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Abstract

Background and Objective: We assessed the aggressiveness of localized renal cell carcinoma (NOMO RCC) with rhabdoid differentia-
tion (RD) after partial or radical nephrectomy.

Methods: A total of 604 patients with NOMO RCC who had undergone partial or radical nephrectomy at a single institution were
included in this study. Clinicopathological and outcome data on recurrence-free survival (RFS), cancer-specific survival (CSS), and time to
recurrence (TTR) were analyzed using Kaplan-Meier methods, log-rank test, univariate and multivariable Cox proportional hazard models,
and concordance index. We also evaluated the RFS and CSS in a propensity score-matched cohort to reduce inherent differences. Among
the 604 patients, RD was identified in RCC specimens from 24 patients.

Results: At the median postoperative follow-up period of 53 months, 58 patients (12 with RD) showed recurrence and 26 patients
(7 with RD) had died from RCC. Multivariate analyses showed that RD was an independent risk factor of RFS (hazard ratio 2.81;
P =0.0266) and CSS (hazard ratio 5.18; P=0.00182). By RD adding to standard risk factors, the concordance indices for RFS and CSS
increased 0.77 to 0.79, and 0.76 to 0.79, respectively. Subgroup analysis showed that the presence of RD in RCC specimens was more
important for predicting poor RFS and CSS in the early pathological tumor category (<pT2) subgroup compared to in the advanced tumor
category (>pT3) subgroup. Patients with RD showed a significantly shorter TTR than patients with RCC without RD (7.5 vs. 18 months:
P =0.0150). The propensity score-matched cohort included 24 patients with RD and 24 without RD, of which patients RD showed
significantly shorter RFS than those without RD (P = 0.0026).

Conclusions: In summary, the aggressiveness of NOMO RCC with RD increased the risk of postoperative recurrence, particularly in the
early pathological stage. The short TTR also demonstrated the aggressiveness of RCC with RD. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction

In localized or locally advanced renal cell carcinoma,
surgeries, such as partial or radical nephrectomy result in
disease recurrence in 10% to 30% of patients [1,2]. Early
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detection of recurrence is crucial because metastatic renal
cell carcinoma (RCC) can be treated to achieve a complete
response using targeted therapy [3] or can be cured by
resection of the metastasis [4] if the metastatic tumor has a
low tumor burden. In 2012, to predict RCC prognosis from
pathological findings, the International Society of Urological
Pathology (ISUP) recommended potential prognostic param-
eters for RCC, including tumor morphotype, sarcomatoid
differentiation (SD)/rhabdoid differentiation (RD), tumor
necrosis, grading, and microvascular invasion (MVI) [5].
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Among these parameters, RCC with RD generally takes an
aggressive course, with rapid progression and poor progno-
sis, and RCCs with rhabdoid cells are classified by the ISUP
as grade 4 tumors [5]. The rhabdoid phenotype was origi-
nally identified in pediatric rhabdoid tumors of the kid-
ney, characterized by biallelic genetic inactivation of the
SMARCBI/INII tumor suppressor gene and immunohis-
tochemical loss of SMARCBI/INII [6]. In comparison,
although its morphological features resemble those of
pediatric rhabdoid tumors, RD arising in adult RCC differs
in its ultrastructural features and immunophenotype; particu-
larly, SMARCBI/INII expression is positive in rhabdoid
cells in adult RCC [5,7]. Adult RCC with RD is rare, with
an incidence rate of 1.4% to 7.4% in a relatively large
reported series [8—11]. The presence of RD is associated
with adverse pathological findings, such as higher nuclear
grade, pathological stage, and extrarenal extension [10]. Fur-
thermore, its relationship with a poor clinical prognosis was
recently reported in several large studies [12,13]. However,
these studies included patients with lymph node involve-
ment or distant metastasis, and only analyzed cancer-related
death; no studies have evaluated the impact of RD on post-
operative recurrence in NOMO RCC (localized and locally
advanced RCC, excluding cases with pathologically proven
lymph node involvement). We aimed to clarify the aggres-
siveness of NOMO RCC with RD after complete resection.
Specifically, we determined its aggressiveness by evaluating
the immunohistochemical findings of primary sites, recur-
rence-free and cancer-specific survival (CFS and CSS) ana-
lyzed using a propensity score-matched cohort and an entire
cohort, and time to recurrence (TTR) after complete resec-
tion, which is a known clinical indicator predicting a poor
outcome of localized RCC [14,15]. Focusing strictly on
NOMO RCC, we validated the role of RD in RCC as a risk
factor of postoperative recurrence.

