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ABSTRACT
◥

Purpose: Patients discontinuing immuno-oncology regimens
may experience periods of disease control without need for
ongoing anticancer therapy, but toxicity may persist. We describe
treatment-free survival (TFS), with and without toxicity.

Patients and Methods: Data were analyzed from the
randomized phase III CheckMate 214 trial of nivolumab
plus ipilimumab (n ¼ 550) versus sunitinib (n ¼ 546) for
treatment-na€�ve, advanced renal cell carcinoma (aRCC). TFS
was estimated by the 42-month restricted mean times defined
by the area between Kaplan–Meier curves for two time-to-event
endpoints defined from randomization: time to protocol therapy
cessation and time to subsequent systemic therapy initiation or
death. TFS was subdivided as TFS with and without toxicity by
counting days with ≥1 grade ≥3 treatment-related adverse event
(TRAE).

Results: At 42 months since randomization, 52% of nivolumab
plus ipilimumab and 39% of sunitinib intermediate/poor-risk
patients were alive; 18% and 5% surviving treatment-free, respec-
tively. Among favorable-risk patients, 70% and 73% of nivolumab
plus ipilimumab and sunitinib patients were alive; 20% and 9%
treatment-free. Over the 42-month period, mean TFS was over twice
as long after nivolumab plus ipilimumab than sunitinib for inter-
mediate/poor-risk (6.9 vs. 3.1 months) and three times as long for
favorable-risk patients (11.0 vs. 3.7months).MeanTFSwith grade≥3
TRAEs was a small proportion of time for both treatments (0.6 vs.
0.3 months after nivolumab plus ipilimumab vs. sunitinib for inter-
mediate/poor-risk, and 0.9 vs. 0.3months for favorable-risk patients).

Conclusions: Patients initiating first-line nivolumab plus ipili-
mumab for aRCC spent more survival time treatment-free without
toxicity versus those on sunitinib, regardless of risk group.

Introduction
Immune checkpoint inhibitors (ICI) produce unique patterns of

antitumor response and toxicity (1–3) as compared with targeted
therapy–based regimens. While patients discontinuing ICIs may
experience periods of durable disease control without the need for
subsequent systemic therapy, treatment-related adverse events
(TRAE) may also persist beyond or emerge after ICI discontinuation.
Too often, investigators focus data presentations on positive treatment
outcomes (e.g., duration of response) that occur after treatment

initiation in a subset of patients. We recently proposed a novel
outcome—treatment-free survival (TFS)—to characterize the antitu-
mor activity and the toxicity experienced during the period after
ending ICI therapy until starting subsequent systemic therapy, or
death, for the entire trial cohort (4). The outcome was developed in the
setting of comparing ICIs as monotherapy or in combination in two
randomized double-blind trials. In our previous analyses in advanced
melanoma based on the CheckMate 067 and CheckMate 069 trials,
TFS in the nivolumab plus ipilimumab group was greater than with
either nivolumab or ipilimumab alone (5, 6).
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TFS has been analyzed as part of an integrated summary of how
overall survival (OS) time is spent for all patients from the start of trial-
assigned first-line therapy (4). The motivation to include all patients
was to avoid overemphasizing a selected subgroup of patients who
fared extremely well, by examining a time horizon starting at the initial
clinical decision point about first-line therapy. The analysis incorpo-
rated occurrence of side effects and/or persistence after cessation of
initial therapy to balance therapeutic efficacy and toxicity.

