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Abstract

Background—Sunitinib and everolimus are standard first-line and second-line therapies, 

respectively, in clear cell renal cell carcinoma (ccRCC).

Objective—To conduct a randomized phase 2 trial comparing sunitinib and everolimus in non–

clear cell RCC (non-ccRCC).

Design, setting, and participants—Patients with metastatic, non-ccRCC, or ccRCC with 

>20% sarcomatoid features (ccSRCC) were randomized to receive sunitinib or everolimus with 

crossover at disease progression.

Outcome measurement and statistical analysis—Primary end point was progression-free 

survival (PFS) in first-line therapy; 108 patients were needed to show improvement in median PFS 

(mPFS) from 12 wk with sunitinib to 20 wk with everolimus.

Results and limitations—Interim analysis of 68 patients (papillary [27], chromophobe [12], 

unclassified [10], translocation [7], ccSRCC [12]) prompted early trial closure. The mPFS in first-

line therapy was 6.1 mo with sunitinib and 4.1 mo with everolimus (p = 0.6); median overall 

survival (mOS) was not reached with sunitinib and was 10.5 mo with everolimus, respectively (p = 

0.014). At final analysis, mOS was 16.2 and 14.9 mo with sunitinib and everolimus, respectively 

(p = 0.18). There were four partial responses (PRs) in first-line therapy (sunitinib: 3 of 33 [9%]; 

everolimus, 1 of 35 [2.8%]) and four PRs in second-line therapy (sunitinib: 2 of 21 [9.5%]; 

everolimus, 2 of 23 [8.6%]), with mPFS of 1.8 mo and 2.8 mo, respectively. In patients without 

sarcomatoid features in their tumors (n = 49), mOS was 31.6 mo with sunitinib and 10.5 mo with 

everolimus (p = 0.075). Genomic profiling of a chromophobe RCC from a patient with a PR to 

first-line everolimus revealed a somatic TSC2 mutation.

Conclusions—In this trial, everolimus was not superior to sunitinib. Both agents demonstrated 

modest efficacy, underscoring the need for better therapies in non-ccRCC.

Patient summary—This randomized phase 2 trial provides the first head-to-head comparison of 

everolimus and sunitinib in patients with metastatic non–clear cell renal cell carcinoma (non-

ccRCC). The observed very modest efficacy underscores the need to develop more effective 

therapies for non-ccRCC.
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1. Introduction

Renal cell carcinoma (RCC) is a heterogeneous malignancy encompassing many distinct 

histologic subtypes [1]. Clear cell RCC (ccRCC) is the most common subtype among renal 

epithelial malignancies. The remaining subtypes, referred to as non–clear cell RCC (non-

ccRCC), include papillary RCC, chromophobe RCC, unclassified RCC, and rare entities 

such as collecting duct carcinoma (CDC), renal medullary carcinoma, and translocation 

RCC [2]. The initiating oncogenic events in non-ccRCC tumors are not driven by the von 

Hippel-Lindau (VHL) gene. Clinical practice guidelines list participation in clinical trials as 

the preferred treatment option for patients with metastatic non-ccRCC [3,4].

Most of the landmark trials that led to the approval of targeted agents in advanced RCC 

excluded patients with non-ccRCC. Available data on the use of targeted therapy in non-

ccRCC are based on retrospective cohorts [5], expanded access programs [6,7], and a few 

single-arm phase 2 trials [8–13]. However, the clinical efficacy of sunitinib and other 

vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKIs) in 

non-ccRCC has been questioned. In a phase 2 trial of sunitinib in patients with metastatic 

non-ccRCC, we reported a 5% objective response rate (ORR) and a 2.7-mo median 

progression-free survival (PFS) [8]. A phase 3 trial of temsirolimus versus interferon-α in 

patients with poor-risk RCC included 20% with non-ccRCC [14]. Subsequent analysis of the 

non-ccRCC subgroup in this study [15] and the results of the everolimus expanded access 

program [16] provided support for mammalian target of rapamycin (mTOR) inhibitors in 

non-ccRCC [17,18].

Given the limited prospective data on targeted therapy in non-ccRCC, we designed this 

randomized phase 2 trial to compare everolimus with sunitinib as first-line therapy in 

patients with metastatic non-ccRCC.

