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ABSTRACT

On November 23, 2015, the U.S. Food and Drug Administration
approved nivolumab (OPDIVO, Bristol-Myers Squibb Company)
for patients with advanced renal cell carcinoma (RCC) who have
received prior anti-angiogenic therapy. The approval was based
on efficacy and safety data demonstrated in an open-label,
randomized study of 821 patients with advanced RCC who pro-
gressed after at least one anti-angiogenic therapy. Patients
were randomized to nivolumab or everolimus and followed for
disease progression. The primary end point was overall survival.
Subsequent therapies, including everolimus for patients who
developed progressive disease on the nivolumab arm, were
allowed, but no cross-over was permitted. The median overall

survival was 25.0 months on the nivolumab arm and 19.6
months on everolimus arm (hazard ratio: 0.73; 95% confidence
interval: 0.60–0.89). The confirmed response rates were 21.5%
versus 3.9%; median durations of response were 23.0 versus
13.7 months, and median times to response were 3.0 versus
3.7 months in the nivolumab and everolimus arms, respectively.
A statistically significant improvement in progression-free sur-
vival was not observed in this trial. The safety profile of nivolu-
mab in renal cell cancer was similar to that in other disease
settings. However, the incidence of immune-mediated nephritis
appeared to be higher in patients with RCC. The Oncologist
2017;22:311–317

Implications for Practice: The overall benefit/risk profile demonstrated in trial CA209025 supported the approval of nivolumab as
an additional treatment option for patients with advanced renal cell carcinoma after anti-angiogenic therapy. The use of nivolumab
in patients who had received vascular endothelial growth factor-targeted therapy resulted in a 5.4 month improvement in median
overall survival compared with the everolimus arm.This difference is statistically significant and clinically meaningful.

INTRODUCTION

Renal cell carcinoma (RCC) is a serious and life-threatening con-
dition. In 2016, it is estimated that there will be 62,700 cases
and 14,240 deaths from RCC in the U.S. [1]. RCC comprises
about 3.8% of new cancers, with a median age at diagnosis of
64 years. Approximately 80% of RCC is of clear cell histology,
with the rest being papillary, chromophobe, translocation, and
collecting duct tumors. The rate of RCC has increased by 1.6%
per year over the last decade (2002–2011). Multiple agents
that target vascular endothelial growth factor (VEGF) or mam-
malian target of rapamycin (mTOR) have been approved for
treatment of RCC based on an improvement in progression-
free survival (PFS) when compared with placebo or an active
control [2–5]. Temsirolimus was the first drug approved in the
U.S. for the treatment of patients with poor prognostic factors
on the basis of an increase in overall survival (OS). Prior to the

approval of nivolumab, a typical treatment paradigm for
advanced RCC consisted of a VEGF inhibitor followed by mTOR-
targeted therapy.

Nivolumab (OPDIVO, Bristol-Myers Squibb Company) is a
monoclonal antibody directed against programmed death-1
(PD-1). PD-1 was found to be involved in the regulation of
immune function [6]. Binding of PD-1 ligand (PD-L1) to PD-1
has been reported to be implicated in tumor immune evasion
[7–9]. Clinical development of nivolumab began in 2006 and
trial CA209025 was subsequently initiated as a registration trial
for nivolumab in advanced RCC. Based on results from this trial,
Bristol-Myers Squibb submitted a supplemental biological
license application (BLA) to FDA for nivolumab for the treat-
ment of advanced RCC in patients who have received prior
anti-angiogenic therapy [10].
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TRIAL DESIGN

CA209025 was a randomized, active-controlled, phase III trial to
compare nivolumab and everolimus in patients with advanced
or metastatic RCC who received prior anti-angiogenic therapy
(Fig. 1). Patients were treated with either nivolumab 3 mg/kg
intravenously every 2 weeks or everolimus 10 mg orally daily.
The primary objective was OS. Key secondary objectives included
objective response rate (ORR), investigator-determined PFS, and
duration of response (DoR).

