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ABSTRACT

BACKGROUND: Approved systemic treatments for malignant pleural mesothelioma (MPM) were
limited to chemotherapy regimens that have moderate survival benefit with poor outcomes. Nivolumab
plus ipilimumab showed clinical benefit in other tumour types, including first-line non-small cell lung

cancer. We hypothesised that this regimen would improve overall survival in MPM.

METHODS: This open-label phase 3 study was conducted at 103 hospitals across 21 countries. Adults
with previously untreated, histologically confirmed unresectable MPM were randomised (1:1) to
nivolumab (3 mg/kg intravenously Q2W) plus ipilimumab (1 mg/kg intravenously Q6W) for <2 years, or
platinum plus pemetrexed chemotherapy (pemetrexed [500 mg/m? intravenously] plus cisplatin [75 mg/m?
intravenously] or carboplatin [AUC 5 mg/mL/min intravenously]) Q3W for up to 6 cycles. The primary
endpoint was overall survival (all randomised patients); safety was assessed in all treated patients. This

study is registered with ClinicalTrials.gov, NCT02899299.

FINDINGS: Between November 29, 2016 and April 18, 2018, 713 patients were enrolled; 303 were
randomised to nivolumab plus ipilimumab and 302 to chemotherapy. At the prespecified interim analysis
(median follow-up 29-7 months [IQR, 26-7-32-9]), nivolumab plus ipilimumab significantly prolonged
overall survival versus chemotherapy. Median overall survival was 18-1 months (95% CI 16-8-21-4)
versus 14-1 months (95% CI 12-4-16-2), with a hazard ratio of 0-74 (96-6% CI 0-60-0-91; p=0-0020); 2-
year overall survival rates were 41% (95% CI 35-1-46-5) and 27% (95% CI 21-9-32-4), respectively.
Grade 34 treatment-related adverse events were reported in 91 (30%) of 300 patients treated with
nivolumab plus ipilimumab and 91 (32%) of 284 treated with chemotherapy. There were three (1%) and

one (<1%) treatment-related deaths, respectively.

INTERPRETATION: Nivolumab plus ipilimumab provided statistically significant and clinically
meaningful improvements in overall survival versus standard-of-care chemotherapy, supporting the use of

this first-in-class approved (United States) regimen for previously untreated unresectable MPM.

Funding: Bristol Myers Squibb.
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Research in context

A literature search was conducted for studies relevant to unresectable malignant pleural mesothelioma
(MPM) and cancer immunotherapy regimens with a focus primarily on first-line phase 3 trials. Articles
were obtained using PubMed and abstracts obtained from major oncology congresses; search terms
included, but were not limited to, “mesothelioma” and “nivolumab” OR “chemotherapy” OR
“pembrolizumab” OR “atezolizumab” OR “avelumab” OR “durvalumab” OR “ipilimumab” OR
“tremelimumab” OR “PD-1" OR “PD-L1” OR “CTLA-4" (full names and abbreviations), and relevant
articles published from database inception to October 2, 2020 were identified. Although there were
several studies evaluating immunotherapy in MPM, we found no published randomised phase 3 studies
investigating the efficacy or safety of immunotherapy regimens in the first-line setting. VVarious phase 1
and 2 studies in previously treated MPM have suggested that immunotherapy regimens may provide
clinical benefit. Of note, the multicentre, open-label, single-arm, phase 2 MERIT study led to the approval
of nivolumab monotherapy for unresectable recurrent MPM in Japan. However, with recommended first-
line systemic treatments limited to chemotherapy since 2004, with or without bevacizumab, there remains
a need for new and effective therapeutic options. In the phase 2 single-arm DREAM study
(ACTRN12616001170415) first-line durvalumab plus chemotherapy exhibited promising activity in 54
patients with MPM; the objective response rate was 48% and the progression-free survival rate at 6
months was 57% but the combination requires evaluation in a larger, randomised phase 3 study.
CheckMate 743 was designed to investigate the efficacy and safety of nivolumab plus ipilimumab versus
chemotherapy. A previous non-comparative phase 2 trial (MAPS2; NCT02716272) and single-arm phase
2 study (INITIATE; NCT03048474) evaluating nivolumab plus ipilimumab in MPM showed that this

regimen was tolerable and exhibited encouraging clinical activity.

Added value of this study

In this paper we provide results from the randomised CheckMate 743 study, which is the first phase 3

study to demonstrate statistically significant and clinically meaningful improvements in overall survival
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with immunotherapy versus standard-of-care platinum plus pemetrexed chemotherapy for first-line
treatment of unresectable MPM. Data presented here demonstrate the clinical benefit and tolerability of
this regimen thus providing patients with a new first-line chemotherapy-free treatment option. Notably,
survival with nivolumab plus ipilimumab was similar in patients with both non-epithelioid and epithelioid
histologies suggesting that the regimen could be considered for all patients with unresectable MPM;
responses were durable, with 32% of immunotherapy-treated patients still in response at 2 years. The
safety profile of nivolumab plus ipilimumab was consistent with that observed in first-line non-small-cell

lung cancer at this dosage and schedule and no new safety signals were reported.