In advanced renal cell carcinoma (aRCC), the approvals of dual
immuno-oncology (IO) combinations and IO-VEGF–targeted thera-
py combinations offer multiple choices for first-line therapy, creating
a need to understand how patients spend survival time after initiation
of these regimens (7). Results from the randomized phase III Check-
Mate 214 trial in previously untreated, predominantly clear cell
aRCC showed OS to be significantly longer with nivolumab plus
ipilimumab than with sunitinib among patients with International
Metastatic Renal Cell CarcinomaDatabase Consortium (IMDC; ref. 8)
intermediate or poor prognostic risk (9). The OS improvement
persisted with longer follow-up (10, 11). After a minimum follow-
up of 42months (10), 52% and 39% of intermediate/poor-risk patients
were alive in the nivolumab plus ipilimumab and sunitinib groups,
respectively. Patients with favorable-risk aRCC had 70% and 73% 42-
month OS probability with nivolumab plus ipilimumab and sunitinib,
respectively. TRAEs leading to treatment discontinuation were more
frequent with nivolumab plus ipilimumab versus sunitinib, occurring
in 22%and 13%of patients, respectively (10); however, nivolumab plus
ipilimumab was associated with better health-related quality of life
(HRQoL) throughout treatment (12, 13).

We estimated TFS in the CheckMate 214 trial, providing the first
analysis of this novel outcome in a trial comparing a dual IO regimen
with a targeted therapy. This investigation of CheckMate 214 meth-
odologically extends our previous work (4) to also characterize toxicity
during protocol therapy. With analysis of all IMDC risk cohorts, we
gain insight about TFS as a part of assessing efficacy and toxicity
tradeoffs in different prognostic scenarios of OS benefit and move
closer to the creation of an outcome that can further inform clinical
decision-making.

Patients and Methods
The study population comprised patients enrolled in the random-

ized phase III CheckMate 214 trial of nivolumab plus ipilimumab

versus sunitinib for treatment-na€�ve, predominantly clear cell aRCC
(ClinicalTrials.gov, NCT02231749). A total of 1,096 patients were
randomly assigned in a 1:1 ratio to receive either unblinded nivolumab
(3 mg/kg of body weight) plus ipilimumab (1 mg/kg) intravenously
every 3 weeks for four doses, followed by nivolumab (3 mg/kg) every
2 weeks, or sunitinib (50 mg) orally once daily for 4 weeks of each
6-week cycle. Protocol treatment was continued until occurrence of
progressive disease or unacceptable toxicity; a protocol amendment in
2017 after primary data disclosure allowed discontinuation of nivo-
lumab plus ipilimumab after 2 years of therapy without progression or
toxicity. Subsequent therapies after therapy discontinuation were
noted, apart from cases of withdrawn consent. Most patients enrolled
(77%; 847/1,096) had IMDC intermediate- or poor-risk disease. The
minimum follow-up from treatment initiation for this analysis was
42 months (10).

The analysis included all randomized patients (550 received nivo-
lumab plus ipilimumab and 546 received sunitinib). We estimated the
distributions of time-to-event endpoints, each defined from random-
ization, by the Kaplan–Meier method. The median time-to-event as a
summary captures only one point of the endpoint distribution, and
thus is not a suitable measure for estimating the TFS outcome of
interest. Instead, for this analysis we estimated restricted mean times
for endpoints, which equates to areas under the Kaplan–Meier curves
restricted to follow-up through 42months. As described previously (4),
TFS was defined as the time between two time-to-event endpoints:
time to protocol therapy cessation and time to subsequent therapy
initiation or death. These endpoints partition survival time (the area
under the OS curve) into three states (Fig. 1): time on protocol
therapy, TFS, and survival after subsequent therapy initiation. Each
survival state was characterized as an area between Kaplan–Meier
curves, and estimated as differences between 42-month restricted
mean times.

TFS and time on protocol therapy were further partitioned into
survival states with and without toxicity. We investigated two defini-
tions of TRAE: grade ≥2 or grade ≥3, each assessed per National
Cancer Institute Common Terminology Criteria for Adverse Events
version 4. We examined TRAEs reported between randomization and
start of subsequent therapy and counted the number of unique days
with one ormore TRAEs reported during the relevant period. Figure 1
and the Supplementary Material provide more detail on survival state
definitions.

Between-group comparisons were based on the between-group
absolute differences in 42-month restricted mean times with boot-
strapped 95% confidence intervals (CI), also expressed as relative
differences (nivolumab plus ipilimumab/sunitinib) in mean times.

