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ABSTRACT

Background. Sunitinib is a standard treatment for metastatic
clear cell renal cell carcinoma (mccRCC). Data on its activity
in the rare variant of metastatic chromophobe renal cell
carcinoma (mchRCC), are limited. We aimed to analyze the
activity of sunitinib in a relatively large and homogenous
international cohort of mchRCC patients in terms of outcome
and comparison with mccRCC.
Methods. Records from mchRCC patients treated with first-
line sunitinib in 10 centers across 4 countries were retrospec-
tively reviewed. Univariate and multivariate analyses of
association between clinicopathologic factors and outcome
were performed. Subsequently, mchRCC patients were in-
dividually matched to mccRCC patients. We compared the
clinicalbenefit rate,progression-freesurvival (PFS),andoverall
survival (OS) between the groups.
Results. Between 2004 and 2014, 36 patients (median age,
64 years; 47% male) with mchRCC were treated with first-line
sunitinib. Seventy-eight percent achieved a clinical benefit

(partial response1 stable disease). Median PFS and OS were
10 and 26 months, respectively. Factors associated with PFS
were the Heng risk (hazard ratio [HR], 3.3; p 5 .03) and
pretreatment neutrophil-to-lymphocyte ratio (NLR) .3 (HR,
0.63; p5 .02). Factors associated with OS were the Heng risk
(HR, 4.1; p 5 .04), liver metastases (HR, 3.8; p 5 .03), and
pretreatment NLR,3 (HR, 0.55; p5 .03).Treatment outcome
was not significantly different between mchRCC patients and
individually matched mccRCC patients. In mccRCC patients
(pvalueversusmchRCC),72%achievedaclinical benefit (p5 .4)
andmedian PFS andOSwere 9 (p5 .6) and 25 (p5 .7)months,
respectively.
Conclusion. In metastatic chromophobe renal cell carci-
noma, sunitinib therapy may be associated with similar
outcome and toxicities as in metastatic clear cell renal
cell carcinoma. The Heng risk and pretreatment NLR may
be associated with PFS and OS. The Oncologist 2016;
21:1212–1217

Implications for Practice: Data on the activity of sunitinib in metastatic chromophobe renal cell carcinoma (mchRCC) are
limited. This study analyzed the activity of sunitinib in a cohort of mchRCC patients. Of 36 patients with mchRCC who were
treated with first-line sunitinib, 78% achieved a clinical benefit. Median PFS and OS were 10 and 26 months, respectively.
Treatment outcome was not significantly different between mchRCC patients and individually matched metastatic clear cell
RCC patients.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common cancer of the
kidney [1]. Metastatic disease is diagnosed in 20%–30% of
patients, and 70%–80% of patients present with localized or
locally advanced disease at diagnosis, which is potentially
curable by radical surgical resection alone [2]. Among patients
who undergo radical resection for localized disease, future
metastatic disease develops in 20%–40% [3].

Renal cell carcinoma is aheterogeneousdisease in termsof
histological subtypes.Themostcommonsubtype (80%) is clear
cell. Less common, non-clear cell subtypes include papillary
type 1, papillary type 2, chromophobe (5%), and other rarer
subtypes [4].

Anunderstandingof thepathogenesisof renalcell carcinoma
at the molecular level and randomized clinical trials have
establishedthestandardroleoftheorallyadministered vascular
endothelial growth factor (VEGF) receptor and platelet-
derived growth factor receptor inhibitor sunitinib for the
treatment of advanced clear cell renal cell carcinoma [5].

Data on the activity of sunitinib therapy in the rare variant
of metastatic chromophobe renal cell carcinoma are limited
by the lack of prospective controlled phase III studies
dedicated to this histological variant [6]. Published data
include relatively small or heterogeneous (combined analysis
of mixed histology with papillary type, or mixed targeted
therapies) studies [6–8].

In the present study we sought to analyze the activity of
sunitinib in a relatively large and homogenous international
cohort of metastatic chromophobe renal cell carcinoma
(mchRCC) in terms of outcome and comparison with a
matched cohort of metastatic clear cell renal cell carcinoma
(mccRCC).

