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Abstract have solved the observer inconsistency in large measure
by including different grades in the tumor in our study and

Background: Several parameters have been proposed to by including the threshold value we have included in the

predict prognosis in renal cell carcinomas. Although the tu- grading system.

mor grade is an important prognostic data in the RCC, there

is a low correlation between the observers. The aim of this Keywords

study was to establish a new grading system based on the

Renal cell carcinoma, Tumor heterogeneity, WHO/ISUP grad-
combination of different tumor grades in the tumor and the genety <

. - T ing system
resulting data show the relationship with parameters that
are prognostic significance. Abbreviations
Methods: 185 cases of clear cell RCC treated between RCC: Renal Cell Carcinoma

2000 and 2013 were included in this study. Demograph-

ic features of the disease were obtained from prognostic .
data from patient records and pathology reports. In fact, Introduction
the current WHO/ISUP grading was performed by a uropa- .
thologist (BT) and a surgical pathology resident (SS), and Newlz/ dlagnosed. f:ancer cases throughout the
the presence of necrosis in the tumor was also assessed. world, 2% of renal origin [1]. Among the tumors of the

Combined WHO/ISUP grading system has been applied for urogenital system, 85% of kidney cancers, which rank
tumors with one or more degrees. Combined grade scores third after the prostate and bladder, are renal cell car-
are grouped as low, intermediate and high. The relationship cinomas (RCC), 12% of them are urothelial carcinomas

between new grades and prognostic parameters was inves- isinating h vical I d th
tigated statistically. Pearson Chi-square test was used for originating from the pelvicalyceal system, and the rest

the analyzes. It was also assessed by the kappa statistical are rare malignancies [2,3]. According to WHO 2016,
test between the two observers and within the observers. RCCs are divided into 14 subtypes. These; clear cell RCC,

Results: According to the Combined WHO/ISUP grading ~ Multilocular cystic renal cell neoplasm of low malignant
system, 39 (21%) of the 185 cases had the same degree potential, papillary RCC, chromophobe RCC, collecting
and the remaining 146 (79%) cases had more than one de-  duct carcinoma, renal medullary carcinoma, Mit family

gree. According to the combined grade score group, 77 low 45 qjncation RCC succinate dehydrogenase-deficient
grade, 85 intermediate and 29 high grade were evaluated. . . .

The agreement between the two observers is “good”. Uro- RCC, mucinous tubular and spindle cell carcinoma, tu-
pathologist was found to be “perfect” in itself, and “good” in bulocystic RCC, acquired cystic disease-associated RCC,

surgical pathology resident. clear cell papillary RCC and unclassified RCC [4].

Conclusion: An ideal grading system should have objective The Tumor Lymph Node Metastasis (TNM) staging
criteria, be applicable and repeatable. We think that we system of the American Cancer Committee (AJCC) is
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recommended for renal cell carcinoma. This system,
which has been modified many times over the past ye-
ars, was last updated in 2017 [5] and has been shown in
many studies that the TNM system is an excellent prog-
nostic factor for patients with RCC [6]. According to the
TNM staging system, tumor size, perinephric adipose
tissue invasion, renal sinus invasion, major vein invasion
(including renal vein and its branches and vena cava),
and Gerota fascia invasion (including ipsilateral adrenal
invasion) are used to determine the tumor stage [5].

The assessment of the grade of renal cell carcinoma
is more problematic. Many grading systems have been
proposed for RCC since the 1970s. The study of Skin-
ner, et al. is the first classification that classifies RCC ac-
cording to its nuclear features, and they reported the
highest grade in the tumor as the tumor grade [7]. In
1982, Fuhrman, et al. proposed a 4-tiered grading sys-
tem determined by the first 3 degrees, nucleus size,
nucleus shape, and nucleolar prominence [8]. Among
the proposed grading systems, Fuhrman grading system
was the most widely used. However, as our knowledge
about RCC subtypes increased and larger studies were
conducted, the limitations of the Fuhrman grading sys-
tem were better understood and the prognostic signifi-
cance began to be questioned. Finally, the World Health
Organization (WHO)/International Society of Urological
Pathology (ISUP) grading system based on nuclear and
nucleolar features have been developed [9]. In fact,
computerized automated grading systems have even
been applied to increase the compatibility between re-
searchers [9,10].

