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Summary

Background—In the ongoing phase 3, CheckMate 214 trial, nivolumab plus ipilimumab
improved overall survival compared with sunitinib in patients with intermediate or poor risk,
previously untreated, advanced renal cell carcinoma. We aimed to assess whether health-related
quality of life (HRQoL) could be used to further describe the benefit-risk profile of nivolumab
plus ipilimumab versus sunitinib.

Methods—In the phase 3, randomised, controlled, CheckMate 214 trial, patients aged 18 years
and older with previously untreated, advanced or metastatic renal cell carcinoma with a clear-cell
component were recruited from 175 hospitals and cancer centres in 28 countries. Patients were
categorised by risk status into favourable, intermediate, and poor risk subgroups and randomly
assigned (1:1) to open-label nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks for four
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doses followed by nivolumab 3 mg/kg every 2 weeks, or sunitinib 50 mg/day for 4 weeks of each
6-week cycle. Randomisation was done with a block size of four and stratified by risk status and
geographical region. Patient-reported outcomes (PROs) were assessed using the Functional
Assessment of Cancer Therapy Kidney Symptom Index-19 (FKSI-19), Functional Assessment of
Cancer Therapy-General (FACT-G), and EuroQol five dimensional three level (EQ-5D-3L)
instruments. The coprimary endpoints of the trial, reported previously, were overall survival,
progression-free survival, and the proportion of patients who had an objective response in those
categorised as at intermediate or poor risk. PROs in all randomised participants were assessed as
an exploratory endpoint; here we report this exploratory endpoint. This study is registered with
ClinicalTrials.gov, number , and is ongoing but is now closed to recruitment.

Findings—Between Oct 16, 2014, and Feb 23, 2016, of 1390 patients screened, 1096 (79%)
were randomly assigned to treatment, of whom 847 (77%) were at intermediate or poor risk and
randomly assigned to nivolumab plus ipilimumab (n=425) or sunitinib (n=422). Median follow-up
was 25.2 months (IQR 23.0-274). PROs were more favourable with nivolumab plus ipilimumab
than sunitinib throughout the first 103 weeks after baseline, with mean change from baseline at
week 103 for FKSI-19 total score being 4.00 (95% CI 1.91 to 6.09) for nivolumab plus ipilimumab
versus —3.14 (-6.03 to —0.25) for sunitinib (p<0.0001), and for FACT-G total score being 4.77
(1.73 to 7.82) for nivolumab plus ipilimumab versus —4.32 (-8.54 to —0.11) for sunitinib
(p=0.0005). Significant differences were also seen for four of five FKSI-19 domains (disease-
related symptoms, physical disease-related symptoms, treatment side-effects, and functional
wellbeing) and FACT-G physical and functional wellbeing domains. However, there was no
significant difference between the treatment groups at week 103 in EQ-5D-3L visual analogue
rating scale (VAS) scores, with mean change from baseline to week 103 of 10.07 (95% CI 4.35 to
15.80) for nivolumab plus ipilimumab and 6.40 (-1.36 to 14.16) for sunitinib (p=0.45). Compared
with sunitinib, nivolumab plus ipilimumab reduced risk of deterioration in FKSI-19 total score
(hazard ratio [HR] 0.54; 95% CI 0.46-0.63), FACT-G total score (0.63, 0.52-0.75), and EQ-5D-3L
VAS score (HR 0.75, 95% CI 0.63-0.89) and UK utility scores (0.67, 0.57-0.80).

Interpretation—Nivolumab plus ipilimumab leads to fewer symptoms and better HRQoL than
sunitinib in patients at intermediate or poor risk with advanced renal cell carcinoma. These results
suggest that the superior efficacy of nivolumab plus ipilimumab over sunitinib comes with the
additional benefit of improved HRQoL.

Introduction

About 30% of patients with renal cell carcinoma have advanced disease, and prognosis is
dependent on the presence of established risk factors.1* A validated model designed by the
International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) is often used
to categorise patients as being at favourable, intermediate, or poor prognostic risk on the
basis of the following risk factors: Karnofsky performance status, time from diagnosis to
first-line systemic therapy, haemoglobin concentrations, neutrophil and platelet counts, and
corrected serum calcium concentration.34 Although targeted treatments available in the first-
line setting for advanced renal cell carcinoma including sunitinib, pazopanib, bevacizumab
plus interferon-a,, and temsirolimus (for patients at poor risk only) have improved efficacy
and safety compared with previous therapies, these treatments might not or might only
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modestly improve patients’ health-related quality of life (HRQoL).5~7 Therefore, effective
treatment with improved HRQoL for patients with advanced renal cell carcinoma is an
unmet medical need in this setting.

Nivolumab is a fully human 1gG4 programmed cell death protein 1 (PD-1) immune
checkpoint inhibitor antibody approved as monotherapy for treatment of advanced or
metastatic renal cell carcinoma after treatment with antiangiogenic therapy.® Ipilimumab is a
human cytotoxic T-lymphocyte antigen-4 (CTLA-4) immune checkpoint inhibitor antibody
that is approved for treatment of metastatic melanoma alone® and in combination with
nivolumab.810 After approval of nivolumab as monotherapy, the combination of nivolumab
plus ipilimumab gained regulatory approval in the USA by the US Food and Drug
Administration (FDA) and other countries as first-line therapy for patients with intermediate
or poor risk renal cell carcinoma.® Ipilimumab is not approved as monotherapy in the renal
cell carcinoma setting.?

To our knowledge, CheckMate 214 was the first phase 3 trial to show overall survival
superiority of nivolumab plus ipilimumab compared with standard-of-care sunitinib as first-
line treatment for patients at intermediate or poor risk with advanced renal cell carcinoma
(median overall survival not reached [95% CI 28.2 months—not estimable] vs26.0 months
[22.1-not estimable]; hazard ratio [HR] 0.63, 99.8% CI 0.44-0.89; p<0.001).11 In the
intention-to-treat population, which included patients at favourable, intermediate, and poor
risk, overall survival was also significantly improved with nivolumab plus ipilimumab
compared with sunitinib (median not reached [95% CI not estimable-not estimable] vs32.9
months [95% CI not estimable—not estimable]; HR 0.68, 99.8% CI 0.49-0.95; p=0.0003). A
higher incidence of treatment discontinuation due to drug-related adverse events was
observed in the nivolumab plus ipilimumab group than in the sunitinib group, raising some
concerns regarding the safety and tolerability of nivolumab plus ipilimumab despite the
demonstrated superior efficacy. Despite these dropouts, the safety of the combination was
manageable in this trial, and substantial differences in patient-reported outcome (PRO)
scores by use of the National Comprehensive Cancer Network Functional Assessment of
Cancer Therapy—Kidney Symptom Index (FKSI-19) favouring nivolumab plus ipilimumab
over sunitinib have been previously reported using descriptive statistics (p<0.001).11 Here,
we describe further PRO results using the FKSI-19, Functional Assessment of Cancer
Therapy-General (FACT-G), and EuroQol five dimensional three level (EQ-5D-3L)
instruments for the participants in the CheckMate 214 population who were randomly
assigned treatment or who were randomly assigned, at intermediate or poor risk, and were
assessed for the coprimary endpoints.