MATERIALS AND METHODS

Study Group
We reviewed the records of patients (unselected cohort,
international multicenter database) with evidence of
metastatic renal cell carcinoma who were treated with
first-line sunitinib between February 1, 2004, and December
31, 2014, in 10 centers across 4 countries: the United States
(Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, MD), Israel (Institutes of Oncology at
Meir Medical Center, Kfar Saba; Assaf Harofeh Medical
Center, Zerifin; Rambam Medical Center, Haifa; Sheba
Medical Center, Tel Hashomer; Soroka Medical Center,
Beer-Sheva; Rabin Medical Center, Petah Tikva; Tel Aviv
Sourasky Medical Center, Tel Aviv), South Korea (Department
of Oncology, University of Ulsan College of Medicine, Asan
Medical Center, Seoul), and Turkey (Department of Medical
Oncology, Ataturk Training and Research Hospital, Izmir Katip
Celebi University, Izmir).

Patients with chromophobe-type metastatic renal cell
carcinoma were identified and individually matched by
clinicopathologic factors to patients with clear cell type
metastatic renal cell carcinoma. Patient data were retro-
spectively collected from electronic medical records
and paper charts, including the following baseline clinical
characteristics and known prognostic factors [8–14]: age;

gender; pretreatment smoking status (active versus past/
never); past nephrectomy; the time interval from initial
diagnosis to sunitinib treatment initiation; number of
metastasis sites; presence of lung, liver, or bonemetastases;
Eastern Cooperative Oncology Group performance status;
hemoglobin level, corrected (for albumin); calcium level;
pretreatment neutrophil-to-lymphocyte ratio (NLR); and
two postbaseline clinical characteristics: sunitinib-induced
hypertension and sunitinib dose reduction or treatment
interruption. Data on the concomitant use of medications,
including angiotensin system inhibitors (angiotensin-
converting enzyme inhibitors and angiotensin II receptor
blockers) was gathered from patients’ electronic medical
records and paper charts, from pharmacy records, and by
contacting patients and other treating physicians as
needed. Outcome data were last updated on December
31, 2014, including clinical benefit, progression-free sur-
vival (PFS), and overall survival (OS). Patients who did not
progress or die by December 31, 2014, were censored in
progression-free survival analysis or overall survival analy-
sis, respectively.

Sunitinib Treatment
All patients had objective disease progression on scans before
starting sunitinib treatment (required as an entry criterion).
Sunitinib was administered orally, usually at a starting dose of
50 mg once daily, in 6-week cycles consisting of 4 weeks
of treatment followed by 2 weeks without treatment. On-
treatment dose reduction or treatment interruptionwas done
for the management of adverse events, depending on their
type and severity, according to standard guidelines.Treatment
was continued until evidence of disease progression on scans,
unacceptable adverse events, or death. Patient follow-up
generally consisted of regular physical examinations and
laboratory assessments (hematologic and serum chemical
measurements), every 4–6 weeks, and imaging studies were
performed every 12–18 weeks.

Treatment Outcomes
For the evaluation of response, the Response Evaluation
Criteria In Solid Tumors, version 1.1, were applied [15]. In
patients with only bone metastases, only complete response,
stable disease, or progressive disease was noted; partial
response was not noted [15]. The response was assessed
by treating physicians (while the patients were receiving
treatment in each center, as part of standard patient follow-
up). Clinical benefit was determined for each patient as a
binary variable indicatingwhether stable diseaseor betterwas
achieved.

Progression-free survival was defined as the time from the
initiation of sunitinib treatment until evidence of disease
progression on scans or death fromany cause. Overall survival
was defined as the time from the initiation of sunitinib
treatment to death from any cause.

Statistical Analysis
Data were analyzed retrospectively. Patients with chromo-
phobe and clear cell histology subtypes were individually
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matched by the following discrete variables: gender, prior
nephrectomy, sunitinib-induced hypertension, sunitinib dose
reduction/treatment interruption, the use of angiotensin
system inhibitors, Heng risk, and pretreatment NLR. Patients
were also individually matched by age (age of a patient with
clear cell histology was chosen as the age of a patient with
chromophobe histology65 years).

