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Abstract.
Background: We investigated outcomes with cabozantinib versus everolimus in patients with advanced renal cell carcinoma
(RCC) with or without prior nephrectomy in the phase 3 METEOR trial (NCT01865747).
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Methods: Patients (N = 658) with advanced clear cell RCC and prior treatment with ≥ 1 VEGFR tyrosine kinase inhibitor
(TKI) were randomized to cabozantinib 60 mg/day or everolimus 10 mg/day. Pre-specified subgroup analyses of progression-
free survival (PFS), overall survival (OS), and objective response rate (ORR) were conducted by prior nephrectomy status.
Response was assessed by independent radiology committee.
Results: Most enrolled patients (85%) had prior nephrectomy. Baseline prognostic factors (e.g. MSKCC risk group) were
less favorable for patients without prior nephrectomy. Cabozantinib improved outcomes versus everolimus in the subgroups
with and without nephrectomy— hazard ratios (95% CIs) of 0.51 (0.41–0.64) and 0.51 (0.30–0.86), respectively, for PFS,
and 0.66 (0.52–0.84) and 0.75 (0.44–1.27), respectively, for OS. Median OS was numerically longer in patients with versus
those without prior nephrectomy in both treatment arms. ORR for cabozantinib versus everolimus was 17% versus 4% for
the prior nephrectomy subgroup and 21% versus 2% for the subgroup without prior nephrectomy. Among evaluable patients
without prior nephrectomy, reductions of renal target lesions occurred in 94% (16/17) of patients in the cabozantinib arm
versus 44% (8/18) in the everolimus arm. The safety profiles of both subgroups were generally consistent with that of the
overall study population.
Conclusion: Cabozantinib improved PFS, ORR, and OS compared with everolimus in patients with advanced RCC irrespec-
tive of nephrectomy status.
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INTRODUCTION

The clinical benefit of nephrectomy in patients
with metastatic renal cell carcinoma (RCC) was
initially reported in 2001 [1–3]. In phase 3 trials,
patients who underwent nephrectomy followed by
interferon-� had improved overall survival (OS) com-
pared with patients treated with interferon-� therapy
alone. The underlying biology of this benefit was not
fully understood; but in addition to tumor debulking,
data indicated that nephrectomy reduced immuno-
suppressive cytokines and tumor-promoting growth
factors [4–6]. Nephrectomy with cytokine therapy
became a standard of care. However, since the intro-
duction of targeted therapies in 2005 (e.g., vascular
endothelial growth factor receptor [VEGFR] tyrosine
kinase inhibitors [TKIs]), the use of nephrectomy
for metastatic RCC has steadily declined. VEGFR
TKIs became the preferred first-line therapy, and
phase 3 trials were not conducted to evaluate nephrec-
tomy with targeted therapies [5, 7–9]. Despite this,
approximately 35% of patients with advanced RCC
still receive nephrectomy as part of their initial
treatment [7–9]; and clinical trials evaluating TKIs
have predominantly enrolled patients who received
prior nephrectomy for localized or metastatic disease
[10–14].

The continued use of nephrectomy has been sup-
ported by data from retrospective studies that show
OS advantages for patients with advanced RCC who
were treated with targeted therapy and had received
a prior nephrectomy for early- or late-stage dis-
ease compared with patients who received targeted

therapy without prior nephrectomy [7, 9]. Interest-
ingly, the phase 3 CARMENA trial recently reported
that initial treatment with the VEGFR TKI sunitinib
alone was non-inferior to treatment with nephrec-
tomy followed by adjuvant sunitinib in patients with
metastatic RCC and intermediate- or poor-risk dis-
ease [15]. More data are needed across the spectrum
of patients with RCC to better define the role of
nephrectomy and understand treatment outcomes
with systemic therapies by prior nephrectomy status.