Patients with advanced or metastatic clear-cell RCC who
received prior anti-angiogenic therapy were randomized 1:1 via
an interactive voice response system (IVRS) to either nivolumab
or everolimus. Patients were stratified by region (U.S./Canada,
Western Europe, rest of the world), Memorial Sloan Kettering
Cancer Center (MSKCC) prognostic risk group, and number of
prior anti-angiogenic regimens in the advanced or metastatic
setting. Patients on both arms were allowed to continue treat-
ment after initial investigator-assessed Response Evaluation Cri-
teria in Solid Tumors (RECIST) version 1.1-defined progression if
they were assessed by the investigator to be deriving clinical
benefit and tolerating study drug. Cross-over was not permit-
ted. However, because everolimus is approved for the treat-
ment of RCC, patients with disease progression on nivolumab
could receive everolimus as subsequent therapy. On July 18,
2015, the trial was stopped based on data-monitoring commit-
tee review of the interim analysis of OS.

Key inclusion criteria were (a) advanced or metastatic, histo-
logically confirmed clear-cell RCC with measurable disease as
defined by RECIST version 1.1; (b) at least one but no more than
two prior anti-angiogenic regimens; (c) nomore than three total
prior systemic regimens in the advanced or metastatic setting;
and (d) prior cytokine therapy, vaccine therapy, and/or cytotoxic
therapies were allowed. Key exclusion criteria were (a) any cen-
tral nervous system (CNS) metastases; (b) prior treatment with
an mTOR inhibitor; (c) autoimmune disease; and (d) require-
ment for systemic treatment with corticosteroids.

The trial planned to randomize 822 patients. Approximately
569 deaths were required to provide 90% power to detect a
hazard ratio (HR) of 0.76 with an overall type 1 error of 5%
(two-sided). The HR of 0.76 corresponded to a 32% increase in
the median OS, assuming a median OS of 14.8 months for ever-
olimus and 19.5 months for nivolumab. One interim analysis
was scheduled after 398 deaths (70% of total OS events needed
for the final analysis).

OS was compared between the two arms at the interim
and final analyses via a two-sided, log-rank test stratified by

region, MSKCC risk group, and number of prior anti-angiogenic
regimens in the advanced or metastatic setting as entered into
the IVRS. The HR and confidence interval (CI) were estimated
using a stratified Cox proportional hazards model. OS curves for
each randomized arm were estimated using the Kaplan-Meier
(KM) product limit method.

ORR was defined as the number of patients with a best
response of complete response (CR) or partial response (PR)
per RECIST 1.1, divided by the number of randomized patients.
The comparison of ORR was carried out using a two-sided
Cochran-Mantel-Haenszel test stratified by the above stratifica-
tion factors. ORRs and their corresponding 95% exact CIs were
calculated by the Clopper-Pearson method for each random-
ized arm. DoR was defined as the time from first response to
the date of the first documented tumor progression as deter-
mined by the investigator (per RECIST 1.1 or clinical criteria) or
death due to any cause, whichever occurred first, and esti-
mated using the KM product-limit method for patients who
achieved a PR or CR. Median values along with two-sided 95%
CIs were to be calculated using the Brookmeyer and Crowley
method.

PFS was defined as the time from randomization to the
date of the first documented tumor progression as determined
by the investigator (per RECIST 1.1 or clinical criteria) or death
due to any cause, whichever occurred first. PFS was compared
between the two randomized arms using a two-sided, log-rank
test stratified by the factors used in the analysis of OS. HRs and
corresponding two-sided 95% CIs were estimated in a stratified
Cox proportional hazards model. PFS curves for each treatment
group were estimated using the KM product-limit method.

RESULTS

The trial randomized 821 patients, and 803 received the study
drug. Key demographic and disease characteristics for all
randomized patients in the two arms are summarized in Table 1.
The majority of patients (77%) were treated with one prior anti-
angiogenic therapy. Patient distribution by MSKCC risk groups
was 34% favorable, 47% intermediate, and 19% poor.