An ideal grading system should be objective, practi-

cal and reproducible. The aim of this study is to create
a new grading system for CcRCC, considering different
tumor grades within the tumor, and to investigate its
practicality and reproducibility and its effect on prog-
nostic factors.

Methods

This study included 185 clear cell RCC cases diag-
nosed at Dokuz Eylul University Medical Faculty Hospi-
tal between 2000 and 2013. Papillary and chromophobe
renal cell carcinomas and other kidney tumor subtypes
were not included in this study. Demographic features,
tumor Fuhrman grade, tumor size, presence of micro-
vascular invasion (MVI), pathological tumor stage, type
of operation, presence of distant metastases were ob-
tained from patient records and pathology reports. He-
matoxylin & Eosin (H&E) stained preparations of 4 um
thickness were graded according to the current WHO/
ISUP by a uropathologist (BT) and a surgical pathology
resident (SS) regardless of the initial tumor Fuhrman
grade [11]. According to this grading system; the cases
where the nucleoli are basophilic and absent or incon-
spicious at x400 magnification are grade 1 (Figure 1A),
the cases where the nucleoli are seen as eosinophilic at
x400 magnification but not prominent at x100 magnifi-
cation are grade 2 (Figure 1B) and the cases where the
nucleoli conspicuous and eosinophilic at x100 magnifi-
cation are clearly visible tumors were graded as grade
3 (Figure 1C). Tumors with sarcomatoid (Figure 1D) or
rhabdoid (Figure 1E) differentiation or tumor giant cells
(Figure 1F) or with pronounced nuclear pleomorphism
were accepted as grade 4. Before the evalution, the cas-
es representing WHO/ISUP grades 1, 2, 3 and 4 were

Figure 1: (A)WHO/ISUP grade 1 (H&E, x200) in clear cell RCC; (B) WHO/ISUP grade 2 (H&E, x200) in clear cell RCC; (C)
WHO/ISUP grade 3 (H&E, x100) in clear cell RCC; (D) WHO/ISUP Grade 4, sarcomatiod differentiation (H&E, 200); (E)
WHO/ISUP Grade 4, rabdoid differentiation (H&E, 200); (F) WHO/ISUP Grade 4, tumour giant cells (H&E, 200).
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Figure 2: (A) Combined grade score 2 + 1 in clear cell RCCs (H&E, x200); (B) Combined grade score 3 + 2 in clear cell
RCCs (H&E, x200); (C) Combined grade score 3 + 4 in clear cell RCCs (H&E, x200).

evaluated together by the observers according to the  were taken. Pearson chi-square test was used to deter-
criteria defined in the literature. This assesment was mine whether there is a difference between the com-
made considering tumor heterogeneity. The combined  bined WHO/ISUP grades in terms of gender, tumor size,
grading system for tumors containing one or more pathological tumor stage, necrosis, MVI, metastasis and
grades is based on the criteria of the Gleason grading death. According to the evaluation results, if p value is
system [12]. According to this grading system, the most ~ equal to or less than 0.05, it is considered statistical-
common grade in the tumor was considered primary ly significant. The correlation between the combined
and the second most common grade was considered ~WHO/ISUP grading system and the WHO/ISUP grading
secondary. If the second most common tumor grade System was evaluated using Kendall’s tau-b test.

rate was 5%, it was considered secondary. In addition, The agreement within the observer and between the
in tumors with more than 2 degrees, the most common  gpservers was evaluated with the kappa statistical test,
grade is considered primary, the highest grade tumor  and the kappa values were accepted as: Mild agreement

area is the secondary degree if it fills a x400 magnifica- < 0.40; good agreement = 0.40-0.75; perfect agreement
tion area [13]. In this case, the tumor with a low grade > 0.75 [14,15].