Cabozantinib is an orally bioavailable inhibitor
of pro-oncogenic tyrosine kinases including VEG-
FRs, MET, and AXL [16]. The United States
Food and Drug Administration initially approved
cabozantinib for patients with advanced RCC who
had received prior anti-angiogenic therapy, based on
the pivotal phase 3 METEOR trial, which compared
cabozantinib with everolimus (NCT01865747) [17,
18]. The indication was expanded to all patients with
advanced RCC based on outcomes from the ran-
domized phase 2 CABOSUN trial, which compared
first-line cabozantinib with sunitinib in patients with
intermediate- or poor-risk disease [19, 20].

In METEOR, cabozantinib improved progression-
free survival (PFS), OS, and objective response
rate (ORR) compared with everolimus in patients
with advanced RCC who had received prior anti-
angiogenic therapy [17, 18]. Prior nephrectomy was
not part of the eligibility criteria of METEOR,
but nephrectomy status was a predefined sub-
group in the statistical analysis plan given its
prognostic significance in historical studies. Here
we present the analysis of clinical outcomes for
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cabozantinib versus everolimus by prior nephrec-
tomy status.

PATIENTS AND METHODS

Patients and treatment

METEOR was an international, randomized, open-
label, phase 3 clinical trial (NCT01865747). The
study design and methods have been previously
reported [17, 18]. Key eligibility criteria included a
diagnosis of RCC with a clear-cell component, mea-
surable disease per Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST v1.1) [21], and
prior treatment with ≥ 1 VEGFR TKI. Radiographic
progression during or within 6 months of the most
recent VEGFR TKI regimen was required. The last
dose of a VEGFR TKI must have been received from
6 months to 2 weeks before randomization. Karnof-
sky Performance Status score of ≥ 70 and adequate
organ function were required. Prior therapy with
cabozantinib or a mammalian target of rapamycin
inhibitor was not permitted.

Patients were randomized 1 : 1 to receive
cabozantinib (60 mg once daily) or everolimus
(10 mg once daily). Stratification was by Memorial
Sloan Kettering Cancer Center (MSKCC) risk
group (favorable, intermediate, or poor) [22, 23]
and number of prior VEGFR TKIs (1 or ≥ 2). Dose
reductions (to 40 mg and 20 mg for cabozantinib or
to 5 mg and 2.5 mg for everolimus) were allowed
to manage adverse events (AEs). The study was
conducted in accordance with the Good Clinical
Practice guidelines and the Declaration of Helsinki.
The protocol was approved by the ethics committee
or institutional review board at each center, and all
patients provided written informed consent.

Assessments

Tumor assessment by computed tomography or
magnetic resonance imaging was performed at
screening, every 8 weeks for the first 12 months,
and every 12 weeks thereafter. Tumor response was
assessed by RECIST v1.1 [21], per independent radi-
ology committee (IRC). Safety was evaluated every
2 weeks for the first 8 weeks and every 4 weeks there-
after until treatment discontinuation. A follow-up
visit was planned 30 days after treatment discontinua-
tion. AEs were reported according to National Cancer
Institute Common Terminology Criteria for Adverse
Events, v4.0.

Data analysis

The primary endpoint of PFS, and the secondary
endpoints of OS, ORR and safety for METEOR
have been reported previously [17, 18]. Pre-specified
subgroup analyses included outcomes by nephrec-
tomy status. PFS and OS were estimated with the
Kaplan–Meier method. No adjustments for multi-
plicity were made for subgroup analyses. Confidence
intervals (CIs) are considered descriptive, and hazard
ratios (HRs) are unstratified. Safety was assessed in
all patients who received at least one dose of study
treatment. PFS and ORR had a data cut-off of May
22, 2015; and OS and safety had a data cut-off of
December 31, 2015.

RESULTS

Patients

From August 8, 2013, to November 24, 2014,
658 patients were randomized 1 : 1 to receive
cabozantinib (N = 330) or everolimus (N = 328). A
total of 283 (86%) patients in the cabozantinib
arm and 279 (85%) patients in the everolimus arm
had undergone prior nephrectomy; 47 (14%) and
49 (15%) patients, respectively, had not had prior
nephrectomy. Baseline prognostic factors, including
Eastern Cooperative Oncology Group performance
status, MSKCC and International Metastatic Renal
Cell Carcinoma Database Consortium risk group,
time from diagnosis to randomization, and median
sum of diameters for tumor target lesions, were less
favorable for the subgroup without prior nephrectomy
relative to the prior nephrectomy subgroup. Base-
line characteristics were generally balanced between
treatment arms in each subgroup (Table 1). Approx-
imately 70% of patients with prior nephrectomy
and 76% of patients without prior nephrectomy had
received only 1 prior VEGFR TKI, and sunitinib was
received by the majority of patients in both subgroups
(Supplementary Materials Table S1).