2. Patients and methods

2.1. Study design

This was a randomized multicenter phase 2 trial of everolimus versus sunitinib in patients 

with metastatic non-ccRCC. The study was approved by the institutional review board or 

ethics committee at each participating center, and it was conducted in accordance with the 

provisions of the Declaration of Helsinki and good clinical practice guidelines. The study 

was registered with clinicaltrials.gov (NCT01185366).

2.2. Patients

Eligible patients were >18 yr of age and had not received prior systemic therapy for 

advanced papillary, chromophobe, CDC, Xp11.2 translocation, unclassified RCC, or ccRCC 

with >20% sarcomatoid features in their primary tumors. We included the latter cohort 

because of its poor prognosis and lack of response to VEGF-TKI according to a previous 

report. The histologic diagnosis was confirmed by genitourinary pathologists at the 

participating institutions. Additional criteria included Eastern Cooperative Oncology Group 

(ECOG) performance status 0–1, measurable disease, and adequate organ and marrow 
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function. Exclusion criteria included untreated brain metastases, metabolic dysfunction, and 

uncontrolled medical conditions. All patients signed informed consent.

2.3. Randomization

Patients were stratified by Memorial Sloan Kettering Cancer Center risk group [19] and 

histologic RCC subtype (papillary vs other), and they were randomized 1:1 to receive either 

everolimus or sunitinib.

2.4. Procedures

Patients received everolimus 10 mg/d orally or sunitinib 50 mg/d orally for 4 wk on and 2 

wk off. Patients were treated until progressive disease (PD), unacceptable adverse events 

(AEs), or withdrawal of consent. At PD, patients were allowed to receive the agent that they 

did not receive upfront. Second-line therapy was initiated within 28 d of the last dose of the 

first agent after a 14-d washout period (Fig. 1).

2.5. Outcomes

The primary end point was PFS in first-line therapy, calculated from the date of 

randomization to the date of first documentation of PD, or death from any cause.

Secondary end points included ORR in first-line therapy, overall survival (OS), PFS, ORR in 

second-line therapy, and safety. OS was calculated from the date of start of therapy to the 

date of death. Survival of patients who were lost to follow-up was censored as of the date of 

last contact. After PD on first-line therapy, patients had the option to receive the alternative 

agent. PFS in second-line therapy was calculated from initiation of second-line therapy until 

PD or death from any cause or last follow-up. An independent radiology panel assessed 

tumor response using Response Evaluation Criteria in Solid Tumors v.1.0, at 6 wk, at 12 wk, 

and every 12 wk thereafter. Safety was assessed by continuous monitoring of AEs and 

scheduled monitoring of metabolic abnormalities and physical condition using National 

Cancer Institute-Common Terminology Criteria (NCI-CTC), v.3.

2.6. Statistical analysis

A one-sided type I error rate was set at 0.05 and power at 0.80. Under the alternative 

hypothesis, median PFS was 12 wk for sunitinib [8] and 20 wk for everolimus. The 

maximum sample size to be accrued was 108 patients (54 in each arm).

A stopping rule for futility served as guidance for early termination of patient accrual. An 

independent data monitoring committee (DMC) provided oversight for treatment efficacy 

and patient safety. The DMC convened at the beginning of the trial and at two interim time 

points. The interim stopping rule consisted of a group sequential test based on gamma 

family error spending functions with the parameter value set to –3. A study stop for futility 

was planned if the p value was >0.742 or >0.3125 for PFS or OS or either, at first and 

second interim looks. The distribution of each continuous variable was summarized by its 

mean, standard deviation, and range. The distribution of each categorical variable was 

summarized by its frequencies and percentages. Kaplan-Meier methods were used to 

estimate unadjusted OS and PFS time distributions. The stratified log-rank test was used to 
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compare each time-to-event variable between treatment groups. Exploratory analyses were 

conducted to compare the time-to-event variable for patients with different histologic 

subtypes. All computations were performed in SAS v9.3 (SAS Institute, Cary, NC, USA) 

and TIBCO S-PLUS v8.2 (TIBCO Software Inc., Palo Alto, CA, USA).