was ignored and was not included in the grading. The
agreement within the observer and between the ob-
servers was evaluated with 25 randomly selected cases. Of the 185 cases we included in the study, 117
The second evaluation was made at least 4 weeks after  (63.2%) were male and 68 (36.8%) were female, and the
the first evaluation. The combined WHO/ISUP grades  average patient age was 59.6 (min 27-max 87). Accord-
are grouped as low, intermediate and high according ing to the tumor staging system; 120 cases in T1 stage,
to the combined grade score. Tumors with a combined 25 cases in T2 stage, 29 cases in T3 stage and 1 case in
WHO/ISUP grade score of 2-4 (1 +1/1+2/2 +1/2+2) T4 stage were determined.

(Figure 2A) are low, and tumours with 5 (2 + 3/3 + 2)
(Figure 2B) are intermediate and tumors with 6,7, 8 (3 +
3/2+4/4+2/3+4/4+3/4+4) (Figure 2C) are grouped
as high grade. In addition, the presence of necrosis in
the tumor was examined in order to determine its re-
lationship with the tumor grade. Statistical analysis of According to the combined WHO/ISUP grading sys-
the data was done with SPSS 22.0 program. Percentage  tem, a total of 4 disparities were established among ob-
values for the descriptive characteristics of all patients ~ servers. In the first evaluation, the agreement between
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between combined WHO/ISUP and WHO/ISUP grading
system was determined as 0.76. It shows that there is
a strong correlation between the two grading systems.
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Table 1: Combined WHO/ISUP grading and combined grading score groups.

Primary grade Secondary grade Combined grade score No Combined grading score
groups

1 1 2 16 Low

1 2 3 13 Low

2 1 3 27 Low

2 2 4 15 Low

2 3 5 40 Intermediate
3 2 5 45 Intermediate
3 3 6 High

4 2 6 High

2 4 6 High

3 4 7 12 High

4 3 7 4 High

Table 2: Combined grade score groups, death and metastasis relationship.

Metastasis Death
No Yes No Yes
Combined grade Low (1-4) Num 35 1 33 3
score groups Intermediate (5) Num 70 16 63 24
High (6-8) Num 41 21 35 27
Total Num 146 38 131 54

Chi square test respectively; p = 0.001, p = 0.001

the two observers was found to be “good” (k = 0.603).
In the second evaluation, a difference was observed
in 3 cases. The agreement between the observers was
found to be “good” (k = 0.667). It was noted that there
was no disparity in high-grade tumors among observers.

When we look at the agreement of the observer in
itself, in the evaluation of the uropathologist, there was
a difference in 3 cases that did not change the com-
bined grade score group. When we look at the agree-
ment of the surgical pathology resident, changes were
detected in a total of 4 cases. The agreement of the
uropathologist within itself was found to be “perfect”
(k = 1.00), and the agreement of the surgical pathology
resident was found to be “good” (k = 0.630). According
to the combined WHO/ISUP grading system, the eval-
uation results of 185 cases are presented in Table 1. In
the combined WHO/ISUP grading system, 20 (29.4%)
of the female patients were low-grade, 30 were inter-
mediate-grade (44.1%), 18 (26.5%) were high-grade; in
male patients, 16 (13.7%) are low, 58 are intermediate
(48.7%), 44 (37.6%) are high. Male patients have a high-
er grade tumor at the time of diagnosis (p = 0.027). A
statistically significant relationship was found between
the combined WHO/ISUP grading system and death,
metastasis (Table 2). According to the combined grade
score groups, MVI was found in 2 of 34 low grade cases,
MVI in 14 of 73 intermediate grade cases and 34 of 44
high-grade cases. Accordingly, as the combined grade
score increases, mortality, metastasis and MVI rates in-
crease (p =0.001, p =0.001 and p = 0.011, respectively).
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The tumor diameter of the cases varies between
1.2 cm and 18 cm, and the average tumor size is 4.5
cm in low-grade tumors, 5.2 in intermediate-grade tu-
mors and 7.1 in high-grade tumors. There is a statisti-
cally significant difference between tumor grade and
tumor size (p < 0.001). Similarly, there is a statistical-
ly significant relationship between necrosis and tumor
grade (p < 0.001). 30 (71%) of 42 cases with necrosis
were high grade and 32 (22.4%) of 143 cases without
necrosis were high grade. Of the patients with patholog-
ical tumor stage 1, 28 were low, 62 were intermediate
and 30 were high combined WHO/ISUP grade. Of the
cases with pathological tumor stage 3, 2 were low, 12
were intermediate and 25 were high combined WHO/
ISUP grade. As a result, tumors with a high WHO/ISUP
grade were found to be in the advanced tumor stage
(p < 0.001). Of the WHO/ISUP grade 1 tumors (n = 22),
18 were low-grade; 4 of them are intermediate-grade
according to the combined WHO/ISUP grading system.
According to the combined WHO/ISUP grading system;
of the WHO/ISUP grade 2 tumors (n = 77), 13 were low,
56 were intermediate and 8 were high grade; 5 of WHO/
ISUP grade 3 tumors (n = 67) are low, 21 are intermedi-
ate, 41 are high grade and of the WHO / ISUP grade 4
tumors (n = 19), 6 were intermediate and 13 were high
grade.

