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Abstract
A histological grading system of chromophobe renal cell carcinoma (chRCC) is highly desirable to identify approximately 5–
10% of tumors at risk for progression. Validation studies failed to demonstrate a correlation between the four-tiered WHO/ISUP
grade and outcome. Previous proposals with three-tiered chromophobe grading systems could not be validated. In this study, the
presence of sarcomatoid differentiation, necrosis, and mitosis was analyzed in a Swiss cohort (n = 42), an Italian cohort (n = 103),
a German cohort (n = 54), a Japanese cohort (n = 119), and The Cancer Genome Atlas cohort (n = 64). All 3 histological
parameters were significantly associated with shorter time to tumor progression and overall survival in univariate analysis.
Interobserver variability for identification of these parameters was measured by Krippendorff’s alpha coefficient and showed
high concordance for the identification of sarcomatoid differentiation and tumor necrosis, but only low to medium concordance
for the identification ofmitosis. Therefore, we tested a two-tiered tumor grading system (low versus high grade) based only on the
presence of sarcomatoid differentiation and/or necrosis finding in the combined cohorts (n = 382). pTstage, patient’s age (> 65 vs
≤ 65), lymph node and/or distant metastasis, and the two-tiered grading system (low versus high grade) were significantly
associated with overall survival and were independent prognostic parameters in multivariate analysis (Cox proportional hazard).
This multi-institutional evaluation of prognostic parameters suggests tumor necrosis and sarcomatoid differentiation as repro-
ducible components of a two-tiered chromophobe tumor grading system.
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Introduction

Chromophobe renal cell carcinoma (chRCC) is a histological
subtype of renal cell carcinoma (RCC) with a unique molecular
background [1]. Large studies published on chRCC have
shown that death occurred in only 6% of patients [2].

Tumor grade is one of the most important prognostic pa-
rameters of renal cancer. The nuclear grading system proposed
by Fuhrman et al. [3] is now replaced by the International
Society of Urological Pathology (ISUP) grading system [4],
which was subsequently adopted by the World Health
Organization (WHO) [5]. Whereas the WHO/ISUP system
was validated for clear cell RCC and papillary RCC [4–9], it
could not be validated for chRCC. Therefore, it was recom-
mended that chRCC should not be graded [5, 10].

It has been described in earlier studies that chRCC has an
innate constitutive atypia including prominent nucleoli, nuclear
irregularities, and bi-nucleation [11]. Due to the frequent pres-
ence of nuclear atypia, chRCC displays a higher nuclear grade
compared with clear cell RCC [12]. There have been several
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attempts to develop a grading system for chRCC [13],
discounting this innate constitutive atypia of chRCC. In contrast
to nuclear or nucleolar features used by the four-tiered Fuhrman
or WHO/ISUP systems [5], grading proposals for chRCC in-
cluded geographic nuclear crowding and presence of anaplasia.
Paner et al. suggested a three-tiered chromophobe tumor grad-
ing (CTG) scheme and supplemented nuclear grading with ad-
ditional variables including geographic nuclear crowding and
objective nuclear size. With this approach, the majority of
chRCCs are of a lower grade [13]. Lohse et al. applied a four-
tiered standardized grading for chRCC and demonstrated a sig-
nificant overlap in grades 3, 2, and 1 chRCC [14].

Given the situation that a small but significant group of
chRCC is at greater risk of disease progression, it is highly
desirable that chRCC is graded. Given poor reproducibility of
grading schemes based on nuclear grade, nuclear crowding,
and anaplasia, we performed a multi-institutional re-evalua-
tion of the prognostic parameters, tumor necrosis, sarcomatoid
differentiation, and mitosis for the following reasons: (i)
Recently, incorporation of tumor necrosis into RCC grading
was proposed [15]. (ii) Mitosis is a component of grading
systems in different tumor types [15, 16]. (iii) In contrast to
geographic nuclear crowding, nuclear size, and the presence
of frank anaplasia, sarcomatoid differentiation is an accepted
parameter of poor outcome in many grading proposals for
chRCC [15].