Efficacy outcomes

Cabozantinib improved PFS (Fig. 1) and OS
(Fig. 2) compared with everolimus irrespective of
nephrectomy status. In the prior nephrectomy sub-
group, median PFS was 7.4 months for cabozantinib
versus 3.9 months for everolimus (HR 0.51, 95%
CI 0.41–0.64), and median OS was 22 months ver-
sus 17.2 months (HR 0.66, 95% CI 0.52–0.84).
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Table 1
Baseline characteristics

Prior nephrectomy No prior nephrectomy
Cabozantinib Everolimus Cabozantinib Everolimus

(N = 283) (N = 279) (N = 47) (N = 49)

Median age, yr (range) 62 (32–86) 61 (31–84) 63 (36–82) 63 (34–81)
Male, n (%) 217 (77) 201 (72) 36 (77) 40 (82)
Enrollment region, n (%)

Europe 140 (49) 131 (47) 27 (57) 22 (45)
North America 104 (37) 105 (38) 14 (30) 17 (35)
Asia Pacific + Latin America 39 (14) 43 (15) 6 (13) 10 (20)

Median time since diagnosis to randomization, yr (range) 3.0 (0–30) 2.8 (0–33) 1.1 (0–17) 1.0 (0–11)
ECOG performance statusa, n (%)

0 197 (70) 186 (67) 29 (62) 30 (61)
1 86 (30) 93 (33) 18 (38) 19 (39)

MSKCC risk group, n (%)
Favorable 135 (48) 134 (48) 15 (32) 16 (33)
Intermediate 117 (41) 115 (41) 22 (47) 20 (41)
Poor 31 (11) 30 (11) 10 (21) 13 (27)

IMDC risk group, n (%)
Favorable 60 (21) 59 (21) 6 (13) 3 (6)
Intermediate 184 (65) 182 (65) 26 (55) 32 (65)
Poor 39 (14) 38 (14) 15 (32) 14 (29)

Median target lesion SOD per IRC, mm (range) 61.3 (0–291) 62.6 (0–258) 93.7 (0–277) 104.3 (0–217)
Metastatic sites per IRC, n (%)

Lung 173 (61) 180 (65) 31 (66) 32 (65)
Liver 71 (25) 92 (33) 17 (36) 11 (22)
Bone 67 (24) 47 (17) 10 (21) 18 (37)

aKarnofsky performance status was converted to ECOG status using ECOG 0 for Karnofsky score of 100 and 90, and ECOG 1 for score
of 80 and 70. ECOG, Eastern Cooperative Oncology Group; IRC, independent radiology committee; IMDC, International Metastatic Renal
Cell Carcinoma Database Consortium; MSKCC, Memorial Sloan Kettering Cancer Center; SOD, sum of diameters.

Fig. 1. Kaplan-Meier analyses of progression-free survival. Disease progression was assessed by an independent radiology committee. Data
are through May 22, 2015. CI, confidence interval; PFS, progression-free survival; NE, not estimable.
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Fig. 2. Kaplan-Meier analyses of overall survival. Data are through December 31, 2015. CI, confidence interval; OS, overall survival; NE,
not estimable.