Study design and participants

In this randomised, open-label, phase 3 trial, patients with previously untreated advanced
renal cell carcinoma were recruited from 175 hospitals and cancer centres in 28 countries
(full list of study sites and countries in the appendix pp 3-5). Full details of the study design
have been previously reported.1! Eligible patients were aged 18 years or older with
histological confirmation of advanced or metastatic renal cell carcinoma with a clear-cell
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component with no previous systemic therapy for their disease, with the exception of one
previous adjuvant or neoadjuvant therapy (not including VEGF-targeted agents) for
completely resectable renal cell carcinoma if recurrence occurred 6 months or more after the
last dose. Further inclusion criteria were a Karnofsky performance status of 70% or more,
and measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1. Key exclusion criteria were history of or current central nervous system metastases and
active or recent history of autoimmune disease or use of systemic corticosteroids within 14
days of group assignment. Full inclusion and exclusion criteria have been previously
reported.1! Eligible patients were categorised by risk status according to IMDC prognostic
factors into favourable (O risk factors), intermediate (1-2 risk factors), and poor (36 risk
factors) risk subgroups at randomisation according to the number of the following risk
factors present: Karnofsky performance status score of 70%, time from initial diagnosis to
randomisation less than 1 year, haemoglobin concentration below the lower limit of the
normal range, corrected serum calcium concentration of more than 10 mg/dL (2.5 mmol/L),
absolute neutrophil count above the upper limit of normal (ULN), and platelet count above
the ULN; upper and lower limits of normal were defined according to local laboratory
ranges.*11 By IMDC risk category, patients at intermediate risk who received standard of
care have been reported to have a median overall survival of 22.5 months (95% CI 18.7—
25.1) and those at poor risk a median overall survival of 7.8 months (95% Cl 6.5-9.7).3 The
primary efficacy population in CheckMate 214 was patients with intermediate or poor risk.

All patients provided written informed consent on the basis of the Declaration of Helsinki
principles. This trial was approved by the institutional review board at each site and
conducted according to Good Clinical Practice guidelines defined by the International
Conference on Harmonisation. The protocol is available in the appendix.

Randomisation and masking

Procedures

Participants were randomly assigned 1:1 by use of an interactive voice-response system to
receive either nivolumab plus ipilimumab or sunitinib. Randomisation was completed with a
block size of four and was stratified by IMDC prognostic score (0 vs1-2 vs3-6) and
geographical region (USA vs Canada and Europe vsthe rest of the world). The trial was
open label; thus patients and investigators were not masked to treatment assignment.

The treatment regimen was administered in cycles of 6 weeks. Participants assigned to
nivolumab plus ipilimumab were given nivolumab 3 mg/kg over 60 min intravenously and
ipilimumab 1 mg/kg over 30 min intravenously once every 3 weeks for four doses over two
cycles (induction phase), followed by nivolumab monotherapy 3 mg/kg every 2 weeks for
the remainder of treatment (maintenance phase). Participants assigned to sunitinib were
given sunitinib at 50 mg orally once daily for 4 weeks on and 2 weeks off.11 Treatment was
continued until disease progression or unacceptable toxicity. As per a protocol amendment
on Nov 13, 2017, patients could be treated indefinitely, choose to switch to a flat dose of
nivolumab 240 mg every 2 weeks if they were receiving nivolumab 3 mg/kg every 2 weeks
maintenance, or choose to discontinue after 2 years in the absence of disease progression or
unacceptable toxicity. No dose reductions were allowed in the nivolumab plus ipilimumab
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group, whereas two dose reductions were permitted for sunitinib in 12.5 mg increments for
grade 34 toxic side-effects.1! Patients could continue study treatment after initial RECIST-
defined progression as assessed by an investigator if the investigator thought the patient
tolerated and benefited from the treatment despite initial evidence of disease progression.
Disease assessments were done with CT or MRI at baseline, 12 weeks after randomisation,
and every 6 weeks for the first 13 months, then every 12 weeks until progression or
treatment discontinuation. Adverse events were assessed continuously during treatment
visits, then at follow-up visits 1 and 2 and during overall survival follow-up, and graded
according to the National Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 and reported from the first dose and up to and including 100
days after the last dose of study treatment. Laboratory assessments of blood chemistry were
done on day 1 of week 1 and day 1 of week 4 during cycles 1 and 2; day 1 of week 1, day 1
of week 3, and day 1 of week 5 during subsequent cycles; and at follow-up visits 1 and 2.

PROs were assessed by use of the FKSI-19,12 FACT-G,13 and EQ-5D-3L4 instruments
(appendix p 7). The FKSI-19 is a validated 19-item instrument that measures tumour-
specific PROs in patients with kidney cancer. Patients rate their symptoms on a five-point
scale, with responses ranging from “not at all” to “very much”. The FKSI-19 contains the
following domains: disease-related symptoms (DRS), disease-related symptoms physical
(DRS-P), disease-related symptoms emotional (DRS-E), treatment side-effects (TSE), and
functional wellbeing (FWB). The FKSI-19 total score is based on all 19 items and ranges
from 076, with higher scores indicating fewer symptoms.12:15

The FACT-G is a validated 27-item instrument that measures general cancer HRQoL and is
divided into four primary domains: physical wellbeing (PWB), social and family wellbeing
(SWB), emotional wellbeing (EWB), and FWB. The FACT-G total score is based on all 27
items and ranges from 0-108, with higher scores indicating better HRQoL.13

The EQ-5D-3L is a validated, standardised instrument for measuring general health status
that includes the following five domains: mobility, self-care, usual activities, pain and
discomfort, and depression and anxiety, and has a visual analogue rating scale (VAS). The
VAS uses a 100-point scale, in which patients self-rate their health state with zero being the
worst health imaginable and 100 the best health imaginable.14 An EQ-5D-3L health-state
utility index score ranging from 0 to 1 is calculated for each of the health states described by
the instrument on the basis of values provided in large general population studies. In this
trial, the UK preference weights were applied.16

All PRO instruments were administered on day 1 of week 1 and day 1 of week 4 of the first
two cycles; day 1 of week 1 and day 1 of week 5 of the next two cycles; day 1 of week 1 of
the subsequent cycles; and at the first two follow-up visits. Follow-up visit one was 30 days
(or within 7 days before or after this timepoint) after the last dose or on the date of
discontinuation (or within 7 days before or after this timepoint) if discontinuation occurred
more than 37 days after the last dose. Follow-up visit two was 84 days (or within 7 days
before or after this timepoint) after follow-up visit one. During the follow-up period,
administration of EQ-5D-3L was additionally scheduled every 3 months for the first 12
months and every 6 months thereafter (figure 1). The PRO assessment schedule was
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designed such that PROs were collected at each visit that ipilimumab was given to capture
the effects of combination treatment. PROs were collected less often during the nivolumab
mono therapy maintenance phase to avoid cognitive exhaustion in patients from overly
frequent assessments. All questionnaires were paper based and were administered in person
by trial site staff before study treatment. Questionnaires were developed assuming an at least
primary-school reading level. For follow-up visits, sites were permitted to administer
questionnaires via telephonic scripts if necessary, although in person was still preferred.

The coprimary endpoints of CheckMate 214, reported previously,!! were overall survival,
progression-free survival, and the proportion of patients who had an objective response per
independent central radiology review committee in the primary efficacy population of
patients with intermediate or poor risk (according to IMDC definitions) previously untreated
advanced or metastatic renal cell carcinoma.1l Here we report the exploratory endpoints of
PROs, which included evaluation of disease-related symptoms based on the FKSI-19 scale,
HRQoL using the FACT-G instrument, and assessment of changes in global health status
using the EQ-5D-3L instrument. We had planned to compare differences in PROs between
groups at 6 months; however, post-hoc we decided to expand our analysis to 103 weeks to
analyse the full follow-up data.

