ipilimumab every-12-weeks cohort
and median overall survival in both cohorts have not been reported due to a large proportion
of patients (27 [71%)] in the every-12-weeks cohort and 24 [62%)] in the every-6-weeks
cohort) having been censored at the time of analysis.

In patients with 1% or greater tumour PD-L1 expression (21 [68%] of 31 patients in the
every-6-weeks cohort and 23 [77%] of 30 in the every-12-weeks cohort), objective responses
were achieved in 12 patients in the ipilimumab every-12-weeks cohort and 13 patients in the
ipilimumab every-6-weeks cohort (57% in both cohorts; appendix p 10). Median
progression-free survival in these patients was 8-1 months (95% CI 5-6-not reached) in the
ipilimumab every-12-weeks cohort (h=21) and 10-6 months (3:6-not reached) in the
ipilimumab every-6-weeks cohort (n=23), and 24-week progression-free survival was 80%
(55-92) and 65% (42-81), respectively. The magnitude of clinical benefit achieved with the
combination treatment was enhanced with higher PD-L1 expression. Pooling the two
cohorts, of the 13 patients with 50% or greater PD-L1 expression (who comprised 21% of
the 61 PD-L1-evaluable patients), 12 had a confirmed objective response and one had an
unconfirmed response.

Three (30%) of ten patients with less than 1% PD-L1 expression in the ipilimumab
every-12-weeks cohort and none of seven with less than 1% PD-L1 expression in the
every-6-weeks cohort had an objective response (appendix p 10). Notably, one patient in the
ipilimumab every-6-weeks cohort who had a confirmed partial response and was ultimately
found to have a pathological complete response was determined after database lock to have
tumour PD-L1 expression less than 1% (otherwise noted in this analysis to be PD-L1
unknown).

Confirmed responses were recorded in both smokers and never-smokers across both cohorts,
although the overall proportion of patients achieving an objective response was higher in
current and former smokers than in never-smokers (46% [30 of 65] vs27% [three of 11]). In
patients with £EGFR-mutant NSCLC, four (50%) of eight had an objective response;
appendix p 5). Of these eight patients with EGFR-mutant NSCLC, tumour PD-L1
expression levels were 1% or more in seven and 50% or more in three; clinical activity by
PD-L1 expression is shown on appendix p 11.

Discussion

Results from this phase 1 trial show that first-line nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 12 weeks or every 6 weeks is tolerable, with a notable
improvement in safety compared with previous schedules.?? This treatment schedule also
showed encouraging clinical activity, which was particularly enhanced in patients with
tumour PD-L1 expression of 1% or higher.
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With median follow-up of 12-8 and 11-8 months, the frequency of grade 3—4 treatment-
related adverse events was similar in the two cohorts, and the rate of discontinuation because
of treatment-related adverse events was similar to that reported with nivolumab monotherapy
(with median follow-up of 14-3 months).18 No treatment-related deaths had occurred at the
time of analysis. Although select adverse events occurred at higher rates compared with
monotherapy (eg, for skin, 39% in the ipilimumab every-12-weeks cohort and 36% in the
ipilimumab every-6-weeks cohort vs 25% with monotherapy), adverse events were
consistent with expected events for either nivolumab or ipilimumab monotherapy, suggesting
that no novel toxicities occur when therapies are combined. No significant increases in
pulmonary, gastrointestinal, or renal toxicities or discontinuation due to treatment-related
adverse events were noted when ipilimumab was given every 6 weeks compared with every
12 weeks.

The proportion of patients achieving a response with combination nivolumab plus
ipilimumab in unselected advanced NSCLC is at least similar to, if not improved, relative to
that achieved with standard platinum-based chemotherapy (about 30%), with an improved
safety profile and durable responses. Furthermore, nivolumab plus ipilimumab had increased
clinical activity in patients whose tumours expressed PD-L1, with the proportion of patients
achieving a response rising to more than 90% in patients with 50% or more tumour PD-L1
expression. One patient in each cohort (including one who was negative for PD-L1
expression on the tumour cell membrane) had radiographic partial responses that were
subsequently documented as pathological complete responses.