Efficacy
The prespecified interim OS analysis was conducted when 398
deaths occurred (70% of the planned number of events for final
analysis) as of the trial cutoff date of June 18, 2015. Per the
O’Brien-Fleming boundary, the two-sided significance level for
the interim OS analysis with 398 deaths was 0.0148. There was
a statistically significant improvement in OS for patients in the

Figure 1. CA209025 trial design.
Abbreviations: mTOR, mammalian target of rapamycin; PD, progressive disease; RCC, renal cell carcinoma; VEGF, vascular endothelial

growth factor.
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nivolumab arm compared with patients in the everolimus arm,
with a 5.4-month difference in median OS and a HR of 0.73
(95% CI: 0.60–0.89; two-sided log rank p value5 .0018; Table

2, Fig. 2). A hierarchical testing approach was applied to test
key secondary end points at an alpha of 5% (two-sided) follow-
ing analysis of the primary end point of OS with ORR followed
by PFS. Per investigator assessment by RECIST 1.1, the con-
firmed ORR was 21.5% and 3.9% with median response dura-
tions of 23.0 months and 13.7 months in the nivolumab and
the everolimus arm, respectively. Median time to response
appeared similar between the two arms. At the time of the OS
analysis, PFS per investigator assessment was also examined.
No statistically significant difference in PFS between the two
treatment arms was observed. The median PFS was 4.6 months
in the nivolumab arm and 4.4 months in the everolimus arm.
The stratified HR was 0.88 (95% CI: 0.75–1.03) with a two-sided
log-rank p value of .11 (Table 2, Fig. 3).

To assess potential predictive biomarkers, subgroup analy-
ses for OS based on PD-L-1 status as determined by an immu-
nohistochemistry assay and prognostic risk categories as
defined by MSKCC and Heng’s model were performed (Table 3)
[11, 12]. Because PFS has been used for regulatory approval for
anti-neoplastic therapies in RCC, similar exploratory PFS sub-
group analyses were performed (Table 4). There was little pre-
dictive value in primary tumor PD L-1 status. Among patients in
the MSKCC poor risk category at baseline, the HR for OS was
0.48 and 0.56 for PFS, whereas, among patients in the MSKCC
favorable risk category, the HR for OS was 0.80 and 1.23 for PFS
(Figs. 4, 5). These exploratory subgroup analyses suggest that
patients in the poor prognostic risk category may derive the
most benefit from nivolumab.

Toxicity
The primary source of safety data comes from 406 patients
who received nivolumab and 397 patients who received evero-
limus. Adverse events were assessed during the treatment
period and for 100 days after the last dose of study drug. The
median duration of treatment was 5.5 months (range: 1 day to
29.61 months) in nivolumab-treated patients and 3.7 months
(range: 6 days to 25.71 months) in everolimus-treated patients.
Study therapy was discontinued for adverse reactions in 16% of
nivolumab-treated patients and 19% of everolimus-treated
patients. Forty-four percent of patients receiving nivolumab
had a drug delay for an adverse reaction. Rate of death on treat-
ment or within 30 days of the last dose of study drug was 4.7%
on the nivolumab arm versus 8.6% on the everolimus arm. Seri-
ous adverse reactions occurred in 47% of patients receiving
nivolumab. The most frequent serious adverse reactions
reported in at least 2% of patients were acute kidney injury,
pleural effusion, pneumonia, diarrhea, and hypercalcemia. The
most common adverse reactions (reported in at least 20% of
patients) were asthenic conditions, cough, nausea, rash, dysp-
nea, diarrhea, constipation, decreased appetite, back pain, and
arthralgia. The most common laboratory abnormalities that
worsened compared with baseline in �30% of patients
included increased creatinine, lymphopenia, anemia, aspartate
aminotransferase (AST), alkaline phosphatase, hyponatremia,
elevated triglycerides, and hyperkalemia. Among patients with
thyroid stimulating hormone (TSH) less than the upper limit of
normal (ULN) at baseline, a greater proportion of patients expe-
rienced a treatment-emergent elevation of TSH greater than
the ULN in the nivolumab group compared with the everolimus
group (26% and 14%, respectively).

Table 1. Demographic parameters in Study CA209025

Demographic
parameters

Nivolumab
(n5 410)
n (%)

Everolimus
(n5 411)
n (%)

Region

U.S./Canada 174 (42.4%) 172 (41.8%)

Western Europe 140 (34.1%) 141 (34.3%)

Rest of the world 96 (23.4%) 98 (23.8%)

Sex

Male 315 (76.8%) 304 (74.0%)

Female 95 (23.2%) 107 (26.0%)

Age

Median years (SD) 62 (10.9) 62 (10.4)

Quartiles (25th, 50th, 75th) 53, 62, 68 55, 62, 69

Race

White 353 (86.1%) 367 (89.3%)

