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Abstract

Background: Nonclear cell renal cell carcinoma (nccRCC) is a heterogeneous groupof primary kidney tumors. The aimof the present retro-

spective studywas to analyze outcomesof patientswith nccRCC treatedwith tyrosine-kinase inhibitors (TKIs) based on a national registry.

Methods: The registry containedevaluable data of 93nccRCCpatients treatedwithfirst-lineTKIs, including87patientswith papillary renal

cellcarcinoma(RCC)and6patientswithchromophobeRCC.Thecontrolcohortconsistedof1,788patientswithclear-cellRCCtreatedwithfirst-

lineTKIs.MultivariableCoxproportionalhazardmodelwasusedtoevaluatetheeffectofpotentialprognosticfactorsonthesurvivalmeasures.

Results: Median progression-free survival was 11.8 and 6.5 months in the clear cell renal cell carcinoma and nccRCC patients, respec-

tively (P = 0.018), and median overall survival was 33.2 and 22.0 months, respectively (P = 0.007). In the multivariate analysis, independent

factors associated with inferior progression-free survival included high tumor grade, worse Memorial Sloan Kettering Cancer Center risk

group, absence of nephrectomy, and sunitinib (as opposed to pazopanib) as first-line targeted therapy. Independent predictors of inferior

overall survival included nonclear cell histology, tumor grade, worse Memorial Sloan Kettering Cancer Center risk group, absence of

nephrectomy, older age, and sunitinib as first-line targeted therapy.

Conclusions: The present retrospective, registry-based study confirms that patients with nccRCC treated with TKIs have worse clinical out-

comes compared to clear cell renal cell carcinoma patients with similar baseline characteristics.� 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Nonclear cell renal cell carcinoma (nccRCC) is a hetero-

geneous group of primary kidney tumors. Papillary
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carcinoma type I or II is the most frequent subtype compris-

ing 10%−15% cases of adult renal cell carcinoma (RCC))

patients, followed by chromophobe carcinoma (approxi-

mately 5% of cases). Other subtypes are very rare and

include unclassified carcinoma, translocation carcinoma,

medullary carcinoma, collecting duct carcinoma (also called

Bellini duct carcinoma), and adult Wilms tumors. An

updated World Health Organization classification intro-

duced in 2016 also includes newly defined entities such as

hereditary leiomyomatosis and RCC syndrome-associated

RCC, succinate dehydrogenase-deficient RCC, tubulocystic

RCC, acquired cystic RCC, and clear cell papillary RCC [1].

The treatment of metastatic RCC (mRCC) has advanced

significantly over the past 10 years. Tyrosine kinase inhibi-

tors (TKI) or antibodies targeting the vascular endothelial

growth factor signaling pathway, inhibitors of the mamma-

lian target of rapamycin (mTOR), and checkpoint inhibitors

including antiprogrammed death-1 antibodies are at present

the mainstay of systemic therapy [2−6]. Current interna-
tional guidelines are based mainly on phase III studies that,

with some exceptions, excluded nccRCC patients [7]. Only

in the phase III study comparing the efficacy of temsiroli-

mus vs. interferon-a enrolment of patients with nccRCC

was allowed, and approximately 20% of patients in that

trial had nccRCC [6].

In the absence of data from randomized studies, treat-

ment recommendations for patients with nccRCC rely on

data from phase II trials, analyses from expanded-access

programs, and retrospective studies [8−21]. In general,

these data indicate that the outcomes of nccRCC patients

are inferior to those in patients with clear-cell mRCC

[22,23]. The aim of the present retrospective study was to

analyze outcomes from the RENIS registry for nccRCC

patients treated with TKIs in comparison with outcomes

observed in ccRCC in the real-world clinical practice.
2. Methods

2.1. Patients

Patients with nonclear cell mRCC and sunitinib or pazo-

panib as first-line treatment for metastatic disease initiated

between 2006 and 2015 were included in the present analy-

sis. Due to the reimbursement restrictions on targeted treat-

ment of mRCC, the analysis only included patients with

good or intermediate prognosis according to the Memorial

Sloan Kettering Cancer Center (MSKCC) prognostic model

[24]. Patients with ccRCC treated with first-line sunitinib

and pazopanib during the same period were included in the

control cohort for comparative analysis. Although response

assessment interval and methods are not specified in the

registry entry criteria, reimbursement specifications call for

restaging using computed tomography every 3 to 4 months

and response assessment Response Evaluation Criteria in

Solid Tumors.
2.2. Data source

The data were sourced from RENIS (http://renis.registry.