2.7. Genomic profiling

Patients who achieved a partial response (PR) had genomic profiling of their tumors at 

Dana-Farber Cancer Institute (DFCI). High-throughput mutation profiling was performed 

using massively parallel sequencing as previously described for the OncoPanel assay 

(Eurofins Panlabs, Inc., Redmond, WA, USA) that surveys exonic DNA sequences of 275 

cancer genes and detects copy number variations and structural variants in tumor DNA [20].

3. Results

3.1. Patients

From September 3, 2010, through November 19, 2013, 73 patients were accrued. On 

February 4, 2014, after 51 PFS events in first-line therapy and 27 deaths, with both OS and 

first-line PFS results favoring first-line sunitinib (median OS not reached vs 10.5 mo; p = 

0.014; median PFS: 6.1 mo vs 4.1 mo), the DMC recommended closure of the trial to new 

patient enrollment. At final analysis (May 2014), 68 patients were evaluable and 39 (57%) 

had died, at a median follow-up of 23.6 mo (95% confidence interval [CI], 15.7–30.2). Table 

1 summarizes the patient characteristics.

3.2. Efficacy

3.2.1. Progression-free survival and tumor response assessment in first-line 
therapy—Among 33 patients who received first-line sunitinib, three (9%) had PR, 21 

(64%) had stable disease (SD), and nine (27%) had PD, as best response. Among 35 patients 

who received first-line everolimus, one (3%) had PR, 26 (74%) had SD, and eight (23%) had 

PD, as best response. Median PFS was 6.1 mo with sunitinib (95% CI, 4.2–9.4) versus 4.1 

mo with everolimus (95% CI, 2.7–10.5); stratified log-rank p value = 0.6 (Fig. 2a).

3.2.2. Progression-free survival and tumor response assessment in second-
line therapy—Forty-four patients received second-line therapy. Twenty-three patients had 

a crossover from sunitinib to everolimus (2 had PR, 15 had SD, and 6 had PD with prior 

sunitinib). Twenty-one patients had a crossover from everolimus to sunitinib (13 had SD and 

8 had PD with prior everolimus). Response to second-line everolimus was as follows: Two 

patients had PR, nine had SD, nine had PD, one came off protocol due to toxicity prior to 

imaging studies, one discontinued protocol treatment per physician's decision but had SD, 

and one withdrew consent. Response to second-line sunitinib was as follows: Two patients 

had PR, seven had SD, ten had PD, one came off protocol due to toxicity but had SD, and 

one patient died. Median PFS was 2.8 mo with everolimus (95% CI, 1.4–not available [NA]) 

and 1.8 mo with sunitinib (95% CI, 1.4–10.6); stratified log-rank p value = 0.6 (Fig. 2b).

3.2.3. Overall survival—At interim analysis, a survival advantage was noted in patients 

who received sunitinib over those who received everolimus as first-line therapy: Median OS 
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was not reached (95% CI, 14.6–NA) with sunitinib versus 10.5 mo with everolimus (95% 

CI, 7.4–NA); stratified log-rank p = 0.014. However, the final results for OS did not 

demonstrate a significant difference between the two arms. At final analysis, 17 of 33 

patients who received first-line sunitinib and 22 of 35 patients who received first-line 

everolimus had died. Median OS was 16.2 mo in the first-line sunitinib group (95% CI, 

14.2–NA), and 14.9 mo in the first-line everolimus group (95% CI, 8.0–23.4); stratified log-

rank p = 0.18 (Fig. 3). Additional analyses suggest there are no significant differences, either 

by looking at crossover patients versus noncrossover patients overall or by looking at the 

groups divided by the first-line and second-line treatments that they received 

(Supplementary Table 1).

3.3. Safety

Any grade 3 or 4 AE occurred in 29 of 33 patients (88%) who received first-line sunitinib 

and in 19 of 35 patients (54%) who received first-line everolimus. Common grade 3 or 4 

sunitinib-associated treatment-emergent AEs included fatigue (36%), hypertension (18%), 

diarrhea (21%), neutropenia (27%), and hyponatremia (15%). Grade 3 anemia occurred in 

11% of patients who received everolimus. Supplementary Table 2 presents the treatment-

emergent AEs occurring in at least 5% of patients in each treatment arm.

