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Abstract Chromophobe renal cell carcinoma (chRCC) is the
third most common subtype of RCC, after clear cell (ccRCC)
and papillary RCC. Its lower incidence and frequent exclusion
from clinical trials might be why chRCC characteristics have
not been extensively studied. The aim of our study was to
examine tumor characteristics and long-term prognosis of
chRCC compared to ccRCC. We collected 4,210 evaluable
patients subjected to surgery for chRCC (n=176) or ccRCC
(n=4,034) at five centers in Germany (University Hospitals of
Hannover, Homburg/Saar, Mainz, Ulm, and Marburg) be-
tween 1990 and 2010. Patients with chRCC were significantly
younger (mean, 60.1 vs. 62.1 years) and tended to be more
frequently female (43.8 vs. 36.5 %). Although Fuhrman grade
and median tumor diameter were not significantly different,
significantly fewer patients with chRCC than with ccRCC
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presented with high tumor stage or metastasis at diag-
nosis (18.5 vs. 43.8 %). Moreover, significantly more
chRCC patients were treated with partial nephrectomy
(41.5 vs. 26.2 %). Accordingly, 5-year cancer-specific
survival (CSS) rates were 83.2 % for chRCC against
75.8 % for ccRCC patients (p=0.014, log rank). How-
ever, in multivariate analysis, chromophobe subtype was
not confirmed as a significant positive prognostic factor
for RCC (HR 0.88, 95 % CI 0.63-1.24; p=0.48 Cox
regression). This is one of the largest studies to date
showing that chRCC is associated with a significantly
lower risk of locally invasive tumor growth and meta-
static disease than ccRCC. We conclude that the clinical
behavior of chRCC is less aggressive than that of
ccRCC, independent of Fuhrman grade or tumor size.
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Introduction

Clear cell renal cell carcinoma (ccRCC) is the most common
histopathological subtype of malignant kidney tumor and
accounts for approximately 75-80 % of all cases. As most
clinical studies and guidelines focus on patients with this
subtype, those with less common tumor entities such as pap-
illary, chromophobe, or collecting duct tumors have often
been excluded [1].

Chromophobe RCC (chRCC) comprises 5-10 % of the
total cases of RCC. Mean age of presentation is in the fifth
decade, and it is more commonly observed in women (52 %)
than in men (48 %) [2, 4, 5].

The prognostic significance of different histological sub-
types has been investigated in a series of interinstitutional and
collaborative national and international studies with patient
populations as large as 11,618 individuals [2—4]. Despite these
large case series, study results are not consistent. Some au-
thors identified histological subtype of RCC as prognostic
factor [4, 5], while others saw no survival advantage for any
specific histological subtype [3, 6, 7]. In particular, differences
between histological subtypes did not hold up in multivariate
analyses, when tumor stage and Fuhrman grade were included
as variables [3, 6, 8, 9], in spite of the established differences
in gene abnormalities between the different morphological
variants of RCC [10-12].

The aim of this large retrospective multicenter study was to
compare incidence, tumor characteristics, and long-term prog-
nosis of chRCC with that of ccRCC.

Methods
Patients and tumor characteristics

This retrospective study included 4,897 patients who
underwent surgery because of a renal tumor between 1990
and 2010 at Hannover, Homburg, Mainz, Ulm (1995-2010),
or Marburg (1990-2005) University Medical Centers. The
tumor histological subtype was determined according to the
1997 UICC classification. In 176 (3.6 %) patients, a chRCC
was diagnosed while in 4,034 (82.4 %) this was a ccRCC.
Cases with ccRCC with sarcomatoid elements were excluded.
Staging was performed according to the 2002 tumor, node,
metastasis (TNM) classification. Information on patient and
tumor characteristics, such as age, sex, stage, presence of
regional lymph node or distant metastases, histological sub-
type, and Fuhrman grade, was obtained from institutional
databases.
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Follow-up

The duration of follow-up was calculated from date of surgery
to date of death or last follow-up. Death was assessed as either
cancer-related or cancer-unrelated. The primary end point of
this study was cancer-specific survival (CSS). Follow-up as-
sessment ended in August 2013.