Black or African American 1 (0.2%) 4 (1.0%)

Asian 42 (10.2%) 32 (7.8%)

Other 14 (3.4%) 8 (1.9%)

MSKCC prognostic factors

Favorable 137 (33.4%) 145 (35.3%)

Intermediate 193 (47.1%) 192 (46.7%)

Poor 79 (19.3%) 74 (18.0%)

Not reported 1 (0.2%) 0

Performance status
(Karnofsky) (%)

�70 408 (99.5%) 410 (99.8%)

<70 2 (0.5%) 1 (0.2%)

Number of prior anti-angiogenic
therapies in an advanced or
metastatic setting

1 317 (77.3%) 312 (75.9%)

2 90 (22.0%) 99 (24.1%)

3 3 (0.7%) 0

Subsequent therapies

Any 227 (55.4%) 259 (63%)

Everolimus 105 (25.6%) 23 (5.6%)

Temsirolimus 11 (2.7%) 13 (3.2%)

Axitinib 99 (24.1%) 149 (36.3%)

Pazopanib 37 (9.0%) 64 (15.6%)

Sunitinib 28 (6.8%) 34 (8.3%)

Sorafenib 26 (6.3%) 38 (9.2%)

Cabozantinib 18 (4.4%) 7 (1.7%)

Bevacizumab 13 (3.2%) 22 (5.4%)

Anti-PD1/PD-L1 1 (0.2%) 8 (1.9%)

Other immune therapya 9 (2.2%) 15 (3.6%)
aIncluding anti-CTLA4 agents, interferons, interleukins, and investigational
immunotherapy.
Abbreviations: MSKCC, Memorial Sloan Kettering Cancer Center; PD-1,
programmed death-1; PD-L1, PD-1 ligand; SD, standard deviation.
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Renal injury occurred in 7% (27/406) of patients on nivolumab
and 3.0% (12/397) of patients on everolimus. This did not include
elevations in laboratory creatinine. Immune-mediated nephritis
requiring corticosteroids occurred in 3.2% (13/406) of patients
receiving nivolumab (one with grade 5, one with grade 4, five
with grade 3, and sixwith grade 2).This 3.2% incidence of patients
receiving steroids for renal dysfunction was approximately three
times the incidence on previous nivolumabmonotherapy studies.
It is possible that the underlying renal abnormalities or reactions
to renal antigens increased the incidence of nivolumab-related
renal dysfunction in this trial. Four patients were rechallenged,
and twowere able to continue treatmentwith nivolumab.

Pneumonitis, including interstitial lung disease, occurred in
5% (21/406) of patients receiving nivolumab and 18% (73/397)
of patients receiving everolimus. In two patients, pneumonitis

occurred after they had received nivolumab followed by evero-
limus. Seven patients had complete resolution. Among the six
patients who resumed nivolumab, three did not have recur-
rence of pneumonitis. The incidence of other immune-
mediated adverse events in patients with renal cell cancer was
consistent with the reported incidence in melanoma and non-
small cell lung cancer.

DISCUSSION

The FDA’s review and analyses of the clinical data from
CA209025 found that the use of nivolumab in patients who
had received VEGF-targeted therapy resulted in a significant
improvement in OS when compared with everolimus. Everoli-
mus, an mTOR targeted therapy, is an appropriate comparator
in this setting and is approved for the treatment of RCC in
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Figure 3. Kaplan-Meier curves for progression-free survival, in the
intent-to-treat (ITT) population.

Table 2. Efficacy results of Trial CA209025

Efficacy measures
OPDIVO
(n5 410)

Everolimus
(n5 411)

Overall survival

Events (%) 183 (45%) 215 (52%)

Median survival in months (95% CI) 25.0 (21.7–NE) 19.6 (17.6–23.1)

Hazard ratio (95% CI)a 0.73a (0.60–0.89)

p valueb .0018b

Confirmed objective response rate (95% CI) 21.5% (17.6–25.8) 3.9% (2.2–6.2)

Median duration of response in months (95% CI) 23.0 (12.0–NE) 13.7 (8.3–21.9)

Median time to confirmed response in months (min, max) 3.0 (1.4, 13.0) 3.7 (1.5, 11.2)

PFS

Events (%) 318 (78%) 322 (78%)