The chi-square test or Fisher’s exact test for nominal data
and two-sample t test (orMann-Whitneynonparametric test)
for continuousmeasures, each when appropriate, were used
to compare, between chromophobe and clear cell histology
subtypes, clinicopathologic characteristics and clinical ben-
efit rate (partial response 1 stable disease; odds ratio (OR)
for clear cell versus chromophobe subtypes). In all tests, a
two-tailed p value of ,.05 was considered to indicate a
statistically significant difference. Cox proportional hazards
or logistic regression models were used for comparison of
progression-free survival and overall survival between the
two groups.

Furthermore, to determine whether histologic subtype
is independently associated with treatment outcome, a
univariate analysis (unadjusted) of association between each
clinicopathologic factor and clinical outcome was performed
for the entire patient cohort (comprising both histology
subtypes), using logistic regression for response rate and
Cox regression model for survival outcomes (progression-free
survival and overall survival). Factors with significant associ-
ation in the univariate analysis were included in multivariable
logistic or Cox proportional hazards regression models (using
forward selection) to determine their independent effects.

Once the base model was determined for each endpoint, the
“treatment variable” (mccRCC vs. mchRCC) was added to the
basemodels toobtain adjusted treatment groupodds ratios or
hazard ratios.

Progression-free survival and overall survival times (prob-
ability and median) were estimated from a Kaplan-Meier
curve. Data were analyzed by using SPSS software, version 21
(IBM, Inc., Armonk, NY, http://www.ibm.com/us-en).

Regulatory Considerations
The research was carried out in accordance with the
approval by the institutional review board committee of
our institutions.

RESULTS

Patient Characteristics
Between February 1, 2004, and December 31, 2014, 36
patients with metastatic chromophobe renal cell carcinoma
treated with first-line sunitinib were individually matched to
patients with clear cell histology. The distribution of clinico-
pathologic and prognostic factors is shown in Table 1. The
groups were matched regarding the following clinicopatho-
logic factors: age, gender, prior nephrectomy, sunitinib-
induced hypertension, sunitinib dose reduction/treatment
interruption, the use of angiotensin system inhibitors, Heng
risk, pretreatment NLR, and smoking status. They were
balanced with regard to the presence of two or more met-
astatic sites and lung, liver, or bone metastasis.

Table 1. Distribution of clinicopathologic and prognostic factors, stratified by histology

Characteristic Chromophobe mRCC (n5 36) Matched clear cell mRCC (n5 36) p value

Age: median (mean6 SD, range), yr 64 (606 13, 26-87) 63 (606 12, 33-84) .7

Gender, % (n) 1

Male 47 ( 17) 47 (17)

Female 53 (19) 53 (19)

Past nephrectomy 75 (27) 75 (27) 1

Lung metastasis 67 (24) 78 (28) .4

Liver metastasis 31 (11) 25 (9) .23

Bone metastasis 36 (13) 44 (16) .09

$2 metastatic sites 83 (30) 81 (29) .9

Sunitinib-induced hypertension 47 (17) 47 (17) 1

Sunitinib dose reduction/treatment interruption 42 (15) 42 (15) 1

Users of ASIs 28 (10) 28 (10) 1

Heng risk stratification 1

Favorable 28 (10) 28 (10)

Intermediate 50 (18) 50 (18)

Poor 22 (8) 22 (8)

Pretreatment NLR. 3 50 (18) 50 (18) 1

Smoking status

Never 69 (25) 69 (25) 1

Past 6 (2) 6 (2)

Active 25 (9) 25 (9)

Unless otherwise noted, values are expressed as percentage (number) of patients.
Abbreviations: ASI, angiotensin system inhibitor; mRCC, metastatic renal cell carcinoma; NLR, neutrophil-to-lymphocyte ratio.
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Sunitinib Treatment Outcomes
In the entire patient cohort (n5 72), best objective response
was complete response in 1% (n5 1), partial response in 32%
(n 5 23), stable disease in 42% (n 5 30), and progressive
disease (within the first 3 months of therapy) in 25% (n5 18).
Medianprogression-free survivalwas9.5months (mean6SD,
146 8months [range, 1–51months]).Median overall survival
was 26 months (296 11 months [range, 1–75] months).