Materials and methods

Multi-institutional collection of chromophobe renal
cell carcinomas

To set up a collection of chRCC from different geographic
areas, we collected tumors from Switzerland, Germany,
Italy, and Japan. The Swiss and Japanese cohorts have been
recently described [17]. There were 2 chRCCs diagnosed with
neuroendocrine differentiation [18–20] in Japan. As chRCC
with neuroendocrine differentiation shows a specific histolo-
gy, these 2 tumors were excluded from further analysis.

Italian chRCCs were retrieved from the archives of the
Department of Pathology of the University of Verona and
Pederzoli Hospital of Peschiera del Garda, Verona (diagnosed
from 1999 to 2018). All chRCCs of the Italian cohort were
reviewed by GM.

TheGerman chRCCswere retrieved from the archives of the
Department of Pathology, University of Erlangen-Nürnberg (di-
agnosed from 1994 to 2017) and the Department of Pathology,
University of Munich. All chRCCs in the German cohort were
reviewed by AH and RO.

The study protocol was approved by Institutional Review
Boards (IRBs) at all participating institutions. The study did
not include consultation cases.

Pathological Parameters

Tumor classification was done according to the WHO classifi-
cation [5]. Tumors were staged according to the UICC TNM
staging system [21]. At least 1 large tumor section per tumor
diameter was available for evaluation. All tumor slides were
analyzed for the presence or absence of the following parame-
ters: (1) sarcomatoid differentiation, (2) histological coagulative
tumor necrosis, and (3) presence of mitosis. No tissue microar-
ray was used for this study. Sarcomatoid differentiation was
defined as groups of clearly identifiable spindle shaped cells in
at least one HPF as previously reported [22, 23] (Fig. 1a, b). To
determine mitosis, 20 high-power fields (HPFs) at × 200 mag-
nification (20× objective lens and 10× eyepiece with field num-
ber 20, 23, or 25) were screened. Subsequently, the morphology
of mitosis was confirmed by high power field observation. A
three-tiered chromophobe tumor grading (CTG) was performed
according to a proposal by Paner et al. [13].

Interobserver variability

There is a different degree of interobserver variability for the
identification of mitosis, necrosis, and sarcomatoid differenti-
ation. This influences the usefulness of these morphological
parameters as components of a grading system. Therefore, we
organized a meeting in Zurich (Switzerland) for anonymous
and independent scoring of 71 consecutive chRCCs (Swiss
and German cohort) by 4 specialized uropathologists (HM,
RO, GM, and AH). All cases were seen by all four patholo-
gists and interobserver variability was calculated according to
Krippendorff's alpha (KA) test (see below) [24]. In addition,
103 Italian chRCCs were evaluated by three pathologists
(GM, AC, and DS).

TCGA cohort

A cohort of 64 chRCCs was identified in the Cancer Genome
Atlas (TCGA) [1]. The corresponding clinical information of
TCGA-KICH was obtained from TCGA Data Portal (https://
portal.gdc.cancer.gov/). Two patients with missing or too short
a follow-up (i.e., less than 30 days) were excluded. Digital
whole slide images of TCGA-KICH cases were reviewed by
RO using the Cancer Digital Slide Archive (http://cancer.
digitalslidearchive.net/). TCGA-KO-8404 (TCGA Case ID)
had an apparent sarcomatoid differentiation area, whereas
TCGA-KM-8438 had no sarcomatoid differentiation area in
registered digital images. According to the pathology report
of TCGA-KM-8438 obtained from the archive, the existence
of high-grade sarcomatoid differentiation had been mentioned.
Therefore, we included this case as chRCC with sarcomatoid
differentiation in this study. To examine mitosis, at least 100 of
moderate power magnification fields of the digital slides were
observed and then confirmed at high power magnification.
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Statistics