2. Materials and methods

2.1. Patients

The present study included 604 patients who had been
treated by partial or radical nephrectomy for NOMO RCC
between 2004 and 2015 at the Department of Urology of
Tokai University Hospital and who had been observed for
more than 3 months after surgery. Patients’ clinicopathologi-
cal data and postoperative outcome were retrospectively
analyzed using their medical records. Patients with simulta-
neous distant metastasis at the time of surgery or patients
with clinically suspected (regional lymph node diameter
>5 mm) lymph node involvement or pathologically proven
lymph node involvement (pN1) after surgery were excluded.
Postoperative recurrence was assessed by chest-abdominal
computed tomography or chest X-ray and abdominal ultra-
sound every 3 to 6 months for 2 years following surgery
and every 6 to 12 months thereafter. Occasionally, recur-
rence was detected based on symptoms that occurred prior

to regular imaging. The study design and protocol were
approved by Tokai University Institutional Review Board.

2.2. Pathological examinations

A single pathologist (C.I.) blinded to clinical outcomes
performed pathological examinations of all slides of
patients based on the 2016 WHO classification and the 7th
edition of the tumor-node-metastasis staging system [16].
All equivocal cases were reviewed by another pathologist
(HK.) and confirmed by discussion. Maximum tumor
diameter, histological subtype, pathological T category,
MVI, SD, and RD were examined. SD and RD in RCC
were diagnosed by microscopic examination according to
previously reported definitions [10,17]. Briefly, SD was
represented by spindle cells that histologically appeared
as sarcoma. In contrast, RD was represented by large epi-
thelioid cells with vesicular nuclei, prominent nucleoli, and
central eosinophilic intracytoplasmic inclusions. Immuno-
histochemical analyses were performed on 4-um sections
of formalin-fixed, paraffin-embedded samples. Automated
staining was performed using a BenchMark ULTRA system
(Roche/Ventana Biosystems, Basel, Switzerland) or Leica
Bond MAX Autostainer (Leica Biosystems, Wetzlar, Ger-
many) according to the manufacturer’s protocols. We used
the following primary antibodies: anti-E-cadherin (Clone
36B5, Leica Biosystems, at 1:50 dilution, Newcastle, New-
castle Upon Tyne, UK), anti-Vimentin (Clone V9, Roche
Diagnostics, prediluted), and anti-INI1 (Clone 25/BAF47,
BD Biosciences, San Jose, CA). Membranous staining indi-
cated E-cadherin positivity, cytoplasmic staining indicated
vimentin positivity, and nuclear staining indicated INI1 posi-
tivity. We used E-cadherin and vimentin to assess epithelial-
mesenchymal transition (EMT) markers. We compared the
RD component and clear cell component in each patient.
INI1 was used to distinguish rhabdoid tumors which typi-
cally arise in infants or other rare histological subtypes.

2.3. Statistical analyses

To compare the characteristics of the patients with and
without RD, Fisher’s exact and Chi-square tests were used
for qualitative variables, and the Mann-Whitney U test was
used for quantitative variables. RFS was defined as the time
from the day of surgery until the detection of recurrence.
The CSS was defined as the time from the day of surgery
until death from RCC. Data from patients who were alive
without recurrence at the last evaluation, or who died of
other causes, were censored. RFS and CSS for clinicopatho-
logical factors were calculated according to the Kaplan-
Meier curve and compared using the log-rank test. To
reduce inherent differences and selection biases, we per-
formed analyses using 2 cohorts to determine clinicopatho-
logical risk factors associated with poor clinical outcome:
an entire cohort comprising 604 patients and an adjusted
cohort matched by propensity score comprising 48 patients.



H. Kim et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 711720 713

Among the entire cohort, clinicopathological factors were
as follows: age, sex, nephrectomy type, histological sub-
type, pT category, MVI, SD, and RD. We excluded ISUP
nuclear grade from survival analysis because ISUP grade
4 was a high intercorrelation factor of RD. Univariate
and multivariate analyses were performed using a Cox
proportional hazards model. Uno’s concordance index
(C-index) was calculated to discriminate the predictive accu-
racy for postoperative outcomes between a model consisting
of standard risk factors and with RD added to the same
model [18]. The C-index ranges from O to 1.0, with 1.0 indi-
cating perfect predictive models and 0.5 indicating random
or no discrimination. TTR between the 2 groups divided by
clinicopathological factors was compared using Wilcoxon
rank-sum test. To create a cohort adjusted for patients and
disease characteristics, the propensity score was calculated
using a multivariate logistic regression model including the
following 6 factors: age, sex, maximum tumor diameter, his-
tological subtype, pT category, and MVI. Patients without
RD were matched to those with RD by propensity score-
matching according to the nearest neighbor in a 1:1 manner.
P values < 0.05 were considered statistically significant. All
statistical analyses were performed with JMP version 12.0.1
(SAS Institute, Cary, NC) and with EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is
a graphical user interface for R (The R Foundation for Sta-
tistical Computing, Vienna, Austria). More precisely, it is a
modified version of R commander designed to add statistical
functions frequently used in biostatistics [19].