Implications of all the available evidence

Overall, our results demonstrate that nivolumab plus ipilimumab can provide notable and clinically
meaningful improvements in overall survival versus the current standard of care. Data from CheckMate
743 support a favourable clinical benefit—risk profile for nivolumab plus ipilimumab. Nivolumab plus
ipilimumab is now indicated in the United States as a first-line treatment for unresectable malignant

pleural mesothelioma.
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INTRODUCTION

Malignant pleural mesothelioma (MPM) is a highly aggressive cancer and typically unresectable at
diagnosis, with less than 10% of patients surviving 5 years or beyond.*® Historically, age, gender, tumour
grade and stage, and histology have been shown to be independent prognostic factors. Notably, worse
prognosis has been reported for non-epithelioid histology versus the epithelioid subtype.?* Until recently,
platinum agents plus folate antimetabolites, such as pemetrexed, had been the only approved first-line
treatment regimens for MPM since 2004.2°¢ However, long-term survival outcomes remain poor with
chemotherapy’%; bevacizumab has been added to these regimens®!! but its use varies across regions. As

such, there is an urgent need for new and effective therapeutic options.

Nivolumab, a fully human anti-programmed cell death protein 1 (PD-1) antibody, and ipilimumab, a fully
human anti-cytotoxic T-lymphocyte protein 4 (CTLA-4) antibody are immune checkpoint inhibitors with
distinct but complementary mechanisms of action. Ipilimumab induces T-cell proliferation and de novo
anti-tumour T-cell responses, including in memory T cells, while nivolumab restores the function of
existing anti-tumour T cells.*? Nivolumab plus ipilimumab is approved in various tumours® and has
demonstrated durable overall survival benefit in melanoma,** renal cell carcinoma,*® and in non-small-cell
lung cancer (NSCLC).*® Furthermore, current National Comprehensive Cancer Network (NCCN)
guidelines include nivolumab with or without ipilimumab in second-line or later MPM settings® based on
results from three phase 2 trials,*’1° including the multicentre, open-label, randomised, non-comparative,

IFCT-1501 MAPS?2 trial that showed encouraging clinical activity of the combination therapy.’

CheckMate 743 is a randomised, global, open-label, phase 3 study designed to assess efficacy and safety
of first-line nivolumab plus ipilimumab versus platinum plus pemetrexed chemotherapy in unresectable
MPM. We present results from the prespecified interim analysis, which recently led to nivolumab plus
ipilimumab gaining approval in the United States, as well as being recommended in the NCCN

guidelines, for the first-line treatment of unresectable MPM 113
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METHODS

Study design and patients

CheckMate 743 is a global, open-label, phase 3 study conducted at 103 hospitals across 21 countries
(appendix p 18). Eligible patients were aged >18 years with histologically confirmed unresectable MPM
that was not amenable to curative therapy (surgery with or without chemotherapy), and an Eastern
Cooperative Oncology Group performance status of 0 or 1.% Irresectability of the disease was determined
by the investigator at individual sites using local standards. Patients must have completed any prior
palliative radiotherapy >2 weeks before initiating treatment, with no residual signs of toxicity, and have
measurable disease according to the modified Response Evaluation Criteria in Solid Tumors
(MRECIST)? for pleural mesothelioma; patients without measurable pleural lesions but with metastatic
non-pleural lesions measurable per RECIST 1.1 could be considered for inclusion after consultation with
the medical monitor. Patients were required to have tumour samples available for programmed cell death
1 ligand 1 (PD-L1) testing. Baseline laboratory tests required to assess eligibility included white blood
cell counts, neutrophils, platelets, haemoglobin, serum creatinine, alanine aminotransferase, aspartate

aminotransferase, and total bilirubin (appendix p 6).

Exclusion criteria included brain metastases (unless resected or treated with stereotactic radiotherapy and
asymptomatic with no evolution within 3 months before study inclusion), autoimmune disease, and
previous treatment with drugs targeting T-cell co-stimulation or checkpoint pathways. Patients were
excluded if they presented with primitive peritoneal, pericardial, tunica vaginalis, or testis mesotheliomas.
Other exclusion criteria included inadequate haematologic, renal, or hepatic function, known HIV
infection, or interstitial lung disease that was either symptomatic or might influence the detection or
management of suspected drug-related pulmonary toxicity. Patients with current or prior malignancy with
<3 years of complete remission (except for non-melanoma skin cancers and in situ cancers) requiring or
likely to require concurrent intervention during the study period were ineligible, as were patients

requiring systemic corticosteroids (>10 mg daily prednisone or equivalent) or immunosuppressive
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medication within 14 days of the first dose of study drug. Additional detail on eligibility criteria are

provided in the appendix p 5, and study protocol (appendix p 23).