Statistical analysis

A detailed description of the statistical analyses for the primary and secondary endpoints has
been previously reported.1! Briefly, we estimated that 1070 participants would be required to
enrol 820 who were at intermediate or poor risk—ie, the number needed for robust statistical
analysis. The overall a level of 0.05 was split among the coprimary endpoints (0.001 for the
proportion of patients who achieved an objective response, 0.009 with a power of 80% for
progression-free survival, and 0.04 with 90% power for overall survival). PROs were
assessed in all participants who were randomly assigned to treatment. Here, we report PRO
analyses with a focus on all participants who were randomly assigned to treatment groups
and were at intermediate or poor risk, consistent with the primary efficacy population and
the FDA-approved indication for nivolumab plus ipilimumab. We also report here the PRO
results for the intention-to-treat population—ie, all patients who were randomly assigned to
nivolumab plus ipilimumab or sunitinib and who had favourable, intermediate, or poor risk.
The proportion of participants who completed the assessment at every timepoint for all PRO
instruments was defined as the number and proportion of participants who completed
evaluable forms among those who were expected to have PRO assessments—ie, who were
alive and still on study. For FKSI-19 and FACT-G, a form was defined as evaluable if at least
80% of the items were completed according to the scoring algorithms for the instruments.
For EQ-5D-3L, a form was defined as evaluable if all items were completed. For all
analyses, p values less than 0.05 were judged to be nominally significant without
multiplicity adjustment.

Our PRO analyses included descriptive statistics for observed scores and change from
baseline for each treatment group and timepoint. Although the descriptive analyses for
FKSI-19 total score have been previously reported, 1! those analyses used a 4-week window
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and data were provided for every 4-week period regardless of when the clinic visit took
place.1l By contrast, here we used an analysis window based on the protocol-defined
schedule of study visits; therefore, our reported findings differ slightly from those reported
previously.

We defined clinically meaningful deterioration of PROs using prespecified threshold values
on the basis of score changes from baseline that patients had considered clinically
meaningful in previous literature1’~19 or, if no thresholds were available, we calculated the
threshold to be half the SD of the baseline values for all participants (appendix p 7).

We defined time to first deterioration as the time from the date of randomisation to the date
of the first clinically meaningful deterioration in PRO scores of at least one threshold unit
(appendix p 7) compared with the baseline score. Participants who did not have a first
deterioration were censored at the date of the last instrument assessment (ie, date of the last
non-missing value). Death was not included in the definition of first deterioration; therefore,
participants who died and did not have a first deterioration before death were censored at the
last completed assessment. Participants with no baseline assessment were censored at the
date of randomisation.

To estimate longitudinal changes in PRO scores from baseline at each scheduled visit while
on study drug, we used a mixed model for repeated measures (MMRM) analysis, which is
one specific analysis of a large group of likelihood-based mixed-effects analyses.20-21
MMRM is frequently used as the primary PRO analysis method and has been used
previously to analyse PRO data in renal cell carcinoma and other indications.22-24 The
dependent variable was change in PRO score from baseline, and the fixed effects were
treatment, study visit, randomisation factors (IMDC prognostic score and region) as
categorical parameters, baseline PRO score as a continuous parameter, and the interactions
between visit and treatment and between baseline PRO score and visit. We used an
unstructured variance—covariance matrix to model the covariance structure among each
participant’s repeated measures. The prespecified MMRM analysis was limited to the first
103 weeks (timeframe determined post-hoc) after baseline because of the small sample size
in both groups beyond this point. MMRM analyses only included on-treatment assessments
and assumed that the missing observations (including deaths) were missing at random. To
account for missing PRO data based on different reasons for discontinuation of study drug,
which therefore might not be missing at random, we did a sensitivity analysis with a pattern
mixture model (PMM) involving sequential modelling with multiple imputation by reasons
for discontinuation before 103 weeks (appendix p 6).20 Plots of change in PRO score from
baseline by treatment and study visit for the MMRM and PMM analyses report the least-
squares mean and standard error.

We included all PRO assessments (including the follow-up visits after treatment
discontinuation) in our time-to-event analyses. We used the Kaplan-Meier method to
estimate the distribution of time to first deterioration in PRO score. We estimated the HR
and associated 95% Cls using a stratified Cox regression model with treatment as the only
covariate and the randomisation factors (IMDC score and geographical region) as strata.
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Additionally, we did a sensitivity analysis for time to first deterioration using additional
threshold values (appendix p 7).

We did prespecified analyses of associations between longitudinal changes in PROs and
overall survival and progression-free survival with multivariate time-dependent Cox
regression analysis for longitudinal and time-to-event data. In addition to the time-varying
covariate (the PRO score), the models included effects for the treatment group and
randomisation factors. We fitted separate models for each PRO instrument. We calculated
the key measure of the HR and associated 95% Cls for the PRO variable as the hazard of
progression-free survival or overall survival per clinically meaningful score change
(appendix p 7). These minimally important differences were defined as follows: a one-point
increment in FKSI-19 disease-related symptoms-emotional, treatment side-effects, and
functional wellbeing scores; a three-points increment in the FKSI-19 total score and disease-
related symptoms, and FACT-G physical wellbeing, functional wellbeing, emotional
wellbeing, and family or social wellbeing scores; a four-points increment in FKSI-19
disease-related symptoms-physical score; and a seven-points increment in FACT-G total
score.

Post-hoc, we used the Kaplan-Meier method to estimate the median overall survival for four
groups of participants (irrespective of treatment group) categorised on the basis of FKSI-19
scores at baseline and up to and including week 25, defined as follows: high baseline score,
improved; high baseline score, not improved; low baseline score, improved; and low
baseline score, not improved. A high baseline score was defined as at or above the median
baseline score, and a low baseline score was defined as below the median baseline score. We
defined an improvement in HRQoL as a clinically important change of at least 3 points from
baseline in FKSI-19 total score. Participants in the not improved groups did not show the
change of 3 points or more from baseline in FKS-19 total score. These groups therefore
represent patients who showed either maintenance or deterioration in HRQoL. We restricted
this analysis to changes from baseline up to and including week 25 to ensure that a large
proportion of patients informed the analysis and only patients with a baseline score and at
least one score after baseline were included. At week 25, approximately 50% of the total
patient population (ie, the population who started treatment at week 0) in both treatment
groups had available PRO data. We also did a post-hoc analysis of change in PRO scores for
FKSI-19 and FACT-G total scores from baseline for patients with high (ie, those with a
baseline score at or above median) and low (ie, those with baseline score below median)
PRO scores at baseline to examine how PRO scores changed over time depending on
baseline PRO score. All analyses discussed hereon were completed using data from all
participants who were randomly assigned to treatment with evaluable questionnaires.

We analysed data using SAS version 9.4. CheckMate 214 is registered with
ClinicalTrials.gov, number .

Role of the funding source

The funders contributed to the study design, data analysis, and data interpretation in
collaboration with the authors. The funders had no role in data collection. Financial support
for editorial and writing assistance was provided by the funders. All authors had full access
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to the data in the study and the corresponding author had final responsibility for the decision
to submit for publication.

Between Oct 16, 2014, and Feb 23, 2016, 1390 patients were assessed for eligibility and
1096 (79%) were randomly assigned to nivolumab plus ipilimumab (n=550) or sunitinib
(n=546) in CheckMate 214. Of these participants, 847 (77%) were categorised as at
intermediate or poor risk and randomly assigned to nivolumab plus ipilimumab (n=425) or
sunitinib (n=422; figure 2). Demographic and baseline characteristics of all participants are
reported elsewhere,11 and participants were well balanced between treatment groups (table
1). At the time of database lock (Aug 7, 2017), the median follow-up was 25.2 months (IQR
23.0-27.4).