3. Results

3.1. Patient characteristics

Clinicopathological data of all 604 patients and propen-
sity score-matched cohort of 48 patients, each divided into
2 groups: with and without RD, are summarized in Tables 1
and 2. Overall, the number of RCC patients with and with-
out RD was 24 (4%) and 580 (96%) patients, respectively.
All RCC cases with RD underwent radical nephrectomy
and showed the clear cell subtype. Patients with RD had, a
larger tumor diameter, a higher pT ratio (>pT3) (41.7% vs.
8.1%), MVI positivity (54.2% vs. 16.6%), and SD positivity
(37.5% vs. 0.86%) compared to patients without RD. The
median postoperative follow-up period was 53 months
(range, 3—141). The matched cohort included 24 patients
with RD (50%) and 24 without RD (50%), and the clinico-
pathological characteristics of the 2 groups did not differ.
The median postoperative follow-up period was 30 months
(range, 3—123).

3.2. Results of immunohistochemical staining of RCC with
rhabdoid differentiation

E-Cadherin was stained positive in one case (4.2%) in
the RD component and 22 cases (91.7%) in the clear cell
component. Vimentin cytoplasmic staining was positive in

24 cases (100%) in RD component and 1 case (4.2%) in
clear cell component which was an eosinophilic variant of
clear cell RCC. INI1 was positive in all cases with both RD
and clear cell components. Table 3 shows the results of
immunohistochemical staining for 24 patients with RD and
Fig. 1 shows E-cadherin, vimentin, and INI1 staining pat-
terns in cells with clear cell and rhabdoid cell components.

3.3. Survival analysis of RFS and CSS using the matched
48 cohort after propensity score calculation

Fourteen patients (12 with RD, and 2 without RD)
showed recurrence and 9 patients (7 with RD, and 2 without
RD) died from RCC during the follow-up. The patients with
RD showed statistically significant shorter RFS than
patients without RD (P =0.0026), while there was no sig-
nificant difference in CSS between the 2 groups (Fig. 2).
The 5-year RFS rates were 41.3% and 91.3%, while the
5-year CSS rates were 64.1% and 82.0% in patients with
and without RD, respectively (Fig. 2).

3.4. Cox proportional hazards regression model analysis of
clinicopathological factors affecting RFS and CSS

Among all 604 patients, 58 (12 with RD, and 46 with-
out) showed recurrence, including 3 patients with local
recurrence and the other 55 patients with distant metasta-
sis. Finally, 26 patients (7 with RD, and 19 without) died
from RCC during the follow-up. Among the clinicopatho-
logical factors assessed by the Cox proportional hazards
regression model, a higher age, radical nephrectomy, pT
(=pT3), the presence of MVI, SD, and RD were associated
with RFS, while a higher age, radical nephrectomy,
pT (>pT3), the presence of MVI, SD, and RD were associ-
ated with CSS according to univariate analysis. Multivari-
ate analysis for RFS identified radical nephrectomy,
pT (=pT3), the presence of MVI, and the presence of RD
as independent prognostic factors associated with postop-
erative recurrence (Table 4). Multivariate analysis for
CSS identified a higher age, the presence of MVI, and RD
as independent prognostic factors associated with death
from RCC (Table 5). From the results of univariate and
multivariate analysis for RFS and CSS, the pT category
and MVI were included in the standard risk model. The
C-index for RFS using the standard risk model (pT cate-
gory and MVI) and RD risk model (RD, pT category, and
MVI) were 0.77 (confidence interval [CI]: 0.69—0.85) and
0.79 (CI: 0.71-0.86), respectively. The C-index for CSS
using the standard risk model and RD risk model was 0.76
(CI: 0.63—0.88) and 0.79 (CI: 0.66—0.91), respectively.

3.5. Subgroup analyses in patients with early (<pT2) and
advanced ( pT3) pathological tumor categories

In the entire NOMO RCC cohort, we identified the
presence of RD as an independent risk factor for RFS
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Table 1

Clinicopathological characteristics of RCC with and without RD

Variable The entire cohort (n = 604) P

With RD (n=24) Without RD (n = 580)

Age (y), 62.5 (49—-82) 63 (22—87) 0.090
median (range)

Sex 0.230
Female 146
Male 15 434

Nephrectomy <0.001
Partial 0 209
Radical 24 371

N category 0.277
pNO 2 24
NX 22 556

Histological subtype 0.022
Clear cell 24 476
Nonclear 0 104
Papillary 0 39
Chromophobe 0 36
ACD-associated 0 12