Statistical methods

Chi-square or Fisher’s exact tests were conducted to assess
differences in covariate distributions between histological
subtypes. Continuous variables were reported as mean value
and standard deviation (SD) or median value and interquar-
tile ranges (IQR). Normal distribution of continuous param-
eters such as age and follow-up period was tested using the
Kolmogorov-Smirnov test. Mann-Whitney and ¢ tests were
applied to compare continuous parameters between histolog-
ical subtypes, in case of (non-)normal distribution. Kaplan-
Meier estimates of survival time were calculated, and sub-
groups were compared by log rank test statistic. Multivariate
Cox regression models were used to assess associations
between survival and histological subtypes adjusted for dif-
ferent clinical and patient-specific covariates (i.e., age, sex,
tumor grade, clinical symptoms, and metastatic status). SPSS
21.0 was used for statistical assessment. In all tests, a two-
sided p<0.05 was considered to indicate significance.

Results

Our patient population of 2,662 (63.2 %) men and 1,548
(36.8 %) women had a median/mean age of 63/62 (range,
17-93)years. The median/mean duration of follow-up was
46.0/59.8 months (IQR, 17.9-91.4) and did not differ signif-
icantly between patients with chRCC (median, 43 months)
and those with ccRCC (median, 46 months; p=0.08, Mann-
Whitney U test). By the last day of data acquisition, 1,039
(24.7 %) had died from their tumor disease and 288 (6.8 %)
from other causes. Detailed tumor and patients’ characteristics
are summarized in Table 1.

Clinical parameters

Patients with chRCC were significantly younger than those
with ccRCC (mean age, 60.1 vs. 62.1 years, p=0.04, ¢ test).
Men comprised the majority in both groups, though their
preponderance was less evident in the chRCC (56.3 %) than
in the ccRCC group (63.5 %; p=0.055, Fisher’s exact test).
Partial nephrectomy was performed significantly more often
for chRCC than for ccRCC (41.5 vs. 26.2 %; p<0.001, chi-
square test).
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Table 1 Association between

different patient- and cancer-spe- Variable chRCC ccRCC pvalue  Test
cific variables with histological
subtype (chRCC vs. ccRCC) Age, mean (+SD) 60.1 years (+12.8) 62.1 years (+11.2) 0.04 t test
Sex 0.06 Fisher’s exact
Female 77 (43.8 %) 1,471 (36.5 %)
Male 99 (56.3 %) 2,563 (63.5 %)
Clinical symptoms® 0.44 Fisher’s exact
None 111 (77.1 %) 2,137 (73.8 %)
Yes 33(22.9 %) 759 (26.2 %)
Side 0.16 Chi-square
Right 84 (47.7 %) 2,084 (51.7 %)
Left 92 (52.3 %) 1,900 (47.1 %)
Bilateral 0 47 (1.2 %)
Type of surgery <0.001  Chi-square
RN 103 (58.5 %) 2,970 (73.8 %)
PN 73 (41.5 %) 1,052 (26.2 %)
Tumor diameter (cm), median 4.8 (3.0-6.0) 5.0 (3.5-7.0) 0.32 Mann-Whitney
(IQR) U
Stage <0.001  Chi-square
pTla 71 (40.3 %) 1,348 (33.6 %)
pTlb 49 (27.8 %) 926 (23.1 %)
pT2 26 (14.8 %) 348 (8.7 %)
pT3a 17 (9.7 %) 495 (12.3 %)
pT3b/c 11 (6.3 %) 823 (20.5 %)
pT4 2 (1.1 %) 57 (1.4 %)
LN metastasis® 0.11 Fisher’s exact
None 158 (95.2 %) 2,988 (91.4 %)
Yes 8 (4.8 %) 281 (8.6 %)
Pulmonal/visceral metastasis® 0.001  Fisher’s exact
None 161 (94.7 %) 2,940 (85.0 %)
Yes 9 (5.3 %) 519 (15.0 %)
Advanced disease® <0.001  Fisher’s exact
pT1-2, N/MO 137 (81.5 %) 1,954 (56.2 %)
pT3-4 and/or N/M1 31 (18.5 %) 1,522 (43.8 %)
* At time of renal surgery Grade 050 Chi-square
RCC renal cell carcinoma, chRCC Gl 32 (18.5 %) 672 (17.0 %)
chromophobe RCC, ccRCC clear G2 108 (62.4 %) 2,625 (66.3 %)
cell RCC, SD standard deviation, G3 33 (19.1 %) 634 (16.0 %)
RN radical nephrectomy, PN par- G4 0 28 (0.7 %)

tial nephrectomy

The rate of synchronous bilateral tumors was comparable
(0 vs. 1.2 %, p=0.19, chi-square test). The frequency of
symptomatic RCC at diagnosis was not significantly different
between the two subtypes (22.9 vs. 26.2 %, p=0.44, chi-
square test).