All statistical analysis was done using R version 3.4.1 (R
Foundation for Statistical Computing, Vienna, Austria) and
EZR, version 1.37 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) [25]. Statistical evaluation of the as-
sociations between the morphological grading parameters and
pathologic stage was based on the Fisher’s exact test as applied
to categorical variables with two or more levels. Medical records
were reviewed and cross-referenced with the tumor registry for
extended follow-up. Patients with missing or short (less than 30
days) follow-up were excluded from this study. For overall sur-
vival (OS) analysis, outcome was defined as the time from sur-
gery to death. Time to progression (TTP) data was available in
the Japanese and Italian cohorts from medical records. TTP was
defined as the time from surgery to the first occurrence of metas-
tasis, local recurrence, or death due to primary cancer; deaths
from unrelated causes were censored. Overall survival data,
mainly based on tumor registry data were available for all co-
horts. Univariate associations betweenmorphological parameters

and times to event were evaluated through log rank tests and a
multivariable analysis was undertaken through cox regression
with Firth’s penalized likelihood [26]. Prognostic variables pre-
viously found to be univariate significant predictors of adverse
outcomes were included. All statistical tests were two-sided; a p
value < 0.05 was regarded as statistically significant.

Krippendorff's alpha (KA) [24] for nominal data with a
95% confidence interval (CI) based on 10,000 bootstrap
resamples [27] was calculated to assess the overall inter-
pathologist variability for each histopathological parameter
using the “irr” and “boot” package in R.

Results

Correlation of sarcomatoid differentiation, tumor
necrosis, and mitosis with patient survival

Sarcomatoid differentiation was seen in only 0 to 5% of the
different cohorts, whereas microscopic tumor necrosis was

Fig. 1 a ChRCC composed of epithelial, polygonal pale cells and
eosinophilic cells (right) with sarcomatoid differentiation (left), composed
of spindle cells. Vimentin was positive only in the sarcomatoid
differentiation area (left). Epithelial cells were negative for vimentin (right).
b, c chRCC with sarcomatoid differentiation in TCGA cohort (TCGA-KO-

8404). Mitoses was easily found in sarcomatoid differentiation area (c, left)
and the epithelial area with anaplasia (c, right) in this case. d Microscopic
tumor necrosis comprised of eosinophilic, flocculent cell ghosts with granular
nuclear and cytoplasmic debris in the central area. There is loss of underlying
architecture (TCGA-KN-8428). Bar = 100µm

Virchows Arch (2020) 476:409–418 411



present in 10 to 20% (Table 1). Mitosis was identified mainly
in areas with anaplasia, nuclear crowding or sarcomatoid dif-
ferentiation (Fig. 1c). In the Swiss cohort, mitoses were iden-
tified in only 10 cases. In these 10 cases, the mean + SD
number of mitoses in 100 HPFs was 3.1 ± 1.4 except for
one case with an extensive sarcomatoid differentiation area
with more than 10 of many mitoses per 100 HPF. Most mito-
ses were atypical [28]. In the Japanese cohort, mitoses were
found in 19 of 119 chRCC. In these tumors, the mean + SD
number of mitoses in 100 HPFs was 2.3 ± 2.3, except for one
case with broad sarcomatoid differentiation and more than
1000 mitoses per 100 HPF. Given the low number of mitoses
in 100 HPF, we decided to categorize this parameter in the
presence/absence of mitosis in 20 HPF (details see above) for
further statistical analysis. With this approach, mitosis was
found in 16 to 33% of chRCCs (Table 1).

All 3 histological parameters, sarcomatoid differentiation,
necrosis, and mitosis, were significantly associated with TTP
in the Japanese and Italian cohort (p < 0.001, each;
Supplementary Figure 1 and 2). In the combined cohorts, the
presence of sarcomatoid differentiation (p < 0.05), necrosis (p
< 0.01), and mitosis (p < 0.01) was significantly associated
with short OS in univariate analysis.

Interobserver variability

In 72 consecutive chRCC (from Swiss and German cohort)
independently analyzed by 4 uropathologists, Krippendorff’s
alpha (KA)was highest for sarcomatoid differentiation [0.660,
95% confidence interval (CI) − 0.0131–1.000] (Table 2). KA
was moderate for the presence of necrosis (0.466, 95% CI
0.250–0.646). KA was also low for the presence of mitosis

Table 1 Clinicopathological and histopathological parameters of 5 independent patient cohorts with chRCC (TCGA: The Cancer Genome Atlas)

Swiss TCGA* Japanese Italian German Total

n 42 64 119 103 54 382

Median age, years (range) 59 (18–87) 50 (17–86) 60 (26–88) 59 (26–88) 63 (22–79) 59 (17–88)

Age (years), n (%)