Multilocular cystic renal neoplasm of low 0 9
malignant potential
Clear papillary 0 5
Collecting duct carcinoma 0 1
mucinous tubular and spindle cell carcinoma 0 1
Unclassified 0 1

Tumor size (mm), 65 (29—150) 30 (9—250) <0.001
median (range)

Pathological T category <0.001
T1 10 507
T2 4 26
T3 10 46
T4 0 1

ISUP grade <0.001
1 0 9
2 0 324
3 0 236
4 24 11

MVI <0.001
Absence 11 484
Presence 13 96

Sarcomatoid differentiation <0.001
Presence 9 5
Absence 15 575

ACD = acquired cystic disease; MVI = microvascular invasion; RCC =renal cell carcinoma; RD =rhabdoid differentiation.

and CSS. Subsequent subgroup analysis of early (<pT2)
and advanced (>pT3) pathological tumor categories was
performed for RFS and CSS. Fig. 3 shows the Kaplan-
Meier curves of RFS and CSS divided into with and
without RD in the early pT category subgroup. In this
subgroup, patients with RD showed significantly poor
RFS and CSS using the log-rank test (both P values
<0.0001). The 5-year RFS and CSS rate was 49.1% and
83.6% in patients with RD (n=14), and 94.0% and
98.7% in patients without RD (n=533), respectively. In
contrast, there was no significant difference in RFS and
CSS between patients with and without RD in the

advanced pT category subgroup (P=0.257 and P=0.134,
respectively).

3.6. Analysis of the impact of clinical and pathological
factors on TTR

The median TTR of RCC with and without RD was 7.5
and 18 months, respectively. The median TTR of tumors
<pT2 and tumors >pT3 was 23 and 9 months, respectively.
TTR for patients with RD and with tumors >pT3 was sig-
nificantly shorter (P =0.0150 and P =0.0152, respectively;
Table 6, and Fig. 4).
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Table 2

Clinicopathological characteristics of the propensity-matched cohort for RCC with and without RD

Variable The propensity-matched cohort (n =48) P
With RD (n=24) Without RD (n=24)

Age (y), 62.5 (49-82) 72.0 (46—79) 0.409
median (range)

Sex 1.000
Female 11
Male 15 13

Histological subtype 1.000
Clear cell 24 24
Nonclear 0 0

Tumor size (mm), 62.5 (29—150) 70.0 (25—120) 0.926
median (range)

Pathological T category 0.743
T1 10 10
T2 4 6
T3 10 7
T4 0 1

MVI 1.000
Absence 11 10
Presence 13 14

MVI = microvascular invasion; RCC =renal cell carcinoma; RD = rhabdoid differentiation.

4. Discussion

RD in RCC is known as a risk factor of aggressive
behavior since Gokden et al. first reported the detailed clini-
cal and pathological features of this disease entity [10].
Moreover, RD was recommended as a poor prognostic fac-
tor of RCC and was classified as an ISUP grade 4 [5].
Recent large studies of patients with RCC with RD reported
both the clinical significance of the presence of RD in RCC
and poor CSS and overall survival [12,13]. The presence of
RD in RCC is associated poor clinical outcomes; however,
the cohorts for these studies showed heterogeneity as
patients with lymph node involvement or distant metastasis
at surgery were included, and these studies did not evaluate
the impact of RD on RFS in NOMO RCC. Therefore, it is

Table 3
Immunohistochemical findings of E-cadherin, vimentin, and INII in RCC
with RD

Immunohistochemical ~ Positivity of rhabdoid  Positivity of clear cell

staining component (%) component (%)
E-cadherin

membranous staining 1724 (4.2) 22/24 (91.7)
NA 0 1

Vimentin

cytoplasmic staining 24/24 (100) 1924 (4.2)

NA 0 1

INI1

nuclear staining 24/24 (100) 24/24 (100)

NA = not available or poor staining.
eosinophilic variant.

difficult to determine the prognostic value of the presence
of RD for postoperative recurrence in NOM0 RCC based on
previous reports. Hence, we evaluated RFS and CSS of
NOMO RCC after complete resection.

The results of survival analyses showed that RCC with
RD was significantly associated with poor RFS in the pro-
pensity score-matched cohort. Multivariate analysis using
the Cox proportional hazards regression model revealed
RD and MVI as independent risk factors for both RFS and
CSS in the entire cohort. The increasing value of the
C-index for RFS and CSS after adding RD to the standard
risk factors improved the predictive accuracy. Further-
more, we identified an association between poor RFS
and CSS and the presence of RD in the early pT category
subgroup, but not in the advanced pT category subgroup.
These findings suggest that the presence of RD in NOMO
RCC is a reliable pathological predictor of poor clinical
outcomes after complete resection, particularly in early
pT category tumors.