In patients with chromophobe versus clear cell histology,
clinical benefit (partial response 1 stable disease) was 78%
(n5 28) versus 72% (n5 26), whereas 22% (n5 8) versus 28%
(n5 10) had disease progression within the first 3 months of
therapy (p 5 .4; odds ratio, 0.74). Median progression-free

survival (Fig. 1) was 10 versus 9months (hazard ratio [HR], 1.4;
p 5 .6). Median overall survival (Fig. 2) was 26 versus 25
months (HR, 1.15; p5 .7) (Table 2).

Univariate Analysis (Entire Patient Cohort, n5 72) of
Factors Associated With Progression-Free Survival
and Overall Survival
Smoking status (HR, 3.6; p , .0001 for active vs. never-
smokers/past smokers), the Heng risk (HR, 1.3 and 4.1; p5 .4
andp, .0001, for favorableand intermediateversus poor risk,
respectively), past nephrectomy (HR, 0.39 for yes vs. no; p5
.002), theuseof angiotensin system inhibitors (HR, 0.48 for yes
vs. no; p5 .03), sunitinib-induced hypertension (HR, 0.43 for
yesvs. no;p5 .004), andpre–sunitinib treatmentNLR.3 (HR,
0.13 for #3 vs. .3; p , .0001) were individually associated
with progression-free survival. Histology type (chromophobe
vs. clear cell)was not associatedwith progression-free survival
(HR, 0.71; p5 .1).

Smoking status (HR, 3.29 for active vs. never-smokers/past
smokers;p, .0001), theHeng risk (HR,1.3and3.37 forpoorvs.
favorable and intermediate risk, respectively; p 5 .7 and
,.0001), past nephrectomy (HR, 0.4 for yes vs. no; p5 .003),
theuseofangiotensin system inhibitors (HR,0.43 foryesvs.no;
p5 .018), sunitinib-induced hypertension (HR, 0.36 for yes vs.
no;p5 .001), presenceof livermetastases (yesvs. no) (HR,2.3;
p5 .015), sunitinib dose reduction or treatment interruption
(HR, 0.52 for no vs.yes;p5 .028), and pre–sunitinib treatment
NLR. 3 (HR, 0.17 for#3 vs..3; p, .0001) were individually
associatedwith overall survival. Histology type (chromophobe
vs. clear cell) was not associated with overall survival (HR, 0.9;
p5 .2).

Multivariate Analysis (Entire Patient Cohort, n5 72)
of Factors Associated With Clinical Benefit,
Progression-Free Survival, and Overall Survival
Factors independentlyassociatedwithclinicalbenefit (adjusted
odds ratio) were sunitinib-induced hypertension (OR, 2.7;
p , .001), smoking status (OR, 3.4 for never-smoker/past
smoker vs. active smoker; p5 .02), and pretreatment NLR. 3
(OR, 3.9; p 5 .01 for #3 vs. .3). Factors independently
associated with PFS (adjusted hazard ratios) were the use of
angiotensinsysteminhibitors (HR,0.3 foryesvs.no;p5 .03)and
pretreatment NLR.3 (HR, 0.6 for#3 vs..3; p5 .04). Factors
independentlyassociatedwithOS(adjustedhazard ratios)were
the presence of livermetastases (yes vs. no) (HR, 2.7;p5 .014),
sunitinib dose reduction or treatment interruption (HR, 0.5
for no vs. yes; p5 .008), and pre–sunitinib treatment NLR. 3
(HR, 0.2 for#3 vs..3; p, .003).

In patients with chromophobe histology (n5 36), factors
independently associatedwithPFSwere theHeng risk (HR,3.3;
p5 .03) and pretreatmentNLR.3 (HR, 0.63; p5 .02). Factors
independently associatedwith OSwere theHeng risk (HR, 4.1;
p5 .04), livermetastases (HR, 3.8; p5 .03), and pretreatment
NLR,3 (HR, 0.55; p5 .03).

DISCUSSION

The present study found that patients with metastatic
chromophobe-type RCC may benefit from sunitinib therapy,
with an outcome similar to that of patients with clear cell type
histology, in terms of objective response, progression-free

Figure 2. Kaplan-Meier estimates of overall survival stratified by
histology.

Abbreviations: HR, hazard ratio; mccRCC, metastatic clear cell
renal cell carcinoma;mchRCC,metastatic chromophobe renal cell
carcinoma.