Table 2
Best Overall Tumor Response per RECIST v1.1

Prior nephrectomy No prior nephrectomy
Cabozantinib Everolimus Cabozantinib Everolimus

(N = 283) (N = 279) (N = 47) (N = 49)

IRC
ORR,a % (95% CI) 17 (12–21) 4 (2–6) 21 (11–36) 2 (0–11)
Best overall response, n (%)

Confirmed partial response 47 (17) 10 (4) 10 (21) 1 (2)
Stable disease 185 (65) 175 (63) 31 (66) 28 (57)
Progressive disease 36 (13) 76 (27) 5 (11) 12 (24)
Not evaluable or missing 15 (5) 18 (6) 1 (2) 8 (16)

Investigator assessed, %
ORR,a % (95% CI) 24 (19–30) 5 (3–8) 19 (9–33) 2 (0–11)
Best overall response, n (%)

Confirmed partial response 69 (24) 13 (5) 9 (19) 1 (2)
Stable disease 174 (61) 176 (63) 35 (74) 29 (59)
Progressive disease 27 (10) 73 (26) 2 (4) 14 (29)
Not evaluable or missing 13 (5) 15 (5) 1 (2) 5 (10)

aAll responses were partial responses. CI, confidence interval; IRC, independent radiology committee; ORR,
objective response rate; RECIST, Response Evaluation Criteria in Solid Tumors; v, version.

For patients without prior nephrectomy, median PFS
was 6.6 months for cabozantinib versus 4.4 months
for everolimus (HR 0.51, 95% CI 0.30–0.86), and
median OS was 16.3 months versus 12.5 months (HR
0.75, 95% CI 0.44–1.27). The ORR per IRC was 17%
in the cabozantinib arm versus 4% in the everolimus
arm for patients with prior nephrectomy and 21%
versus 2% for patients without prior nephrectomy
(Table 2). All responses were partial. Among patients
without prior nephrectomy who had a target lesion

in the kidney and at least one post-baseline assess-
ment, 94% (16/17) in the cabozantinib arm versus
44% (8/18) in the everolimus arm had a decrease in
their sum of diameters for target lesions (Fig. 3).

Subsequent anti-cancer therapy

Overall, 50% of patients received subsequent
anticancer therapy (Supplementary Materials Table
S2). The proportion of patients who received
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Fig. 3. Best change in target lesion size for primary kidney tumor in patients without prior nephrectomy Results are shown for patients with
a target lesion in the kidney and ≥ 1 post-baseline assessment.

Table 3
Study treatment and dose reductions

Prior nephrectomy No prior nephrectomy
Cabozantinib Everolimus Cabozantinib Everolimus

(N = 284) (N = 274) (N = 47) (N = 48)

Median (range) duration of exposure, weeks 37 (3–121) 19 (1–108) 36 (1–96) 19 (1–98)
Patients receiving dose reductions, n (%) 180 (63) 65 (24) 26 (55) 11 (23)
Median (range) average daily dose, mg 43 (13–69) 9 (3–12) 43 (14–65) 9 (3–11)
Median time (range) to first dose reduction, weeks 8.1 (2.1–77.6) 9.0 (1.7–68.4) 6.5 (1.4–36.7) 8.9 (3.1–28.1)

a VEGFR TKI as subsequent therapy in the
cabozantinib and everolimus arms were 22% and
47% in the prior nephrectomy subgroup, and 30%
and 53% in the subgroup without prior nephrectomy.
Axitinib was the most common subsequent VEGFR
TKI administered. No patients underwent nephrec-
tomy subsequent to enrollment in METEOR.

Safety

Exposure and dose reductions
The median duration of exposure with

cabozantinib was similar for patients with and
without prior nephrectomy, as was the duration
of everolimus exposure (Table 3). Patients receiv-
ing cabozantinib underwent more frequent dose
reductions than patients receiving everolimus. In
the prior nephrectomy subgroup, 12% of patients
in the cabozantinib arm and 11% of patients in the
everolimus arm discontinued treatment due to AEs,

with corresponding values of 13% and 6% in the
subgroup without prior nephrectomy.