The CheckMate 214 trial was approved by the institutional review
board or ethics committee at each site and was conducted according to
Good Clinical Practice guidelines, defined by the International Con-
ference on Harmonisation. All patients provided written informed
consent that was based on the Declaration of Helsinki principles.

Data availability statement
Bristol Myers Squibb’s policy on data sharing may be found at

https://www.bms.com/researchers-and-partners/independent-research/
data-sharing-request-process.html.

Results
Among the 847 patients with IMDC intermediate or poor prog-

nostic risk aRCC, theKaplan–Meier estimates ofOS at 42months since
randomization were 52% of nivolumab plus ipilimumab and 39% of

Translational Relevance

We documented longer treatment-free survival (TFS) with
nivolumab plus ipilimumab versus sunitinib in CheckMate 214.
After accounting for the possibility that toxicity of immune check-
point inhibitors (ICI) persisted or arose after discontinuation,
nivolumab provided longer TFSwithout toxicity. Given the durable
response and survival with ICI–ICI combination relative to VEGF
receptor tyrosine kinase inhibitor–targeted therapy, this integrated
analysis of CheckMate 214 demonstrated the value of describing
the quality of survival time as a part of comparing their value and
provided additional insight for individual decision-making about
initiation of first-line therapy for advanced renal cell carcinoma.
Clinical trials investigating ICI agents should assess TFS to
describe quality of survival time for clinical decision-making
when initiating therapy.
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sunitinib patients—31% and 9% were free of subsequent therapy, and
14% and 4.1% remained on their assigned protocol therapy, respec-
tively (Supplementary Fig. S1). The probabilities of being treatment-
free at 42 months were 18% and 4.9%, respectively (Supplementary
Table S1). Supplementary Fig. S2 depicts the observed individual
treatment-free intervals using graphical patient histories, with the
x-axis origin reoriented as the end of protocol therapy, with patients
sorted by treatment-free duration. With follow-up time restricted to
42 months since randomization, the mean OS and TFS were longer
with nivolumab plus ipilimumab than with sunitinib (Fig. 2). The 42-
month mean TFS was 6.9 months with nivolumab plus ipilimumab
versus 3.1 months with sunitinib [difference, 3.7months (95%CI, 2.5–
5.0)]. This difference resulted from a 7.1-month longer mean time
from randomization to subsequent therapy initiation or death (21.0 vs.
13.9months; Supplementary Fig. S1), and despite longermean time on
protocol therapy.

The 42-month mean TFS without toxicity remained more than
twice as long with nivolumab plus ipilimumab than with sunitinib on
the basis of either definition of toxicity [TFS without grade ≥3 TRAEs:
difference, 3.4 months (95% CI, 2.2–4.6); TFS without grade ≥2
TRAEs: difference, 2.4 months (95% CI, 1.4–3.4); Fig. 2]. Grade ≥2
TRAEs that persisted or were newly reported after protocol therapy
cessation resulted in 42-month mean TFS with toxicity of 3.0 versus
1.6 months after nivolumab plus ipilimumab versus sunitinib therapy,
respectively. The 42-month mean TFS with grade ≥3 TRAEs was
<1 month for both treatment groups.

Among the 249 patients with IMDC favorable prognostic risk,
70.1% of nivolumab plus ipilimumab and 73% of sunitinib patients
were alive, and 29% and 24% were free of subsequent therapy
initiation, with 9.6% and 15% remaining on protocol therapy; thus,
19.5% and 8.8% were treatment-free, respectively, at 42 months since
randomization (Supplementary Fig. S1). For favorable-risk patients,
the pattern of how survival time was spent differed between treatment
groups (Fig. 3). The 42-month mean TFS was approximately three
times longer with nivolumab plus ipilimumab than with sunitinib

[11.0 vs. 3.7 months; difference, 7.3 months (95% CI, 4.6–10.0)].
The difference in TFS resulted from shorter mean protocol therapy
duration for the nivolumab plus ipilimumab group (14.0 vs.
20.2 months, respectively) and similar mean time from randomization
to subsequent therapy initiation or death (Supplementary Fig. S1) over
the 42-month period.