The number of evaluable baseline questionnaires completed among the 425 participants in
the nivolumab plus ipilimumab group was 413 (97%) FKSI-19 questionnaires, 412 (97%)
FACT-G questionnaires, and 415 (98%) EQ-5D-3L questionnaires; and among the 422
participants in the sunitinib group was 400 (95%) FKSI-19 questionnaires, 400 (95%)
FACT-G questionnaires, and 403 (96%) EQ-5D-3L questionnaires. The proportion of
participants who completed the assessments (among those expected to complete them) was
more than 80% for all PRO instruments in both treatment groups throughout all visits,
except at week 121 when the proportion was 75% in the sunitinib group (appendix p 8).
Baseline PRO scores in patients with intermediate or poor risk were similar between the
treatment groups and showed few symptoms (FKSI-19), good HRQoL (FACT-G), and good
health status (EQ-5D-3L VAS and utlity index; table 2).

The median duration of treatment in all patients who received a trial drug was 7.9 months
(95% CI 6.5-8.4) with nivolumab plus ipilimumab and 7.8 months (95% CI 6.4-8.5) with
sunitinib. In the randomised population, 157 (29%) of 550 participants in the nivolumab plus
ipilimumab and 129 (24%) of 546 in the sunitinib group were treated beyond initial
investigator-assessed RECIST-defined progression, as permitted according to the protocol;
therefore, a proportion of patients could have had HRQoL assessments after disease
progression. In the nivolumab plus ipilimumab group, participants were treated for a median
of 3.88 months (IQR 1.38-10.48; maximum 26.1 months) after progression before
discontinuation for second progression or another reason, and in the sunitinib group they
were treated a median of 1.22 months (IQR 0.53-3.98; maximum 22.1 months) after
progression.

Almost all PRO scores after baseline were higher in participants in the nivolumab plus
ipilimumab group than in those in the sunitinib group. Most exceptions were after week 103,
when the mean score for specific domains favoured sunitinib (FKSI-19 disease-related
symptoms and functional wellbeing, and FACT-G social and family wellbeing and
functional wellbeing; appendix p 9).

The results of the MMRM analyses are shown in figure 3. Based on MMRM model data,
mean change in FKSI-19 score, FACT-G score, and EQ-5D-3L utility index score was
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higher with nivolumab plus ipilimumab than with sunitinib at most timepoints assessed, but
not for EQ-5D-3L VAS (figure 3). Least-squares mean change in score for all instruments
was improved in the nivolumab plus ipilimumab group as early as week 10 and was
maintained until week 103. This improvement is shown in the change of 4.00 (95% CI 1.91
to 6.09) from baseline at week 103 for nivolumab plus ipilimumab and -3.14 (-6.03 to
—0.25) for sunitinib (p<0.0001; figure 3A) for FKSI-19 total score; 4.77 (1.73 to 7.82) for
nivolumab plus ipilimumab and —4.32 (-8.54 to —0.11) for sunitinib (p=0.0005; figure 3B)
for FACT-G total score; 10.07 (4.35 to 15.80) for nivolumab plus ipilimumab and 6.40
(-1.36 to 14.16) for sunitinib (p=0.45; figure 3C) for EQ-5D-3L VAS; and 0.04 (-0.01 to
0.09) for nivolumab plus ipilimumab and —0.04 (-0.11 to 0.03) for sunitinib (p=0.07; figure
3D) for EQ-5D-3L UK utility index. Significant differences in domain scores showing
improved HRQoL with nivolumab plus ipilimumab compared with sunitinib were also
observed at most visits for FKSI-19 disease-related symptoms, physical disease-related
symptoms, treatment side-effects, and functional wellbeing (but not for FKSI-19 emotional
disease-related symptoms), and for FACT-G physical wellbeing and functional wellbeing
(but not for FACT-G emotional wellbeing or family and social wellbeing; appendix pp 10—
11). Changes in EQ-5D-3L UK utility index scores were consistently better in the nivolumab
plus ipilimumab group than in the sunitinib group during the first 103 weeks (figure 3D); the
difference between treatment groups in EQ-5D-3L VAS was significant at only a few
timepoints (p<0.05; figure 3C). We did not observe any significant differences favouring
sunitinib for any of the PRO instruments at any time during the trial (figure 3; appendix pp
10-11). Generally similar results were observed in the intention-to-treat population
(appendix p 12). Results of the PMM sensitivity analysis in the participants at intermediate
or poor risk closely align with the MMRM results (appendix p 13).

Analyses of time to first deterioration among participants at intermediate or poor risk
showed that combination treatment with nivolumab plus ipilimumab significantly reduced
the risk of deterioration in the FKSI-19 total score and disease-related symptoms, physical
disease-related symptoms, treatment side-effects, and functional wellbeing domain scores
compared with sunitinib, although there was no significant difference between the groups in
time to deterioration in scores for emotional disease-related symptoms (figure 4A).
Compared with sunitinib, nivolumab plus ipilimumab combination treatment was also
associated with a reduced risk of deterioration in FACT-G total score, physical wellbeing,
and functional wellbeing scores, but there was no significant difference in time to
deterioration in FACT-G emotional wellbeing or social and family wellbeing scores (figure
4B). Additionally, nivolumab plus ipilimumab significantly decreased the risk of
deterioration in EQ-5D-3L VAS scores (median time to deterioration 4.2 months [95% CI
2.9-5.1] in the nivolumab plus ipilimumab group vs2.1 months [1.4-2.3] in the sunitinib
group; HR 0.75, 95% CI 0.63-0.89) and UK utility index VVAS scores (median time to
deterioration 4.9 months [95% CI 3.7-7.0] in the nivolumab plus ipilimumab group vs2.2
months [1.6-2.4] in the sunitinib group; HR 0.67, 0.57-0.80) compared with sunitinib. Our
sensitivity analysis defining deterioration of PROs as a change in score equal to or greater
than half the SD of the baseline values for all patients yielded similar results to the primary
analysis (data not shown). Furthermore, similar time to deterioration results were observed
in the intention-to-treat population (appendix p 14).
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From the Cox regression analyses, we found that increases in FKSI-19 scores (ie,
improvements) were associated with decreased risk of death and disease progression (figure
5A). Similarly, increases in FACT-G total score and physical wellbeing, functional
wellbeing, and emotional wellbeing domain scores were associated with reduced risk of
death and disease progression (figure 5B). However, increases in FACT-G family and social
wellbeing scores were not significantly associated with risk of death or disease progression
(figure 5B).

In our post-hoc analysis, the association between high (at or above the median) and low
(below the median) FSKI-19 total baseline scores, change in FKSI-19 total scores up to 25
weeks (improved or not improved), and overall survival was examined (appendix p 15). 771
participants with a baseline and at least one score after baseline were included in this
analysis. Overall survival was longest in participants with high baseline FKSI-19 scores and
FKSI-19 improved from baseline (median overall survival not reached). In participants with
high baseline FKSI-19 scores and either FKSI-19 improved or not improved from baseling,
the median overall survival was not reached. The shortest median overall survival was in
participants with low baseline FKSI-19 scores and FKSI-19 not improved from baseline
(16.6 months, 95% CI 12.4-19.9). We also recorded improvements in both FSKI-19 total
and FACT-G total scores from baseline with nivolumab plus ipilimumab both in patients
with a low baseline score and those with a high baseline score (appendix pp 16-17).