Discussion

Renal cell carcinomas are the most common malig-
nancy of the kidney in humans [16]. The most common
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histological type among renal cell carcinomas is clear
cell RCC and it is approximately 85% of all renal cell car-
cinomas [17].

The tumor stage is the most important prognostic
parameter for RCCs has been proven in many studies
[18,19] and the histological grade of the tumor is the
most important prognostic factor after the stage. Many
studies show that the Fuhrman grade is an independent
prognostic factor for survival [13,20]. Although the nu-
clear size measurement in Fuhrman system, which is a
system based on the nuclear features of tumor cells,
seems to support the objectivity of the grading, pathol-
ogists have been shown to predict the nuclear size by
nucleoli prominence [21,22]. In addition, it is stated
that the 3 parameters (nuclear size, nucleolar promi-
nence and nuclear irregularity) determined during Fuhr-
man grading are not always parallel and grading is not
healthy when there are different features within the
same tumor [23,24]. Many studies have researched 2
and 3 tiered modified Fuhrman grading systems instead
of the conventional 4 tiered grading system [25,26].In a
study of 431 BHBHK cases, 3 systems including conven-
tional Fuhrman grading system were compared [25]. In
one of these grading systems, the 2 tiered grading sys-
tem is that Fuhrman grade 1 and 2 in the same group,
3 and 4 in the same group (1 + 2/3 + 4) and the 3 tiered
grading system is grades 1 and 2 are separate, 3 and 4
in the same group has been made (1/2/3 + 4). The three
grading system about Fuhrman was compared in terms
of survival. Of these, only the 3 tiered grading system
(1/2/3 + 4) was found statistically significant in multi-
ple analyzes in terms of predicting disease-free survival
[25]. Qayyum, et al. studied the differences in predicting
prognosis by modifying the Fuhrman grading system in
their study with 237 clear cell RCC cases. They compared
5 different modified Fuhrman grading systems. In these
grading systems, their grades are grouped as 1+2/3 +4,
1/2+3+4,1+2+3/4,1/2/3+4and1+2/3/4. Among
these systems, the system in which only the grades 1
and 2 grouped 3 and 4 separately (1 + 2/3/4) was found
meaningful for cancer-specific survival. In addition, the
system where grade 1, 2 and 3 were grouped as the
same and grade 4 as separate (1 + 2 + 3/4) was found
to be significant in terms of predicting the pathological
T stage [26]. In Fuhrman’s original study, the majority
of cases, grade 2 and 3 tumors, were grouped and com-
pared with grade 1 tumors. As a result, grade 1 tumors
have been shown to have a much better prognosis [8].

