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ABSTRACT

Bachground and purpose: Different grading systems
for renal cell carcinoma (RCC) were proposed to assess
patients’ outcome. Interobserver variability interfere with
the widespread acceptance. Study of the tumor proliferative
activity could provide another parameter for predicting
biologic aggression and subsequent prognosis.

Patients and Methods: Twenty patients who underwent
radical nephrectomy for RCC were selected for histopatho-
logic study. Normal tissue beneath the neoplasm in 5
specimen was used as control. Nuclear morphometry was
carried by using CAS 200 image analysis system. Cellular
proliferation was examined by immunohistochemistry,
using Ki67 (MIB-1) monoclonal antibody on paraffin
embedded tissue. All data were subjected to statistical
evaluation.

Results: The mean nuclear area was significantly
increased versus normal nuclei (p = 0.0001). It was signif-
icant in relation to patients’ survival. There was significant
increased nuclear area with advancing stages (means =
51.85±14.3 µm2, 75.50±12.8 µm2 and 116.35±7.16 µm2)
and grade III tumors (mean = 116.27±7.08 µm2). There
was an insignificant difference between grades I and II
(59.96±17.16 µm2 and 62.34±20.22 µm2 respectively).
The mean nuclear diameter was significantly increased
with stage IIIa while no difference was noticed between
stage I and II (20.29±0.92 µm, 14.31±2.44 µm and
15.33±1.54 µm respectively). Tumor grading was significant
in relation to the mean nuclear diameter (14.3±2.44 µm,
15.33±1.45 µm and 20.29±0.92 µm). The mean Ki67 (MIB-
1) proliferative index (PI) was significantly increased in
the tumor versus control region (p = 0.0001). Ki67 PI was
significant in relation to stage (9.2±8.89%, 45.98±4.43%
and 58.67±6.23%), (p = 0.0001). However, PI was signif-
icantly increased with grade III tumors without a significant
difference between grade I and II (p = 0.02).

Conclusion: Morphometric nuclear area and Ki67
proliferation index could provide reliable information that
complements the other parameter to assess tumor prognosis
and patients’ survival.

Key Words: RCC - Ki67 - Morphometry

107

INTRODUCTION

Renal cell carcinoma (RCC) is a tumor with
several histologic distinctive subtypes, related
more or less to specific cytogenetic defects [1].
The etiology and histogenesis remain obscure
[2].

Three variables seem to determine the prog-
nosis of RCC. These include tumor burden (size
and weight of the primary tumor), stage and
tumor cell morphology [3,4].

Nuclear morphometry was found to correlate
with the nuclear grading and patient’s survival
[5,6]. The most frequently used grading systems
were propsed by Skinner et al., [7] and Fuhrman
et al. [8]. These various systems suffer from
problems related to-inter-observer variability.

Cellular proliferation rate may provide an-
other predictive variable for biologic aggression
of RCC and therefore prognosis. Cellular prolif-
eration rate could be evaluated by study of the
S-phase of the cell cycle, Ki67 antigen and
proliferating cell nuclear antigen (PCNA) [9].

Cell-cycle analysis demonstrated expression
of the Ki67 antigen (a proliferative marker)
during G1, S, G2 and M phases [10]. In different
studies, Ki67 was considered as a good predictive
marker for RCC aggression and survival outcome
of patients [11,12]. Therefore, the purpose of this
study was to assess nuclear grading of RCC on
basis of nuclear morphometry in relation to the
proliferative activity.

PATIENTS AND METHODS

This study was carried on archival revision
of the clinical and pathologic findings of patients



who underwent radical nephrectomy at Al-Azhar
University hospitals between 1993 and 1998.

Clinical staging was based on the results of
chest radiography, skeletal survey, bone scanning
and computed tomography scans (CT scan).
Follow-up from the patients' files was recorded.
Tumor staging was performed according to the
UICC/TNM system (Table 1), described by Re-
uter and Gaudin [13]. Histopathologic revision
evaluated the nephrectomy specimens for the
type of primary tumor, surgical resection margins
including the renal vein and sinus, ureteric margin
and regional lymph nodes to accomplish staging.
Tumor grading was classified according to Syr-
janen and Hjelt [14] (SH grading) and Furhman
[8] (F grading). The criteria used were detailed
in Table (2).

Normal renal tissue in 5 specimens was used
as control.

Morphometry:
By using CAS 200 image analysis system,

the largest nuclear diameter and nuclear area
were measured at X 40 objective lens as demon-
strated in Figs. (1 & 2). The mean of 5 fields in
each case was calculated and compared to dif-
ferent grading systems.