Discussion

Our analysis of PROs in the randomised, open-label, phase 3 CheckMate 214 trial focused
on the participants at intermediate or poor risk, consistent with the primary efficacy
population and the FDA-approved indication for nivolumab plus ipilimumab. Baseline
FACT-G total scores suggested that these participants had good HRQoL, which was further
supported by the baseline FKSI-19 functional wellbeing scores. Additionally, these
participants had low symptom burden and good health status at baseline. Overall, PRO
scores were maintained or improved from baseline with nivolumab plus ipilimumab
throughout the trial. Regardless of the PRO instrument or the method of analysis, better PRO
scores were consistently observed with nivolumab plus ipilimumab than with sunitinib in
participants at intermediate or poor risk. Accordingly, analyses of changes from baseline
over the first 103 weeks on study treatment showed improved HRQoL for nivolumab plus
ipilimumab compared with sunitinib, with differences between treatment groups reaching
significance at most timepoints for FKSI-19 and FACT-G total scores and most domain
scores. Although a decrease in scores was observed at the first nivolumab plus ipilimumab
induction visit, scores consistently recovered and there after improved and were maintained
throughout the trial. This finding suggests that participants given nivolumab plus ipilimumab
showed improved PROs even during the induction phase of combination treatment. In line
with this observation, risk of deterioration in PRO scores was significantly decreased by
nivolumab plus ipilimumab for the FKSI-19 and FACT-G total scores, and for the FKSI-19
disease-related symptoms, physical disease-related symptoms, treatment side-effects, and
functional well being domain scores, and the FACT-G physical wellbeing and functional
wellbeing domain scores.

Lancet Oncol. Author manuscript; available in PMC 2020 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cellaetal.

Page 12

In all participants at intermediate or poor risk in the trial, we found that clinically
meaningful improvements in FKSI-19 total and domain scores, FACT-G total score, and
FACT-G physical wellbeing, emotional wellbeing, and functional wellbeing domain scores
were prognostic of both progression-free survival and overall survival, although, notably,
clinically important thresholds for change for the FKSI-19 instrument have not been fully
validated in the literature for the total score and every domain score. We completed a post-
hoc analysis of associations between baseline FKSI-19 total score, improvement in FKSI-19
total score, and overall survival. In this analysis, we pooled the nivolumab plus ipilimumab
and sunitinib groups to determine if PROs are associated with clinical outcomes like
survival, irrespective of the treatment received, and therefore, hold clinical relevance. We
found that patients with high baseline HRQoL scores and HRQoL that improved from
baseline had the longest overall survival. Similar results have been reported for other cancer
types, including advanced lung,2 cervical 26 and ovarian cancers.?” This observation
suggests that baseline HRQoL and change in HRQoL, both improvement and worsening, has
clinical prognostic value on survival outcomes. Furthermore, in an another post-hoc analysis
of change in PRO scores from baseline for participants with high and low scores at baseline,
similar numbers of participants had available PRO data later in the course of treatment in
both these two groups. We therefore do not believe that results of the analysis for association
of PROs with survival were subject to survival bias. Future research should examine how
HRQoL information could inform treatment decision making in the advanced renal cell
carcinoma treatment setting.

As has been previously reported, 1! in the treated population, treatment-related adverse
events led to discontinuation of treatment for 118 (22%) of 547 participants in the nivolumab
plus ipilimumab group and 63 (12%) of 535 in the sunitinib group. This difference in
discontinuation due to treatment-related adverse events could be partly due to the different
discontinuation criteria for both regimens and a better knowledge of how to manage
sunitinib toxicities than those of nivolumab plus ipilimumab.1! Dose reductions were not
permitted in the nivolumab plus ipilimumab group; instead only dose delays were permitted.
In the sunitinib group, patients were allowed to have up to two dose reductions before
permanent discontinuation of treatment due to drug-related toxicity. In the combination
group, as previously reported,1 319 (58%) of 547 patients had dose delays for nivolumab
and 148 (27%) had dose delays for ipilimumab. In the sunitinib group, 315 (59%) of 535
patients had dose delays and 283 (53%) had dose reductions. Although between the
nivolumab plus ipilimumab and sunitinib groups the overall proportions of participants who
discontinued treatment (419 [77%)] of 547 ipilimumab and nivolumab vs 438 [82%] of 535
sunitinib) and the overall treatment duration (median 7.9 months [95% CI 6.5-8.4] vs7.8
months [6.4-8.5], respectively)! were similar, our results show that nivolumab plus
ipilimumab improved PROs and HRQoL compared with sunitinib in CheckMate 214,
supporting the positive overall benefit-risk profile for the combination treatment. We believe
these results will be important in clinical treatment decisions for patients with advanced
renal cell carcinoma.

A key strength of our analysis was the evaluation of the treatment effect on changes in PROs
using prespecified thresholds to define deterioration in a randomised clinical trial with a
large study sample. Additionally, we used both a generic instrument designed for the general
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population (EQ-5D-3L28) and cancer-specific instruments (FACT-G13 and FKSI-1917) to
measure HRQoL. Consistent significant improvements with nivolumab plus ipilimumab
over sunitinib were observed for the FACT-G and FSKI-19 instruments and the EQ-5D-3L
utility index, but not the EQ-5D-3L VAS. Given its generic nature, EQ-5D-3L might not
detect small changes in health that are important for HRQoL studies in patients with cancer.
Other studies support our findings. For example, in a phase 3, randomised, active-controlled
trial of patients with advanced renal cell carcinoma by Castellano and collegues,?? sunitinib
led to significantly and clinically meaningful changes in FKSI-19 and FACT-G scores
compared with interferon-vy, but the changes in EQ-5D-3L VAS did not reach significance.
Similarly, in the phase 3, randomised, placebo-controlled VEG105192 trial in patients with
advanced renal cell carcinoma,23 EQ-5D-3L scores did not differ between patients given
pazopanib and those given placebo when analysed by longitudinal MMRM analysis over 48
weeks. We believe that future trials in advanced renal cell carcinoma could preferentially use
the FKSI-19 instrument, with the FACT-G and EQ-5D-3L also used depending on the
interests of the investigating team.

Comparison of the baseline scores for the three PRO instruments in CheckMate 214 with
baseline scores in other studies of first-line treatments for advanced renal cell carcinoma is
difficult because few data are available for patients with intermediate or poor risk. The phase
2 CABOSUN trial® of cabozantinib versus sunitinib in patients at intermediate or poor risk
did not collect PROs. Full PRO data from IMmotion151—a phase 3 trial of first-line
atezolizumab plus bevacizumab in patients with renal cell carcinoma of any risk—have not
yet been published, but improvement from baseline for FKSI-19 total scores with
atezolizumab plus bevacizumab compared with sunitinib was reported at the 2018 American
Society of Clinical Oncology Annual Meeting.30:31

Between-drug comparisons of HRQoL associated with targeted therapies in the first-line
setting are scarce.” In the phase 3 COMPARZ trial of pazopanib versus sunitinib for first-
line treatment of metastatic renal cell carcinoma, pazopanib showed similar efficacy but a
more favourable safety profile and better HRQoL scores than sunitinib.® Further studies are
necessary to better characterise differences in HRQoL with the growing treatment
armamentarium available to patients with advanced renal cell carcinoma.