Median PFS in months (95% CI) 4.6 (3.7–5.4) 4.4 (3.7–5.5)

Hazard ratio (95% CI)c 0.88 (0.75–1.03)

p valued .11
aHazard ratio is obtained from a Cox proportional hazards model stratified by MSKCC risk group, number of prior anti-angiogenic therapies, and
region, with treatment as the sole covariate.
b
p value is obtained from a two-sided log-rank test stratified by MSKCC risk group, number of prior anti-angiogenic therapies, and region. The cor-
responding O’Brien-Fleming efficacy boundary significance level is 0.0148.
cHazard ratio was obtained from a Cox proportional hazards model stratified by region, MSKCC risk group, and number of prior anti-angiogenic
therapy regimens in the advanced or metastatic setting as collected by IVRS.
d
p value was calculated from a log-rank test stratified by region, MSKCC risk group, and number of prior anti-angiogenic therapy regimens in the
advanced or metastatic setting as collected by IVRS.
Abbreviations: CI, confidence interval; IVRS, interactive voice response system; MSKCC, Memorial Sloan Kettering Cancer Center; NE, not estima-
ble; PFS, progression-free survival.
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Figure 2. Kaplan-Meier curves for overall survival, in the intent-to-
treat (ITT) population.
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patients who have received prior sunitinib or sorafenib. The
nivolumab arm demonstrated a 5.4-month improvement in
median OS compared with the everolimus arm. This difference
is statistically significant and clinically meaningful.

Because further survival upon progressive disease fre-
quently hinges upon the activity of subsequent therapy, the
design of CA209025 did not answer the question of optimal
treatment sequence for mRCC. This is especially because a stat-
istically significant difference in PFS, which is a regulatory end
point for approval in mRCC, was not seen in this study. Two
recently approved therapies, lenvatinib plus everolimus and
cabozantinib, both demonstrated PFS benefits, with cabozanti-
nib also showing an OS benefit over everolimus alone.

Furthermore, our retrospective exploratory subgroup analysis
suggests that patients with favorable prognostic risk categories
as defined by MSKCC or Heng’s model might derive more PFS
benefit from everolimus than from nivolumab. These data sug-
gest that treatment selection post-VEGF kinase inhibitor may
depend on the patients’ prognostic risk category, allowing the
prognostic risk category to serve as a putative predictive bio-
marker. This hypothesis may be worthy of further investigation.
Within the framework of the current mRCC treatment para-
digm, a plausible approach may consist of trials comparing tar-
geted therapies with immune therapy in the second-line
setting in a patient population enriched by prognostic risk cate-
gories, allowing double cross-over and using PFS2 as a possible

Table 4. PFS subgroup analysis by MSKCC and Heng’s risk categories as well as PD L-1 status

Nivolumab Everolimus
Subgroup PFS events n (%) [median] PFS events n (%) [median] HR (95% CI)

MSKCC

Favorable 109/137 (80%) [5.4] 102/145 (70%) [7.3] 1.23 (0.94–1.61)

Intermediate 152/193 (79%) [3.8] 155/192 (81%) [3.8] 0.79 (0.63–0.98)

Poor 57/79 (72%) [5.0] 65/74 (88%) [2.0] 0.56 (0.39–0.80)

Heng’s risk group

Favorable 50/55 (91%) [4.7] 47/70 (67%) [7.5] 1.66 (1.11–2.49)

Intermediate 188/242 (78%) [4.2] 190/241 (79%) [3.9] 0.82 (0.67–1.01)

Poor 68/96 (71%) [3.5] 73/83 (88%) [2.1] 0.64 (0.46–0.90)

Baseline PD-L1

<1% 217/276 (79%) [3.9] 235/299 (79%) [4.7] 0.89 (0.74–1.07)

�1% 70/94 (74%) [5.4] 68/87 (78%) [4.2] 0.80 (0.57–1.13)

<5% 256/326 (79%) [3.9] 270/345 (78%) [4.5] 0.88 (0.74–1.04)

�5% 31/44 (70%) [5.6] 33/41 (80%) [5.4] 0.79 (0.48–1.30)

Abbreviations: CI, confidence interval; MSKCC, Memorial Sloan Kettering Cancer Center; PD-L1, programmed death-1 ligand; PFS, progression-free
survival.