Adverse events
The overall safety profiles of cabozantinib and

everolimus were consistent across both subgroups
(Table 4). In the prior nephrectomy subgroup, 70%
of patients in the cabozantinib arm versus 60% of
patients in the everolimus arm experienced grade 3
or 4 adverse events, with corresponding values of
79% versus 60% in patients without prior nephrec-
tomy. The most common grade 3 or 4 adverse
events in patients who received cabozantinib included
hypertension, diarrhea, fatigue and palmar-plantar
erythrodysesthesia. In the cabozantinib arm, 3% of
patients with prior nephrectomy experienced grade 3
or 4 proteinuria, compared with 1% in the everolimus
arm. There were no grade 3 or 4 proteinuria events in
patients without prior nephrectomy.
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Table 4
All-Causality Grade 3 or 4 Adverse Events

Prior nephrectomy No prior nephrectomy
Cabozantinib Everolimus Cabozantinib Everolimus

(N = 284) (N = 274) (N = 47) (N = 48)

Any adverse event,a n (%) 198 (70) 164 (60) 37 (79) 29 (60)
Hypertension 42 (15) 10 (4) 7 (15) 2 (4)
Diarrhea 31 (11) 4 (1) 12 (26) 3 (6)
Fatigue 29 (10) 21 (8) 7 (15) 3 (6)
Palmar-plantar erythrodysesthesia 22 (8) 3 (1) 5 (11) 0
Anemia 14 (5) 43 (16) 5 (11) 10 (21)
Hyperglycemia 3 (1) 14 (5) 0 2 (4)
Hypomagnesemia 15 (5) 0 1 (2) 0
Hypokalemia 13 (5) 6 (2) 3 (6) 0
Hyponatremia 11 (4) 7 (3) 4 (9) 1 (2)
Dyspnea 3 (1) 14 (5) 7 (15) 0
Nausea 11 (4) 1 (<1) 4 (9) 0
Abdominal pain 9 (3) 4 (1) 3 (6) 1 (2)
Gamma-glutamyltransferase increased 2 (1) 8 (3) 2 (4) 4 (8)
Mucosal inflammation 4 (1) 7 (3) 1 (2) 4 (8)
Asthenia 10 (4) 5 (2) 5 (11) 3 (6)

Adverse events of special interest,b n (%)
Proteinuria 8 (3) 2 (1) 0 0
Renal failure 1 (<1) 1 (<1) 0 0
Renal impairment 0 1 (<1) 0 0
Creatinine renal clearance decreased 0 0 0 0

aGrade 3 or 4 events that occurred at ≥ 5.0% frequency in either treatment arm; bevents potentially related to renal impairment.

DISCUSSION

Despite phase 3 studies establishing the benefit
of nephrectomy followed by cytokine therapy for
patients with metastatic RCC, there has been a lack
of prospective studies to define its role with targeted
therapies [1–3]. Observational studies have indicated
a survival advantage when nephrectomy was eventu-
ally followed with targeted therapies, but the benefit
did not appear to extend across all patient popula-
tions, particularly for patients with poor-risk disease,
and may have been the result of selection bias [7,
24–26]. The recent phase 3 CARMENA trial demon-
strated definitive evidence that first-line treatment
with sunitinib alone was non-inferior to treatment
with nephrectomy plus adjuvant sunitinib for patients
with intermediate or poor risk metastatic RCC [15].
However, it remains unclear if CARMENA results
will extend to other targeted therapies, to check-
point inhibitors, or to patients with favorable-risk
disease who are more likely to be candidates for
nephrectomy. Further, there may be a potential
neoadjuvant role as targeted therapies may improve
outcomes and help to inform a post-nephrectomy
treatment plan. In the recent SURTIME trial, patients
with synchronous metastatic RCC were randomized
to neoadjuvant sunitinib followed by nephrectomy
(in the absence of progression) and then adjuvant

sunitinib versus nephrectomy followed by adjuvant
sunitinib. Because of poor patient accrual, this study
was closed early. The progression-free rate at 28
weeks did not differ between patients who received
neoadjuvant/adjuvant sunitinib versus patients who
received adjuvant sunitinib (43% vs. 42%), while
OS analysis suggested improvement with neoadju-
vant/adjuvant sunitinib (median 32.4 vs. 15.0 months;
P = 0.03) [27].