Although the mean TFS with grade ≥2 TRAEs was longer with
nivolumab plus ipilimumab versus sunitinib (4.1 vs. 1.4 months,
respectively; Fig. 3), the mean TFS without toxicity remained three
times longer with nivolumab plus ipilimumab [6.9 vs. 2.3 months;
difference, 4.6 months (95% CI, 2.2–7.0)]. TFS with grade ≥3 TRAEs
was 0.9 month for the nivolumab plus ipilimumab group and
0.3 month for the sunitinib group on average. During nivolumab plus
ipilimumab treatment, favorable-risk patients spent an average of 5.2
and 8.8months with andwithout grade ≥2 TRAEs, respectively, versus
mean times of 13.7 and 6.5 months during sunitinib treatment with
and without grade ≥2 TRAEs. The mean times on protocol therapy
with grade ≥3 TRAEs were 0.9 and 2.8 months with nivolumab plus
ipilimumab versus sunitinib, respectively.

Results for the overall intent-to-treat population were similar to
those of the intermediate/poor-risk population (Fig. 4). Themean TFS
was 4.6 months longer (95% CI, 3.4–5.7) over the 42-month period
with nivolumab plus ipilimumab versus sunitinib (7.8 vs. 3.3 months;
Supplementary Fig. S3). Mean TFS without toxicity remained more
than twice as long with nivolumab plus ipilimumab than with
sunitinib.

Discussion
The novel TFS outcome complements OS, progression-free surviv-

al, and other outcomes that might impact clinical decision-making
with an integrated summary of how OS time is spent. The TFS
analysis describes the experience of an entire clinical trial popula-
tion from the point of treatment initiation. This approach can aid
decision-making prior to any knowledge about an individual
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Characterizing how patients spent OS time: schematic illustration defining endpoints that partition area under the OS curve into TFS and other survival states. Areas
under and between Kaplan–Meier curves are restricted mean times. The probability of surviving treatment-free (i.e., in TFS) at 42 months from randomization was
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Figure 2.

Estimates of TFS, with andwithout toxicity, and other survival states over the 42-month period since randomization, according to treatment group, among 847 IMDC
intermediate- and poor-risk patients. Toxicity is defined alternatively by grade ≥3 TRAEs (A) and grade ≥2 TRAEs (B). NIVOþIPI, nivolumab plus ipilimumab;
Rx, therapy; SUN, sunitinib.
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Figure 3.

Estimates of TFS, with and without toxicity, and other survival states over the 42-month period since randomization, according to treatment group, among IMDC
favorable-risk patients. Toxicity is defined alternatively by grade ≥3 TRAEs (A) and grade ≥2 TRAEs (B). NIVOþIPI, nivolumab plus ipilimumab; Rx, therapy;
SUN, sunitinib.
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patient’s tolerance and tumor responsiveness to therapy. It is in
direct contrast to analyses focusing on selected patient subgroups
that emerge after therapy has been initiated, such as responders.
Such analyses may inform later decision-making, for example about
continuation or discontinuation of therapy if a patient experiences
complete response (15).

We observed clinically meaningful TFS among patients with aRCC
receiving first-line therapy with nivolumab plus ipilimumab in Check-
Mate 214, regardless of IMDC prognostic risk. In patients with IMDC
intermediate or poor prognostic risk, nivolumab plus ipilimumab
provided significantly longer survival than sunitinib (10). The overall
42-month mean TFS was more than doubled after nivolumab plus
ipilimumab versus sunitinib, despite longer mean protocol treatment
duration, because of delayed time to initiating subsequent therapy for
nivolumab plus ipilimumab versus sunitinib. This increase in TFS was
accomplished without increasing toxicity. The mean protocol treat-
ment time with grade ≥2 TRAEs as a proportion of total therapy
duration was less with nivolumab plus ipilimumab than with sunitinib
(40% vs. 59%).