Tumor-specific parameters

Even though more chRCC patients were treated with a nephron
sparing approach, the median/mean tumor diameter did not

differ significantly between patients with chRCC (4.8/5.5 cm)
and ccRCC (5.0/5.6 cm, p=0.32, Mann-Whitney U test).

However, the chRCC group had a significantly higher
number of organ-confined tumors (pT<2, N/MO; 81.5 vs.
56.2 %, p<0.001; Fisher’s exact test). On the other hand,
Fuhrman grade was similar between chRCC and ccRCC with
18.5vs. 17.0 % G1, 62.4 vs. 66.3 % G2, and 19.1 vs. 16.7 %
G3/4 (p=0.50; chi-square test).

The frequency of lymph node metastases was not different
between chRCC and ccRCC patients (4.8 vs. 8.6 %; p=0.11,
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Fisher’s exact test), but synchronous distant metastases (pul-
monary/visceral) at time of diagnosis were significantly less
common in chRCC patients (5.3 vs. 15.0 %; p<0.001, Fish-
er’s exact test).

Clinical course and oncological outcome

After a mean follow-up of about 5 years, the tumor-associated
death rate was lower in the chRCC than in the ccRCC group
(13.6 vs. 25.7 %; p<0.001, Fisher’s exact test). The Kaplan-
Meier 5-year CSS rate was 83.2 % for patients with chRCC
and 75.8 % for those with ccRCC (p=0.014, log rank, Fig. 1).
In accordance, the Kaplan-Meier 5-year overall survival rate
was 77.6 and 71.6 % for patients with chRCC and ccRCC,
respectively (p=0.04, log rank). However, in the group of
patients with advanced disease at diagnosis (pT3—4 and/or
N/M metastasis), chRCC was no longer associated with im-
proved cancer-specific (46.2 vs. 52.9 %; p=0.40) or overall
(44.0 vs. 49.8 %; p=0.51) 5-year survival.

Accordingly, by multivariate analysis including age, sex,
tumor stage, presence of metastasis, and differentiation, chro-
mophobe histology did not emerge as an independent factor
prognostic for cancer-specific survival (HR 0.88, 95 % CI
0.63—1.24; p=0.48, Cox regression, Table 2).

Discussion

To date, several studies have analyzed the role of histological
subtype on prognosis in patients with RCC [3, 5, 9, 13, 14,

17-19]. In 1999, Ljungberg et al. [17] were the first to observe
significant differences in cancer-specific survival between the
three main RCC histopathological subtypes: patients with
chRCC survived considerably longer than those with ccRCC.
Moch et al. [13] confirmed these findings. In a large series of
2,528 patients from the Mayo Clinic, Cheville et al. [5] also
reported that patients with ccRCC had a significantly poorer
outcome, compared with patients with chRCC, even when the
analysis was adjusted for TNM stage and nuclear grade.
Accordingly, in the study published by Patard et al. [3],
univariate analysis disclosed a trend towards better survival
for chRCC with 5-year survival rates of 73.2 and 87.9 % for
localized ccRCC and chRCC. However, multivariate analyses
only identified TNM stage, grade, and clinical status but not
histological subtype as independent prognostic markers.
Gudbjartsson et al. [6], in a retrospective study from Iceland
including 629 patients, did not find histological subtype
prognostically significant, even after slide revision. Ficarra
et al. [16] confirmed these findings.

In contrast, evaluating the National Cancer Institute Sur-
veillance Epidemiology and End Results (SEER) database by
multivariable analyses, Capitanio et al. [2] reported that his-
tological subtype might independently influence CSS.

In our large multicenter study, chromophobe subtype was
not independently associated with lower cancer-specific mor-
tality. However, our calculated 5-year CSS rate of 83.2 % for
chRCC patients is consistent with the excellent outcome gen-
erally reported in most earlier series, in which 5-year survival
probability ranged from 80 to 100 % [3, 5, 6, 9, 14, 16].
Furthermore, in our cohort, the proportion of chRCC
(3.4 %) was slightly lower than that in previously published