≤65 26 (61.9) 51 (79.7) 74 (62.2) 73 (70.9) 31 (57.4) 255 (66.8)

>65 16 (38.1) 13 (20.3) 45 (37.8) 30 (29.1) 23 (42.6) 127 (33.2)

Gender, n (%)

Female 13 (31.0) 27 (42.2) 69 (58.0) 41 (39.8) 15 (27.8) 165 (43.2)

Male 29 (69.0) 37 (57.8) 50 (42.0) 62 (60.2) 39 (72.2) 217 (56.8)

pT stage or T stage, n (%)*

pT1 or pT2 36 (85.7) 45 (70.3) 104 (87.4) 79 (76.7) 47 (87.0) 311 (81.4)

pT3 or pT4 6 (14.3) 19 (29.7) 15 (12.6) 24 (23.3) 7 (13.0) 71 (18.6)

pN1, cM1 1 (2.3) 5 (7.8) 2 (1.7) 1 (0.1) 3 (5.6) 12 (3.1)

Sarcomatoid differentiation, n (%) 1 (2.4) 2 (3.1) 4 (3.4) 5 (4.9) 0 12 (3.1)

Necrosis, n (%) 7 (16.7) 7 (10.9) 15 (12.6) 20 (19.4) 9 (16.7) 58 (15.2)

Mitosis, n (%) 10 (23.8) 14 (21.9) 19 (16.0) 26 (25.2) 18 (33.3) 87 (22.7)

*Swiss, Japanese, German, and Italian cohort: pT stage, TCGA-KICH: T stage

Table 2 Krippendorff’s alpha for
overall interobserver variability,
assessing each histopathological
parameter

Swiss and German cohort Italian cohort

Parameter KA (95% CI) KA (95% CI)

Sarcomatoid differentiation 0.660 (− 0.0131–1.000) 0.938 (0.787–1.000)

Necrosis 0.466 (0.250–0.646) 0.918 (0.828–0.982)

Mitosis 0.371 (0.176–0.537) 0.656 (0.484–0.796)

Krippendorff's alpha and Kappa values vary from − 1 to 1

− 1 to 0: different, opposite

0.0–0.2: slight agreement, very low concordance

0.21–0.40: fair agreement, low concordance

0.41–0.60: moderate agreement, medium concordance

0.61–0.80: substantial agreement, high concordance

0.81–1.0: almost perfect or perfect agreement, very high concordance
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(0.371, 95% CI 0.176–0.537), indicating poor concordance.
Similarly, in 103 Italian chRCCs, independently analyzed by 3
uropathologists, KAwas high for sarcomatoid differentiation
(0.938, 95% CI 0.787–1.000) and presence of necrosis (0.918,
95% CI 0.828–0.982). KA was moderate for the presence of
mitosis (0.656, 95% CI 0.484–0.796) (Table 3).

Proposal of a two-tiered chromophobe renal cancer
grading

We tested a two-tiered tumor grading system (low versus high
grade) based on the presence of sarcomatoid differentiation and/
or tumor necrosis in the combined cohorts. Mitosis was not
included in this grading, because there was only low to medium
concordance for identification of mitosis (0.37–0.66;
Krippendorff’s alpha coefficient). Using this grading system,
there was a statistically significant difference in OS between
low- and high-grade chRCC (p < 0.01, Fig. 2a). We have also
performed Paner’s chromophobe tumor grading (CTG) [13], but
this CTG resulted in a lower statistical significance (p < 0.05)
and showed a poor separation of grade 1 and grade 2 tumors
(Fig. 2b). pTstage or Tstage (T3-4 vs T1-2; p < 0.01), age (> 65
vs ≤ 65), lymph node, and/or distant metastasis (pN/N1-2 and/or
cM1 vs pN/N0 and cM0) and the two-tiered grading system
(low versus high grade; p < 0.01) were associated with overall
survival and were independent prognostic parameters (p < 0.01
for each variables) (Fig. 2a, c, d, e and Table 3). In addition,
using this grading system, there was a statistical significant dif-
ferent TTP between low- and high-grade chRCC in the Japanese
and the Italian cohort (p < 0.001, each; Fig. 3a, b).

