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Abstract. The aim of the present study was to evaluate the
validity of potential prognostic parameters of clear cell renal cell
carcinoma (ccRCC) recommended by the 2012 International
Society of Urological Pathology (ISUP) Consensus Conference
in the Japanese population. We reviewed 406 Japanese patients
with localized or locally advanced ccRCC who underwent
curative surgery during 2004-2014 at Tokai University
Hospital (Isehara, Japan) and were followed up for >2 years
after surgery. A single pathologist reviewed all the histological
slides. Morphological subtype and pathological T stage were
reassigned according to the 2016 World Health Organization
and TNM classifications. Sarcomatoid differentiation (SD),
rhabdoid differentiation (RD), tumor necrosis (TN) and
microvascular invasion (MVI) were assessed according to
the 2012 ISUP recommendations. Nuclear grade was reclas-
sified according to both the Fuhrman and the ISUP grading
systems. Recurrence-free survival (RFS) and cancer-specific
survival (CSS) were assessed through univariate and multi-
variate analyses. According to the Fuhrman grading system
(group Fuhrman), TN and M VI were independent risk factors
for postoperative recurrence in the multivariate analysis using
the Cox proportional hazards model. According to the ISUP
grading system (group ISUP), TN and M VI were independent
risk factors for postoperative recurrence. In group Fuhrman,
age, Fuhrman grade and TN were independent risk factors
for CSS. In group ISUP, age, ISUP grade, and TN were inde-
pendent risk factors for CSS. Furthermore, the group that was
upgraded from Fuhrman grade 2 to ISUP grade 3 exhibited
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poorer CSS compared with the group that was reclassified
from Fuhrman grade 2 to ISUP grade 2 (non-upgraded).
Regardless of the nuclear grade, TN remained an independent
predictor of RFS and CSS. To the best of our knowledge, this
is the first report to prove the correlation between the 2012
ISUP recommendations and clinical outcomes in a Japanese
ccRCC cohort. TN and upgrading to ISUP grade 3 were found
to be potentially useful independent indicators of postopera-
tive prognosis.

Introduction

Kidney cancer is the ninth and fourteenth most common
cancer in men and women, respectively, and the sixteenth most
common cause of cancer-related mortality worldwide. In
Japan, the estimated age-standardized incidence of kidney
cancer among both sexes was 5.3 per 100,000 population
(http://gco.iarc.fr/today/online-analysis-map?mode=cancer&
mode_population= continents&population=900&sex=0&cancer
=29&type=0&statistic=0&prevalence=0&color_palette=default
&projection=natural-earth) (1,2). Renal cell carcinoma (RCC)
is the most common type of adult epithelial kidney cancer (2).
The 2016 World Health Organization (WHO) classification
describes 13 distinct morphotypes (including unclassified
ones) in RCC. Among those subtypes, clear cell RCC (ccRCC)
is the most common type of renal parenchymal tumor,
accounting for 63-83% of RCC cases, and its outcome is
significantly poorer when compared with the outcome of other
subtypes, such as papillary RCC or chromophobe RCC (3-5).
The International Society of Urological Pathology (ISUP)
2012 Consensus Conference also reported new recommenda-
tions for classification. There was a strong consensus (98%)
that the main morphotypes of RCC have prognostic signifi-
cance, and that the cancer-specific survival (CSS) rate of
ccRCC is significantly lower compared with that of papillary
or chromophobe RCC at comparable stages (6).

In addition to tumor morphotype, other pathological
parameters were suggested as being potential prognostic
factors at the 2012 ISUP Conference, including sarcomatoid
differentiation (SD), rhabdoid differentiation (RD), tumor
necrosis (TN), novel nuclear ISUP grade and microvascular
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invasion (MVI) (6). In the present study, we focused on TN,
ISUP grade and M VI as potential prognostic factors. TN is
often encountered in RCC and has been reported in 27-32%
of ccRCC cases (7,8). The presence of TN has been correlated
with not only high-risk clinicopathological parameters, but
also poor disease-specific survival (9-13). The 2012 ISUP
Conference recommended the use of the ISUP grading system
rather than the Fuhrman grading system. The ISUP grading
system for ccRCC is defined only by nucleolar prominence
and has exhibited a stronger association with patient outcome
compared with that exhibited by the Fuhrman grading
system (14). MVI is controversial as a prognostic factor in
some studies.