TTR, as an indicator of poor CSS in localized RCC, has
been reported in several studies [18,19]. The most recent
large study on TTR after complete resection showed that
shorter TTR was significantly associated with an increased
risk of cancer-specific mortality [20]. It is well known that
patients with late recurrence have better prognosis than
those with early recurrence [2,21]. Based on the above
reports, we considered TTR after complete resection to be a
useful indicator of aggressiveness, and thus analyzed the
TTR in NOMO RCC with or without RD. Among the
58 postoperative patients with recurrence, patients with RD
showed a significantly shorter TTR than patients without
RD (7.5 vs. 18 months, respectively; P=0.0150). This
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Fig. 1. Representative findings of clear cell RCC without RD; A, Hematoxylin-eosin (HE) staining. B, Membranous E-cadherin expression. C, Membranous
vimentin expression. D, Nuclear INI1 expression. E, Representative findings of RCC with RD regarding HE staining. F, E-cadherin loss of expression. G,
Cytoplasmic vimentin expression. H, Nuclear INI1 expression. All images are at 40x magnification.

result suggests that patients with RD have a high risk of
early recurrence, resulting in poor prognosis, suggesting
that patients with RD should be closely observed and con-
sidered for postoperative adjuvant therapy [22]. In this
study, we also evaluated the impact of the presence of SD,
which is an adverse differentiation finding and an adverse
prognostic factor for RD, on postoperative recurrence and
cancer-related death. Kara et al. [23] evaluated the impact
of RD and SD on CSS in 264 patients with grade 4 RCC
and found that SD was associated with worse CSS, while
RD was not. In the present study, SD was not a significant
risk factor for either RFS or CSS. This may be because of
the different backgrounds of patients. Our cohort included
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all ISUP grades and was composed of 90.6% of patients
with early pT category tumors, while the previous study
cohort included limited grade 4 RCC and was composed of
87.1% of patients with advanced pT category tumors. A
study conducted in a similar background (74.1% of patients
with advanced pT category tumors) [13] reported the same
results as Kara et al. [23]. Differences in the background
may have affected the results. In fact, our subgroup analysis
of the early and advanced pT category tumors showed that
RD was associated with a significantly worse RFS and CSS
in only the early subgroup. The other reason may be our
small sample size of patients with RD and SD compared to
those in previous studies. Increasing the number of patients
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Fig. 2. A, Recurrence-free and B, cancer-specific survival of the patients with NOMO renal cell cancer in the propensity score-matched cohort comprising

24 patients with rhabdoid differentiation (RD) and 24 without RD.
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Table 4

Univariate and multivariate analyses of variables associated with RFS from RCC

Variables Univariate analysis P value Multivariate analysis P value
Risk ratio (95% CI) Risk ratio (95% CI)

Age 1.03 (1.01—1.06) 0.0109 1.01 (0.99—1.04) 0.2691

Sex

Female vs. Male 0.88 (0.50—1.60) 0.6562 1.27 (0.72-2.36) 0.4275

Nephrectomy

Partial vs. Radical 9.27 (3.42-38.0) <0.0001 3.52(1.20—15.0) 0.0425

Histological subtype

Clear vs. Nonclear 0.92 (0.42—-1.79) 0.8231 1.38 (0.62—-2.78) 0.3983

pT category

<pT2vs. >pT3 11.8 (6.98—20.0) <0.0001 3.05 (1.58-5.97) 0.0010

MVI

Absence vs. Presence 9.62 (5.68—16.7) <0.0001 3.84 (1.96—7.55) < 0.0001

Sarcomatoid differentiation

without vs. with 9.99 (4.37-20.0) <0.0001 1.09 (0.38—3.10) 0.8729

Rhabdoid differentiation

without vs. with 10.5(5.29—-19.3) <0.0001 2.81 (1.05—6.58) 0.0266

MVI = microvascular invasion; RCC =renal cell carcinoma; RFS = recurrence-free survival.

with RD and SD in the study cohort may affect the results
on the impact of the presence of SD on postoperative RFS
and CSS.

Vimentin is an EMT marker that has been evaluated in
the rhabdoid component and shows a highly positive
immunoreaction [8,9,11]. Vimentin staining is character-
istically localized in the eosinophilic globular intracyto-
plasmic body of rhabdoid cells (Fig. 1G). The positive
vimentin rate in our group with RD was 100%. Few stud-
ies have evaluated E-cadherin immunoactivity in the rhab-
doid component [24]. In our study, E-cadherin was
positive in 22 cases (91.7%) with a clear component,
while one case (4.2%) was positive for a rhabdoid