An institutional review board or independent ethics committee at each centre approved all versions of the
protocol. An independent Data Monitoring Committee (IDMC) provided general oversight of efficacy
and safety for the trial. The trial was conducted in accordance with the Declaration of Helsinki and the
International Conference on Harmonisation Good Clinical Practice guidelines. All patients provided

written informed consent.

Randomisation and masking

Patients were enrolled and randomised using an Interactive Web Response System. Eligible patients were
randomly assigned (1:1) to nivolumab plus ipilimumab or platinum plus pemetrexed chemotherapy
(appendix p 18), and stratified by gender and histology (epithelioid vs non-epithelioid [including
sarcomatoid and mixed subtypes]). The trial was open label; patients and investigators were not masked

to treatment assignment.

Procedures

Patients received nivolumab (3 mg/kg intravenous infusion once every 2 weeks) plus ipilimumab (1
mg/kg intravenous infusion once every 6 weeks); nivolumab was administered first, followed by
ipilimumab. The chemotherapy regimens consisted of an intravenous infusion of cisplatin (75 mg/m?) or
carboplatin (AUC 5 mg/mL/min) plus pemetrexed (500 mg/m?) every 3 weeks for a maximum of 6 cycles
(appendix p 18). Pretreatment with folic acid (350-1000 pg orally daily) and vitamin B12 (1000 pg
intramuscularly) was given to patients in both treatment groups 1 week prior to the administration of the
first dose of study drug (see appendix p 5 for further details). Treatment was continued until disease

progression, unacceptable toxicity, or for two years for immunotherapy; treatment with nivolumab plus
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ipilimumab was permitted beyond disease progression if prespecified requirements were met (see

appendix p 7).

Tumour assessments were performed 6 weeks after the first dose date and then every 6 weeks for the first
12 months; after 12 months tumours were assessed every 12 weeks until blinded independent central
review (BICR)-confirmed disease progression per mRECIST and/or RECIST 1.1 criteria. At the time of
investigator-assessed initial radiographic progression, the site had to request the blinded independent
central review of progression from the third-party radiology vendor; if progression was not confirmed,

treatment could continue.

Adverse event assessments were performed at baseline and continuously throughout the study and during
follow-up; adverse events were graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0. Histology was determined by individual sites using local
protocols. Archival or fresh formalin-fixed paraffin-embedded tumour samples were collected prior to
randomisation; optional on-treatment fresh tumour samples were collected at week 7 (7 days) and at
disease progression, at the discretion of the investigator. Samples were sent to a central laboratory to
determine the percentage of tumour cells demonstrating plasma membrane PD-L1 staining of any

intensity using the validated immunohistochemical 28-8 pharmDx assay (Dako).??

Outcomes

The primary endpoint was overall survival in all randomised patients. Overall survival was defined as the
time from randomisation to the date of death due to any cause. Secondary endpoints were progression-
free survival, objective response rate, and disease control rate (radiographic tumour assessments per
adapted mRECIST for pleural mesothelioma and/or RECIST v1.1 conducted by BICR) in all randomised
patients, as well as overall survival, progression-free survival, and objective response rate by PD-L1
expression. Progression-free survival was defined as the time from randomisation to the date of the first

documented tumour progression or death due to any cause; patients who died or received subsequent
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therapy without prior reported progression were considered to have progressed on the date of death or
were censored at date of the last evaluable tumour assessment prior to or on initiation of subsequent
therapy, respectively. Objective response rate was defined as the proportion of patients with a best overall
response of partial response or complete response and disease control rate was defined as the proportion
of patients with a best overall response of complete response, partial response, or stable disease.
Exploratory endpoints included safety and tolerability in all treated patients. Analysis of other exploratory
endpoints that are ongoing but not reported here include pharmacokinetics, biomarkers, and patient-

reported outcomes.

Statistical Analysis

For the primary endpoint of overall survival, a sample of approximately 600 randomised patients with
473 deaths would provide 90% power to detect a target hazard ratio (HR) of 0-72 with a two-sided type 1
error of 0-05, by means of a log-rank test. There was one prespecified interim analysis of overall survival
for superiority at approximately 403 deaths (85% of total events). At the time of interim analysis, 419
patients had died (89% of total events); the boundary for declaring superiority for overall survival was a
p-value of <0-0345, based on the Lan—DeMets alpha spending function with O’Brien—Fleming
boundaries. None of the secondary endpoints were included in the testing procedure; as a result, no formal
statistical testing or allocation of alpha values were performed for progression-free survival and objective
response rate. Demographic and efficacy analyses included all randomised patients. Analyses for overall
survival and progression-free survival were stratified by gender and histology. HRs and Cls were
estimated with a stratified Cox proportional-hazards model with treatment group as a single covariate.
The proportional-hazards assumption was checked only for the primary endpoint of overall survival by
adding a time-dependent covariate, defined by treatment-by-time interaction, into the stratified Cox
regression model of overall survival. Survival curves and rates were estimated using Kaplan—Meier
methodology. Exact two-sided 95% Cls for objective response and disease control rates were calculated

using the Clopper—Pearson method. Prespecified descriptive subgroup analyses were performed for
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overall survival and were summarised using HRs (with 95% Cls) calculated using an unstratified Cox
proportional-hazards model. Safety analyses included all patients who received >1 dose of study drug (see
Supplementary Methods for additional details). Statistical analyses were carried out using Statistical
Analysis System software (version 9.2). An independent data monitoring committee reviewed efficacy
and safety data on a periodic basis and at the time of the pre-planned interim analysis. This trial is

registered with ClinicalTrials.gov, number NCT02899299.