To date, there have been several reports on the assessment
of the ISUP recommendations in Western countries; however,
there are few reports from East Asia, and no reports on the
Japanese population. As the Japanese are a homogeneous race,
the validity of the research results in Western countries require
verification in a Japanese cohort.

The aim of the present study was to review all pathological
slides of localized RCC from Japanese patients who underwent
radical surgery at our institution over the past 10 years, and
reclassify them by morphotype, TN, ISUP grade and MVI,
according to the consensus of the 2012 ISUP Conference and,
subsequently, on the basis of these results, to identify strong
predictive factors affecting recurrence-free survival (RFS)
and CSS. To the best of our knowledge, this study is the first to
report on a Japanese population with postoperative localized
or locally advanced ccRCC assessed according to the 2012
ISUP recommendations.

Materials and methods

Patient selection. The postoperative prognostic and clinico-
pathological data were retrospectively analyzed in accordance
with a protocol approved by Tokai University Institutional
Review Board. Between January 2004 and December 2014, a
total of 631 patients with localized or locally advanced RCC
underwent radical or partial nephrectomy at the Department of
Urology of Tokai University Hospital (Isehara, Japan). Patients
with synchronous bilateral renal tumors or synchronous metas-
tases (to lymph nodes or other organs) were excluded from the
analysis. All pathological slides of the patients were revised on
the basis of the 2016 WHO classification and the TNM system
by a single pathologist (C.I.). Among all 631 tumors, 514 were
confirmed as being of the morphological ccRCC type. Finally,
406 patients who could be observed for >2 years after surgery
were included in the analysis. The median age of the 406 patients
was 62 years (range, 27-85 years). The male:female ratio was
~3:1. Radical nephrectomy was performed in 268 patients, and
partial nephrectomy in 138 patients. The median postopera-
tive follow-up period was 59 months (range, 3-137 months). A
total of 48 patients had recurrent tumors during the follow-up
period. The characteristics of the patients are summarized in
Table I.

Pathological review. A single pathologist (C.1.) reviewed all
tumors of the 631 patients and reassigned the tumors by histo-
logical subtype, pathological T stage, nuclear grade, TN, SD,
RD and MVI. Histological subtype and pathological T stage
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Table I. Clinicopathological characteristics of the 406 patients
with ccRCC.

Characteristics No.
Median age, years (range) 62 (27-85)
Sex

Male 309

Female 97
Side

Left 192

Right 214
Nephrectomy type

Radical 268

Partial 138
Median postoperative follow-up, 59 (3-137)
months (range)
Pathological T stage

Tla 272

T1b 76

T2a 12

T2b 3

T3a 16

T3b 26

T4 1
Tumor size, median mm (range) 32 (9-250)
Fuhrman grade

1 3

2 343

3 38

4 22
ISUP grade

1 4

2 227

3 153

4 22
Microvascular invasion

Positive 77

Negative 329
Tumor necrosis

Positive 43

Negative 363
Sarcomatoid differentiation

Positive 9

Negative 397
Rhabdoid differentiation

Positive 17

Negative 389

ccRCC, clear cell renal cell carcinoma; ISUP, International Society of
Urological Pathology.

were reassigned according to the 2016 WHO classification.
TN, SD, RD, and MVI were assessed according to the 2012
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Figure 1. Photomicrograph of coagulative tumor necrosis. (a) Example of coagulative tumor necrosis (CTN) adjacent to eosinophilic tumor cells (H&E staining;
magnification, x20). (b) Histopathological slide showing ischemic necrosis, which should be distinguished from CTN (H&E staining; magnification, x20). H&E,

hematoxylin and eosin.

Figure 2. Photomicrograph of microvascular invasion. (a) Renal cell carcinoma (RCC) is seen protruding into the vessel (hematoxylin and eosin staining;
magnification, x20). (b) The tumor cells broke through the vessel collagen wall and invaded into the vessel (arrows). Elastica Van Gieson staining;

magnification, x20.