There have also been limited data on outcomes in
patients receiving targeted therapies in the second-
line setting with respect to prior nephrectomy status,
particularly patients without prior nephrectomy [10,
11, 28]. In the METEOR study, cabozantinib
improved PFS, OS, and ORR compared with
everolimus in patients with advanced RCC after prior
antiangiogenic therapy [17, 18]. The median PFS
was 7.4 months for the cabozantinib arm versus 3.9
months for the everolimus arm (HR 0.51; 95% CI
0.41–0.62; P < 0.0001), median OS was 21.4 months
versus 16.5 months (HR = 0.66; 95% CI 0.53–0.83;
P = 0.00026), and the ORR was 17% versus 3%
(P < 0.0001) [18]. More than 85% of the patients
enrolled in METEOR had received prior nephrec-
tomy.

In the prespecified subgroup analysis of METEOR
reported here, cabozantinib was associated with
improved PFS, OS, and ORR compared with
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everolimus irrespective of prior nephrectomy sta-
tus. Results in the prior nephrectomy subgroup were
comparable to those of the overall study population
and likely reflect the large proportion of random-
ized patients who had received prior nephrectomy
[18]. PFS and ORR results for patients without
prior nephrectomy were comparable to those of
the overall study population, while median OS was
shorter in both treatment arms compared with corre-
sponding values from the overall study population.
The METEOR trial was conducted in an era when
nephrectomy was considered a standard of care in
RCC patients with synchronous metastases and favor-
able risk; the shorter OS in the non-nephrectomy
subgroup may be related to less favorable prog-
nostic characteristics that led to the decision to
not perform nephrectomy. Patients without prior
nephrectomy tended to have greater disease burden
at baseline and other factors associated with poor
prognosis than patients who had prior nephrectomy.
In an exploratory analysis, we found no evidence
of an interaction between treatment and nephrec-
tomy status with respect to survival outcomes (data
not shown). Regardless, the benefit associated with
cabozantinib was maintained as the HRs for PFS and
OS by prior nephrectomy status were comparable
with those of the overall study population.

The types and incidence of AEs in both subgroups
were consistent with those in the overall study pop-
ulation and the safety profiles of cabozantinib and
everolimus [18, 19, 29]. The most common grade 3
or 4 AEs reported in patients receiving cabozantinib
included hypertension, palmar-plantar erythrodyses-
thesia, diarrhea, and fatigue. The rates of grade 3 or
4 AEs related to renal dysfunction were low in both
treatment arms, with all events occurring in patients
with prior nephrectomy. There was no notable dif-
ference in the duration of exposure, the incidence of
dose reductions, or the average daily dose based on
prior nephrectomy status. Dose reductions were com-
mon for cabozantinib, but treatment discontinuations
due to AEs were infrequent, indicating AEs were
manageable with dose modifications and supportive
care.

Because the RCC treatment landscape is evolv-
ing rapidly, the clinical benefit of nephrectomy will
require additional studies in the context of emerg-
ing treatment strategies. Recently the CABOSUN
study assessed cabozantinib as a first-line therapy and
demonstrated superior PFS compared with sunitinib
in patients with intermediate or poor risk advanced
RCC [19]; this benefit was maintained in the

subgroups of patients with or without prior nephrec-
tomy [30]. Taken together, data from METEOR
and CABOSUN support the use of single-agent
cabozantinib in advanced RCC in patients with
or without prior nephrectomy and consideration of
neoadjuvant strategies to be tested in clinical trials.
Cabozantinib is also being assessed in combina-
tion with checkpoint inhibitors [31, 32]; early phase
studies have demonstrated clinical antitumor activ-
ity to support further development [33], including a
phase 3 study of cabozantinib in combination with
nivolumab (NCT03141177). There are limited data
on outcomes with second-line nivolumab by prior
nephrectomy status [34, 35]; subgroup analysis of
the phase 3 CheckMate 214 study demonstrated that
the OS benefit with nivolumab-ipilimumab compared
with sunitinib as a first-line therapy was maintained
in patients with or without prior nephrectomy [36].

CONCLUSION

Cabozantinib improved PFS, ORR, and OS com-
pared with everolimus in patients with advanced
RCC and prior anti-angiogenic therapy irrespec-
tive of nephrectomy status. Nephrectomy status had
no notable impact on the safety and tolerability of
cabozantinib.
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