Role of the Funding Source

The study was designed by the sponsor (Bristol Myers Squibb) and study steering committee. The
sponsor contributed to data collection with the investigators, and to data analysis and interpretation in
collaboration with the authors. All the authors attest that the trial was conducted in accordance with the
protocol (appendix p 23), vouch for the accuracy and completeness of the data and analyses, and
approved the manuscript for submission. All authors had full access to the data reported from the study.
The corresponding author had final responsibility for the decision to submit for publication. The

manuscript was developed with medical writing support funded by the sponsor.

RESULTS

From November 29, 2016, through April 18, 2018, 713 patients were enrolled. Of these, 605 patients
were randomised to nivolumab plus ipilimumab (n=303) or chemotherapy (n=302); 300 and 284,
respectively, were treated (appendix p 18-19). The median follow-up for overall survival was 29-7
months (IQR, 26-7-32-9), with a minimum of 22-1 months. The minimum follow-up for progression-free
survival was 19-8 months. Baseline characteristics were well-balanced between treatment groups (Table

1); overall, 456 (75%) of 605 patients had epithelioid tumour histology.

At the April 3, 2020, database lock, 5 (2%) of 300 patients in the nivolumab plus ipilimumab group

remained on treatment and no patients remained on treatment in the chemotherapy group. The main
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reasons for treatment discontinuation in the nivolumab plus ipilimumab group were disease progression
(182 [61%] of 300 patients) and study drug toxicity (59 [20%] patients) (appendix p 19); 25 (8%) of 300
patients completed 2 years of immunotherapy. During the study, one patient in the nivolumab plus
ipilimumab group discontinued study drug but received subsequent therapy from the investigator prior to
BICR confirmation of disease progression. In the chemotherapy group, 176 (62%) of 284 patients
completed the 6 cycles; 44 (16%) discontinued due to disease progression and 24 (8%) due to study drug
toxicity. Median duration of treatment was 5-6 months (IQR, 2-0-11-4) in the nivolumab plus ipilimumab
group and 3-5 months (IQR, 2-7-3-7) in the chemotherapy group (appendix p 9). The median number of
nivolumab and ipilimumab doses received was 12-0 (IQR, 5-0-23-5) and 4-0 (IQR, 2-0-7-0),
respectively. Following randomisation, 104 (34%) of 302 patients in the chemotherapy group received
cisplatin and 180 (60%) received carboplatin; 29 (28%) of the 104 patients who received cisplatin
switched to carboplatin after first dose. The median numbers of cisplatin, carboplatin, and pemetrexed
doses received were 5-0 (IQR, 3-:0-6-0), 6-0 (IQR, 4-:0-6-0), and 6-0 (IQR, 4-0-6-0), respectively.

Further information on treatment exposure is available in the appendix (pp 9-10).

Subsequent systemic therapy was received by 134 (44%) of 303 patients treated with nivolumab plus
ipilimumab and 123 (41%) of 302 of patients treated with chemotherapy (appendix p 11); subsequent
immunotherapy was received by 10 (3%) of 303 patients and 61 (20%) of 302 patients, and subsequent

chemotherapy by 131 (43%) and 95 (32%) patients, respectively.

The study met its primary endpoint at the prespecified interim analysis according to the recommendation
of the IDMC. Given that the study was able to reject the null hypothesis at the interim analysis, this
analysis is considered final. Median overall survival was 18-1 months (95% CI 16-8-21-4) with
nivolumab plus ipilimumab versus 14-1 months (95% CI 12-4-16-2) with chemotherapy, with a stratified
HR of 0-74 (96-6% CI1 0-60-0-91; p=0-0020) (Figure 1A). The p-value for the time-dependent covariate
was 0-9646 (>0-1), indicating that there was no evidence of non-constant treatment effect over time.

Overall survival rates at 1 year were 68% (95% CI 62-3-72-8) versus 58% (95% CI 51-7-63-2) and at 2