Figure 1. Kaplan-Meier estimates of progression-free survival
stratified by histology.

Abbreviations: HR, hazard ratio; mccRCC, metastatic clear cell
renal cell carcinoma;mchRCC,metastatic chromophobe renal cell
carcinoma.
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survival, and overall survival. Furthermore, in univariate
and multivariate analyses of the entire patient cohort
(chromophobe type plus clear cell type), the histologic type
was not associated with treatment outcome, although
statistical inference was limited because of sample size
considerations.

Data on the activity of sunitinib therapy in the rare variant
of metastatic chromophobe renal cell carcinoma are limited
by the lack of prospective controlled phase III studies
dedicated to this histological variant [6]. Published data
include relatively small or heterogeneous (combined analysis
of mixed histology with papillary type, or mixed targeted
therapies) studies [6, 7]. Chromophobe-type RCC has a
relatively indolent course, uncommonly metastasizes, and
may be associated with a better prognosis than clear
cell–type RCC [16, 17]. Prolonged PFS and OS with sunitinib
therapymaybeexplainedby the indolent courseofdiseaseor
the biologic effect of sunitinib, which is a VEGF and KIT
inhibitor because VEGF and KIT overexpression have been
reported in chromophobe RCC [16, 17].

Our study has some limitations. First, thiswas amulticenter
retrospective study. We could not exclude the possibility that
unequal distribution of unidentified clinicopathologic parame-
ters in our patient cohortmay havebiased the observed results.
Moreover, other clinicopathologic factors, including histologic
type, that were not significantly associated with treatment
outcome in the present study might have been important in
a larger patient cohort. Nonetheless, the outcome of the
mchRCCpatientpopulation in this study (i.e., a clinical benefit
in most patients, median progression-free survival of 10
months, and median overall survival of 26 months) is similar
to previously published data among patients with mchRCC
treated with sunitinib [7, 16]. Second, mchRCC is a relatively
raredisease.Thus, the total numberof72patients is relatively
small. As a result, our study was underpowered to show
a difference in outcome. Third, whether our findings are
specific to sunitinib or are generalizable to other tyrosine
kinase inhibitors is not known.

Despite these limitations, our clinical observation that
histologic status of chromophobe type does not affect
the outcome of sunitinib treatment in metastatic renal cell
carcinoma may contribute to treatment decisions, patient
selection, and clinical trial design. According to a recentmeta-
analysis of systemic therapy in renal cell carcinoma, the
outcomes tend tobe significantlyworse for non–clear cell type
(vs. clear cell type), with lower response rate and shorter
progression-free survival and overall survival [18]. In the
present study, the outcome of sunitinib therapy in mchRCC
is similar to that of mccRCC. Thus, a lower efficacy of
targeted therapymay exist in metastatic nonchromophobe,
non–clear cell RCC (e.g., papillary, sarcomatoid, undiffer-
entiated). Further prospective studies may be warranted
to test and confirm our hypothesis-generating observation
in larger patient cohorts and to define the association
between histologic type and outcome in different sub-
groups of patient (e.g., according to risk by prognostic
models).

CONCLUSION
In metastatic chromophobe renal cell carcinoma, sunitinib
therapymay be associatedwith outcome and toxicities similar
to those seen with metastatic clear cell renal cell carcinoma.
The Heng risk and pretreatment NLR may be associated with
PFS and OS.
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Table 2. Sunitinib treatment outcome stratified by histology

Treatment
outcome

Chromophobe
mRCC
(n5 36)

Matched
clear cell
mRCC
(n5 36) p value

Response
rate, % (n)

Partial
response

28 (10) 33 (12) .4 (OR, 0.74)

Stable disease 50 (18) 39 (14)

Disease
progression
within 12 wk
of the start of
sunitinib

22 (8) 28 (10)

PFS: median6
SD (range), mo

106 9 (1–44) 9 8 (1–51) .6 (HR, 1.4)

OS: median6
SD (range), mo

266 10 (1–75) 256 8 (1–68) .7 (HR, 1.15)

Abbreviations: HR, hazard ratio; mRCC, metastatic renal cell carcinoma;
OR, odds ratio; OS, overall survival; PFS, progression-free survival.
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