cz/), a national registry collecting anonymized data of

mRCC patients treated with a targeted therapy. The registry

is updated twice a year and collects baseline characteristics

of the patients, disease characteristics at diagnosis, data on

anticancer treatment, outcomes and adverse events. The

RENIS registry contains data on approximately 95% of

mRCC patients treated in the Czech Republic with targeted

treatment outside of clinical trials. Prescribing restrictions

defined by healthcare payers limit the use of this treatment

to comprehensive cancer centers [25,26]. The RENIS regis-

try and the use of registry data for analysis were approved

by the Multicenter Ethics Committee of the University Hos-

pital and the Masaryk Memorial Cancer Institute in Brno,

Czech Republic.
2.3. Statistical analysis

Descriptive statistics and frequency tables were used to

characterize the sample data set. Statistical significance of

differences categorical parameters was assessed using the

Fisher’s exact test. For continuous variables Mann−Whit-

ney test was used. Overall survival (OS) was defined as

the time from the first targeted treatment initiation to the

death of any cause. Progression-free survival (PFS) was

defined as the time from the first targeted treatment initia-

tion to the first documented progression or death of any

cause. Patients without an event were censored at the last

visit. PFS and OS were estimated using the Kaplan−Meier

method and all point estimates include 95% confidence

intervals (95% CI). Statistical significance of differences

in survival between the subgroups was assessed using the

log-rank test. Multivariable Cox proportional hazard

model was used to evaluate the effect of potential prog-

nostic factors on the survival measures. Hazard ratios

were complemented with 95% confidence intervals and

supported with significance levels. Overall response rate

(ORR) was defined as the sum of complete response rate

and partial response rate and disease control rate as ORR

plus stable disease rate. All statistical tests were per-

formed at the significance level of a = 0.05.
3. Results

3.1. Patient population and baseline characteristics

The RENIS registry contained data of 3,602 mRCC

patients. In total 181 patients had nccRCC, including

154 patients with papillary type I or type II carcinoma,

18 patients with chromophobe carcinoma, 7 patients with

collecting duct carcinoma, and 2 patients with oncocytic

carcinoma. Ninety-three of the nccRCC patients including

87 patients with papillary RCC and 6 patients with chromo-

phobe RCC received first-line treatment with TKIs and had

http://renis.registry.cz/
http://renis.registry.cz/


Fig. 1. CONSORT diagram of selection of patient data from the RENIS

database.
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valid data for the present outcome analysis (Fig. 1). There

were no patients with presurgical TKI treatment in the stud-

ied nccRCC cohort. The control cohort consisted of 1,788

patients with clear-cell RCC (ccRCC) treated with first-line

TKIs. Both cohorts were contemporaneous when analyzed

by year of treatment initiation (data not shown). The

median follow-up in patients who were alive at the time of

evaluation (n = 1,007; 53.5%) was 21.6 months. Table 1

presents the principal patient characteristics. At treatment

initiation, a higher proportion of patients with nccRCC

compared to ccRCC had metastases in the liver, lymph

nodes, and peritoneum, while the proportion of patients

with lung and bone metastases was lower in the nccRCC

cohort (Supplementary Table 1).

3.2. Treatment outcomes

Median duration of the first line targeted treatment was

7.1 months in ccRCC patients and 4.5 months in nccRCC

patients (P = 0.027). Response rates were inferior in

patients with nccRCC, with ORR of 27.5% and 15.7%

(P = 0.016), and DCR of 62.1%, and 49.4% (P = 0.027) for

ccRCC and nccRCC, respectively. Second and higher lines

of treatment were prescribed with similar frequency in both

ccRCC and nccRCC patients (Supplementary Table 2). The

proportion of patients with treatment discontinuation for

toxicity was similar—10.7 vs. 9.6% for clear-cell and

nccRCC cohorts, respectively. The type, frequency, and

severity of reported adverse events were also similar (data

not shown).

Median PFS was 11.8 and 6.5 months (P = 0.018), and

median OS was 33.2 and 22.0 months (P = 0.007) in ccRCC

and nccRCC patients, respectively (Fig. 2). ccRCC patients

with good and intermediate prognosis had median PFS of
18.1 and 9.4 months, respectively, and nccRCC patients

had PFS of 10.3 and 6.3 months, respectively. Median OS

was 46.6 and 26.8 months for these prognostic categories in

ccRCC patients compared to 22.5 and 22 months, respec-

tively, in nccRCC patients (Table 2).

In a Cox multivariate analysis, independent factors asso-

ciated with poor PFS included high-tumor grade, worse

MSKCC risk group, absence of nephrectomy, and sunitinib

as first-line targeted therapy (as opposed to pazopanib). The

independent factors for worse OS included nonclear cell

histology, tumor grade, worse MSKCC risk group, absence

of nephrectomy, older age, and sunitinib as first-line tar-

geted therapy (Table 3).

4. Discussion

The present retrospective study confirms that patients

with nccRCC treated with TKIs have inferior clinical out-

comes compared to ccRCC patients with similar baseline

characteristics.

Before there is new evidence from the ongoing random-

ized trials with newer agents, targeted therapy with TKIs

and mTOR inhibitors will remain the mainstay of treatment

for nccRCC based on results from small prospective trials

as well as observational and retrospective studies.

Data from 2 prospective phase II studies that compared

the efficacy of sunitinib and everolimus in patients with

nccRCC are available. In the randomized ASPEN study,

sunitinib or everolimus were administered as first-line treat-

ment in patients with nccRCC (n = 108). Median PFS for

sunitinib and everolimus was 8.3 and 5.6 months, with

median OS of 31.5 and 13.2 months, respectively. In con-

trast to the patients with papillary carcinoma who consti-

tuted the majority of the study population, patients with

chromophobe nccRCC had superior PFS when treated with

everolimus compared to sunitinib (11.4 vs. 5.5 months),

possibly due to mutations in the phosphoinositol-3 kinase-

mTOR and tuberous sclerosis 2 pathways [20,27].

Another prospective study, Everolimus vs. sunitinib pro-

spective evaluation in metastatic nonclear cell renal cell

carcinoma (ESPN), compared the efficacy of first-line treat-

ment with sunitinib and everolimus in nccRCC patients and

included a crossover strategy [21]. The study, which also

enrolled 18% of patients with sarcomatoid ccRCC, was

closed prematurely as the interim analysis did not support

the expected superiority of everolimus over sunitinib.