A total of 72% (n = 24) and 31% (n = 11) of patients receiving first-line therapy with 

sunitinib or everolimus required drug interruption, respectively. Dose reductions were 

needed in 39% (n = 13) and 14% (n = 5) with first-line sunitinib or everolimus, respectively. 

In second-line therapy, sunitinib was interrupted in 38% (n = 8) and dose reduced in 19% (n 
= 4) of patients, whereas everolimus was interrupted in 17% (n = 4) and dose reduced in 4% 

of patients (n = 1).

3.4. Exploratory analyses

Table 2 shows OS by treatment arm according to histology. We explored the impact of 

sarcomatoid features on OS. Overall, 19 patients had sarcomatoid features in their tumors; 

these included 12 patients with ccRCC with >20% sarcomatoid features and 7 patients who 

had sarcomatoid features associated with other histology. Median OS was 16.6 mo in 

patients who had no sarcomatoid features in their tumors (n = 49; 95% CI, 14.2–NA), 

irrespective of the treatment they received, versus 10.4 mo in patients whose tumors had any 

sarcomatoid features (n = 19; 95% CI, 7–NA) (log-rank p = 0.053) (Fig. 4). Among the 49 

patients whose tumors had no sarcomatoid features, median PFS with first-line sunitinib was 

6.5 mo (95% CI, 5.8–15.4) versus 4.1 mo (95% CI, 2.7–13.7) with first-line everolimus (log-

rank p = 0.35). In those 49 patients who had no sarcomatoid features in their tumors, median 

OS for patients receiving first-line sunitinib and first-line everolimus was 31.6 mo (95% CI, 

15.4–NA), and 10.5 mo (95% CI, 7.4–NA), respectively (log-rank p =0.075).

We performed genomic profiling of tumors obtained from three DFCI patients who achieved 

a PR. In one patient with chromophobe RCC who had a PR with first-line everolimus, the 

following somatic mutations were identified: TP53, PTEN, NF1, SETD2, and TSC2. 

Multiple copy number alterations were also found including losses of chromosomes 1, 2, 3, 

10, 13, 17, and 21, a characteristic pattern for chromophobe RCC [20]. Tumors from two 
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patients who achieved a PR with sunitinib did not have specific actionable gene mutations 

(Table 3).

4. Discussion

This is the first randomized phase 2 trial in metastatic non-ccRCC that compared two widely 

used targeted agents. The trial failed to demonstrate superior efficacy of everolimus over 

sunitinib as first-line therapy in non-ccRCC. Median PFS with first-line everolimus was 

numerically inferior to that with sunitinib, but no significant differences were observed 

between the two arms in OS, PFS, or ORR. The results of our randomized phase 2 trial 

address controversies surrounding the use of approved agents for the management of 

metastatic non-ccRCC. The rationale for sunitinib use came from retrospective studies [5] 

and expanded access programs [6,7] of sunitinib, showing ORRs of 3–11% and median PFS 

ranging between 6 and 11 mo in non-ccRCC. Several small single-arm phase 2 studies 

recently investigated sunitinib in non-ccRCC (Supplementary Table 3). Lee and colleagues 

reported a 36% ORR and a 6.4-mo median time to progression (95% CI, 4.2–8.6 mo) in 31 

Korean patients (including 22 with papillary RCC) [9]. Molina and colleagues reported a 

5.5-mo median PFS (95% CI, 2.5–7.1) but no responders in 23 patients [11]. In a phase 2 

trial assessing sunitinib in 57 patients with non-ccRCC, we reported a 2.7-mo (95% CI, 1.4–

5.4) median PFS, a 5% ORR, and a 16.8-mo (95% CI, 10.7–26.3) median OS [8]. These 

disappointing results have been partly attributed to the inclusion of patients with poor-risk 

disease, ECOG performance status 2, or prior systemic therapy. Although the 6.1-mo median 

PFS with sunitinib in our current trial is longer than we previously reported, the 6% ORR 

and 16-mo median OS are consistent with our previously reported single-arm study [8].