12
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years were 41% (95% CI 35-1-46-5) versus 27% (95% CI 21-9-32-4), respectively. Overall survival
favoured nivolumab plus ipilimumab across most subgroups, although survival in patients aged >75 years
(n=157) was similar between treatments (Figure 1B). Notably, overall survival was improved with
nivolumab plus ipilimumab versus chemotherapy regardless of histology (study stratification factor;
Figure 1C and D); the magnitude of benefit was greater in patients with non-epithelioid histology (HR,
0-46 [95% CI 0-31-0-68]) than with the epithelioid subtype (HR, 0-86 [95% CI 0-69-1-08]). Median
overall survival with nivolumab plus ipilimumab was similar between non-epithelioid and epithelioid
subtypes (18-1 months [95% CI 12-2-22-8] and 18-7 months [95% CI 16-9-22-0], respectively), as were
2-year survival rates (38% [95% CI 27-0-49-5] and 42% [95% CI 35-0-48-1], respectively). In contrast,
median overall survival with chemotherapy differed strikingly between non-epithelioid and epithelioid
subtypes (8-8 months [95% CI 7-4-10-2] and 16-5 months [95% CI 14-9-20-5], respectively), as did 2-
year survival rates (8% [95% CI 3-3-16-7] and 33% [95% CI 26-8-39-5], respectively). Overall survival
benefit by tumour PD-L1 expression level for nivolumab plus ipilimumab versus chemotherapy was
greater in patients with tumour PD-L1 >1% (HR, 0-69; 95% CI 0-55-0-87) compared with patients with
tumour PD-L1 <1% (HR, 0-94; 95% CI 0-62-1-40). Nonetheless, median overall survival with
nivolumab plus ipilimumab was similar in patients with tumour PD-L1 >1% (18-0 months [95% CI 16-8-
21-5]) and tumour PD-L1 <1% (17-3 months [95% CI 10-1-24-3]); 2-year survival rates were 41% (95%
Cl1 34-3-47-2) and 39% (95% CI 25-9-51-3), respectively. Conversely, median overall survival with
chemotherapy differed between patients with PD-L1 >1% (13-3 months [95% CI 11-6-15-4]) and PD-L1
<1% (16-5 months [95% CI 13-4-20-5]); 2-year survival rates were 28% (95% Cl 22-1-34-7) and 25%

(95% CI 15-5-35-0), respectively (appendix pp 20-21).

Median progression-free survival was similar between treatment groups: 6-8 months (95% CI 5-6-7-4)
with nivolumab plus ipilimumab and 7-2 months (95% CI 6-9-8-0) with chemotherapy (HR, 1-00; 95%

Cl10-82-1-21). However, progression-free survival rates at 2 years were numerically greater with

13
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nivolumab plus ipilimumab (16% [95% CI 11-7-21-5]) versus chemotherapy (7% [95% CI 4-0-11-7]),

(Figure 2A).

An objective response was reported in 120 of 303 patients (40%; 95% CI 34-1-45-4) with nivolumab plus
ipilimumab versus 129 of 302 patients (43%; 95% CI 37-1-48-5) with chemotherapy (Table 2); complete
responses were only observed in the nivolumab plus ipilimumab group (5 [2%] of 303 patients). The
disease control rate was 77% (95% CI 71-4-81-2) versus 85% (95% CI 80-6-88-9), respectively. Median
duration of response in all confirmed responders was 11-0 months (95% CI 8-1-16-5) with nivolumab
plus ipilimumab versus 6-7 months (95% CI 5-3-7-1) with chemotherapy (Figure 2B). At 2 years, there
were ongoing responses in 32% (95% CI 23-41) of patients in the nivolumab plus ipilimumab group

versus 8% (95% CI 3-15) in the chemotherapy group.

Safety is summarised in Table 3, and all reported grade 3 and 4 treatment-related adverse events are listed
in the appendix (pp 13-15). Of the 300 patients treated with nivolumab plus ipilimumab, 28 patients (9%)
discontinued ipilimumab early; of these, 18 (64%) of 300 discontinued ipilimumab due to adverse event
and 10 (36%) of 300 discontinued for "other" reasons. In the chemotherapy group, dose reductions
occurred in 89 (31%) of 284 patients who received pemetrexed, 18 (17%) of 104 patients who received
cisplatin, and 85 (41%) of 209 patients who received carboplatin, whereas dose reductions were not
permitted for the nivolumab plus ipilimumab group. Grade 3—4 treatment-related adverse events were
reported in 91 (30%) of 300 patients treated with nivolumab plus ipilimumab and 91 (32%) of 284
patients with chemotherapy. Any-grade serious treatment-related adverse events were reported in 64
(21%) of 300 patients treated with nivolumab plus ipilimumab versus 22 (8%) of 284 patients treated with
chemotherapy; grade 3—4 treatment-related serious events were reported in 46 (15%) of 300 patients
versus 17 (6%) of 284 patients, respectively. Any-grade treatment-related adverse events that led to
discontinuation (due to either component of the regimen) were reported in 69 (23%) of 300 patients
treated with nivolumab plus ipilimumab and 45 (16%) of 284 patients treated with chemotherapy; 45

(15%) of 300 patients and 21 (7%) of 284 patients, respectively, had grade 3-4 (appendix p 16).
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The most frequent any-grade treatment-related adverse events were diarrhoea (62 [21%] of 300 patients)
in the nivolumab plus ipilimumab group and nausea (104 [37%] of 284 patients) in the chemotherapy
group. The most frequently reported any-grade serious treatment-related adverse events were colitis (9
[3%] of 300 patients) in the nivolumab plus ipilimumab and anaemia (6 [2%] of 284 patients) in the
chemotherapy group. Treatment exposure was 220-3 person-years with nivolumab plus ipilimumab, and
94.5 person-years with chemotherapy. The overall exposure-adjusted incidence rate of treatment-related
adverse events per 100 patient-years was 502-1 with nivolumab plus ipilimumab versus 1355-3 with

chemotherapy.