Median PFS and OS in the sunitinib and everolimus arms

were 6.1 and 16.2 months vs. 4.1 and 14.9 months, respec-

tively [21].

Single arm studies with sunitinib have been carried out

in the nccRCC patients, reporting median OS ranging from

12.4 to 25.6 months [14,15,19]. Similar results have been

obtained in nccRCC patients treated with sunitinib within

the expanded access program [9].

Data on the efficacy and safety of pazopanib in the

nccRCC population are more limited, but indicate outcomes



Table 1

Baseline patient characteristics

Characteristic Clear cell carcinoma

(n = 1788)

Papillary or chromophobe

carcinoma (n = 93)

P value

Sex, n (%)

Males 1258 (70.4) 68 (73.1) 0.641

Females 530 (29.6) 25 (26.9)

Age at diagnosis [years]—median (range) 62 (25-85) 63 (33-82) 0.067

Stage at diagnosis, n (%)

Stage I 272 (15.2) 20 (21.5) 0.275

Stage II 230 (12.9) 14 (15.1)

Stage III 349 (19.5) 20 (21.5)

Stage IV 722 (40.4) 32 (34.4)

Unknown 215 (12.0) 7 (7.5)

Primary tumor grade, n (%)

G1 well differentiated 135 (7.6) 7 (7.5) 0.984

G2 moderately differentiated 643 (36.0) 35 (37.6)

G3-4 poorly differentiated / nondifferentiated 687 (38.4) 34 (36.6)

GX differentiation degree cannot be assessed 288 (16.1) 15 (16.1)

Unknown 35 (2.0) 2 (2.2)

MSKCC score

good prognosis 563 (31.5) 27 (29.0) 0.649

intermediate prognosis 1225 (68.5) 66 (71.0)

ECOG PS 2 and higher 73 (4.1) 4 (4.3) 0.790

Calcium > 2.5 mmol/l 98 (5.5) 2 (2.2) 0.233

Hemoglobin < lower limit of normal 488 (27.3) 28 (30.1) 0.552

Time from diagnosis to first target treatment < 1 year 906 (50.7) 45 (48.4) 0.672

LDH more than 1.5£ upper limit of norm 111 (6.2) 4 (4.3) 0.655

Prior radiotherapy 210 (11.7) 10 (10.8) 0.870

Prior nephrectomy, n (%) 1488 (83.2) 78 (83.9) 0.999

Prior adjuvant cytokines, n (%) 80 (4.5) 6 (6.5) 0.315

Type of first targeted treatment, n (%)

sunitinib 1422 (79.5) 78 (83.9) 0.356

pazopanib 366 (20.5) 15 (16.1)

Age at first target treatment initiation (years)

median (5−95th percentile range)
65 (25−88) 66 (37-81) 0.219

ECOG PS at first target treatment initiation, n (%)

PS 0 668 (37.4) 38 (40.9) 0.380

PS 1 1047 (58.6) 51 (54.8)

PS 2 68 (3.8) 3 (3.2)

PS 3 5 (0.3) 1 (1.1)

Dose of sunitinib at treatment initiation, n (%)*

12.5 mg 2 (0.1) 0 (0.0)

25.0 mg 134 (9.4) 6 (7.7)

37.5 mg 219 (15.4) 16 (20.5)

50.0 mg 1067 (75.0) 56 (71.8)

Sunitinib dose reduction due to adverse event, n (%)* 237 (16.7) 12 (15.4)

ECOG-PS, Eastern Cooperative Oncology Group performance status; G, grade; PS, performance status; LDH, lactate dehydrogenase; MSKCC, Memorial

Sloan Kettering Cancer Center

*% calculated for sunitinib-treated patients only.
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comparable to sunitinib [10−12,18].The largest cohort

(n = 37) was retrospectively analyzed by Buti et al. and

included mostly patients with papillary nccRCC (51%) and

chromophobe carcinoma (24%). DCRwas 81%with median

PFS andOS of 15.9 and 17.3months, respectively [11].

There are no clear recommendations for the cytoreduc-

tive nephrectomy in patients with asymptomatic, metastatic

nccRCC. According to current practice in the Czech

Republic, supported by published data, cytoreductive
nephrectomy is usually discussed in a multidisciplinary

team and usually considered in good or intermediate risk

groups according to MSKCC 2002, in the absence of con-

traindications [28,29]. In the present study, absence of

nephrectomy was an independent prognostic factor, consis-

tent with the previous retrospective studies [28,29]. How-

ever, recently it has been shown in CARMENA, a

prospective, randomized study, that sunitinib was not infe-

rior to nephrectomy followed by sunitinib in clear-cell
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Fig. 2. Progression-free (A) and overall survival (B) from first target treatment initiation.
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mRCC [30]. Nevertheless, in contrast to the CARMENA

study which enrolled no good prognosis patients and

included 43% of poor prognosis patients, our retrospective

cohort consisted of good and intermediate prognosis

patients exclusively.

The present data from the RENIS registry are in agree-

ment with previous reports as well as with the findings of

the retrospective study by Kroeger et al. that proved

recently the validity of the International mRCC Disease

Consortium prognostic model in the setting of nccRCC.
Table 2

Treatment outcomes

Clear cell carcin

(n = 1788)

Median PFS (95% CI) 11.8 months (11.