The rationale of targeting the mTOR pathway as an upfront therapeutic strategy was based 

on a subgroup analysis of 73 patients with poor-risk non-ccRCC treated with temsirolimus 

in a phase 3 trial, yielding a 7-mo median PFS (hazard ratio [HR]: 0.38; 95% CI, 0.23–0.62) 

and a 11.6-mo median OS (HR: 0.49; 95% CI, 0.29–0.85) [14,15]. A study from the 

everolimus expanded access program in 75 patients with advanced non-ccRCC reported SD 

as the best response in 37 patients (49.3%) and a PR in one patient [16]. In a single-arm 

phase 2 study, Koh and colleagues reported a 5.2-mo median PFS in 49 patients treated with 

everolimus, 46.9% of whom had received prior anti-VEGF agents (Supplementary Table 3) 

[10]. In a retrospective study, Voss and colleagues evaluated the role of mTOR inhibitors in 

62 patients with non-ccRCC and 23 patients with ccRCC who had sarcomatoid features in 

their tumors. Median PFS was 2.9 mo and median OS was 8.7 mo in the overall cohort [21].

RECORD-3, a randomized phase 2 trial in metastatic RCC, recently reported the results of 

the sequence of sunitinib followed by everolimus versus the opposite sequence [22]. In a 

subgroup analysis of 66 patients who had non-ccRCC, everolimus did not yield better results 

than sunitinib as first-line therapy, with a median PFS of 5.0 and 7.2 mo, respectively (HR: 

1.54; 95% CI, 0.86–2.75).

Although the numbers are small for each histologic subtype, our results are consistent with 

other reports on papillary and chromophobe RCC. Median OS with sunitinib for papillary 

RCC in our current study was 16.6 mo, consistent with the SUPAP trial results, showing 
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median OS of 17.8 mo (95% CI, 5.7–26.1) and 12.4 mo (95% CI, 8.2–16) in papillary types 

I and II RCC, respectively (Table 3) [12]. In our trial, median OS with everolimus was 14.9 

mo compared with 20.0-mo median OS (95% CI, 11.1–28.0) reported with first-line 

everolimus in the RAPTOR study (Table 3) [13]. Patients with chromophobe RCC had a 

favorable outcome with a median OS of 31.6 mo with sunitinib and 25.1 mo with 

everolimus, consistent with results of one study on 37 patients with chromophobe RCC 

reporting a median OS of 27.1 mo [5] and another study of 50 chromophobe RCC reporting 

a median OS of 30.0 mo with VEGF/VEGFR inhibitors [23]. Sarcomatoid features can be 

associated with any RCC subtype and portend a poor prognosis, as we observed in our 

cohort [24–26].

Our study has several strengths. It is the first randomized study in metastatic non-ccRCC 

comparing a VEGF-TKI with an mTOR inhibitor with a crossover design. It has established 

benchmarks for tumor response and survival outcomes of non-ccRCC patients who are 

treated with these agents. However, we recognize that the histologic heterogeneity and the 

small numbers of patients in each subgroup limit the interpretation of our findings.

At present, there are no predictive biomarkers of response to mTOR inhibitors or VEGF-

directed therapies. Besides the role of serum lactate dehydrogenase [27], a recent report 

suggests that mutations in TSC1, TSC2, or MTOR may predict response to mTOR inhibitors 

in RCC [21]. In addition, a recent case report of initial sensitivity and further resistance to 

everolimus in another tumor model highlights the role of nonsense mutation in TSC2 [28]. 

The identification of a somatic TSC2 mutation in a chromophobe case with PR to 

everolimus in our trial adds to these observations.

5. Conclusions

In this trial, everolimus was not superior to sunitinib. Both agents demonstrated modest 

efficacy, underscoring the need for better therapies in non-ccRCC. We believe that patients 

with non-ccRCC or sarcomatoid features in their tumors should be enrolled in clinical trials 

testing novel agents. Future trials in non-ccRCC should investigate agents with mechanisms 

of action other than mTOR inhibition and VEGF blockade. Research efforts will unravel 

molecular targets that are relevant to each of the diverse subtypes of non-ccRCC. Some of 

these efforts are ongoing through The Cancer Genome Atlas projects, which recently 

reported the comprehensive molecular characterization of chromophobe RCC [29]. A 

similar approach is ongoing for papillary RCC. Future trials will elucidate the role of 

immune checkpoint inhibitors in nonccRCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Consolidated Standards of Reporting Trials diagram.

