
ABSTRACT

Quantitative image analysis has been applied to renal
cancers for diagnostic and prognostic purposes. The
aim of this study was to investigate whether there is any
correlation between the results of morphometric measu-
rements and Fuhrman nuclear grade, pathologic stage
and size of conventional (clear cell) renal cell carcino-
ma. Morphometric nuclear parameters such as round-
ness factor, form ellipse, area, length, breadth and pe-
rimeter were evaluated in hematoxylin-eosin stained sli-
des of 37 conventional renal cell carcinomas by using
computer assisted image analysis system. The relations-
hip between Fuhrman nuclear grade, pathologic stage,
tumor size and morphometric results were determined
by correlation analysis. Mean nuclear areas correlated
with pathologic stages (r:0.413, p=0.05) and with Fuhr-
man nuclear grade (r:0.588, p=0.01). Mean nuclear
length correlated with pathologic stage (r:0.446,
p=0.01) and with Fuhrman nuclear grade (r:0.580,
p=0.01). Mean nuclear breadth were correlated with
pathologic stage (r:0.377, p=0.05) and with Fuhrman
nuclear grade (r:0.544, p=0.01) and with tumor size
(r:0.366, p=0.05). Mean nuclear perimeter correlated
with pathologic stage (r:0.449, p=0.01) and Fuhrman
nuclear grade (r:0.593, p=0.01). Mean nuclear round-
ness factor correlated with pathologic stage (r:0.418,
p=0.05) and Fuhrman nuclear grade (r:0.456, p=0.01).
In this study, the relative concordance of morphometric
results and pathologic stage and Fuhrman nuclear gra-
de, exhibited the importance of nuclear morphometric
analysis in the assessment of conventional renal cell
carcinoma.
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ÖZET

Kantitatif görüntü analizi, konvansiyonel böbrek hüc-
reli karsinomda tan›sal ve prognostik amaçlarla kulla-
n›lm›flt›r. Bu çal›flman›n amac›, konvansiyonel (berrak
hücreli) böbrek hücreli karsinomda tümör boyutu, pa-
tolojik evre ve Fuhrman nükleer derece ile nükleer
morfometrik ölçüm sonuçlar› aras›nda bir iliflki olup ol-
mad›¤›n› araflt›rmakt›r. Bilgisayar destekli görüntü
analiz sistemi kullan›larak, toplam 37 konvansiyonel
böbrek hücreli karsinomun hematoksilen- eozin kesitle-
rinde yuvarlakl›k faktörü, elipslik indeksi, alan, uzun-
luk, genifllik ve perimetreyi içeren nükleer morfometrik
parametreler de¤erlendirilmifltir. Morfometrik sonuç-
lar ile tümör boyutu, patolojik evre ve Fuhrman nükle-
er derece aras›ndaki iliflkiyi saptamak için korelasyon
analizi uygulanm›flt›r. Ortalama nükleer alan patolojik
evre (r:0.413, p=0.05) ve Fuhrman nükleer derece
(r:0.588, p=0.01) ile; ortalama nükleer uzunluk patolo-
jik evre (r:0.446, p=0.01) ve Fuhrman nükleer derece
(r:0.580, p=0.01) ile; ortalama nükleer genifllik patolo-
jik evre (r:0.377, p=0.05), Fuhrman nükleer derece
(r:0.544, p=0.01) ve tümör boyutu (r:0.366, p=0.05) ile;
ortalama nükleer perimetre patolojik evre (r:0.449,
p=0.01) ve Fuhrman nükleer derece (r:0.593, p=0.01)
ile; ortalama nükleer yuvarlakl›k faktörü patolojik ev-
re (r:0.418, p=0.05) ve Fuhrman nükleer derece
(r:0.456, p=0.01) ile iliflkili bulunmufltur. Bu çal›flma-
da, patolojik evre ve Fuhrman nükleer derece ile mor-
fometrik ölçüm sonuçlar› aras›nda saptanan iliflki, kon-
vansiyonel böbrek hücreli karsinomda nükleer morfo-
metrik analizin önemini ortaya koymaktad›r. 
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INTRODUCTION

The prognosis of patients with renal cell
carcinoma (RCC) is dependent on mainly patho-
logic stage and nuclear grade (1,2). Fuhrman
system is the most widely used nuclear grading
system for RCC. The disadvantage of this gra-
ding system is its subjective nature (3). Quanti-
tative image analysis has been applied to renal
cancers for diagnostic and prognostic purposes.
The potential advantage in histopathology is
morphometric measurement is an objective met-
hod (4,5). Ouantitative assessment of nuclear
morphometry is possible with computer ima-
ging systems, providing a useful and reprodu-
cible method of predicting prognosis for many
cancers (6-8). In present study we aimed to in-
vestigate whether there is any correlation betwe-
en the results of morphometric measurement
and Fuhrman nuclear grade, pathologic stage
and size of conventional (clear cell) RCC. 