6-month PFS (%; 95% CI) 70.0 (67.9−72.2
1-year PFS (%; 95% CI) 49.5 (47.1−51.9
2-year PFS (%; 95% CI) 27.8 (25.5−30.1

Median OS (95% CI) 33.2 months (30.

6-month OS (%; 95% CI) 88.7 (87.2−90.2
1-year OS (%; 95% CI) 78.1 (76.1−80.1
2-year OS (%; 95% CI) 60.3 (57.8−62.9

Best first target treatment response—patients

with terminated treatment, n (%)

CR 75 (5.0)

PR 337 (22.5)

SD 517 (34.5)

PD 366 (24.4)

Not evaluated 202 (13.5)

ORR (CR+PR) 412 (27.5)

DCR (CR+PR+SD) 929 (62.1)

Leg.: CI, confidence interval; CR complete response; DCR, disease control rate

survival.

Bold font signifies statistical significance.
In this study, the largest so far on the subject, patients with

nccRCC (n = 255) had median times to treatment failure

and OS 4.2 and 12.8 months, respectively [22].

The paucity of data from large prospective trials is a

major issue facing both the nccRCC patients and their

physicians. Further molecular analyses are needed to allow

improved targeting of treatment. One promising target is

the MET signaling pathway, frequently altered in sporadic

papillary carcinoma [27,31]. Foretinib, an inhibitor the

MET, VEGF, AXL, and TIE-2 pathways, and savolitinib, a
oma Papillary or chromophobe

carcinoma (n = 93)

P value

0−12.7) 6.5 months (2.5−10.5)
) 54.5 (44.1−65.0) 0.018

) 39.2 (28.9−49.5)
) 18.6 (10.0−27.1)
3−36.1) 22.0 months (14.6−29.4)
) 82.9 (75.0−90.8) 0.007

) 67.0 (57.0−77.1)
) 44.6 (33.0−56.1)

1 (1.2) 0.063

11 (13.3)

28 (33.7)

31 (37.3)

12 (14.5)

13 (15.7) 0.016

41 (49.4) 0.027

; ORR, overall response rate; OS, overall survival; PFS, progression-free



Table 3

Progression-free survival and overall survival results according to histology subtype subgroup: a multivariable Cox-proportional hazards model

Variable Category n Progression-free survival Overall survival

HR (95% CI) P value HR (95% CI) P value

Histology Clear cell 1547 1.00 - 1.00 -

Papillary or chromophobe 85 1.27 (0.99−1.62) 0.060 1.39 (1.03−1.86) 0.031

Sex Females 476 1.00 - 1.00 -

Males 1156 1.07 (0.94−1.21) 0.302 0.96 (0.82−1.11) 0.556

Stage at diagnosis Stage I-III 891 1.00 - 1.00 -

Stage IV 741 1.01 (0.89−1.15) 0.863 1.08 (0.92−1.27) 0.344

Primary tumour grade G1 133 1.00 - 1.00 -

G2 622 1.64 (1.31−2.07) <0.001 1.43 (1.07−1.93) 0.017

G3-4 672 1.27 (0.97−1.66) 0.087 1.70 (1.26−2.28) <0.001
MSKCC Good 476 1.00 - 1.00 -

Intermediate 1156 1.38 (1.20−1.60) <0.001 1.60 (1.33−1.92) <0.001
Prior nephrectomy No 290 1.00 - 1.00 -

Yes 1342 0.68 (0.58−0.80) <0.001 0.64 (0.53−0.77) <0.001
Age at the treatment initiation ≤ 65 years 859 1.00 - 1.00 -

> 65 years 773 1.01 (0.90−1.14) 0.811 1.16 (1.01−1.34) 0.039

First-line targeted treatment Sunitinib 1309 1.00 - 1.00 -

Pazopanib 323 0.80 (0.69−0.93) 0.004 0.79 (0.65−0.96) 0.019

*Grade was not specified for 205 patients.

G, grade; HR, hazard ratio; MSKCC, Memorial Sloan Kettering Cancer Center.

Bold font signifies statistical significance.
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highly selective MET inhibitor, have generated promising

results in a phase II study [32,33]. Clinical studies with

checkpoint inhibitors in nccRCC patients are also under-

way. The progress is also hampered by the fact that

nccRCC is a heterogeneous group of tumors with variable

biology, including the papillary type II carcinoma and col-

lecting duct carcinoma associated with poor prognosis as

well as chromophobe carcinoma with relatively indolent

course and different response to targeted therapies [21,22].

So far, there are no indications that systemic adjuvant ther-

apy is effective in preventing recurrence of nccRCC after

nephrectomy [34].

The present study is limited by the retrospective nature.

In addition, the treatment response has not been confirmed

by a central radiology review. The cohort included mostly

patients with papillary carcinoma, and patients with chro-

mophobe carcinoma represented a small minority. Out-

comes for patients treated with other first-line agents, eg

temsirolimus, and for different histological types of

nccRCC could not have been analyzed due to low patient

numbers. The population of nccRCC in the registry is much

smaller than would be expected based on the frequency of

the histology in the population of mRCC patients. Addition-

ally, in chromophobe tumors grade per the Fuhrman sys-

tems does not correlate with prognosis and these tumors

should not be graded using the International Society of Uro-

logical Pathology grading system [35,36]. Nevertheless,

these systems are used in current publications and clinical

trials [34]. There were only 6.5% patients with chromo-

phobe tumors in our cohort. Therefore the impact of this

uncertainty is negligible.
MSKCC staging system has been used instead of the

newer International mRCC Database Consortium criteria

due to availability of data in the registry [24,37]. However,

we have shown previously on similar dataset that MSKCC

and criteria perform similarly in our patients [38].