ISUP Consensus Conference recommendations (6). The pres-
ence of TN was defined as microscopic coagulative tumor
necrosis in the tumor section (Fig. 1a). Fibrosis, hyalinization,
hemorrhage and ischemic necrosis (Fig. 1b) within a tumor
were distinguished from coagulative tumor necrosis to avoid
misdiagnosis of tumor necrosis. MVI was defined as a lump
of tumor cells inside a vessel lined by one or more layers of
vascular endothelial cells. If the presence of endothelial cells
made the image unclear, elastin staining was performed to
identify the vessel wall (Fig. 2a and b). Nuclear grade was
reassigned according to both the Fuhrman and ISUP grading
systems. The group that was reclassified by the Fuhrman
grading system was named group Fuhrman, and the group that
was reclassified by the ISUP grading system was named group
ISUP. Cases with questionable pathological diagnoses were
reviewed by another pathologist (H.K.). If the two pathologists

had different opinions regarding the diagnosis, they examined
the slides together and consensus was reached through discus-
sion. The pathologists were blinded to the clinical outcome.
The pathological findings are summarized in Table I. The
Fuhrman and ISUP grading systems are defined as in Table II.

Statistical analysis. The RFS interval was defined as the time
from the day of surgery until detection of recurrence. The CSS
interval was defined as the time from the day of surgery until
death from RCC. Data from patients who remained alive without
recurrence at the last evaluation or who died of other causes
were censored. RFS and CSS for clinical and pathological
factors were calculated according to the Kaplan-Meier method
and compared with the log-rank test. Clinical and pathological
factors were defined as follows: Age (<62 vs. >62 years), sex
(male vs. female), pT stage (<pT2 vs. =pT'3), Fuhrman grade
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Table II. Fuhrman and ISUP grading systems.

KIM et al: POSTOPERATIVE PROGNOSTIC FACTORS OF ccRCC

Fuhrman grading system

ISUP grading system

Grade 1
Tumors were composed of cells with small (~10 gm) round
uniform nuclei with inconspicuous or absent nucleoli

Grade 2

Tumor cells had larger (~15 gm) nuclei that exhibited irregularities

in the outline and nucleoli when examined under high-power
magnification (x400)

Grade 3

Tumor cells had even larger nuclei (~20 gm) with an obviously

irregular outline and prominent large nucleoli

even at low-power magnification (x100)

Grade 4

Tumor cells exhibit characteristics similar to those of grade 3
tumors with the addition of bizarre, often multilobed nuclei
and heavy chromatin clumps. These tumors often display
areas of spindled-shaped cells resembling sarcomas

Grade 1

Nucleoli are inconspicuous or absent at

a magnification of x400

Grade 2

Nucleoli are clearly visible at high-power
magnification, but are not prominent

Grade 3
Nucleoli are prominent and are easily
visualized at low-power magnification

Grade 4

Presence of tumor giant cells and/or marked
nuclear pleomorphism and/or with rhabdoid
or sarcomatoid differentiation

ISUP, International Society of Urological Pathology.

(1/2 vs. 3/4), ISUP grade (1/2 vs. 3/4), TN (absence or presence)
and MVI (absence or presence). SD and RD were excluded,
as these factors were included in one of the factors of grade 4
of the ISUP grading system. The median age of 62 years was
used to separate younger from older patients. Multivariate
analyses were performed using a Cox proportional hazards
model. P-values of <0.05 were considered to indicate statisti-
cally significant difference. Clinical outcomes (RFS and CSS)
were separately calculated in group Fuhrman and group ISUP.
To discriminate the predictive accuracy for clinical outcomes
between groups Fuhrman and ISUP, the concordance index
(c-index) was used. A value of 1.0 represents perfect predictive
models, and a value of 0.5 is equivalent by chance.

We also specifically evaluated the clinical outcomes for
patients whose cancers were reclassified to a different grade
by the ISUP grading system. All the statistical analyses were
performed with JMP® version 12.0.1 (SAS Institute, Cary, NC,
USA) and Stata 14 (StataCorp LP, College Station, TX, USA).

Results

Results of pathological review based on the 2016 WHO clas-
sification and the 2012 ISUP Consensus Conference. Table 1
shows the histopathological characteristics of all 406 patients
with ccRCC reviewed on the basis of the 2016 WHO classifica-
tion and the 2012 ISUP recommendations. The nuclear grade
according to the Fuhrman grading system was 1 in 3 tumors,
2 in 343 tumors, 3 in 38 tumors, and 4 in 22 tumors. In the
same population, the ISUP grade was 1 in 4 tumors, 2 in
227 tumors, 3 in 153 tumors, and 4 in 22 tumors. The number
of cases whose nuclear grading differed between the Fuhrman
and the ISUP grading systems are presented in Table III. The
percentage of positivity of the adverse pathological character-
istics of TN and MVI was 10.6 and 19.0%, respectively.