Our trial had some limitations that should be considered when interpreting the results. One
such limitation is its open-label nature, which is considered a potential cause of bias.
However, the sunitinib control group was an active therapy, which was considered the
standard of care and had a more favourable administration route than nivolumab plus
ipilimumab. And, despite the open-label design, we found that baseline and longitudinal
changes in PROs in CheckMate 214 were prognostic of survival irrespective of treatment
group, and consistent with previously PRO literature in other tumour types.25-27 Therefore,
although we cannot rule out the potential bias caused by the open-label design, we do not
believe it meaningfully affected the PROs measured in this trial. Furthermore, although the
different administration routes and schedules between the treatment groups could have
influenced the results, we believe this effect would be mitigated by the timing of the PRO
assessments relative to the dosing schedule. When PRO assessments were administered on
day 1 of week 1 of the first two cycles, participants in the nivolumab plus ipilimumab group
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had been given their latest dose during the previous week, while those in the sunitinib group
were being given sunitinib daily. When assessments were given on day 1 of week 5 of
subsequent cycles, patients in the nivolumab plus ipilimumab group had been given their
previous nivolumab dose 2 weeks before, and patients in the sunitinib group had been off
treatment for a week before the assessment, so toxicities due to sunitinib would be less likely
to affect PROs at these timepoints than when the patient was receiving daily sunitinib. The
different intervals between treatment groups from when the last dose was received to when
PROs were assessed is also in line with the disparate half-lives of the different regimens.
8.9.32 Therefore, we believe that any potential bias introduced by the timing of the latest dose
relative to when PROs were assessed was balanced between treatment groups. Several PRO
measures were collected at different timepoints and multiplicity could be an issue; hence, we
used repeated-measures analyses to adjust for this difference over time. Furthermore, in the
association analyses, since a single hypothesis was not being tested, but rather several
hypotheses about PRO measures explored individually, issues with multiplicity did not arise
with regards to those individual hypotheses. However, we still proceeded with caution when
drawing a single general conclusion about the association between PROs and the endpoints
of interest when any of the multiple tests of the individual PRO measures are used as
evidence of this general association between PRO and the endpoints.

Another limitation is the progressive decrease in the number of patients with PRO data
throughout the trial. This decrease is because patients who discontinued treatment (mainly
triggered by disease progression) had only two follow-up visits, after which all PRO
assessments were discontinued except for EQ-5D-3L. The absence of PRO data after
treatment discontinuation is a well-established drawback of clinical studies that incorporate
PROs as secondary endpoints. Although collection of PRO data after treatment
discontinuation could provide valuable insight into disease progression and HRQoL,
subsequent treatments taken after discontinuation of study drug would make the
interpretation of results challenging. The estimand for our change from baseline analysis is
the so-called de jure estimand and corresponds to the while-on-treatment strategy. This
approach means that we investigated the population-average effect, assuming all patients
remained on the initial randomised treatment throughout the trial.33 Our sensitivity analysis
with PMM, which assumed that missing data were not missing at random, partly addressed
the concern regarding the small number of patients still on treatment by week 103. By
contrast, the time-to-deterioration analysis included all available assessments, including the
two follow-up visits that took place after discontinuation of the study drug and therefore
reflected the PRO scores beyond treatment discontinuation.

In conclusion, these PROs of HRQoL assessments from the primary analysis CheckMate
214 show that nivolumab plus ipilimumab combination treatment was associated with
sustained improvement in all HRQoL measures compared with sunitinib monotherapy in
previously untreated patients at intermediate or poor risk with advanced renal cell
carcinoma. These results lend further support to the benefit-risk profile of nivolumab plus
ipilimumab over sunitinib as a new standard of care for first-line, advanced renal cell
carcinoma. Extended follow-up of CheckMate 214 is ongoing to further substantiate the
long-term benefits of nivolumab plus ipilimuab in this setting.
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Research in context
Evidence before this study

We searched PubMed for publications, with no restrictions on article type or language,
from database inception until July 20, 2018, using the search terms “nivolumab”,
“nivolumab AND ipilimumab”, “renal cell carcinoma”, “RCC”, “kidney cancer”,
“advanced and metastatic RCC”, “advanced and metastatic renal cell carcinoma”,
“health-related quality of life”, “HRQoL”, “overall survival”, “FKSI-DRS”, “FACT-G”,
and “EQ-5D”, with specific attention to randomised phase 3 trials with any of the
following comparators: cabozantinib, mTOR inhibitors (everolimus, temsirolimus),
VEGF inhibitors (sunitinib, sorafenib, bevacizumab, axitinib, pazopanib), or immuno-
oncology therapeutics. The only randomised, open-label, phase 3 trial we found in first-
line therapy was CheckMate 214, which compared nivolumab plus ipilimumab with
sunitinib in patients with previously untreated, advanced or metastatic renal cell
carcinoma. We manually searched recent clinical practice guidelines and conference
presentations in the field and identified several studies that investigated other therapies
for first-line treatment of advanced or metastatic renal cell carcinoma. The phase 3
COMPARCZ trial established sunitinib and pazopanib as standards of care for advanced
renal cell carcinoma regardless of patient risk group. Other options for first-line therapy
in patients at poor risk are tivozanib (in Europe but not the USA) and temsirolimus, but
they are used less often than pazopanib and sunitinib in clinical practice. With the
exception of temsirolimus, health-related quality of life (HRQoL) data were collected for
each of these drugs in their respective phase 3 trials. Finally, cabozantinib is approved by
the US Food and Drug Administration (FDA) for first-line treatment of advanced renal
cell carcinoma regardless of risk category and by the European Medicines Agency for
first-line treatment of patients at intermediate or poor risk based on the results of the
phase 2 CABOSUN trial, which did not collect HRQoL data.

Added value of this study

The efficacy results from CheckMate 214 showed that the risk of death was significantly
lower among patients with intermediate or poor risk advanced renal cell carcinoma with
nivolumab plus ipilimumab than with sunitinib, and the proportion of patients with an
objective response was significantly higher with nivolumab plus ipilimumab than with
sunitinib. Progression-free survival among these patients was longer with nivolumab plus
ipilimumab than with sunitinib, but did not meet the pre-specified boundary for statistical
significance. Patient-reported outcomes (PROSs) collected using the unctional Assessment
of Cancer Therapy Kidney Symptom Index-19 (FKSI-19), Functional Assessment of
Cancer Therapy-General (FACT-G), and EuroQol five dimensional three level
(EQ-5D-3L) instruments as exploratory endpoints show that nivolumab plus ipilimumab
maintained high HRQoL and low symptom burden throughout the trial. Regardless of the
PRO instrument and analysis, all PRO-related findings consistently favoured nivolumab
plus ipilimumab over sunitinib. HRQoL data contribute to the overall benefit-risk profile
of a therapy. In this case, despite more patients discontinuing treatment with nivolumab
plus ipilimumab than with sunitinib because of drug-related adverse events, nivolumab
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plus ipilimumab had a more favourable effect on HRQoL than sunitinib did, suggesting a
positive overall risk-benefit profile for the combination treatment.

Implications of all the available evidence

PROs from the CheckMate 214 trial imply that nivolumab plus ipilmumab is associated
with improved HRQoL in patients at intermediate or poor risk with advanced renal cell
carcinoma compared with sunitinib. On the basis of the CheckMate 214 primary efficacy
and safety results, in April, 2018, the US FDA approved the combination of nivolumab
plus ipilimumab as first-line therapy for treatment-naive patients at intermediate or poor
risk with advanced renal cell carcinoma, establishing a new standard of care in this
setting. In March, 2018, the European Association of Urology updated their guidelines to
recommend the use of nivolumab plus ipilimumab as first-line therapy in this patient
population, and the combination has also been added as a category 1 preferred
recommendation for patients at intermediate and poor risk as first-line treatment in the
2018 version 4 National Comprehensive Cancer Network guidelines for kidney cancer.
Furthermore, on Jan 11, 2019, the European Medicines Agency approved nivolumab in
combination with ipilimumab for first-line treatment of patients with intermediate or poor
risk advanced renal cell carcinoma.
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Cycle1 Cycle2 Cycle3 Cycle 4 Cycle5 Cycle 6+ Follow-up | Follow-up
visit1 visit 2