MATERIALS and METHODS

Pathologic Examination: This study inc-
luded 37 cases, which had been diagnosed as
conventional RCC at the Departments of Patho-
logy in Zonguldak Karaelmas University Scho-
ol of Medicine and Lutfi Kirdar Kartal Training
and Research Hospital between 2005 and 2007.
All patients underwent simple or radical nep-
hrectomy. Clinical features of the cases were de-
rived from hospital records. All histologic secti-
ons were fixed in formalin, embedded in paraf-
fin, cut into 5 µm sections, and stained with he-
matoxylin-eosin (H&E). Slides of all cases we-
re rescored according to Fuhrman nuclear gra-
ding system and staged pathologically accor-
ding to the 1997 TNM criteria by the same pat-
hologist (SB) without having any knowledge
about the prior scores and stages. Tumour sizes
were also recorded.

Nuclear Morphometry: Morphometric
analysis was performed on H&E stained histolo-
gical sections by the same pathologist. The mic-

roscope (Leica, DMLB-100S) was connected to
a computerized video camera (Leica, DFC-280)
set. After transferring microscopic images to the
computer, morphometric parameters were auto-
matically measured by an image analysis prog-
ram (Leica, QWINPlus v.3.1.0). About 100 nuc-
lei with sharply demarcated contours were inc-
luded for morphometric analysis in the highest-
grade area of tumour on represantative slide
from each case. Nuclei that were markedly dis-
torted during preparation and those that were
overlapping were not selected for analysis. The
nuclear morphometric parameters studied were
as follows: nuclear area, nuclear roundness fac-
tor, nuclear form ellipse, nuclear length, nuclear
breadth and nuclear perimeter. Nuclear round-
ness factor is given by the equation: “perimeter
2 / 4π x area”. Nuclear form ellipse is given by
the equation: “longest diameter/shortest diame-
ter”. These shape descriptors yield a minimal
value of 1.00 for a perfect circle and increase as
the shape of a contour deviates from circularity.
Nuclear area is the area enclosed inside the con-
tour, the perimeter is the contour perimeter, and
the length and breadth are the longest and shor-
test orthogonal projections, respectively. All
measurements were made under 400X magnifi-
cation and expressed in microns. Mean nuclear
area (MNA), mean nuclear roundness factor
(MNRF), mean nuclear form ellipse (MNFe),
mean nuclear length (MNL), mean nuclear bre-
adth (MNB) and mean nuclear perimeter (MNP)
were evaluated in a total of 37 conventional
RCCs. Statistical analysis of the measurements
was performed by using SPSS for Windows,
v.11 statistical package. The relationships bet-
ween Fuhrman nuclear grading score, patholo-
gic stage, tumor size and morphometric results
were determined by correlation analysis with
Pearson correlation coefficient. 

RESULTS

Of the patients, 13 (35.1%) were female,
and 24 (64.9%) were male. The mean age of pa-
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tients (± standard deviation) were 58.65 years±
12.34, ranging from 32 to 79 years. The maxi-
mum diameter was ranging from 2 to 14 cm
(mean±SD, 6.78±3.14) in all tumors. According
to Fuhrman nuclear grading system the distribu-
tion of patients were as follows: Grades 1 (n=3;
8.1%), 2 (n=23; 62.2%), 3 (n=10; 27%) and 4
(n=1; 2.7%). The pathological stages were also
classified as stages 1 (n=20; 54.1%), 2 (n=13;
35.1%), 3 (n=2; 5.4%), and 4 (n=2; 5.4%). The
average number of cancer fields measured was
4.3 for the all tumor slides. The morphometric
nuclear parameters of tumors were as follows:
MNA: 13.18-62.43 µm2 (mean±SD, 29.61±
11.64), MNRF: 1.046-1.599 (mean±SD, 1.15±
0.085), MNFe: 1.165-1.945 (mean±SD, 1.37±
0.12), MNL: 4.45-12.85 (mean±SD, 7.18±
1.54), MNB: 3.5-7.75 (mean±SD, 5.28±0.97)
and MNP: 13.27-35.22 (mean±SD, 20.86±
4.28). Table 1 summarizes the clinicopathologic

features and nuclear morphometric results of 37
patients.