Table III. Number of cases whose nuclear grading changed
between the Fuhrman and ISUP systems.

Fuhrman grade

ISUP grade 1 2 3 4 Total
1 2 2 0 0 4
2 1 224 2 0 227
3 0 117 36 0 153
4 0 0 0 22 22
Total 3 343 38 22 406

ISUP, International Society of Urological Pathology.

Statistical analysis of the impact of clinicopathological
factors on RFES and CSS. The 5-year RFS and CSS rates for
all 406 patients with ccRCC estimated by the Kaplan- Meier
method were 88.1 and 96.6%, respectively. A total of 48 patients
developed recurrence, and 18 patients had succumbed to RCC
atthe last follow-up. Among the clinicopathological factors that
were assessed by the log-rank test, age (>62 years), pI stage
(=pT3), Fuhrman grade (3/4), ISUP grade (3/4), the presence
of TN and the presence of MVI, were all associated with RFS
and CSS on the univariate analysis (Figs. 3 and 4). Using multi-
variate analysis, we analyzed independent prognostic factors
for RFS and CSS for the Fuhrman grade (group Fuhrman) and
ISUP grade (group ISUP). The former group, consisting of
age, pI stage, Fuhrman grade, TN and M VI, was incorporated
into a multivariate analysis using the Cox proportional hazards
model. The latter group, consisting of age, pT stage, ISUP
grade, TN and MVI, was incorporated into a multivariate
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Figure 3. (a) RFS and (b) CSS following curative surgery for tumors classified as Fuhrman grade 1/2 (red line) vs. Fuhrman grade 3/4 (blue line). (c) RFS
and (d) CSS following curative surgery for tumors classified as ISUP grade 1/2 (red line) vs. ISUP grade 3/4 (blue line). RFS, recurrence-free survival; CSS,

cancer-specific survival; ISUP, International Society of Urological Pathology.
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Table IV. Risk factors for predicting postoperative recurrence and cancer-specific survival in ccRCC using the Fuhrman grading

system.
Recurrence-free survival Cancer-specific survival
Univariate Multivariate Univariate Multivariate
Factors P-value HR (95% CI) P-value P-value HR (95% CI) P-value
Age (years) 0.0246 0.0580 0.0018 0.0059
<62
>62 1.78 (0.99-3.31) 4.74 (1.51-20.9)
Sex 0.5708 0.4909
Female
Male
pT stage <0.0001 0.4687 <0.0001 0.8612
<pT2
=pT3 1.35(0.61-3.10) 1.12 (0.33-4.42)
Fuhrman grade <0.0001 0.1666 <0.0001 0.0497
12
3/4 1.62 (0.82-3.23) 2.97 (1.00-9.37)
TN <0.0001 <0.0001 <0.0001 0.0007
Absence
Presence 6.62 (3.11-13.9) 8.90 (2.45-34.8)
MVI <0.0001 0.0057 <0.0001 0.2171
Absence
Presence 2.96 (1.34-6.27) 2.41(0.58-9.21)
ccRCC, clear cell renal cell carcinoma; TN, tumor necrosis; MVI, microvascular invasion; HR, hazard ratio; CI, confidence interval.
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Figure 5. (a) RFS and (b) CSS following curative surgery for tumors classified from Fuhrman grade 2 to ISUP grade 2 (red line) vs. those upgraded from
Fuhrman grade 2 to ISUP grade 3 (blue line). RFS, recurrence-free survival; CSS, cancer-specific survival; ISUP, International Society of Urological Pathology.

analysis using the Cox proportional hazards model. In group
Fuhrman, TN (P<0.0001) and MVI (P=0.0057) were inde-
pendent risk factors for postoperative recurrence, while age
(P=0.0059), Fuhrman grade (P=0.0497) and TN (P=0.0007)
were independent risk factors for CSS (Table IV). In group
ISUP, TN (P<0.0001) and MVI (P=0.0057) were independent
risk factors for postoperative recurrence, while age (P=0.0327),
ISUP grade (P=0.0355) and TN (P=0.0003) were independent
risk factors for CSS (Table V). The predictive accuracy for

RFS using group Fuhrman and group ISUP was 0.8637 and
0.8642, respectively, whereas for CSS using group Fuhrman
and group ISUP was 0.9366 and 0.9478, respectively.