RENIS is a drug-based registry, and relatively strict

restrictions of prescriptions of targeted therapies in meta-

static nccRCC might have led to a selection bias which

resulted in targeted therapy being offered to fewer meta-

static nccRCC patients. The limitations of retrospective

studies as well as the risk of overinterpretation of the results

are best illustrated by the unexpected observation in multi-

variate analysis of better outcomes with pazopanib com-

pared with sunitinib that contradicts the results of

prospective clinical trials [4,39]. This finding may also be

explained by a selection bias. First, pazopanib was intro-

duced several years after sunitinib and worse outcome in

patients treated with sunitinib may reflect more limited

options for second line therapies and less experience with

the management of mRCC patients treated with targeted

agents in the earlier years. Second, in contrast to random-

ized trials different patients might have been selected for

sunitinib and pazopanib, and sunitinib might have been

selected more often for patients with disease characterized

by aggressive tumor biology. Thus, the results of this retro-

spective analysis should not be interpreted as indicating the

superiority of one TKI over another or lead to change in

practice pattern. Moreover, based on the results of Check-

Mate 214 trial TKIs may soon be replaced by the combina-

tion of checkpoint inhibitors as front-line standard of care

for intermediate and poor risk patients leaving first-line
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TKIs only for good prognosis patients [40]. Only the results

of future clinical trials will indicate the efficacy of check-

point inhibitors in metastatic nccRCC.

5. Conclusion

The present study indicates, in agreement with previous

reports, that patients with metastatic nccRCC have signifi-

cantly lower ORR as well as shorter PFS and OS n com-

pared to patients with ccRCC. Prospective randomized

studies with sufficient numbers of patients and stratification

based on molecular characteristics are needed to define

optimal systemic treatment for nccRCC.

Financial disclosures

Tomas Buchler received honoraria for advisory boards

and/or lectures from Novartis, Pfizer, and Roche. Bohuslav

Melichar received honoraria for advisory boards and/or lec-

tures from Novartis, Pfizer, Glaxo Smith Kline, Roche,

Astellas, Bristol Myers Squibb and Bayer. Alexandr

Poprach received honoraria for lectures from Novartis,

Bristol-Myers Squibb, Roche and Bayer. Radek Lakomy

and Katerina Kopeckova received honoraria for lectures

from Novartis. Katerina Kubackova received honoraria for

lectures from Pfizer and travel grants from Pfizer and

Bayer. Milada Zemanova received honoraria for advisory

boards and/or lectures from Novartis and Glaxo Smith

Kline and travel grants from Bayer and Novartis. Other

authors have declared no conflict of interest.

Funding/Support and role of the sponsor

Supported by grant VES 2015 15-34678A from the

Ministry of Health, Czech Republic. The RENIS registry is

funded in part by pharmaceutical companies producing tar-

geted agents for renal cancer (Pfizer, Bayer, Glaxo Smith

Kline, Roche, and Novartis).

Acknowledgments

We would like to thank the following heads of the com-

prehensive cancer centers for the permission to use data of

patients from their respective regional networks: Dr Mar-

tina Chodacka, Chomutov Hospital and Masaryk Hospital

in Usti nad Labem; Dr Vaclav Janovsky, Ceske Budejovice

Hospital; Dr Otakar Bednarik, University Hospital, Brno;

Dr Jana Prausova, Motol University Hospital, Prague; Dr

David Feltl, University Hospital, Ostrava; Professor Jin-

drich Finek, University Hospital, Pilsen; Professor Jiri

Petera, University Hospital, Hradec Kralove; Dr Lubomir

Slavicek, Jihlava Hospital; Dr Jana Katolicka, St Anna Uni-

versity Hospital, Brno; Professor Rostislav Vyzula,

Masaryk Memorial Institute of Oncology, Brno; Dr Jiri

Bartos, County Hospital, Liberec; Dr Martin Safanda, Na

Homolce Hospital, Prague; Dr Renata Soumarova, Novy
Jicin Hospital; Professor Jitka Abrahamova, Thomayer

Hospital, Prague; Professor Lubos Petruzelka, General Uni-

versity Hospital, Prague; Dr Milan Kohoutek, T Bata

Memorial Hospital, Zlin. We are also indebted to all physi-

cians who provided data for the RENIS registry.

Supplementary materials

Supplementary material associated with this article can

be found, in the online version, at https://doi.org/10.1016/j.

urolonc.2018.12.017.

References

[1] Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The

2016 WHO classification of tumours of the urinary system and male

genital organs-part a: renal, penile, and testicular tumours. Eur Urol

2016;70:93–105. https://doi.org/10.1016/j.eururo.2016.02.029.

[2] Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Sri-

nivas S, et al. Nivolumab versus everolimus in advanced renal-cell

carcinoma. N Engl J Med 2015;373:1803–13. https://doi.org/

10.1056/NEJMoa1510665.

[3] Rini BI, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE,

et al. Comparative effectiveness of axitinib versus sorafenib in

advanced renal cell carcinoma (AXIS): a randomised phase 3 trial.

Lancet (London, England) 2011;378:1931–9. https://doi.org/10.1016/

S0140-6736(11)61613-9.

[4] Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, et al.