Table 5

component. The high positive immunoreaction rate of
vimentin and high negative rate of E-cadherin in the rhab-
doid component indicate EMT and the poor prognosis of
RCC [25,26]. These immunoactivity patterns illustrate the
aggressiveness of RD. The INII1 protein is a subunit of
SWI/SNF chromatin remodeling complexes, which play a
role in remodeling nucleosomes and modulating transcrip-
tion [27]. Loss of INIl expression is associated with
malignant rhabdoid kidney tumor in pediatric pathology,
renal medullary carcinoma, or renal carcinoma with
Xpl1.2 translocations [28—30]. In the present rhabdoid
series, nuclear stains for INI1 were 100% positive. This
result showed that RCC with RD in our cohort was a

Univariate and multivariate analyses of variables associated with CSS from RCC

Variables Univariate analysis P value Multivariate analysis P value
Risk ratio (95% CI) Risk ratio (95% CI)

Age 1.07 (1.02—1.11) 0.0026 1.05(1.01-1.10) 0.0141

Sex

Female vs. Male 0.88 (0.39-2.25) 0.7693 1.44 (0.60—3.88) 0.4332

Nephrectomy

Partial vs. Radical 5.10 (1.51-31.8) 0.0057 1.41 (0.34-9.52) 0.6687

Histological subtype

Clear vs. Nonclear 1.25(0.42-3.07) 0.6626 2.53(0.79-6.94) 0.0867

pT category

<pT2vs. >pT3 10.5 (4.83—23.0) <0.0001 2.20 (0.83—6.00) 0.1143

MVI

Absence vs. Presence 10.7 (4.82—26.2) <0.0001 5.70 (1.99—17.1) 0.0013

Sarcomatoid differentiation

without vs. with 11.9 (3.93—29.6) 0.0001 0.88 (0.20—4.08) 0.8706

Rhabdoid differentiation

without vs. with 13.5(5.22-31.5) <0.0001 5.18 (1.16—18.3) 0.0182

CSS = cancer-specific survival; MVI = microvascular invasion; RCC =renal cell carcinoma.
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Fig. 3. A, Recurrence-free and B, cancer-specific survival of patients with NOMO renal cell cancer with or without rhabdoid differentiation in the early

pathological tumor category (<pT2) subgroup.

Table 6
Comparison of time to recurrence after curative surgery using clinico-
pathological factors

Variables Time to recurrence P value
(month) median
(average)

Age (y)

<63 11(24.0)

>63 19 (25.2) 0.4134
Sex

Female 8.5(21.6)

Male 18 (25.8) 0.1532
Site

Left 13 (25.2)

Right 18 (24.1) 0.3875
Nephrectomy

Partial 30 (26.3)

Radical 13 (24.6) 0.6477
Histological subtype

Clear 13 (24.6)

Nonclear 18 (24.8) 0.3332
pT category

<pT2 23 (31.5)

>pT3 9(16.9) 0.0152
MVI

Absence 20 (28.2)

Presence 10 (22.6) 0.1471
Sarcomatoid differentiation

without 16.5(26.3)

with 12 (14.3) 0.3847
Rhabdoid differentiation

without 18 (28.3)

with 7.5 (10.7) 0.0150

MVI = microvascular invasion.

phenotypic feature differing from malignant rhabdoid
tumors arising in pediatric kidney, medullary carcinoma,
and renal carcinoma with Xp11.2 translocations [30].

This is the first study to evaluate the clinical impact of
RD on clinical outcome in NOMO RCC. Several previous
studies have assessed the impact of RCC with RD on the
CSS or OS, although nearly all included patients with
lymph node involvement or distant metastasis. Therefore, it
was not possible to assess RFS after complete resection or
the TTR, which is a novel indicator reflecting the rapidity
of disease progression, and provide the appropriate follow-
up timing and suggest adjuvant therapies, such as targeted
therapy, in the postoperative period [22]. Poor RFS, CSS,
and shorter TTR, all of which reflect clinical aggres-
siveness, were observed in NOMO RCC with RD in both the
entire and matched cohorts. Although the frequency of the
occurrence of RD in NOMO RCC is very low, RD is a strong
risk factor of progressive disease, such as early recurrence
and rapid progression to life-threatening disease. The results
of our study may contribute to more appropriate manage-
ment of NOMO RCC and improve survival outcomes.

The limitations of our study were its retrospective design
and unevenness of the cases investigated. To strengthen the
reliability of the results, external validation in other cohorts
or prospective multicenter studies should be performed. The
present study did not include information on clinical varia-
bles affecting prognosis, such as smoking and obesity during
analysis. Additionally, to more accurately describe the
aggressiveness of RCC with RD, studies of treatments for
patients with recurrence after surgery are needed to predict
the effectiveness of therapeutic agents in RCC with RD.
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Fig. 4. Comparison of mean time to recurrence after surgery in 58 patients with postoperative recurrence. Data are represented in box-and-whisker plots
showing median, minimum, lower quartile, upper quartile, and maximum. There are significant differences A, between renal cell carcinoma with and without
rhabdoid differentiation (P =0.0150), and B, between <pT2 tumors and >pT3 tumors (P =0.0152).