A limitation of this study was that it was not designed or powered to directly compare safety
and efficacy between the treatment schedules examined, resulting in small sample sizes and
lack of stratification by relevant baseline characteristics. Additionally, some baseline
characteristics (eg, KRAS mutation and history of CNS metastasis) were not routinely
collected and therefore could not be examined as subsets. There were moderate differences
in clinical activity between the ipilimumab every-6-weeks and every-12-weeks cohorts,
which might be related in part to imbalances in baseline characteristics or might change with
longer follow-up time or both. There were fewer current or former smokers in the
ipilimumab every-6-weeks cohort than in the every-12-weeks cohort, and smoking has been
linked to high mutational load and higher response to immunotherapy.13.24:25 However, even
with these imbalances, the proportion of patients achieving an objective response in the two
cohorts was similar at tumour PD-L1 expression 1% or greater and median progression-free
survival was not compromised in either cohort. Additionally, disease progression in the
ipilimumab every-6-weeks cohort occurred early, with 44% of patients with disease
progression experiencing progression or dying before their first imaging assessment
(compared with 18% in the ipilimumab every-12-weeks cohort). Since there was no signal
of increased toxicity in the every-6-weeks cohort, the rapid progression in nearly half of the
patients with progression in this cohort (and the resulting shorter median duration of
response and median progression-free survival compared with the every-12-weeks cohort) is
likely to be indicative of incidental imbalances in the baseline populations in the context of
small sample sizes, rather than suggesting intrinsic differences in clinical activity between
ipilimumab given every 6 weeks or every 12 weeks. Based on the tolerability and promising
clinical activity observed in both cohorts, an initial hypothesis was that more frequent dosing
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of ipilimumab might be important for maintaining long-term response. After integrating
observations from other tumour types in which greater ipilimumab exposure was associated
with improved activity,25:27 the nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg
every 6 weeks regimen was chosen for further development in NSCLC.

Different doses and schedules of nivolumab plus ipilimumab have been chosen for further
development in other tumour types. For patients with melanoma, nivolumab 1 mg/kg plus
ipilimumab 3 mg/kg every 3 weeks for four cycles followed by nivolumab 240 mg every 2
weeks is the approved regimen, based on the foundational single-agent activity of
ipilimumab given at 3 mg/kg for four doses and the results of phase 1-3 studies.1516.26 Thjs
regimen has been chosen for development in extensive-stage small-cell lung cancer, based
on the results of a phase 1/2 study;2’ however, as noted in the appendix, this regimen was
not tolerable and had suboptimal activity in NSCLC. Meanwhile, for patients with renal cell
carcinoma, the regimen of nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks for
four cycles followed by nivolumab 3 mg/kg every 2 weeks seemed to be optimal.28 The
explanations for tumour type-specific differences in tolerability and activity based on the
dose and schedule of nivolumab and ipilimumab are uncertain and require further
examination. Nevertheless, the approach for determining the optimal regimen for patients
with each tumour type has been to use data obtained with each type of cancer, along with a
synthesis of the experience across tumour types.

Another limitation of this study was that only indirect comparisons were possible between
the nivolumab plus ipilimumab cohorts reported here and the nivolumab monotherapy or
nivolumab plus chemotherapy combination cohorts of this study that have been reported
previously, since these treatments were not randomised.18:19 However, clinical activity with
nivolumab plus ipilimumab might be enhanced relative to what has been previously achieved
with nivolumab monotherapy, especially in patients with tumour PD-L1 expression of at
least 1%. In patients with increasing levels of PD-L1 expression, more of these patients
achieved an objective response with nivolumab plus ipilimumab than in the cohort of
CheckMate 012 assessing first-line nivolumab monotherapy (PD-L1 expression =1%: 57%
Vs 28%; PD-L1 expression =50%: 92% vs50%;18 figure 3). Similarly, in patients with PD-
L1 levels of 1% or higher, median progression-free survival was prolonged with the
combination compared with nivolumab monotherapy (ipilimumab every-12-weeks cohort:
8-1 months [95% CI 5-6-not reached]; ipilimumab every-6-weeks cohort: 10-6 months [3-6—
not reached]; monotherapy cohort, 3-5 months [<0-1+ to 28-0+]8). In light of recently
reported positive results from KEYNOTE-024,2° a phase 3 study of pembrolizumab versus
chemotherapy in patients with tumour PD-L1 expressed on 50% or more tumour cells,
randomised studies would be needed to examine whether the addition of ipilimumab to
nivolumab indeed expands benefit compared with anti-PD-1 monotherapy in this subgroup,
as well as across the range of levels of PD-L1 expression.