Nivolumab plus ipilimumab is approved by the FDA for treatment
of intermediate/poor-risk patients; the trial was not designed to
demonstrate improvements in outcomes in the favorable-risk
patients (9, 16).While OS was similar in patients with IMDC favorable
prognostic risk who were treated with nivolumab plus ipilimumab
versus sunitinib, the patterns of how patients spent OS were notably
different. At 42 months, 20% and 9% of nivolumab plus ipilimumab
and sunitinib-treated patients were treatment-free, respectively. Over
the 42months, sunitinib patients spentmore time on protocol therapy,
and on average, approximately two thirds of that time with grade ≥2
TRAEs (14% of that time with grade ≥3 TRAEs). In contrast, nivo-
lumab plus ipilimumab patients spent more time treatment-free, and

approximately two thirds of that TFS time without grade ≥2 TRAEs. In
this patient subgroup, by definition with minimal symptoms of
their cancer, the tradeoffs of time on therapy and AEs of the therapy
as well as their HRQoL implications are key features of decision-
making when initiating first-line therapy (17, 18). The HRQoL of
patients in CheckMate 214 was better throughout treatment with
nivolumab plus ipilimumab versus sunitinib, including domains of
disease-related symptoms, treatment side effects, and functional well-
being (12, 13). After discontinuation of protocol therapy inCheckMate
214, collection of HRQoL data was limited. Future trials should
continue HRQoL assessments that are sensitive to symptoms and side
effects to fully assess HRQoL after therapy discontinuation.

Whereas in advanced melanoma we investigated TFS in three ICI
regimens of nivolumab and ipilimumab in combination or as mono-
therapies, our analysis of TFS in patients with aRCC from the
CheckMate 214 trial compared an ICI combination with a targeted
therapy. Most patients treated with a VEGF-receptor tyrosine kinase
inhibitor (TKI) continue therapy until progression, and durable
response off-treatment is rare (7, 19, 20). This analysis of CheckMate
214 provides the first insight into interpreting TFS involving a non-ICI
control group, which is valuable in the context of TFS comparisons in
future trials involving IO and non-IO regimens. Combinations of an
ICI with VEGF-targeted therapy have been approved regardless of
IMDC risk (21–25), and have been similarly prescribed until progres-
sive disease or unacceptable toxicity. The comprehensive character-
ization of how OS time was spent with ICI/VEGF inhibitor regimens
may provide insight into whether these combinations can achieve
similar TFS results, or whether persistent VEGF suppression is
required to achieve durable disease control.

The estimatedmeanTFS of approximately 3months in the sunitinib
group may be longer than anticipated for patients’ transitions from
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first- to second-line therapy, indicating the possible presence of rare
patients with disease control after stopping VEGF-targeted therapy, or
regional therapy such as surgery or radiation required before initiating
subsequent systemic therapy. In addition, TFS represents the interval
between discontinuation of first-line therapy and death for patients
who may have been receiving supportive care but never received
second-line systemic anticancer therapy, whether because it was not
prescribed or not available. Therefore, a complete collection of data on
the initiation of any subsequent systemic anticancer therapy is critical
in future trials to most accurately assess TFS.

A TFS analysis can also be employed to capture how changing the
dose and schedule of established regimens may have differential
impact. The nivolumab plus ipilimumab induction dosing regimen
used in CheckMate 214 differed from that for patients with advanced
melanoma initiating nivolumab plus ipilimumab in the CheckMate
067 and CheckMate 069 trials (4). Both regimens were designed to be
given until progressive disease or unacceptable toxicity, and in both
protocols, patients who required discontinuation of nivolumab plus
ipilimumab induction treatment could not continue to nivolumab
maintenance therapy. The trial protocols did not initially anticipate
stopping therapy for clinical benefit, so the time on protocol therapy
was linked to treatment toxicity or efficacy and in turn to the start of the
TFS period. TRAE-related discontinuation of the aRCC nivolumab
plus ipilimumab regimen was about half as frequent as for the
melanoma regimen previously analyzed (5, 6, 10). In advanced
melanoma, nearly 40% of patients discontinued nivolumab plus
ipilimumab for TRAEs (5, 6), and mean TFS represented approx-
imately one third of the 36-month period since initiation of
therapy (4). The aRCC regimen was better tolerated, likely because
of a lower ipilimumab dose, with 22% of patients discontinuing
for TRAEs (10), and mean TFS was approximately 20% of the
42-month period since treatment initiation overall.