Studyweek(1 2 3 4 5 6|7 8 9 10 11 12|13 14 15 16 17 18|19 20 21 22 23 24|25 26 27 28 29 30|31 32 33 34 35 36

plus ipili group Induction ph » < intenance phase »
Nivolumab plus ipilimumab | v v v v
Nivolumab 4 v v v v v v v v 4 v v
Sunitinib group
Sunitinib | V' | /| V|V AR4ARaKa ACAKAE4 ACAKARA 4AK4AKAx4 4424
PRO collection | X X X X X X X X X X X X

Figure 1: Schedule of treatment and PRO assessments
Participants assigned to nivolumab plus ipilimumab were given nivolumab and ipilimumab

once every 3 weeks for four doses over two cycles (induction phase), followed by nivolumab
monotherapy for the remainder of treatment (maintenance phase). Participants assigned to
sunitinib were given sunitinib once daily for 4 weeks on and 2 weeks off. Treatment was
continued until disease progression or unacceptable toxicity. Follow-up visit one was 30
days (or within 7 days before or after this timepoint) from the last dose, or on the date of
discontinuation (or within 7 days before or after this timepoint) if discontinuation was more
than 37 days after the last dose. Follow-up visit two was 84 days (or within 7 days before or
after this timepoint) after follow-up visit one. During follow-up, administration of
EQ-5D-3L was additionally scheduled every 3 months for the first 12 months and every 6
months thereafter. PRO=patient-reported outcome. EQ-5D-3L=EuroQol five dimensional
three level.
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1390 patients assessed for eligibility

294 excluded

> 240 did not meet inclusion criteria
24 withdrew consent
30 other reasons

‘ 1096 participants enrolled and randomly assigned ‘

v

550 assigned to nivolumab plus ipilimumab
425 intermediate or poor risk
125 favourable risk

3 did not receive drug
1 requested to discontinue treatment
> -
1withdrew consent
1 no longer met study criteria

547 received study drug
423 intermediate or poor risk
124 favourable risk

419 discontinued intervention
229 disease progression
Y 134 toxic side-effects of drug
32 adverse event unrelated to drug
23 other
1lost to follow-up

128 on treatment at data cutoff
103 intermediate or poor risk
25 favourable risk

550 analysed for efficacy
425 intermediate or poor risk
(PRO assessment)

547 analysed for safety
423 intermediate or poor risk

v

546 assigned to sunitinib
422 intermediate or poor risk
124 favourable risk

11did not receive drug
> 6 withdrew consent
2 requested to discontinue treatment
2 poor compliance or non-compliance
1disease progression
4
535 received study drug
416 intermediate or poor risk ~ feesemmmceeee e
119 favourable risk

438 discontinued intervention
296 disease progression
63 toxic side-effects of drug
31 adverse event unrelated to drug
46 other
2 lost to follow-up

97 on treatment at data cutoff
57 intermediate or poor risk
40 favourable risk

546 analysed for efficacy
422 intermediate or poor risk
(PRO assessment)

535 analysed for safety
416 intermediate or poor risk

Figure2: Trial profile
PRO=patient-reported outcome.
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A FKSI-19 total score
7- ~@- Nivolumab plus ipilimumab §
6 -~ Sunitinib R i

2 i

Worse  Better

T S e oo o O et I o s JE Ea i el P v
Baseline 4 7 10 13 17 19 23 25 31 37 43 49 55 61 67 73 79 85 91 97 103

Number at risk
Nivolumab plus ipilimumab 355 332 292 258 222 224196 207194 176 151148 139 116 124 116 111109 83 66 47
Sunitinib 354 344 324 281 237 227 187 200166 143 127 111103 95 85 81 63 59 51 37 24

B FACT-G total score
8

«— —

Baseline 4 7 10 13 17 19 23 25 31 37 43 49 95 61 67 73 79 85 91 67103
Numberat risk
Nivolumab plus pilimumaly 352 320 288 257 223 223 195 206 186 172 150 143 136117 120 112 110 108 82 64 47
Sunitinib 356 343 325 281 235 228 185 199 164 145126 112103 91 86 81 64 58 49 35 23

C EQ-5D-3LVAS
16+

Number at risk
Nivolumab plus ipilimumab 343 319 286 256 219 224 194 204189 173148 144 139 116 121116 112 107 82 64 47
Sunitinib 351 333 317 275 233 221185198 161 143124 112104 94 86 82 63 59 50 37 24

D EQ-5D-3LUK utility index
0154

010
005

o T

«—
Worse  Better

-0-05+
-0-10-
-015-
T T T
Baseline 4 7 10 13 17 19 23 25 31 37 43 49 55 61 67 73 79 85 91 97103
Numberat risk Stidjweek

Nivolumab plus ipilimumab 355 329 294 260 225 229 198 208194 177 151146 139 118 124 117 113109 85 66 47
Sunitinib 357 344 328 278 235 227 189 202 167 144 126 114 105 96 88 83 64 60 52 38 25

Figure 3: Mean change from baseline FK SI-19 total score (A), FACT-G total score (B),
EQ-5D-3L VAS(C), and EQ-5D-3L UK utility index (D) in participantswith intermediate or
poor risk

Data points are least-squares mean change from baseline, and error bars are standard errors

and are from mixed-model repeated measures analysis. Mean change from baseline figures
for FKSI-19 and FACT-G individual domains are in the appendix (pp 10-11). The number of
patients at each timepoint are those with a non-missing score with an evaluable
questionnaire. EQ-5D-3L=EuroQoL five dimension three level. FKSI-19=functional
assessment of cancer therapy-kidney symptom index-19. FACT-G=functional assessment of
cancer therapy-general. VAS=visual analogue scale. *Significant difference between
treatment groups (p<0.05). tSignificant difference between treatment groups (p<0.001).
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Nivolumab plus ipilimumab (n=425) vs sunitinib (n=422)

Numberofevents  Mediantime to deterioration (95% Cl), months Hazard ratio (95% Cl)

A

FKSI-19

Total 289vs341 217 (1-87-2-89) vs 0-95 (0-85-1-02) — 0-54 (0-46-0-63)
DRS 269 vs290 3-09 (2:79-4-37) vs 1:51 (1-41-2-10) — 0-66 (0-56-0-78)
DRS-P 248 vs 295 4-40 (3-02-5:59) vs 1-54 (1-41-2-14) I a— 0-58 (0-48-0-69)
FWB 294 vs300 2:20 (1-68-2-83) vs 1:41 (1-02-1.54) S — 077 (0-66-0-91)
DRS-E 161vs161 26:38 (16-82-NE) vs 21-91 (11-07-NE) - 0-90 (0-72-1-12)
TSE 313vs359 210 (1-68-223) vs 0-82 (0-82-0-89) - = 0-45 (0-38-0-53)

r T T T T —!