The most commonly reported any-grade treatment-related select adverse events (those with potential
immunologic aetiology) with nivolumab plus ipilimumab were skin (108 [36%] of 300 patients) and
gastrointestinal (66 [22%] of 300 patients) events. A summary of treatment-related select adverse events,
time to onset and resolution of treatment-related select adverse events, the proportion of patients requiring
immune-modulating concomitant medication (mostly corticosteroids), and the duration of use of immune-
modulating concomitant medication are shown in appendix p 17. Overall, 198 (66%) of 300 patients in
the nivolumab plus ipilimumab group died, the majority of deaths were due to disease progression (183
[61%] of 300 patients); a total of 212 (75%) of 284 patients in the chemotherapy arm died, also primarily
due to disease progression (199 [70%] of 284 patients). There were 3 (1%) treatment-related deaths in the
nivolumab plus ipilimumab group due to pneumonitis, encephalitis, and heart failure (in 1 patient each).
There was 1 (<1%) treatment-related death in the chemotherapy group due to myelosuppression (Table

3).

DISCUSSION

CheckMate 743 is the first large, randomised, phase 3 study to demonstrate statistically significant and
clinically meaningful improvement in overall survival with immunotherapy versus standard-of-care

platinum plus pemetrexed chemotherapy for first-line treatment of unresectable MPM. Based on these
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results, the United States Food and Drug Administration recently approved nivolumab plus ipilimumab
for this patient population.®® With a median follow-up of 29-7 months, nivolumab plus ipilimumab
provided durable survival benefit versus chemotherapy, with a 50% improvement in the 2-year overall
survival rate. Furthermore, estimated rates of patients still in response at 2 years increased from 8%
(chemotherapy) to 32% (nivolumab plus ipilimumab); overall more than one-third of responders had a
durable response with nivolumab plus ipilimumab. The safety profile of nivolumab plus ipilimumab in
this study was consistent with that seen previously in NSCLC at this dosage and schedule!® and no new

safety signals were reported.

The frequencies of grade 3 or 4 serious treatment-related adverse events and those leading to
discontinuation were higher with nivolumab plus ipilimumab versus chemotherapy, however most were
manageable and resolved with steroids or supportive treatment. Moreover, when treatment-related
adverse events were adjusted for exposure, the overall incidence rate of treatment-related adverse events

was lower with nivolumab plus ipilimumab compared with chemotherapy.

Benefit with nivolumab plus ipilimumab was observed in most subgroups assessed with the exception of
patients who were aged >75 years. However, these subgroups were small and lacked statistical power. As
such, results from these subgroup analyses should be interpreted with caution. Importantly, benefit was
observed across histologies, albeit with different magnitudes of benefit; median overall survival with
nivolumab plus ipilimumab was consistent between patients with epithelioid histology (median overall
survival, 18-7 months; HR 0-86 [95% CI 0-69-1-08]) and non-epithelioid histology (median overall
survival, 18-1 months; HR 0-46 [95% CI 0-31-0-68]), showing clinically meaningful survival
improvements across both groups; 1-year and 2-year survival rates were also similar between the two
histologies. Of note, in the epithelioid subgroup, nivolumab plus ipilimumab showed an improvement of
2 months in median overall survival with a HR favouring nivolumab plus ipilimumab. Further, the 2-year
overall survival rate in the epithelioid subgroup demonstrated a long-term benefit of nivolumab plus

ipilimumab with a 9% absolute difference versus chemotherapy. The larger magnitude of benefit
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observed in the non-epithelioid subgroup was primarily driven by the inferior effect of chemotherapy in
the non-epithelioid subtype, as previously reported.* This difference in the performance of the
chemotherapy group could not be attributed to the type of chemotherapy received as exploratory data
from CheckMate 743 suggest that patients derive a similar overall survival benefit regardless of platinum
backbone; median overall survival was similar between pemetrexed plus cisplatin and pemetrexed plus

carboplatin.

Median progression-free survival and objective response rates were each numerically similar for
nivolumab plus ipilimumab and chemotherapy. Median progression-free survival was similar to results
from previously reported clinical trials in recurrent MPM.1"1® The progression-free survival Kaplan—
Meier curves crossed at approximately 8 months, reflecting more rapid although not durable disease
control with chemotherapy. However, radiographic assessments in MPM can be challenging because of
the lack of distinguishable tumour margins over time and successive CT evaluations.? Thus, overall
survival is considered to be a more objective and reliable endpoint in this tumour type. Notably,
nivolumab plus ipilimumab provided long-term overall survival benefit, while the slight early survival

benefit observed with chemotherapy was not durable.