An urgent clinical challenge in NSCLC is the identification of optimal combination
strategies in the first-line setting to expand the breadth of patients who can benefit. Although
nivolumab plus ipilimumab seems to improve responses in several specific subgroups in the
current study, activity in patients negative for PD-L1 remains unclear. The proportion of
patients with less than 1% tumour PD-L1 expression responding to nivolumab plus
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ipilumumab was similar to that seen with nivolumab monotherapy (about 18%, including
one pathological complete response; figure 3) but another study combining the anti-CTLA-4
antibody tremelimumab with the anti-PD-L1 antibody durvalumab reported a proportion of
response of 40% (four of ten patients)3°—although notably the sample sizes in both studies
were small. Immunotherapy plus chemotherapy might provide an additional approach to
improving the proportions of patients achieving responses, although the potential for
achieving durable responses remains uncertain in initial studies.19:31:32

In conclusion, the combination of nivolumab plus ipilimumab is tolerable with promising
clinical activity, including high response rates in patients with PD-L1-positive tumours and
the potential for deep and durable responses. These findings represent the first evidence, to
our knowledge, of improved benefit through immunotherapy combinations in the first-line
treatment of NSCLC. Several phase 3 studies are ongoing to assess dual checkpoint inhibitor
blockade or immunotherapy plus chemotherapy (eg, NCT02453282, NCT02367781,
NCT02578680, and NCT02477826 [CheckMate 227—a prospective phase 3 study of
nivolumab, nivolumab plus ipilimumab, or nivolumab plus chemotherapy versus
chemotherapy for the first-line treatment of patients with advanced NSCLC]). These efforts
collectively aim for an improved first-line strategy (or strategies) for patients with advanced
NSCLC.
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Figure 1. Trial profile

*Includes patient requests to discontinue study drug.

Lancet Oncol. Author manuscript; available in PMC 2018 January 01.

Page 16



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hellmann et al.

Page 17

Nivolumab 3 mg/kg every 2 weeks plus Nivol
ipi i

mab 3 m/kg every 2 weeks plus
umab 1 ma/k:

ilimumab 1mglkg every 12 weeks pilim mylkg every 6 weeks

I Confirmed RECIST response
100 B Progressive disease orstable disease:

Nivolumab 3 mg/kg every 2 weeks plus pilimumab 1 mgkg every 12 weeks

First occurrence of new lesion

— T T T T T T T T T T T
001 2 3 4 5 6 7 8 9 101 12213 1415 16 17 18
Time since first dose (months)

mg/kg every 12 weeks
ab 1 mafkg every 6 weeks

6 1 15 18 Pt 2
Time since first dose (months)

241 16() 1) 401 005 00  0(0)

16G) 14@) 10(5) 6@ 014 00  0(0)

Figure 2. Characteristics of response and progression-free survival
(A) Best percentage change in target lesion tumour burden from baseline. Maximum

percentage reduction in target lesion tumour burden until disease progression according to
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 progression. Positive
change in tumour burden indicates tumour growth; negative change in tumour burden
indicates tumour reduction. Horizontal lines denote 30% decrease and 20% increase
indicating objective response and progressive disease, respectively, as per RECIST version
1.1. Not all reductions of 30% or greater from baseline were partial responses. (B)
Percentage change in target lesion tumour burden from baseline over time. Horizontal lines
denote 30% decrease, 20% increase, and no change. For both (A) and (B), only patients with
baseline target lesion assessment and one or more post-baseline target lesion assessments
were included (nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 12 weeks,
n=36; nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks, n=33).
(C) Kaplan—Meier curves of progression-free survival. Symbols denote censored
observations. All data in this figure were based on a Feb 18, 2016, database lock.
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Figure 3. Objective responses across tumour PD-L1 expression levels
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Combination data based on a Feb 18, 2016, database lock; monotherapy data based on a

March 17, 2015, database lock. This trial was not randomised across combination and

monotherapy cohorts.
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Nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 12 weeks (n=38)

Nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 6 weeks (n=39)