B

FACT-G

Total 227vs265 559 (4-27-9-73) vs 217 (1.77-2-86) —_—— 0-63 (0-52-0-75)
PWB 258 vs 317 3-81(2-92-4-90) vs 1-05 (0-95-1-45) —_—— 0-51 (0-43-0-60)
EWB 165 vs 174 NRvs 1623 (8-31-23-56) - = 0-83 (0-67-1-03)
SWB 210vs196 8:35 (5:52-12-91) vs 6.93 (4-40-15-24) - w 0-97 (0-80-1-19)
FWB 237vs257 519 (3:75-6-80) vs 2-33 (2-10-3-68) — = 073 (0-61-0-88)

r T T T T T L]
0-4 05 0.6 07 08 09 10 12
+— —>

Favours nivolumab plus ipilimumab

Favours sunitinib

Figure4: Timeto deterioration in total and domain scoresfor FKSI-19 (A) and FACT-G (B)
instruments among participantswith intermediate or poor risk in the CheckM ate 214 trial

Data points are hazard ratios and error bars are 95% ClIs. A clinically meaningful
deterioration was defined as a decrease of at least one threshold unit compared with
baseline; threshold values are in the appendix (p 7). FKSI-19=functional assessment of
cancer therapy-kidney symptom index-19. DRS=disease-related symptoms. DRS-P=disease-
related symptoms-physical. FWB=functional wellbeing. DRS-E=disease-related symptoms-
emotional. NE=not estimable. TSE=treatment side-effects. FACT-G=functional assessment
of cancer therapy-general. PWB=physical wellbeing. EWB=emotional wellbeing. NR=not

reached. SWB=social and family wellbeing.
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Number of Overall survival Hazard ratio Number of Progression-free survival Hazard ratio
events (95% Cl) events (95%Cl)

A

FKSI-19 (n=847)

Total 325 - 0-85 (0-83-0-87) 453 - 0-90 (0-88-0-93)
DRS 325 —a 073 (0-69-0.76) 453 —. 0-80 (0-76-0-84)
DRS-P 325 —a— 072 (0-68-0-76) 453 —— 0-80 (0-76-0-84)
DRS-E 324 —_—— 0-86 (0.79-0-93) 452 — 0-87 (0-80-0-94)
TSE 325 —— 0-87(0-83-0-92) 453 —a— 0-91(0-87-0-95)
FWB 325 —— 0-86 (0-83-0-89) 453 —— 0-93 (0:90-0-96)

r T T T T T T 1 TT T T T T T 1

B

FACT-G (n=847)

Total 319 I 0-82(0.79-0-86) 449 P 0-88 (0-85-0-92)
PWB 323 —- 074 (071-0.78) 452 — 0-84 (0-80-0-88)
EWB 324 — 0-82 (077-0-88) 452 — 0-86 (0-81-0-91)
SWB 322 — 101 (0-95-107) 450 — - 0-98 (0-93-1-03)
FWB 324 —— 0-80(0.76-0-84) 452 —a— 0-89 (0-85-0-93)

0-‘65 0‘-7 0-‘75 0!8 0-‘85 I 0-!5)5 1.0 l-(I')S O-IGS 0!7 O-I7S 0!8 O-ISS I 0-55 10 1-55
+“— —> “— —>
Decreased risk Increased risk Decreased risk of disease  Increased risk of disease
of death of death progression or death progression or death

Figure 5: Association between changein total and domain scores and overall and progression-
free survival for FKSI-19 (A) and FACT-G (B) questionnaires among participants with

intermediate or poor risk in the CheckMate 214 trial
Data are from Cox regression analysis. Hazard ratios correspond to a 1-point increment in

FKSI-19 DRS-E, TSE, and FWB scores; a 3-point increment in the FKSI-19 total and DRS,
and FACT-G PWB, FWB, EWB, and SWB scores; a 4-point increment in FKSI-19 DRS-E
score; and a 7-point increment in FACT-G total score (appendix). FKSI-19=functional
assessment of cancer therapy-kidney symptom index-19. DRS=disease-related symptoms.
DRS-P=disease-related symptoms-physical. DRS-E=disease-related symptoms-emaotional.
TSE-treatment side-effects. FWB=functional wellbeing. FACT-G=functional assessment of
cancer therapy-general. PWB=physical wellbeing. EWB=emotional wellbeing. SWB=social

and family wellbeing.
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Intention-to-treat population

Nivolumab plusipilimumab

Sunitinib (n=546)

Patients at intermediate or poor risk

Nivolumab plusipilimumab

Sunitinib (n=422)

(n=550) (n=425)
Age, years
Median 62 (55-68) 62 (55-68) 62 (54-68) 61 (54-67)
Sex
Male 413 (75%) 395 (72%) 314 (74%) 301 (71%)
Female 137 (25%) 151 (28%) 111 (26%) 121 (29%)
IMDC risk group
Favourable 125 (23%) 124 (23%) 0 0
Intermediate 334 (61%) 333 (61%) 334 (79%) 333 (79%)
Poor 91 (17%) 89 (16%) 91 (21%) 89 (21%)
Geographical region
USA 154 (28%) 153 (28%) 112 (26%) 111 (26%)
Europe and Canada 201 (37%) 199 (36%) 148 (35%) 146 (35%)
Rest of the world 195 (35%) 194 (36%) 165 (39%) 165 (39%)
Quantifiable tumour PD-L 1 expression *
<1% 386/499 (77%) 376/503 (75%) 284/384 (74%) 278/392 (71%)
>1% 113/499 (23%) 127/503 (25%) 100/384 (26%) 114/392 (29%)
Most common sites of metastasis
Lung 381 (69%) 373 (68%) 294 (69%) 296 (70%)
Lymph node 246 (45%) 268 (49%) 190(45%) 216 (51%)
Bone’ 112 (20%) 119 (22%) 95 (22%) 97 (23%)
Liver 99 (18%) 107 (20%) 88 (21%) 89 (21%)
Previous nephrectomy
Yes 453 (82%) 437 (80%) 341 (80%) 319 (76%)
No 97 (18%) 109 (20%) 84 (20%) 103 (24%)
Number of siteswith target or non-target lesions?
1 123 (22%) 118 (22%) 90 (21%) 84 (20%)
>2 427 (78%) 427 (78%) 335 (79%) 337(80%)

Data are median (IQR), n (%), or n/N (%).

*
Quoted as number divided by total number with evaluable data.

flncludes patients who had bone metastases with or without a soft-tissue component.

¢Number of target or non-target lesions at baseline were not reported for one patient in the sunitinib group.

IMDC-=International Metastatic Renal Cell Carcinoma Database Consortium. PD-L1=programmed cell death ligand-1.
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Table 2:

Baseline HRQoL cores for all randomised participants at intermediate or poor risk

Scoreranges  Nivolumab plusipilimumab group (n=425)  Sunitinib group (n=422)

FSKI-19

Total score  0-76 60.07 (9.81) 59.05 (10.43)
DRS 0-36 30.74 (4.46) 3013 (5.12)
DRS-P 0-48 38.97 (6.28) 38.30 (6.91)
DRS-E 0-4 2.17 (1.26) 2.05 (1.34)
TSE 0-12 11.22 (1.34) 11.21 (1.34)
FWB 0-12 7.75 (3.35) 7.49 (3.43)
FACT-G

Total score  0-108 82.58 (15.04) 80.46 (15.79)
PWB 0-28 23.48 (4.71) 23.35 (4.87)
FWB 0-28 18.75 (6.44) 18.14 (6.66)
EWB 0-24 17.56 (4.37) 16.72 (4.71)
SWB 0-28 22.78 (5.27) 22.29 (5.28)
EQ-5D-3L

VAS 0-100 70.45 (25.14) 69.61 (26.71)
Utility index  0-1 0.77 (0.25) 0.78 (0.25)

Data are mean (SD). Higher scores indicate better HRQoL (for FACT-G and FKSI-19), fewer symptoms (for FKSI-19), and better health status
(EQ-5D-3L). EQ-5D-3L=EuroQoL five dimension three level. HRQoL=health-related quality of life. FKSI-19=functional assessment of cancer
therapy-kidney symptom index. DRS=disease-related symptoms. DRS-P=disease-related symptoms physical. DRS-E=disease-related symptoms
emotional. TSE=treatment side-effects. FWB=functional wellbeing. FACT-G=functional assessment of cancer therapy-general. PWB=physical
wellbeing. EWB=emotional wellbeing. SWB=social and family wellbeing. VAS=visual analogue rating scale.
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