Pazopanib versus sunitinib in metastatic renal-cell carcinoma. N Engl

J Med 2013;369:722–31. https://doi.org/10.1056/NEJMoa1303989.

[5] Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM,

Rixe O, et al. Sunitinib versus interferon alfa in metastatic renal-cell

carcinoma. N Engl J Med 2007;356:115–24. https://doi.org/10.1056/

NEJMoa065044.

[6] Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A,

et al. Temsirolimus, interferon alfa, or both for advanced renal-cell

carcinoma. N Engl J Med 2007;356:2271–81. https://doi.org/

10.1056/NEJMoa066838.

[7] Escudier B, Porta C, Schmidinger M, Rioux-Leclercq N, Bex A,

Khoo V, et al. Renal cell carcinoma: ESMO clinical practice guide-

lines for diagnosis, treatment and follow-up. Ann Oncol Off J Eur

Soc Med Oncol 2016;27:v58–68. https://doi.org/10.1093/annonc/

mdw328.

[8] Choueiri TK, Plantade A, Elson P, Negrier S, Ravaud A, Oudard S,

et al. Efficacy of sunitinib and sorafenib in metastatic papillary and

chromophobe renal cell carcinoma. J Clin Oncol 2008;26:127–31.

https://doi.org/10.1200/JCO.2007.13.3223.

[9] Gore ME, Szczylik C, Porta C, Bracarda S, Bjarnason GA, Oudard S,

et al. Safety and efficacy of sunitinib for metastatic renal-cell carci-

noma: an expanded-access trial. Lancet Oncol 2009;10:757–63.

https://doi.org/10.1016/S1470-2045(09)70162-7.

[10] Matrana MR, Baiomy A, Campbell M, Alamri S, Shetty A, Teegavar-

apu P, et al. Outcomes of patients with metastatic non−clear-cell
renal cell carcinoma treated with pazopanib. Clin Genitourin Cancer

2017;15:e205–8 https://doi.org/10.1016/j.clgc.2016.07.016.

[11] Buti S, Bersanelli M, Maines F, Facchini G, Gelsomino F, Zustovich

F, et al. First-Line PAzopanib in NOn-clear-cell Renal cArcinoMA:

The Italian Retrospective Multicenter PANORAMA Study. Clin Gen-

itourin Cancer 2017;15:e609–14. https://doi.org/10.1016/j.

clgc.2016.12.024.

[12] Jung KS, Lee SJ, Park SH, Lee J-L, Lee S-H, Lim JY, et al. Pazopa-

nib for the treatment of non-clear cell renal cell carcinoma: A Single-

Arm, Open-Label, Multicenter, Phase II Study. Cancer Res Treat

2017. https://doi.org/10.4143/crt.2016.584.

http://dx.doi.org/10.13039/501100004726
http://dx.doi.org/10.13039/100004326
https://doi.org/10.1016/j.urolonc.2018.12.017
https://doi.org/10.1016/j.urolonc.2018.12.017
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1016/S0140-6736(11)61613-9
https://doi.org/10.1016/S0140-6736(11)61613-9
https://doi.org/10.1056/NEJMoa1303989
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1056/NEJMoa066838
https://doi.org/10.1093/annonc/mdw328
https://doi.org/10.1093/annonc/mdw328
https://doi.org/10.1200/JCO.2007.13.3223
https://doi.org/10.1016/S1470-2045(09)70162-7
https://doi.org/10.1016/j.clgc.2016.07.016
https://doi.org/10.1016/j.clgc.2016.12.024
https://doi.org/10.1016/j.clgc.2016.12.024
https://doi.org/10.4143/crt.2016.584


A. Poprach et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 294.e1−294.e8 294.e8
[13] Knox JJ, Barrios CH, Kim TM, Cosgriff T, Srimuninnimit V, Pittman

K, et al. Final overall survival analysis for the phase II RECORD-3

study of first-line everolimus followed by sunitinib versus first-line

sunitinib followed by everolimus in metastatic RCC. Ann Oncol Off

J Eur Soc Med Oncol 2017;28:1339–45. https://doi.org/10.1093/

annonc/mdx075.

[14] Lee J-L, Ahn J-H, Lim HY, Park SH, Lee SH, Kim TM, et al. Multi-

center phase II study of sunitinib in patients with non-clear cell renal

cell carcinoma. Ann Oncol Off J Eur Soc Med Oncol 2012;23:2108–

14. https://doi.org/10.1093/annonc/mdr586.

[15] Tannir NM, Plimack E, Ng C, Tamboli P, Bekele NB, Xiao L, et al. A

phase 2 trial of sunitinib in patients with advanced non-clear cell renal

cell carcinoma. Eur Urol 2012;62:1013–9. https://doi.org/10.1016/j.

eururo.2012.06.043.

[16] Molina AM, Feldman DR, Ginsberg MS, Kroog G, Tickoo SK, Jia X,

et al. Phase II trial of sunitinib in patients with metastatic non-clear

cell renal cell carcinoma. Invest New Drugs 2012;30:335–40. https://

doi.org/10.1007/s10637-010-9491-6.

[17] Motzer RJ, Barrios CH, Kim TM, Falcon S, Cosgriff T, Harker WG,

et al. Phase II randomized trial comparing sequential first-line everoli-

mus and second-line sunitinib versus first-line sunitinib and second-line

everolimus in patients with metastatic renal cell carcinoma. J Clin

Oncol 2014;32:2765–72. https://doi.org/10.1200/JCO.2013.54.6911.