In our study, tumors with a combined grade score of
2-4(1+1/1+2/2+1/2 +2)were grouped as low grade,
and tumors with a combined grade score of 5 (2 + 3/3
+ 2) were moderately. Since WHO/ISUP grade 4 tumors
were significantly associated with poor prognosis, they
also evaluated tumors with a combined grade score of 2
+4 or 4+ 2 as high grade. Tumors with a combined grade
score of 3 + 3 were included in the high grade group
due to the high rate of metastasis, MVI, necrosis and
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death. Significant differences were observed between
the combined grade score groups in terms of metasta-
sis, death, MVI, tumor stage and necrosis. Although the
combined grade score group did not show a significant
difference in tumor size in low and intermediate grade
tumors, it was noteworthy that high-grade tumors were
significantly larger tumors.

One of the important reasons for the search for al-
ternative grading system related to prognosis for RCCs
is the difficulty of application of Fuhrman grading and
low agreement among pathologists [27-30]. In the study
of Ficarra, et al. with 388 RCC cases, a pathologist spe-
cializing in uropathology re-evaluated the cases, regard-
less of the degree written in the original report. In this
study, the intra-observer agreement was evaluated,
the agreement between the two grades was found to
be “medium” (k value 0.44). In this study, it was shown
that mismatch was mostly caused by grade 1 and 2 tu-
mors [31]. In a study involving 3 researchers, in which
the compatibility between observers was investigated
in the Fuhrman grading system, the agreement be-
tween the researchers in the conventional 4 tiered sys-
tem was found as “low-medium” (k = 0.22). It was found
that the agreement between the 3 pathologists, which
they did by grouping grades 1 and 2 in the same group
and grades 3 and 4 separately was slightly better (k =
0.34). However, the most satisfactory result is that the
groups 1 and 2 are the same and the 3 and 4 the same
(1+2/3 +4) grouped in the 2 tiered grading system they
made (k = 0.44) [28]. Similarly, in another study evaluat-
ing the compatibility between 4 pathologists, the inter
observer and intraobserver agreement according to the
conventional Fuhrman grading system was found to be
“medium” (k = 0.29 and k = 0.45 respectively). In the
modified Fuhrman grading system, which they group
grades 1 and 2 as low, and grades 3 and 4 as high, the
inter-observer agreement is determined as “medium”
(k =0.45), while the intra-observer agreement is “good”
(k=0.53) [22].

Reasons of low agreement between observers are
shown to be primary tumor heterogeneity, inappropri-
ate tissue fixation and lack of a standard threshold that
should be when increasing tumor grade [30]. Although
the WHO/ISUP grading system used today is based on
more objective data than the Fuhrman grading system,
we think that the inter-observer agreement problem
may still continue due to the fact that clear cell RCCs are
heterogeneous tumors. The most important reason for
this may be that tumors contain more than one grade,
which has been shown in many studies. The study of
Al-Aynati, et al. [20] and the study of Bektas, et al. [25]
also support this situation. Similarly, in our study, 39
cases (21.1%) were the same, 131 cases (70.8%) were
found to have 2 different grades and 15 cases (8.1%)
included 3 different grades According to the combined
WHO/ISUP grading system, which was performed con-
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sidering the tumor heterogeneity, the agreement be-
tween the observers was found as “good” (k = 0.641).
When we look at the intra-observer agreement, the
agreement of the uropathologist was found to be “per-
fect” and the agreement of surgical pathology resident
was “good” (k = 1.00 and 0.630, respectively).

In another study, cell type, tumor grade and Ki67
proliferative index were found to be heterogeneous in
clear cell RCC with tumor size greater than 3.8 cm [32].
The histological and molecular heterogeneity of the tu-
mor also leads to differences in the clinical responses
of the cases [33]. For this reason, many new molecular
studies are carried out for targeted therapies and prog-
nostic parameters in recent studies [17,34].

In our study, we aimed to resolve the observer dis-
parity by including different grades contained in the
tumor into the grading system and standardizing the
threshold value. As the need for a new grading system
that reflects the morphological heterogeneity of the tu-
mor and has high reproducibility, increases day by day,
studies for an ideal grading system are continuing. In
the future, combining with molecular markers and do-
ing new studies could solve this problem completely.
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