Discussion

This multi-institutional re-evaluation of prognostic parameters
suggests that a novel two-tiered chromophobe renal cancer
grading based on the presence of sarcomatoid differentiation
and/or necrosis is able to identify chRCC with increased risk
of tumor progression after surgery.

Survival analyses in chRCC require large cohorts because
there are only few patients with tumor-specific “events” or dead

of disease (DOD). Due to the good prognosis of chRCC, many
patients have dead of other causes (DOOC). For example, there
were only 5.6% DOD and 9.3% DOOC in the German patient
cohort. In the Japanese cohort, there were only 3.4% DOD and
4.2% DOOC. Therefore, identification of biomarkers to predict
time to progression after tumorectomy is the most important
parameter for chRCC from a clinical viewpoint. Chromophobe
renal cell carcinomas consist of mixtures of cells with pale cy-
toplasm and cells withmore-or-less eosinophilic cytoplasm. The
“eosinophilic variant” is one extreme of a continuum from all
cells with pale cytoplasm to all cells which resemble the cells of
renal oncocytoma. Recently, we have shown that patients with
the “eosinophilic variant” of chRCC have the same prognosis as
classic chRCC. Therefore, this histological feature cannot be
used as a grading component [17]. However, Trpkov et al. pro-
posed low-grade oncocytic tumors (LOT) with CD117 negativ-
ity and CK7 positivity as an emerging renal tumor entity with
indolent clinical behavior [29]. Further studies are warranted to
proof that LOT potentially represents a distinct type of tumor or
if they should be regarded as variant of eosinophilic chRCC.

Importantly, we have observed a significant association of
all 3 histological biomarker (sarcomatoid differentiation, mi-
croscopic tumor necrosis, and presence of mitoses) with
shorter time to tumor progression in a Japanese patient cohort.
This finding was validated in the Italian cohort.

Different histological parameters have been previously tested
as components of a potential chRCC grading system. The pres-
ence of prominent nucleoli is the basis of the novel WHO/ISUP
grading system [5], but prominent nucleoli are not frequent in
chRCC. In contrast, nuclear pleomorphism is inherently present
in chRCC. Paner et al. introduced nuclear crowding and tumor
cell anaplasia for a three-tiered chromophobe tumor grading
(CTG) system [13]. In our analysis, the three-tiered Paner grad-
ing showed poor separation of grade 1 and grade 2 tumors. In
addition, in our and others’ experience, inter- and intra-observer
variability of nuclear crowding and nuclear pleomorphism is
high [30]. We have demonstrated that there is a high to very
high concordance in the identification of sarcomatoid differen-
tiation, although sarcomatoid differentiation was seen in only
3.1% of chRCC. This prevalence of sarcomatoid differentiation
was lower than data from older studies with cases diagnosed

Table 3 Overall survival in all 382 chRCC patients combined from the Swiss, TCGA, Japanese, Italian, and German cohort (Cox regression univariate
and multivariate analyses; HR, hazard ratio; CI, confidence interval; TCGA: The Cancer Genome Atlas)

Variables Univariate Multivariate
HR (95%CI) p value HR (95%CI) p value

Low versus high grade (necrosis and/or sarcomatoid differentiation) 3.339 (1.674–6.659) < 0.01 2.535 (1.181–5.443) < 0.05

Age (> 65 vs ≤ 65) 3.623 (1.819–7.216) < 0.01 3.330 (1.628–6.810) < 0.01

pN/N, cM (pN/N1-2 and/or cM1 vs pN/N0 and cM0) 16.31 (6.84–38.88) < 0.01 4.895 (1.829–13.10) < 0.01

pT stage or T stage* (T3-4 vs T1-2) 3.786 (1.913–7.494) < 0.01 2.619 (1.255–5.468) < 0.05