The duration of response and durable survival benefit observed with nivolumab plus ipilimumab in
patients with MPM in CheckMate 743 builds on the existing body of evidence that shows prolonged
survival benefit with this dual immunotherapy across a number of other tumour types, including
NSCLC.}#1624 |pilimumab is hypothesised to drive memory T-cell production leading to durable
responses when combined with nivolumab.!? Results of the current study also corroborate the promising
activity seen with anti-PD-1/PD-L1 and anti-CTLA-4 combination therapies in phase 2 studies in second-
line or later settings of MPM,171%25 and support the use of dual immunotherapy over single-agent anti-

PD-1 or anti-CTLA-4 inhibitors, which have shown limited benefit over chemotherapy. 2627

Some treatment guidelines include the optional addition of the anti-angiogenic agent bevacizumab to

platinum plus pemetrexed chemotherapy for first-line treatment of MPM in select patients, based on the
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survival benefit seen in a phase 3 trial*®!!; however, this regimen is not approved. Nonetheless, given the
durable survival benefit seen in CheckMate 743, combining nivolumab plus ipilimumab with other
therapies, including anti-angiogenic agents or, as recently approved for NSCLC, a limited course of
chemotherapy,*® merits investigation to determine whether survival outcomes can be further enhanced.
Similarly, future trials assessing benefit with second-line targeted therapies, such as bevacizumab and

ramucirumab, following nivolumab plus ipilimumab treatment are also warranted.

Reliable biomarkers to predict the benefit of dual-agent immunotherapy in the treatment of MPM have
not yet been identified. While PD-L1 expression is an established biomarker for single-agent
immunotherapy in NSCLC?, its role in predicting treatment outcomes with dual immunotherapy
regimens has not been established. More specifically, in MPM trials investigating immunotherapies, the
association between PD-L1 expression and efficacy is inconsistent.!81%2° |n CheckMate 743, survival
outcomes with nivolumab plus ipilimumab were similar in the PD-L1 <1% and >1% subgroups and
outperformed chemotherapy at 24 months (39% vs 25% and 41% vs 28%, respectively). Whereas survival
with chemotherapy was better in patients with tumour PD-L1 <1% and outperformed nivolumab plus
ipilimumab at 12 months (64% vs 59%), this suggests that absence of PD-L1 expression may be
indicative of better prognosis with chemotherapy. However, these descriptive and exploratory data should
be interpreted with caution given the potential limitations; PD-L1 expression was not a stratification
factor in the study and the sample size of the PD-L1 <1% group was small. As such, the potential for
imbalances in known or unknown prognostic factors does not allow for drawing of definitive conclusions.
Better characterisation of this heterogeneous disease using transcriptomic and epigenetic profiling should
guide future patient selection and therapeutic strategies, and aid in the identification of novel

biomarkers.?*2°

In summary, first-line nivolumab plus ipilimumab provided a statistically significant and clinically
meaningful improvement in overall survival versus platinum plus pemetrexed chemotherapy. Nivolumab

plus ipilimumab has a favourable clinical benefit-risk profile which led to approval in the United States
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and should be considered as a new standard of care for previously untreated patients with unresectable

malignant pleural mesothelioma, regardless of histological subtype.
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627  TABLES

628  Table 1: Baseline characteristics

Nivolumab plus Chemotherapy
ipilimumab (n=302)
(n=303)

Age, years 69 (65-75) 69 (62-75)
<65 71 (23%) 96 (32%)
>65 to <75 154 (51%) 127 (42%)
>75 78 (26%) 79 (26%)

Gender
Male 234 (77%) 233 (77%)

Region
North America 32 (11%) 27 (9%)
Europe 177 (58%) 175 (58%)
Asia 26 (9%) 39 (13%)
Rest of world* 68 (22%) 61 (20%)

Eastern Cooperative Oncology Group

performance status’

0 114 (38%) 128 (42%)
1 189 (62%) 173 (57%)

Smoking status
Current/former 173 (57%) 171 (57%)
Never 127 (42%) 122 (40%)
Unknown 3 (1%) 9 (3%)

Histology
Epithelioid 229 (76%) 227 (75%)
Non-epithelioid 74 (24%) 75 (25%)

Sarcomatoid 35 (12%) 36 (12%)
Mixed/Other 39 (13%) 39 (13%)

Stage
I 12 (4%) 20 (7%)
I 23 (8%) 22 (7%)
" 103 (34%) 106 (35%)
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629
630
631
632
633
634
635
636
637
638
639

\Y 160 (53%) 149 (49%)

Not reported 5 (2%) 5 (2%)
Prior cancer therapy
Prior radiotherapy* 29 (10%) 28 (9%)
Prior systemic therapy' 1 (<1%) 0
PD-L1 status®
Quantifiable 289 (95%) 297 (98%)
<1%** 57 (20%) 78 (26%)
>1%** 232 (80%) 219 (74%)

Data are median (IQR) or n (%).

* Includes Australia, Brazil, Chile, and South Africa.