Immunohistochemistry:
According to Shi et al. [15], 5 µm sections

were prepared on adhesive slides. After depar-
iffinization and rehyderation, antigen retrieval
was performed. After thorough wash in deionized
water, sections were immersed in phosphate
buffer saline (PBS), pH 7.2. The labeled strept-
avidin-biotin-peroxidase technique was under-
taken with the monoclonal antibody MIB-1
directed against the Ki67 antigen. Negative
controls prepared by substitution of non immune
serum on sections and known positive controls
were run in parallel to give reliable results. Color
was developed by using the DAB chromogen.
Immunoreactivity was identified by nuclear
brown color. Quantitation of nuclear positivity
was measured by CAS 200 image analysis sys-
tem. All data were subjected to statistical analysis
using ANOVA. Differences were considered
significant if p was ≤ 0.05.

RESULTS

A total of 20 nephrectomy specimens that
fulfilled the criteria of the study, were clear cell

variant of RCC (Fig 3). The survival rate of
these patients ranged from 8 to 60 months.

Stage I was present in 10 cases (50%), stage
II in 6 cases (30%) and stage IIIa in 4 cases
(20%). No lymph node metastases were detected
in the studied cases. The survival rate signifi-
cantly correlated to the stage (p = 0.0001).

Grade I was seen in 7 cases (35%), grade II
in 9 cases (45%) and grade III in 4 cases (20%).
The survival rate significantly decreased with
grade III (p = 0.01), while no significant corre-
lation was detected with grades I and II.

Morphometry:
Table (3) demonstrates the comparison be-

tween different stages and grades (F and SH)
with the morphometric parameters. There was
a significantly increasing grade to stage IIIa,
while there was an insignificant difference be-
tween grades I and II to stages I and II (p =
0.003).

The mean nuclear area was significantly
increased with increasing stage (p = 0.0001)
(Table 3). Stage I had a mean nuclear area of
51.85±14.3 µm2, stage II 75.50±12.8 µm2 and
stage 3 116.35±7.16 µm2.

The mean nuclear diameter was significantly
increased with stage III (p = 0.004), while an
insignificant difference was noticed with stage
I or II.

The comparison between tumor grade and
morphometric parameters is demonstrated in
Table (4). The mean nuclear area was signifi-
cantly increased with grade III (p = 0.0001),
while an insignificant correlation was noticed
with grades I and II.

Immunohistochemistry:
The expression of the proliferative marker

Ki67 was identified by the nuclear reactivity in
16 out of the 20 specimens (80%) (Fig. 4).
Comparison between stage and grade of the
tumor to the Ki67 marker is demonstrated in
Tables (2 & 3). There was a significantly in-
creased proliferation index (PI) with increasing
stage (p = 0.0001). On the contrary, no significant
correlation was noticed with grades I and II
(21.55±21.1% and 26.82±21.2% respectively).
However, grade III was associated with a signif-
icantly increased PI (58.67±6.23%), (p = 0.02).
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Fig. (2): Renal cell carcinoma grade II (H&E X 200).

Fig. (1,b): A case of RCC Grade III with mean diameter =
20.29±0.92 µm and mean area =116.27±7.08 µm2

(CAS 200 image analysis).

Fig. (3): Nuclear positive reactivity of Ki67 (MIB-1) in renal cell
carcinoma, the positive reaction involving the nucleo-
plasm. a) RCC stage I, grade I with a mean of 9.4% Ki67
expression, b) Stage IIIa, grade II with 45.98% (DAB X
400). c) Stage IIIa grade III with 58.67% (DAB X 300).

Fig. (1,a): Normal control with mean nuclear diameter = 9.13±0.83
µm and mean area = 40.4±4.45 µm2.

Fig. (1): Measurement of the largest nuclear diameter and
nuclear area in:
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Table (1): Staging of renal tumors [13].

Tumor stage Description

Stage I

Stage II

Stage III

A

B

C

Stage IV

Tumor is confined to the kidney

< 7 cm size

Tumor is confined to the kidney

> 7 cm size

Extension to perinephric fat within
Gerota’s fascia

Gross tumor in renal vein or vena cava
below the diaphragm

Gross tumor in vena cava above
the diaphragm

Extension of tumor beyond the
Gerota’s fascia

Table (2): Description of the two common grading systems
for renal cell carcinoma.

Grade Morphologic features

Fuhrman et al.,
1982 [8]

F I

FII

FIII

FIV

Syrjanen &
Hjelt
1978 [14]

SH I

SH II

SH III

Uniform rounded nuclei

Inconspicuous nucleoli
Slightly irregular nuclei

Evident nucleoli
Very irregular nuclei

Prominent large nucleoli
Multilobated bizarre

nuclei
Prominent nuclei and

spindle cells often present

Well differentiated; spherical nuclei
with equal size, rare mitosis

Moderately differentiated, some
anisonucleosis and hyperchromasia

Poorly differentiated, profound
anisonucleosis and frequent mitosis

Nuclear diameter
is 10 µm

Nuclear diameter
is 15 µm

Nuclear diameter
is 20 µm

Nuclear diameter
> 20 µm

Table (3): Comparison between tumor stage and different parameters.