*Swiss, Japanese, German, and Italian cohort: pT stage, TCGA-KICH: T stage
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before 1990 (5–8.8%) [2, 31, 32], but was similar to recent
studies reporting a prevalence of sarcomatoid differentiation in
1.8–2.0% of all chRCCs [33, 34, 35]. This discrepancy could be
due to a lower Tstage at detection because of recent advances in
medical imaging technology. Numerous studies have confirmed
that the presence of sarcomatoid morphology indicates poor
prognosis for most renal cancer subtypes [2, 4, 6, 13, 15, 23,
30–36]. The Paner system [13] for chRCC assigned a grade 3 to

tumors with frank anaplasia and/or sarcomatoid transformation,
but most adverse events were observed in grade 3 tumors with
sarcomatoid differentiation. Due to the overriding effect of tu-
mors with sarcomatoid differentiation, Paner et al. decided to
exclude this tumor subset from most analyses. Practically, this
approach reduced the three-tiered grading system to a two-tiered
system. For the predominant non-sarcomatoid cohort, Paner
et al. observed a statistically significant association between
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Fig. 2 Prognostic impact of the two-tiered chRCC grading system (low
versus high grade) based on the presence of tumor necrosis and
sarcomatoid differentiation. Overall survival in all 382 chRCC patients
combined from the Swiss, TCGA-KICH, Japanese, Italian, and German

cohorts according to proposed two-tiered chRCC grading system (a),
chromophobe tumor grade (CTG) (b), pT or T stage (c), age (y.o: years
old) (d), and pN/N and/or M category (e)
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grade and pT stage as well as an independent association of
grade with adverse outcome [13].

In our study, overall survival data from tumor registries and
patient records were available for all tumors in all patient
cohorts, allowing a multivariate statistical analysis. Whereas
sarcomatoid differentiation is rare, our data demonstrate that
the presence of tumor necrosis is an excellent parameter for a
novel grading system of chRCC, because of independent
prognostic value in multivariate analysis. This confirms data
fromCheville et al., who also reported necrosis as a prognostic
parameter for chRCC in a univariate analysis [31]. This form
of necrosis must be differentiated from thromboembolic
coagulative necrosis, which is usually macroscopic and exten-
sive. Tumor-related necrosis is characterized by aggregates of
nuclear debris. In several studies, the prognostic significance
of tumor-related necrosis has been investigated as a feature of
tumor grading [2, 4, 6, 15]. It is well accepted that the presence
of tumor-related necrosis is associated with an unfavorable
prognosis in clear cell RCC [4, 6, 32].

Interestingly, detection of mitotic figures had a significant
prognostic impact but there was only low to moderate concor-
dance in identification of mitosis in our inter-observer variability

study. Normally, the presence or absence of mitosis is a clearly
defined feature and mitotic count is a reliable and reproducible
component of grading for breast cancer [37], gastrointestinal
stromal tumor [38] and pancreatic neuroendocrine tumor [39].
In renal cancer, mitotic rate was already included in early grad-
ing systems [15, 16]. We have seen mitoses in 20 to 30% of
chRCC, but the mitotic count was very lowwith a mean number
of 2.3 (Swiss tumors) to 3.1 (Japanese tumors) per 100 HPF.
Therefore, we categorized this parameter in presence versus
absence of any mitosis. Importantly, we noted “karyorrhexis”
as a frequent phenomenon in chRCC, which is difficult to sep-
arate from “true” mitosis. The low mitotic count together with
misinterpretation of “karyorrhexis” can explain the high inter-
observer variability with only low to medium concordance
among three to four specialized pathologists. In routine pathol-
ogy, mitosis is difficult to implement because of poor
reproducibility.

There are several advantages of a two-tiered grading sys-
tem over previous proposals of chromophobe tumor grading
and the WHO/ISUP grading. (1) WHO/ISUP grading uses
four tiers, of which grade 1 is rarely used. Furthermore,
WHO/ISUP grade 4 is defined by sarcomatoid or rhabdoid
differentiation, which is also rare in chRCC. (2) The presence
of necrosis can reliably identified in routine pathology. In
contrast, pleomorphic nuclei, anaplasia, and geographic nu-
clear crowding are difficult to standardize and grading sys-
tems based on such parameters are poorly reproducible. (3)
Our novel grading system shows a high accuracy to predict
overall survival, even in tumor cohorts with a very low pro-
portion of sarcomatoid chRCC.

In conclusion, we propose a reproducible two-tiered grad-
ing model as an independent predictor of aggressive chRCC.
Our grading system will help to stratify patients with chRCC,
because low-grade tumors have an extremely low risk of tu-
mor progression after surgery.
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