Clinical outcomes of ccRCC with Fuhrman grade 2. A total
of 343 cases with Fuhrman grade 2 were identified, which
accounted for the majority of our study population. The
accuracy of the ISUP grading system in predicting clinical
outcomes was compared with that of the Fuhrman grading
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Table V. Risk factors for predicting postoperative recurrence and cancer-specific survival in ccRCC using the ISUP grading

system.

Recurrence-free survival

Cancer-specific survival

Univariate Multivariate

Univariate Multivariate

Factors P-value HR (95% CI)

P-value

P-value HR (95% CIT) P-value

Age (years) 0.0246
<62
>62
Sex
Female
Male
pT stage
<pT2
=pT3
ISUP grade
172
3/4 1.07 (0.53-2.19)
TN <0.0001
Absence
Presence
MVI
Absence
Presence

1.77 (0.98-3.28)
0.5708

<0.0001

1.41 (0.63-3.26)
<0.0001

8.01 (391-16.5)
<0.0001

2.97 (1.33-6.30)

0.0630

0.4095

0.8596

<0.0001

0.0057

0.0018 0.0327

3.91 (1.27-17.0)
0.4909

<0.0001 0.8970

1.09 (0.32-4.33)

<0.0001 0.0355

9.31 (1.73-172)

<0.0001 0.0003

8.56 (2.80-29.9)

<0.0001 0.2185

2.32 (0.56-8.67)

ccRCC, clear cell renal cell carcinoma; ISUP, International Society of Urological Pathology; TN, tumor necrosis; MVI, microvascular

invasion; HR, hazard ratio; CI, confidence interval.

system. On reclassifying the 343 Fuhrman grade 2 cases
using the ISUP grading system, 224 were classified as ISUP
grade 2, while 117 were upgraded to ISUP grade 3. The RFS
at 10 years was 90.4% in tumors that were revised from
Fuhrman grade 2 to ISUP grade 2 (non-upgraded group),
and 81.5% in the tumors that were upgraded from Fuhrman
grade 2 to ISUP grade 3 (upgraded group) (Fig. 5a). The CSS
at 10 years was 99.6 and 69.9% in the non-upgraded and
upgraded groups, respectively (Fig. 5b). Multivariate analysis
using this cohort demonstrated that upgrading from Fuhrman
grade 2 to ISUP grade 3 was an independent predictor of CSS
(Table VI).

Discussion

At the ISUP 2012 Consensus Conference, tumor morpho-
type, SD, RD, TN, the ISUP grading system and MVI
were recommended as potential prognostic factors of RCC.
Among the major morphological subtypes, namely ccRCC,
papillary RCC and chromophobe RCC, ccRCC accounts
for ~60-70% of malignant kidney epithelial tumors and
has the poorest prognosis (3-5,15). Therefore, in the present
study, these recommended factors were evaluated with the
focus being ccRCC. To evaluate the validity of these factors
in Japanese patients with localized ccRCC, 406 ccRCC

pathological slides were reviewed and reassigned pT stage,
SD, RD, TN, nuclear grade and M VI, according to the 2012
ISUP recommendations and the 2016 WHO classification.
For each potential risk factor, postoperative RFS and CSS
were calculated by the Kaplan-Meier method; independent
associations with RFS and CSS were calculated by the
Cox regression analysis. Nuclear grade was classified by
the Fuhrman and ISUP grading systems and then RFS and
CSS were calculated for each classified group. Multivariate
analysis indicated that TN and MVI were significantly
associated with RFS, while age, nuclear grade and TN were
significantly associated with CSS in both groups Fuhrman
and ISUP. The c-index for RFS using group ISUP (c-index,
0.8642) indicated that its predictive ability is equivalent to
that using group Fuhrman (c-index, 0.8637), whereas there
was a possibility that the predictive ability for CSS using
group ISUP (c-index, 0.9478) may be superior to that using
group Fuhrman (c-index, 0.9366).