5. Conclusions

The impact of the presence of RD in RCC on the postop-
erative recurrence of patients with NOM0O RCC was demon-
strated using a propensity score-matched cohort and entire
cohort of 604 patients. The result of subgroup analysis
showed that the presence of RD in RCC was more impor-
tant in predicting poor RFS and CSS in the early pT cate-
gory subgroup than in the advanced pT category subgroup.
The shorter TTR in patients with RD indicates the need for
intensive follow-up during the postoperative period.

Conflicts of interest
The authors declare no conflict of interest.
Acknowledgments

The authors wish to acknowledge the Pathology Depart-
ment, Tokai University, for technical support with the
immunohistochemical staining.

References

[1] Cindolo L, Patard JJ, Chiodini P, Schips L, Ficarra V, Tostain J, et al.
Comparison of predictive accuracy of four prognostic models for non-
metastatic renal cell carcinoma after nephrectomy: a multicenter
European study. Cancer 2005;104:1362-71.

[2] Adamy A, Chong KT, Chade D, Costaras J, Russo G, Kaag MG, et al.
Clinical characteristics and outcomes of patients with recurrence
5 years after nephrectomy for localized renal cell carcinoma. J Urol
2011;185:433-8.

[3] Shah AY, Karam JA, Lim ZD, Ng CS, Tannir NM. Clinical and path-
ological complete remission in a patient with metastatic renal cell

carcinoma (mMRCC) treated with sunitinib: is mRCC curable with

targeted therapy? Urol Case Rep 2015;3:18-20.

Rini BI, Shaw V, Rosenberg JE, Kim ST, Chen I. Patients with meta-

static renal cell carcinoma with long-term disease-free survival after

treatment with sunitinib and resection of residual metastases. Clin

Genitourin Cancer 2006;5:232—4.

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.

Humphrey PA, Ulbright TM, Reuter VE, Moch H. WHO classifica-

tion of tumours of the urinary system and male genital organs.

International Agency for Research on Cancer; 2016.

[71 Humphrey PA. Renal cell carcinoma with rhabdoid features. J Urol
2011;186:675-6.

[8] Yang X, Xi C, JinJ, Zhou L, SuJ, Liu L, et al. Adult renal cell carci-
noma with rhabdoid differentiation: incidence and clinicopathologic
features in Chinese patients. Ann Diagn Pathol 2015;19:57-63.

[9] Kuroiwa K, Kinoshita Y, Shiratsuchi H, Oshiro Y, Tamiya S, Oda Y,
et al. Renal cell carcinoma with rhabdoid features: an aggressive
neoplasm. Histopathology 2002;41:538-48.

[10] Gokden N, Nappi O, Swanson PE, Pfeifer JD, Vollmer RT, Wick
MR, et al. Renal cell carcinoma with rhabdoid features. Am J Surg
Pathol 2000;24:1329-38.

[11] Shannon B, Stan Wisniewski Z, Bentel J, Cohen RJ. Adult rhabdoid
renal cell carcinoma. Arch Pathol Lab Med 2002;126:1506-10.

[12] Przybycin CG, McKenney JK, Reynolds JP, Campbell S, Zhou M,
Karafa MT, et al. Rhabdoid differentiation is associated with aggres-
sive behavior in renal cell carcinoma: a clinicopathologic analysis of
76 cases with clinical follow-up. Am J Surg Pathol 2014;38:1260-5.

[13] Zhang BY, Cheville JC, Thompson RH, Lohse CM, Boorjian SA,
Leibovich BC, et al. Impact of rhabdoid differentiation on prognosis
for patients with Grade 4 renal cell carcinoma. Eur Urol 2015;68:5-7.

[14] Eggener SE, Yossepowitch O, Pettus JA, Snyder ME, Motzer RJ,
Russo P. Renal cell carcinoma recurrence after nephrectomy for
localized disease: predicting survival from time of recurrence. J Clin
Oncol 2006;24:3101-6.

[15] Brookman—May SD, May M, Shariat SF, Novara G, Zigeuner R,
Cindolo L, et al. Time to recurrence is a significant predictor of

[4

finar

[5

[ty

[6

=


http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0014
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015

720

[16]

[17]

[18]

[19]

[20]

[21]

[22]

H. Kim et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 711720

cancer-specific survival after recurrence in patients with recurrent
renal cell carcinoma—results from a comprehensive multi-centre
database (CORONA/SATURN-Project). BJU Int 2013;112:909-16.
Moch Hoger, Humphre Peter A, Ulbright Thomas M, Reuter Victor
E, eds. WHO classification of tumours of the university system and
male genital organs, 4th ed, Lyon: IARC; 2016.