Stage Area µm2

Normal control (n = 5)

Stage I (n = 10)

Stage II (n = 6)

Stage IIIa (n = 4)

40.4±4.45

51.85±14.3

75.50±12.8

116.35±7.16

p = 0.0001

9.13±0.83

14.31±2.44

15.33±1.54

20.29±0.92

p = 0.004

Nuclear diameter µm Ki 67 expression % Survival (months)

0

9.2±8.89

45.98±4.43

58.67±6.23

p = 0.0001

—

51±11.04

22.67±2.07

10±2.3

p = 0.0001

Table (4): Comparison between F and SH grading system and different parameters.

F and SH grade Nuclear area µm2

Normal control (n = 5)

Grade I (n = 7)

Grade II (n = 9)

Grade III (n = 4)

40.4±4.45

59.96±17.16

62.34±20.55

116.27±7.08

p = 0.0001

9.13±0.83

12.88±1.22

16.02±1.77

20.29±0.92

p = 0.0001

Nuclear diameter µm Ki 67 % Survival duration (months)

0

21.55±21.1

26.82±21.2

58.67±6.23

p = 0.02

—

41.14±16.76

39.78±17.45

10±2.31

p = 0.01

DISCUSSION

Renal cell carcinoma exhibits a wide variation
in clinical course, despite the use of conventional
prognostic factors as tumor stage and grade to
predict the prognosis [16]. There is much evidence
to indicate that tumor stage is significantly as-
sociated with patient survival [17].

In the present study, 50% of the patients with
stage I tumor achieved the 5 year survival, nearly
similar to that reported by Reuter & Gaudin [13]
and Tossi et al. [18].

Different grading systems were proposed to
evaluate and predict the patients’ outcome
[2,8,14,19,20].



We used the SH grading system for morpho-
metric comparison, since this system was con-
sidered to have the least inter-observer variability.
Also we used Fuhrman grading system, con-
cerned with the nuclear diameter. However, it
is difficult to explain the basis of differences
between SH and Fuhrman grading systems [3].
The CAS 200 analysis system, used in our study
on H&E stained sections, was easier for appli-
cation and more accurate in computing the mea-
surements. Computer assisted microscopy was
also used to perform nuclear morphometry on
Feulgen stained nuclei [4].

The mean nuclear diameters in the present
study were parallel to the grading system pro-
posed by Fuhrman et al. [8]; but it was an inde-
pendent parameter with survival in comparison
to tumor stage. In the study of Monge et al., [5]
the major nuclear diameter was the significant
parameter.

Evaluation of mean nuclear area in the present
work correlated well with tumor stage and pa-
tients’ survival. Our results are in accordance
with those reported by Francois et al., [2] and
Ozer et al. [21]. The nuclear area was significantly
larger in short-term survivors in the study of
Tosi et al. [18]. The histologic grade of renal cell
carcinoma, particularly the clear cell variant,
has been found to be an independent prognostic
factor [12].

Evaluation of the biologic behavior of the
tumor may provide more predictable information.
The positivity rate of Ki67 (MIB-1) in the present
study was in parallel to that noticed in the study
of Delahunt [17], Tanioka et al., [22] and Tannapfel
et al. [12]. The monoclonal antibody (MIB-1)
stains the same antigen stained by Ki67 which
can be used on paraffin sections, as the Ki67
antigen is preserved only by freezing and lost
by standard fixation [23].

From our data, the Ki67 proliferation index
significantly correlated with short patients’ sur-
vival and advanced tumor stage. This was in
parallel to the results reported by Tannapfel et
al. [12], Delahaunt [17] and Hofmockel et al. [24].

The proliferative index in the present series
was significantly increased with increased nu-
clear area. Nuclei in G2/M (4N) phase of the
cell cycle were expanded by the increased DNA
mass, where the amount of fluorescence intensity

was twice that of cells in G0/G1 using flow
cytometry [25]. During G2/M phases, Ki67 was
abundant and located in the nucleoplasm before
localizing in the nucleoli [26]. Moch et al., [27]
reported that the increased proliferative index
may be responsible for the poor prognosis. Ki67
expression was significantly increased with
tumor recurrence [16,24]. However, Ki-67 posi-
tivity correlated to the tumor grading in urothelial
carcinomas of the urinary bladder [28].

In the present study, the reactivity to Ki67
was heterogeneous in the same tumor, which
was similar to that noticed in the study of Tan-
napfel et al. [12]. This heterogeneity in the pro-
liferative turnover of the tumor may be respon-
sible for the morphometric variations and
subsequently different grading systems with
interobserver variability.

Increased expression of Ki67 in RCC was
associated with hyperdiploidy and aberration of
chromosome 7, which correlated to the metastatic
potential of the tumor [29].

In conclusion: Ki67 (MIB-1) proliferation
index is consistent with nuclear area rather than
with the mean nuclear diameter. MIB-1 is an
easy reliable marker that could be applied on
formalin fixed tissue for better assessment of
the biologic behavior of renal cell carcinoma
and predicting patients’ outcome. In addition,
the assessment of this proliferation marker will
help to reduce interobserver variability which
is fre quently encountered when using morpho-
metric methods.
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