" On a score of 0 to 5, with higher scores indicating greater disability.?> One patient in the chemotherapy
arm had a baseline Eastern Cooperative Oncology Group performance status of 2 (protocol deviation).

* Prior radiotherapy was provided for palliative support, pain management, or prophylactic track
irradiation for tumour biopsy.

" Due to incorrect data entry 1 patient was reported as having previous systemic cancer therapy.

8 The status of PD-L1 expression was determined with the use of the PD-L1 IHC 28-8 pharmDx assay
(Dako).

** Calculated as a percentage of quantifiable patients.
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Table 2: Tumour response* in all randomised patients

Nivolumab plus ipilimumab Chemotherapy
(n=303) (n=302)
Objective response rate 120 (40%) 129 (43%)
95% ClI 34.1-45-4 37-1-48-5
Best overall response
Complete response 5 (2%) 0
Partial response 115 (38%) 129 (43%)
Stable disease 112 (37%) 125 (41%)
Non-complete response/non-progressive disease 0 3 (1%)
Progressive disease 55 (18%) 14 (5%)
Unable to determine 4 (1%) 5 (2%)
Not reported 12 (4%) 26 (9%)
Disease control rate 232 (77%) 257 (85%)
95% ClI 71-4-81-2 80-6-88-9
Time to response, months
Median 2:7 2:5
IQR 1.45-3.27 1.41-3-02
Duration of response, months
Median 11-0 6-7
95% ClI 8:1-16-5 5-3-7-1
Patients with a response who had ongoing responses
At 1 year 47% 26%
95% ClI 37-56 18-34
At 2 years 32% 8%
95% ClI 23-41 3-15

Data are n (%) unless indicated otherwise. Minimum follow-up for objective response rate was 19-8
months.

* Per blinded independent central review.
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Table 3: Summary of treatment-related adverse events in all treated patients*

Nivolumab plus ipilimumab Chemotherapy
(n=300) (n=284)
Treatment-related adverse events Grade 1-2 Grade 3 Grade 4 Grade 1-2 Grade 3 Grade 4
Any 148 (49%) 79 (26%) 12 (4%) 141 (50%) 73 (26%) 18 (6%)
Diarrhoea 52 (17%) 10 (3%) 0 19 (7%) 2 (1%) 0
Pruritus 46 (15%) 3 (1%) 0 1 (<1%) 0 0
Rash 40 (13%) 3 (1%) 0 15 (5%) 0 0
Fatigue 38 (13%) 3 (1%) 0 50 (18%) 5 (2%) 0
Hypothyroidism 32 (11%) 0 0 0 0 0
Nausea 29 (10%) 1 (<1%) 0 97 (34%) 7 (2%) 0
Anaemia 5 (2%) 1 (<1%) 0 70 (25%) 32 (11%) 0
Decreased appetite 27 (9%) 2 (1%) 0 48 (17%) 2 (1%) 0
Constipation 12 (4%) 0 0 41 (14%) 1 (<1%) 0
Vomiting 8 (3%) 0 0 35 (12%) 6 (2%) 0
Asthenia 25 (8%) 0 0 32 (11%) 12 (4%) 0
Increased lipase 7 (2%) 11 (4%) 2 (1%) 0 1 (<1%) 0
Colitis 3 (1%) 7 (2%) 0 1 (<1%) 1 (<1%) 0
Increased amylase 10 (3%) 6 (2%) 1 (<1%) 1 (<1%) 0 0
Thrombocytopenia 0 2 (1%) 0 16 (6%) 4 (1%) 6 (2%)
Neutropenia 0 1 (<1%) 1 (<1%) 28 (10%) 31 (11%) 12 (4%)

Data are n (%). Treatment-related adverse events with an incidence of >10% in any group or grade 3 or 4 severity with an incidence of >2% in any

group are shown. All grade 3 and 4 events are listed in the appendix pp 13-15. Treatment-related adverse events included those reported between

the first dose of study drug and 30 days after the last dose of study drug.
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* According to the study sponsor practice, only events that led to death within 24 hours were documented as grade 5 and reported as deaths in the

manuscript. Events leading to death >24 hours after onset are reported with the worst grade before death.
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FIGURES

Figure 1. Overall survival in all randomised patients (A), in pre-defined patient subgroups (B), and in
patients with epithelioid tumour histology (C) and non-epithelioid tumour histology (D). For all
randomised patients, the stratified hazard ratio (96-6% CIl) is reported in Panel A and the unstratified
hazard ratio (95% CI) in Panel B; the stratified hazard ratio was 0-74 (95% CI 0-61-0-89). *One patient
in the chemotherapy arm had a baseline Eastern Cooperative Oncology Group performance status of 2
(protocol deviation). Minimum and median follow-up for overall survival were 22-1 months and 29-7
months (IQR, 26-7-32-9), respectively.
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Figure 2. Progression-free survival* (A) and duration of response* (B) in all randomised patients.

* Per blinded independent central review. Minimum follow-up for progession-free survival was 19-8

months.
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