Cheville JC, Lohse CM, Zincke H, Weaver AL, Libovich BC, Frank
I, et al. Sarcomatoid renal cell carcinoma: an examination of underly-
ing histologic subtype and an analysis of associations with patient
outcome. Am J Surg Pathol 2004;112:435-41.

Uno H, Cai T, Pencina MJ, D’ Agostino RB, Wei LJ. On the C-statis-
tics for evaluating overall adequacy of risk prediction procedures
with censored survival data. Stat Med 2011;30:1105-17.

Kanda Y. Investigation of the freely available easy-to-use software
‘EZR’ for medical statistics. Bone Marrow Transplant 2013;28:
452-8.

Rieken M, Kluth LA, Fajkovic H, Capitanio U, Briganti A, Krabbe
LM, et al. Predictors of cancer-specific survival after disease
recurrence in patients with renal cell carcinoma: the effect of time to
recurrence. Clin Genitourin Cancer 2018;16:¢903-8.

Kroeger N, Choueiri TK, Lee JL, Bjarnason GA, Knox JJ, MacKenzie
MIJ, et al. Survival outcome and treatment response of patients with
late relapse from renal cell carcinoma in the era of targeted therapy.
Eur Urol 2014;65:1086-92.

Ravaud A, Motzer RJ, Pandha HS, George DJ, Pantuck AJ, Patel A,
et al. Adjuvant sunitinib in high-risk renal-cell carcinoma after
nephrectomy. N Engl J Med 2016;375:2246-54.

[23] Kara O, Maurice MJ, Zanger H, Malkoc E, Akca O, Andrade HS,
et al. Int Urol Nephrol 2016;48:1253-60.

[24] Sugimoto M, Kohashi K, Itsumi M, Shiota M, Abe T, Yamada Y,
et al. Epithelial to mesenchymal transition in clear cell renal cell
carcinoma with rhabdoid features. Pathobiology 2016;83:277-86.

[25] Yamasaki T, Seki N, Yamada Y, Yoshino H, Hidaka H, Chiyomaru
T, et al. Tumor suppressive microRNA138 contributes to cell migra-
tion and invasion through its targeting of vimentin in renal cell carci-
noma. Int J Oncol 2012;41:805-17.

[26] Cai J. Roles of transcriptional factor Snail and adhesion factor
E-cadherin in clear cell renal cell carcinoma. Exp Ther Med
2013;6:1489-93.

[27] Wilson BG, Roberts CW. SWI/SNF nucleosome remodellers and
cancer. Nat Rev Cancer 2011;11:481-92.

[28] Hoot AC, Russo P, Judkins AR, Perlman EJ, Biegel JA. Immunohis-
tochemical analysis of hSNF5/INI1 distinguishes renal and extra-
renal malignant rhabdoid tumors from other pediatric soft tissue
tumors. Am J Surg Pathol 2004;28:1485-91.

[29] Cheng JX, Tretiakova M, Gong C, Mandal S, Krausz T, Taxy JB.
Renal medullary carcinoma: rhabdoid features and the absence of
INII expression as markers of aggressive behavior. Mod Pathol
2008;21:647-52.

[30] Sigauke E, Rakheja D, Maddox DL, Hladik CL, White CL III, CF
Timmons, et al. Absence of expression of SMARCBI1/INII in malig-
nant rhabdoid tumors of the central nervous system, kidneys and
soft tissue: an immunohistochemical study with implications for
diagnosis. Mod Pathol 2006;19:717-25.


http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0015
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0016
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0017
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0018
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0019
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0020
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0021
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0022
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0023
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0024
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0025
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0026
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0027
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0028
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0029
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0030
http://refhub.elsevier.com/S1078-1439(19)30198-X/sbref0030

	Impact of rhabdoid differentiation on postoperative outcome for patients with N0M0 renal cell carcinoma
	1. Introduction
	2. Materials and methods
	2.1. Patients
	2.2. Pathological examinations
	2.3. Statistical analyses

	3. Results
	3.1. Patient characteristics
	3.2. Results of immunohistochemical staining of RCC with rhabdoid differentiation
	3.3. Survival analysis of RFS and CSS using the matched 48 cohort after propensity score calculation
	3.4. Cox proportional hazards regression model analysis of clinicopathological factors affecting RFS and CSS
	3.5. Subgroup analyses in patients with early (&le;pT2) and advanced (&ge;pT3) pathological tumor categories
	3.6. Analysis of the impact of clinical and pathological factors on TTR

	4. Discussion
	5. Conclusions
	Conflicts of interest
	Acknowledgments
	References