* Patient did not receive treatment in a timely manner due to delay in drug coverage by 

insurance.
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Figure 0002
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Figure 0003

Fig. 2. 
(a) Progression-free survival in first-line therapy: grouping by initial treatment; (b) 

progression-free survival in second-line therapy.

PFS = progression-free survival.
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Fig. 3. 
Overall survival: grouping by initial treatment.
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Fig. 4. 
Exploratory analysis: overall survival according to the presence of sarcomatoid features 

regardless of treatment received in first-line therapy.
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Table 1

Baseline patient characteristics

Everolimus Sunitinib

n = 35 n = 33

Age, yr, median (range) 58 (23–73) 60 (28–76)

Gender, male:female 24:11 19:14

Race

White 28 25

Hispanic 3 5

Black 2 3

Prior nephrectomy 27 25

Histology

Papillary 13 14

Clear cell with sarcomatoid features 6 6

Chromophobe 6 6

Translocation 4 3

Unclassified 6 4

ECOG performance status
0 15 18

1 20 15

MSKCC risk group

Good 4 4

Intermediate 29 29

Poor 2 0

IMDC risk group

Good 4 3

Intermediate 24 26

Poor 7 4

No. of metastatic disease sites
1 6 6

≥2 29 27

Metastatic disease sites

Lung 17 16

Bone 7 11

Liver 9 7

Supradiaphragmatic adenopathy 14 15

Infradiaphragmatic adenopathy 16 16

Pleural 1 1

Kidney 7 7

Renal fossa 5 3

Pancreas 0 1

Adrenal 2 2

Skin 1 0

ECOG= Eastern Cooperative Oncology Group; IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; MSKCC = 
Memorial Sloan Kettering Cancer Center.
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Table 2

Overall survival and first-line progression-free survival by treatment arm and histologic subtype

Subtype Everolimus Sunitinib

n Median OS, mo (95% 
CI)

Median PFS, mo 
(95% CI)

n Median OS, mo (95% 
CI)

Median PFS, mo 
(95% CI)

Papillary 13 14.9 (7.1–22.7) 4.1 (1.5–7.4) 14 16.6 (5.9–NA) 5.7 (1.4–19.8)

Chromophobe 6 25.1 (4.7–NA) NA 6 31.6 (14.2–NA) 8.9 (2.9–20.1)

Unclassified 6 NA 4.7 (2.6–NA) 4 15.4 (NA) 9.4 (3.3–15.4)

Translocation 4 8.1 (5.5–23) 3.0 (1.3–NA) 3 16.2 (8.8–NA) 6.1 (6.0–8.8)

Clear cell with >20% 
sarcomatoid features

6 11.1 (2.0–NA) 1.9 (1.0–23.4) 6 7.0 (5.4–10.4) 3.5 (1.3–7.7)

CI = confidence interval; NA = not applicable; OS = overall survival; PFS = progression-free survival.
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Table 3

Objective responders and gene mutations detected

Objective response to first-line 
therapy

First-line everolimus (n = 35) First-line sunitinib (n = 33)

n 1 3

Histologic subtype Chromophobe, GA Papillary, GA Chromophobe
* Chromophobe

Response to first-line therapy (% 
tumor regression by RECIST)

PR (–58%) PR (–58%) PR (–56%) PR (–56%)

Response to second-line therapy NA NA PR with everolimus SD with everolimus

Analysis of mutations TP53, NFI, PTEN, AXL, 
MLL2, NOTCH1, SETD2, 

TSC2, ZRSR

No mutation identified Not performed Not performed

Objective response to second-line 
therapy

Second-line sunitinib (n = 21) Second-line everolimus (n = 23)

n 2 2

Histologic subtype Translocation carcinoma Unclassified, GA Chromophobe
* Papillary

Response to second-line therapy (% tumor 
regression by RECIST)

PR (–38%) PR (–41%) PR (–42%) PR (–34%)

Analysis of mutations Not performed ATM, CDK6, ERCC4, GLI3 Not performed Not performed

GA = genomic analysis performed; NA = not applicable because patient was still receiving first-line agent; PR = partial response; RECIST = 
Response Evaluation Criteria in Solid Tumors; SD = stable disease.

*
Same patient had PR with sunitinib as first-line therapy and with everolimus as second-line therapy.
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