[18] Costello BA, Ho TH, Tan W, Leibovich BC, Castle EP, Parker

AS, et al. Phase II efficacy trial of pazopanib in non-clear

cell metastatic renal cell carcinoma (PINCR trial). J Clin Oncol

2014;32. https://doi.org/10.1200/jco.2014.32.15_suppl.tps4606:

TPS4606-TPS4606.

[19] Ravaud A, Oudard S, De Fromont M, Chevreau C, Gravis G, Zanetta

S, et al. First-line treatment with sunitinib for type 1 and type 2

locally advanced or metastatic papillary renal cell carcinoma: a phase

II study (SUPAP) by the French Genitourinary Group (GETUG)dag-

ger. Ann Oncol Off J Eur Soc Med Oncol 2015;26:1123–8. https://

doi.org/10.1093/annonc/mdv149.

[20] Armstrong AJ, Halabi S, Eisen T, Broderick S, Stadler WM, Jones

RJ, et al. Everolimus versus sunitinib for patients with metastatic

non-clear cell renal cell carcinoma (ASPEN): a multicentre, open-

label, randomised phase 2 trial. Lancet Oncol 2016;17:378–88

https://doi.org/10.1016/S1470-2045(15)00515-X.

[21] Tannir NM, Jonasch E, Albiges L, Altinmakas E, Ng CS, Matin SF,

et al. Everolimus versus sunitinib prospective evaluation in metastatic

non−clear cell renal cell carcinoma (ESPN): a randomized multicen-

ter phase 2 trial. Eur Urol 2016;69:866–74 https://doi.org/10.1016/j.

eururo.2015.10.049.

[22] Kroeger N, Xie W, Lee J-L, Bjarnason GA, Knox JJ, Mackenzie

MJ, et al. Metastatic non-clear cell renal cell carcinoma treated

with targeted therapy agents: characterization of survival outcome

and application of the International mRCC Database Consortium

criteria. Cancer 2013;119:2999–3006. https://doi.org/10.1002/

cncr.28151.

[23] Vera-Badillo FE, Templeton AJ, Duran I, Ocana A, de Gouveia P,

Aneja P, et al. Systemic therapy for non-clear cell renal cell carcino-

mas: a systematic review and meta-analysis. Eur Urol 2015;67:740–

9. https://doi.org/10.1016/j.eururo.2014.05.010.

[24] Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M. Interferon-

alfa as a comparative treatment for clinical trials of new therapies

against advanced renal cell carcinoma. J Clin Oncol 2002;20:289–96.

https://doi.org/10.1200/JCO.2002.20.1.289.

[25] Poprach A, Bortl�ı�cek Z, B€uchler T, Melichar B, Lakom�y R, Vyzula

R, et al. Patients with advanced and metastatic renal cell carcinoma

treated with targeted therapy in the Czech Republic: twenty cancer

centres, six agents, one database. Med Oncol 2012: 29. https://doi.

org/10.1007/s12032-012-0286-9.

[26] Buchler T, Bortlicek Z, Poprach A, Pavlik T, Veskrnova V, Honzir-

kova M, et al. Outcomes for patients with metastatic renal cell carci-

noma achieving a complete response on targeted therapy: a registry-
based analysis. Eur Urol 2016. https://doi.org/10.1016/j.eur-

uro.2015.12.031.

[27] Durinck S, Stawiski EW, Pavia-Jimenez A, Modrusan Z, Kapur P,

Jaiswal BS, et al. Spectrum of diverse genomic alterations define

non-clear cell renal carcinoma subtypes. Nat Genet 2015;47:13–21.

https://doi.org/10.1038/ng.3146.

[28] Heng DYC, Wells JC, Rini BI, Beuselinck B, Lee J-L, Knox JJ, et al.

Cytoreductive nephrectomy in patients with synchronous metastases

from renal cell carcinoma: results from the International Metastatic

Renal Cell Carcinoma Database Consortium. Eur Urol 2014;66:704–

10. https://doi.org/10.1016/j.eururo.2014.05.034.

[29] Aizer AA, Urun Y, McKay RR, Kibel AS, Nguyen PL, Choueiri TK.

Cytoreductive nephrectomy in patients with metastatic non-clear-cell

renal cell carcinoma (RCC). BJU Int 2014;113:E67–74. https://doi.

org/10.1111/bju.12442.

[30] Mejean A, Ravaud A, Thezenas S, Colas S, Beauval J-B, Bensalah K,

et al. Sunitinib alone or after nephrectomy in metastatic renal-cell car-

cinoma. N Engl J Med 2018. https://doi.org/10.1056/NEJ-

Moa1803675.

[31] Davis CF, Ricketts CJ, Wang M, Yang L, Cherniack AD, Shen H,

et al. The somatic genomic landscape of chromophobe renal cell car-

cinoma. Cancer Cell 2014;26:319–30. https://doi.org/10.1016/j.

ccr.2014.07.014.

[32] Choueiri TK, Vaishampayan U, Rosenberg JE, Logan TF, Harzstark

AL, Bukowski RM, et al. Phase II and biomarker study of the dual

MET/VEGFR2 inhibitor foretinib in patients with papillary renal cell

carcinoma. J Clin Oncol 2013;31:181–6. https://doi.org/10.1200/

JCO.2012.43.3383.

[33] Choueiri TK, Plimack E, Arkenau H-T, Jonasch E, Heng DYC,

Powles T, et al. Biomarker-based phase II trial of savolitinib in

patients with advanced papillary renal cell cancer. J Clin Oncol

2017;35:2993–3001. https://doi.org/10.1200/JCO.2017.72.2967.