Regimen setting t

Age (years) 68 (58-73) 62 (57-73)
Sex
Men 17 (45%) 24 (62%)
Women 21 (55%) 15 (38%)
ECOG performance status
0 12 (32%) 16 (41%)
1 26 (68%) 21 (54%)
Not reported 0 2 (5%)
Disease stage
Stage Il1b 4 (11%) 1 (3%)
Stage 1V 34 (89%) 38 (97%)
Histology
Non-squamous 31 (82%) 33 (85%)
Squamous 7 (18%) 6 (15%)
EGFR mutation status
Mutant 4 (11%) 4 (10%)
Wild type 28 (74%) 26 (67%)
Unknown 6 (16%) 9 (23%)
PD-L1 expression quantifiable * 31 (82%) 30 (77%)
21% 21/31 (68%) 23/30 (77%)
>5% 16/31 (52%) 19/30 (63%)
>10% 13/31 (42%) 15/30 (50%)
225% 10/31 (32%) 8/30 (27%)
>50% 6/31 (19%) 7130 (23%)
Smoking status
Current 7 (18%) 4 (10%)
Former 29 (76%) 25 (64%)
Never 2 (5%) 9 (23%)
Unknown 0 1 (3%)
Previous surgery 29 (76%) 26 (67%)
Previous radiotherapy 20 (53%) 16 (41%)
Previous systemic therapy 10 (26%) 9 (23%)
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Nivolumab 3 mg/kg every 2 weeks plus Nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 12 weeks (n=38) ipilimumab 1 mg/kg every 6 weeks (n=39)
0, 0,
Adjuvant therapy'r§ 8 (21%) 6 (15%)
0, 0,
Neoadjuvant therapy’t 2 (5%) 2 (5%)
Metastatic disease 1 (3%) 4 (10%)
Systemic therapy in the metastatic setting
Erlotinib 1 (3%) 4 (10%)
Other targeted therapy 7 1(3%) 3 (8%)

Data are n (%), n/N (%), or median (IQR), unless otherwise stated. Data for KRAS status and history of CNS metastases were not routinely
collected and are unavailable. ECOG=Eastern Cooperative Oncology Group.

*

Tumour PD-L1 expression was not quantifiable in 16 (21%) of 77 patients in the two cohorts, because of either inadequate tissue amount or
quality (n=8) or because no tumour tissue specimen was available for assessment (n=8); tissue for one of these patients was provided after database
lock.

7, . . . .

More than one setting per patient might be reflected in the frequency.

’tlncludes pemetrexed, gemcitabine, cisplatin, bevacizumab, carboplatin, paclitaxel, docetaxel, etoposide, and vinorelbine.

§One patient in each cohort received erlotinib as part of adjuvant therapy.

”Includes afatinib, alectinib, crizotinib, and the MET inhibitor LYM2875388.
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Clinical activity

Table 4

Page 26

Nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 12 weeks (n=38)

Nivolumab 3 mg/kg every 2 weeks plus
ipilimumab 1 mg/kg every 6 weeks (n=39)

Confirmed objective response*

18 (47% [31-64])

15 (38% [23-55])

Confirmed disease control 7

Best overall response¢

30 (79% [63-90])

22 (56% [40-72])

Complete response 0 0
Partial response 18 (47%) 15 (38%)
Stable disease 12 (32%) 7 (18%)
Stable disease for 26 months 6 (16%) 3(8%)
Progressive disease 5 (13%) 11 (28%)
Unable to determine 3 (8%) 6 (15%)
Ongoing responses§ 13 (72%) 12 (80%)
Median duration of response (months) 7 NR (11-3-NR) NR (8:4-NR)
Median progression-free survival (months) 8-1 (5-6-13-6) 39 (2:6-13-2)

Progression-free survival at 24 weeks

68% (50-80)

47% (31-62)

1 year overall survival

NC

69% (52-81)

Data are n (% [95% CIJ), % (95% CI), median (95% CI), or n (%), unless otherwise stated. NR=not reached (due to insufficient number of events,
insufficient follow-up, or both). NC=not calculated (when more than 25% of patients were censored).

*
Includes patients with initial observations of complete response and partial response that were subsequently confirmed by repeat scans done no
earlier than 4 weeks after the original observation.

flncludes patients with initial observations of complete response and partial response that were subsequently confirmed by repeat scans done no
earlier than 4 weeks after the original observation, and patients with best overall response of stable disease.

Tumour assessments up to initial disease progression or initiation of subsequent anticancer therapy, whichever occurred first, were considered for

best overall response assessment.

§Inc|udes patients with confirmed complete response or partial response who neither progressed nor died within 100 days of the final dose of

nivolumab or ipilimumab, whichever was latest.

”Time from first response to documented progression or death within 100 days of final nivolumab or ipilimumab dose (whichever was latest), or
last tumour assessment before subsequent therapy. Estimated median duration of response values were determined from Kaplan-Meier curves.
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