Table 3. OS subgroup analysis by MSKCC and Heng’s risk categories as well as PD-L1 status

Nivolumab
(n5 410)

Everolimus
(n5 411)

Subgroup Event n (%) [Median] Event n (%) [Median] HR (95% CI)

MSKCC risk group

Favorable 38/137 (28%) [NR] 50/145 (34%) [29.0] 0.80 (0.52–1.21)

Intermediate 95/193 (49%) [21.8] 104/192 (54%) [18.4] 0.81 (0.61–1.06)

Poor 50/79 (63%) [15.3] 61/74 (82%) [7.9] 0.48 (0.32–0.70)

Heng’s risk group

Favorable 13/55 (24%) [NR] 21/70 (30%) [29.0] 0.79 (0.39–1.58)

Intermediate 102/242 (42%) [NR] 123/241 (51%) [19.9] 0.73 (0.56–0.95)

Poor 61/96 (64%) [15.3] 61/83 (73%) [8.4] 0.60 (0.42–0.86)

Baseline PD-L1

<1% 118/276 (43%) [27.4] 150/299 (50%) [21.2] 0.77 (0.60–0.97)

�1% 48/94 (51%) [21.8] 51/87 (59%) [18.8] 0.79 (0.53–1.17)

<5% 143/326 (44%) [24.6] 178/345 (52%) [20.0] 0.77 (0.62–0.96)

�5% 23/44 (52%) [21.9] 23/41 (56%) [18.1] 0.74 (0.41–1.32)

<10% 147/338 (43%) [27.4] 186/356 (52%) [19.7] 0.75 (0.60–0.93)

�10% 19/32 (59%) [18.7] 15/30 (50%) [19.3] 1.07 (0.54–2.10)

Without quantifiable PD-L1 17/40 (42%) [25.0] 14/25 (56%) [15.8] 0.56 (0.27–1.13)

Abbreviations: CI, confidence interval; HR, hazard ratio; MSKCC, Memorial Sloan Kettering Cancer Center; OS, overall survival; PD-L1, programmed
death-1 ligand.
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end point. If prospectively validated, this may lead to a
biomarker-driven paradigm for RCC treatment selection in the
era of precision medicine.

The toxicity profile of nivolumab is satisfactory compared
with that of everolimus, an agent with a toxicity profile accept-
able to patients with RCC. Except for higher incidence of
immune-mediated nephritis, the safety profile is not substan-
tially changed from the original nivolumab BLA and other sup-
plements. Thus, nivolumab has shown an acceptable safety
profile with improved efficacy over that of everolimus.

Although uncertainties exist regarding the optimum treat-
ment sequence due to the absence of a statistically significant

difference in PFS between everolimus and nivolumab, the trial
demonstrated the activity of nivolumab as a component in the
paradigm of sequential therapies for RCC.With a favorable ben-
efit/risk profile, nivolumab distinguished itself as a new class of
treatment available to patients with advanced RCC.

CONCLUSION
Nivolumab demonstrated a clinically significant OS improve-
ment as a new therapeutic option for advanced RCC in the
post-anti-angiogenic setting with an acceptable toxicity profile.
The evidence demonstrated in trial CA209025 met the
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Figure 4. Kaplan-Meier curves of OS based on MSKCC risk catego-
ries. (A): OS, MSKCC favorable; (B): OS, MSKCC intermediate; (C):
OS, MSKCC poor.
Abbreviations: MSKCC, Memorial Sloan Kettering Cancer Cen-

ter; OS, overall survival.
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Figure 5. Kaplan-Meier curves of PFS based on MSKCC risk catego-
ries. (A): PFS, MSKCC favorable; (B): PFS, MSKCC intermediate; (C):
PFS, MSKCC poor.
Abbreviations: MSKCC, Memorial Sloan Kettering Cancer Cen-

ter; PFS, progression-free survival.
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statutory evidential standard, with the overall benefit/risk pro-
file of nivolumab supporting regular approval. However, uncer-
tainties exist as to optimum treatment sequence in the post-
VEGF setting. This is due to the absence of a statistically signifi-
cant difference in PFS between everolimus and nivolumab and
the lack of predictive biomarker(s). Further prospective studies
are needed to characterize predictive biomarker(s) for treat-
ment selection.
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