[34] Haas NB, Manola J, Uzzo RG, Flaherty KT, Wood CG, Kane C, et al.

Adjuvant sunitinib or sorafenib for high-risk, non-metastatic renal-

cell carcinoma (ECOG-ACRIN E2805): a double-blind, placebo-con-

trolled, randomised, phase 3 trial. Lancet (London, England)

2016;387:2008–16. https://doi.org/10.1016/S0140-6736(16)00559-6.

[35] Steffens S, Roos FC, Janssen M, Becker F, Steinestel J, Abbas M,

et al. Clinical behavior of chromophobe renal cell carcinoma is less

aggressive than that of clear cell renal cell carcinoma, independent of

Fuhrman grade or tumor size. Virchows Arch 2014;465:439–44.

https://doi.org/10.1007/s00428-014-1648-9.

[36] Delahunt B, Cheville JC, Martignoni G, Humphrey PA, Magi-Gal-

luzzi C, McKenney J, et al. The International Society of Urological

Pathology (ISUP) grading system for renal cell carcinoma and other

prognostic parameters. Am J Surg Pathol 2013;37:1490–504. https://

doi.org/10.1097/PAS.0b013e318299f0fb.

[37] Heng DYC, Xie W, Regan MM, Harshman LC, Bjarnason GA,

Vaishampayan UN, et al. External validation and comparison with

other models of the International Metastatic Renal-Cell Carcinoma

Database Consortium prognostic model: a population-based study.

Lancet Oncol 2013;14:141–8. https://doi.org/10.1016/S1470-2045

(12)70559-4.

[38] Kubackova K, Bortlicek Z, Pavlik T, Melichar B, Linke Z, Pokorna P,

et al. Prognostic factors in renal cell carcinoma patients treated with

sorafenib: results from the Czech registry. Target Oncol 2015: 10.

https://doi.org/10.1007/s11523-014-0343-8.

[39] Escudier B, Porta C, Bono P, Powles T, Eisen T, Sternberg CN, et al.

Randomized, controlled, double-blind, cross-over trial assessing

treatment preference for pazopanib versus sunitinib in patients with

metastatic renal cell carcinoma: PISCES Study. J Clin Oncol

2014;32:1412–8. https://doi.org/10.1200/JCO.2013.50.8267.

[40] Motzer RJ, Tannir NM, McDermott DF, Aren Frontera O, Melichar

B, Choueiri TK, et al. Nivolumab plus ipilimumab versus sunitinib in

advanced renal-cell carcinoma. N Engl J Med 2018;378:1277–90.

https://doi.org/10.1056/NEJMoa1712126.

https://doi.org/10.1093/annonc/mdx075
https://doi.org/10.1093/annonc/mdx075
https://doi.org/10.1093/annonc/mdr586
https://doi.org/10.1016/j.eururo.2012.06.043
https://doi.org/10.1016/j.eururo.2012.06.043
https://doi.org/10.1007/s10637-010-9491-6
https://doi.org/10.1200/JCO.2013.54.6911
https://doi.org/10.1200/jco.2014.32.15_suppl.tps4606
https://doi.org/10.1200/jco.2014.32.15_suppl.tps4606
https://doi.org/10.1093/annonc/mdv149
https://doi.org/10.1016/S1470-2045(15)00515-X
https://doi.org/10.1016/j.eururo.2015.10.049
https://doi.org/10.1016/j.eururo.2015.10.049
https://doi.org/10.1002/cncr.28151
https://doi.org/10.1002/cncr.28151
https://doi.org/10.1016/j.eururo.2014.05.010
https://doi.org/10.1200/JCO.2002.20.1.289
https://doi.org/10.1007/s12032-012-0286-9
https://doi.org/10.1016/j.eururo.2015.12.031
https://doi.org/10.1016/j.eururo.2015.12.031
https://doi.org/10.1038/ng.3146
https://doi.org/10.1016/j.eururo.2014.05.034
https://doi.org/10.1111/bju.12442
https://doi.org/10.1056/NEJMoa1803675
https://doi.org/10.1056/NEJMoa1803675
https://doi.org/10.1016/j.ccr.2014.07.014
https://doi.org/10.1016/j.ccr.2014.07.014
https://doi.org/10.1200/JCO.2012.43.3383
https://doi.org/10.1200/JCO.2012.43.3383
https://doi.org/10.1200/JCO.2017.72.2967
https://doi.org/10.1016/S0140-6736(16)00559-6
https://doi.org/10.1007/s00428-014-1648-9
https://doi.org/10.1097/PAS.0b013e318299f0fb
https://doi.org/10.1016/S1470-2045(12)70559-4
https://doi.org/10.1016/S1470-2045(12)70559-4
https://doi.org/10.1007/s11523-014-0343-8
https://doi.org/10.1200/JCO.2013.50.8267
https://doi.org/10.1056/NEJMoa1712126

	Tyrosine kinase inhibitors in the first-line treatment for metastatic nonclear cell renal carcinoma: A retrospective analysis of a national database
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Data source
	2.3. Statistical analysis

	3. Results
	3.1. Patient population and baseline characteristics
	3.2. Treatment outcomes

	4. Discussion
	5. Conclusion
	Financial disclosures
	Funding/Support and role of the sponsor
	Acknowledgments
	Supplementary materials
	References