In the present study, the presence of TN affected both
RFS and CSS as an independent risk factor. Although a
number of studies have reported the correlation of TN with
established clinicopathological parameters, such as high T
stage, large tumor size, poor tumor grade, and CSS or overall
survival, there are only a few reports on the association of
the presence of TN with RFS, particularly in the East Asian
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Table VI. Risk factors for predicting postoperative recurrence and cancer-specific survival in ccRCC with Fuhrman grade 2.

Factors

Recurrence-free survival

Cancer-specific survival

Univariate

Multivariate

Univariate

Multivariate

P-value HR (95% CI)

P-value

P-value

HR (95% CI) P-value

Age (years)
<62
>62
Sex
Female
Male
pT stage
<pT2
>pT3
Fuhrman grade 2
Non-upgraded group
Upgraded group
TN
Absence
Presence
MVI
Absence
Presence

0.2070

0.6169

<0.0001

3.06 (0.96-9.55)
0.0300

1.19 (0.49-2.88)
<0.0001

3.33 (1.09-9.75)
<0.0001

4.65 (1.63-12.8)

0.0582

0.7038

0.0349

0.0047

0.0325

0.5200

0.0283

0.0007

<0.0001

0.0001

0.2167

3.45 (0.52-67.8)

0.1785

0.23 (0.02-1.94)
0.0389

7.20 (1.09-143)
0.0444

7.58 (1.06-47.2)
0.0168

9.48 (1.54-74.1)

ccRCC, clear cell renal cell carcinoma; TN, tumor necrosis; MVI, microvascular invasion; HR, hazard ratio; CI, confidence interval.

population (3,10,13,16-18). In our study population of Japanese
patients with localized ccRCC, TN, one of the new potential
prognostic factors, was found to be the strongest predictive
prognostic factor for both RFS and CSS.

The Fuhrman grading system has been widely adopted
worldwide, including Japan; however, certain problems have
been identified in the literature, such as the inclusion of various
tumor types that differ morphologically and genetically, and
poor reproducibility due to multiple parameters, including
nuclear size and appearance (19-23). The ISUP grading
system assesses only nucleolar prominence, is simple and
reproducible, and is correlated with clinical outcome (14,24).
In our study cohort, multivariate analysis revealed that the
ISUP grade was not significantly associated with RFS, but
it was significantly associated with CSS. In particular, cases
that were subsequently upgraded to ISUP grade 3 from the
Fuhrman grade 2 group exhibited a worse prognosis compared
with those in the non-upgraded group. The ISUP grading
system was found to be superior to the Fuhrman grading
system due to its diagnostic reproducibility and its ability to
predict clinical outcomes.

The predictive ability of MVI is controversial. Some
reports have shown MVI to be correlated with prognosis;
however, others have reported no such correlation (25-30). In
the present study, the multivariate analysis demonstrated that
MVI was independently associated with RFS of both group
Fuhrman and group ISUP.

To the best of our knowledge, this study is the first to prove
the correlation between coagulative TN and clinical outcome
(RFS and CSS), as well as demonstrate the advantages of the
ISUP grading system when compared with Fuhrman grading in
Japanese ccRCC patients. Based on the results of our study, as well
as the report of the 2012 ISUP Consensus Conference, we recom-
mend closer surveillance or adjuvant therapy for patients with the
presence of TN and higher ISUP grade (ISUP grade >3) (6).

The present study is limited by its retrospective design.
Another limitation is that the majority of our cases lacked
clinical data on risk factors that are considered to be associated
with the prognosis of RCC, such as smoking and hypertension.
Moreover, some patients dropped out of follow-up shortly after
surgery, resulting in loss of prognostic data. In the present
study, the unclear histological subtypes were excluded, but we
included various stages of ccRCC, which may have resulted in
confounding bias. To strengthen the reliability of the results of
this study, prospective multicenter studies must be designed to
confirm these pathological parameters in a larger population
of consecutive patients with RCC.

In conclusion, to the best of our knowledge, this retrospective
study is the first to report on a Japanese population with RCC to
investigate the correlations between the postoperative prognosis
of ccRCC and the pathological parameters recommended by the
2012 ISUP Consensus Conference. Adapting the ISUP recom-
mendations and the 2016 WHO classification for a Japanese
ccRCC population is likely to be of value in clinical practice.
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