It is possible that future gains in TFS can be achieved by limiting
treatment duration of ICI-based combination therapy. Historically,
high-dose IL2 was administered during a finite period and could
achieve durable response in a subset of patients with aRCC (26, 27).
The CheckMate 214 results must be interpreted in the context of the
design to continue treatment until disease progression, and the
protocol-defined specifications for dose modification and treatment
discontinuation for each treatment group. Approximately half and
two thirds of patients in the nivolumab plus ipilimumab and
sunitinib groups, respectively, discontinued treatment for disease
progression, as did one third and one fifth for TRAEs or non-
TRAEs, respectively (10). Dose reductions were not permitted for
nivolumab plus ipilimumab, while sunitinib dose reductions were
allowed (9). Discontinuation of nivolumab plus ipilimumab after
2 years was infrequent, as it was allowed only after protocol
amendment (10), and treatment holidays were not allowed in either
treatment group. It is conceivable that many, if not all, patients who
were continuing to respond to nivolumab plus ipilimumab
could have had their treatment stopped at 2 years or even earlier,
perhaps adding considerable months to the TFS state. Combination
therapy regimens aim to achieve a durable response; doing so with a
shorter duration of therapy could be considered an objective unique
to ICI therapy, as it would not only increase TFS but also potentially
decrease the financial cost of treatment (28).

Differences in ICI and VEGF receptor TKI TRAE types, inci-
dence, and duration are well documented (7, 9–11, 17). The analysis
incorporated the number of days with TRAEs during protocol
therapy, as in the original Q-TWiST analysis (29, 30), and any
TRAEs that persisted after cessation or were newly reported during

TFS before initiation of second-line therapy. To estimate TFS
accurately with and without toxicity, TRAEs (or more generally,
events used to define toxicity days) should be followed until
resolution and collected between protocol therapy cessation and
initiation of subsequent systemic therapy, or death.

The fuller characterization of toxicity in the integrated analysis was
also motivated by the inclusion of patients with varied prognoses in
CheckMate 214. At 42 months since initiation of nivolumab plus
ipilimumab, 52% and 70% of patients in the intermediate/poor-risk
and favorable-risk cohorts, per IMDC prognostic risk criteria, were
alive, respectively (8, 10). It remains to be explored whether the IMDC
criteria, which were developed in context of VEGF-targeted therapy,
should be refined since the introduction of ICIs (31). Nevertheless,
IMDC risk groups provide a contrast of estimating TFS and protocol
therapy timewith andwithout toxicity in settingswith different clinical
decision-making (17).

In addition to longer OS demonstrated in intermediate/poor-risk
patients and the overall population of patients with aRCC initiating
first-line nivolumab plus ipilimumab (10), we documented longer TFS
with nivolumab plus ipilimumab versus sunitinib in all IMDC risk
groups. Even accounting for the possibility that toxicity of ICIs
persisted or arose after ICI discontinuation, nivolumab plus ipilimu-
mab provided longer TFS without toxicity. Given the durable response
and survival with ICI–ICI combination relative to VEGF receptor TKI
targeted therapy, this integrated analysis of CheckMate 214 demon-
strated the value of describing the quality of survival time as a part of
comparing their value for both intermediate/poor-risk and favorable-
risk populations, and provided additional insight for individual deci-
sion-making about initiation of first-line therapy for aRCC.
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