Fig. 1 Cancer-specific survival
(Kaplan-Meier) plotted against 1.9 p=0.014 |  ccRCC
the histological subtype: the 5- 1 chRCC
year survival rate was 83.2 % for ccRCC - censored
patients with chRCC (n=176) and 0.8 chRCC — censored
75.8 % for those with ccRCC (n= ’
3,940; p=0.014, log rank)
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Table 2 Multivariable analysis could not reveal chromophobe histolog-
ical subtype as an independent prognostic marker for cancer-specific
survival

Variable P value HR (95 % CI)
Age (years) <0.001 1.03 (1.02-1.03)
Sex 0.13

Female 1 (reference)

Male 1.10 (0.97-1.24)
T stage <0.001

pT1-2 1 (reference)

pT3-4 1.79 (1.57-2.04)
Metastases® <0.001

N and M negative 1 (reference)

N and/or M positive 3.55(3.10-4.08)
Differentiation <0.001

G1-2 1 (reference)

G3-4 1.68 (1.46-1.93)
Histological subtype 0.48

ccRCC 1 (reference)

chRCC 0.88 (0.63-1.24)
At the time of surgery

N nodal metastasis, M visceral metastasis, G Fuhrman tumor differenti-
ation, RCC renal cell carcinoma, ccRCC clear cell RCC, ¢hRCC chro-
mophobe RCC

surgical series (4 to 10 %) [5, 9, 13—15], but similar to that
published by Patard et al. of 2.4 % [3].

Gudbjartsson et al. [6] concluded that improved surviv-
al of chRCC might be because they are diagnosed earlier
and as a consequence present with lower tumor stage and
grade. However, their case series contained only 15 pa-
tients with chRCC. In contrast, our larger cohort of 176
chRCC patients allows us to conclude that although
chRCC and ccRCC do not differ significantly with respect
to Fuhrman grade and median tumor diameter, chRCC is
associated with a significantly lower rate of local tumor
invasion and metastatic disease at diagnosis. Therefore,
histological subtypes of RCC do not only differ in terms
of morphology and genetics, but also in terms of clinical
behavior. Specifically, ccRCC often presents at a more
advanced stage and grade than chRCC [3, 5, 9, 13, 17].
In addition, the results of our study show that chRCC, in
contrast to papillary RCC [4], are observed in younger
patients and more often in female patients than in conven-
tional or papillary RCC.

A striking finding in our case series, not earlier reported [3,
20-22], was that chRCC and ccRCC are not significantly
different in terms of Fuhrman grade, while we would have
expected chRCC to be more often of lower grade and associ-
ated with less aggressive tumor features. In contrast, chRCC
frequently displays nuclear and nucleolar pleomorphism,

which has led the “International Society of Urological Pathol-
ogy (ISUP) Grading System for Renal Cell Carcinoma and
Other Prognostic Parameters” to propose that, until further
data have been accumulated, chRCC should not be graded at
all [23].

The question arises why chromophobe histology goes
along with less aggressive behavior than ccRCC. Identifica-
tion of molecular mechanisms associated with and maybe
responsible for different chRCC subtypes might help to dif-
ferentiate between the majority of rather harmless chRCC,
with a “pushing” rather than an “invading” growth pattern,
and the few aggressive chRCC with a rather invasive growth
pattern, early metastasis, and poor prognosis.

Our study has several important limitations. The limi-
tations are first and foremost those inherent to retrospec-
tive analysis, the lack of central pathology review and the
multicenter setting. Moreover, our study population in-
cluded only nonsarcomatoid RCC patients. Sarcomatoid
features in any RCC subtype have been associated with
aggressive growth and extremely poor clinical outcome,
and their exclusion might have significantly influenced
the results of our study. Furthermore, our results may be
biased as all five participating urology departments are
tertiary referral centers with a nonrepresentative patient
population for lack of a sufficient number of patients with
small tumors. However, all centers have significant expe-
rience in RCC management, which increases external
validity of the data in comparison with those from a
single-center, single-surgeon setting.

Conclusion

This is one of the largest studies to date, showing on chRCC
and ccRCC patient groups that do not differ significantly in
terms of Fuhrman grade and median tumor diameter, that
chRCC is associated with a significantly lower risk of locally
invasive tumor growth and metastatic disease. The less ag-
gressive behavior of chRCC is not reflected in Fuhrman grade
or tumor size only.

Improved understanding of the genetic and molecular
events underlying different types of RCC will contribute to
more differentiated classification systems in the emergence of
new RCC subtypes based upon genetic and molecular char-
acteristics. This will open new horizons in our understanding
and will improve individualized treatment of RCC, beyond
known histological subtypes.
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