MNAs moderately correlated with patho-
logic stages (r:0.413, p=0.05) and highly corre-
lated with Fuhrman nuclear grade (r:0.588,
p=0.01). MNLs moderately correlated with pat-
hologic stage (r:0.446, p=0.01) and highly cor-
related with Fuhrman nuclear grade (r:0.580,
p=0.01). MNB were moderately correlated with
pathologic stage (r:0.377, p=0.05) and highly
correlated with Fuhrman nuclear grade (r:0.544,
p=0.01) and moderately correlated with tumor
size (r:0.366, p=0.05). MNP moderately correla-
ted with pathologic stage (r:0.449, p=0.01) and
highly correlated with Fuhrman nuclear grade
(r:0.593, p=0.01). MNRF moderately correlated
with pathologic stage (r:0.418, p=0.05) and with
Fuhrman nuclear grade (r:0.456, p=0.01) (Grap-
hic 1-3). The correlation between MNFe and
Fuhrman nuclear grade, pathologic stage, and
tumor size was not statistically significant. Tu-
mor size moderately correlated with pathologic
stage (r:0.479, p=0.05), Fuhrman nuclear grade
was not statistically significant.

Table 1. Clinicopathologic features and nuclear morphomet-
ric results of 37 patients with conventional renal cell carcino-
mas.

Clinicopathologic Features

Age (Mean±SD)
Sex (Male/Female)
Tumor size (cm)
2.0-4.0
4.1-6.0
6.1-8.0
8.1-10.0
10.1-12.0
12.1-14.0
Fuhrman Nuclear Grade
1
2
3
4
Pathologic Stage
1
2
3
4
MNA (µm2)-Min/max
MNRF-Min/max
MNFe-Min/max
MNL (µm)-Min/max
MNB (µm)-Min/max
MNP (µm)-Min/max

Cases (n:37)

32-79 years (58.65±12.34)
24/13

11
6
9
7
1
3

20
13

2
2

3
23
10

1
13.18-62.43
1.046-1.599
1.165-1.945
4.45-12.85
3.5-7.75

13.27-35.22

Tumor size: Size represents the single greatest dimension, MNA:
Mean nuclear area, MNRF: Mean nuclear roundness factor,
MNFe: Mean nuclear form ellipse, MNL: Mean nuclear length,
MNB: Mean nuclear breadth, MNP: Mean nuclear perimeter.
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Graphic 1. Relationship between Fuhrman nuclear grade and
nuclear morphometric parameters in conventional renal cell
carcinoma.
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DISCUSSION

Renal cell carcinoma accounts for 90% of
all primary malignant renal tumors in adults (1).

Currently, staging and nuclear grading for RCC
are considered to be the most important predic-
tor of survival (1,2). Several studies have iden-
tified additional prognostic factors, such as tu-
mor size, cell type, histologic subtype, DNA
ploidy, proliferation markers, angiogenesis,
nuclear morphometry and combination of these
parameters (4,9-13). Fuhrman scheme is the
most widely used nuclear grading system for
RCC grading. This nuclear grading system is
based on morphonuclear features including the
nuclear size, shape, and the prominence of nuc-
leoli (14). Despite the Fuhrman nuclear grading
system is widely accepted, it has some limitati-
ons such as its subjective nature and low repro-
ducibility (3,15). 

The histopathological and morphological
aspects of neoplasms are important as diagnos-
tic and prognostic factors. Shape alterations are
hallmarks of malignancy, and nuclear shape is a
component of many histologic grading systems.
Since visual impressions can be augmented by
quantitative morphometry, image analysis per-
mits pathologists to obtain quantitative measu-
rements on tissue sections. Nuclear morpho-
metry was firstly introduced by Diamond et al.
in 1982 and later standardized by Mohler et al
(16-18). Nuclear morphometric parameters have
been compared with the conventional grading
systems for malignancies of various organs in
the literature (6-8). Quantitative image analysis
has been applied to renal cancers for diagnostic
and prognostic purposes. Several authors have
tried to introduce objective measures for nucle-
ar grading (4,19,20). In this study, we found that
MNA, MNL, MNB, MNP, MNRF correlated
with pathologic stage and Fuhrman nuclear gra-
de. This correlation might not be surprising, be-
cause these nuclear morphometric parameters
are quantitative features of nuclear enlargement
in malignant cells (5,7,13). On the other hand
moderate-high correlation may reflect subjecti-
vity of Fuhrman nuclear grading system as they
were not very highly correlated. With respect to
the tumor size we found only moderate correla-
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Graphic 2. Relationship between pathological stage and mor-
phometric nuclear parameters in conventional renal cell car-
cinoma.
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Graphic 3. Relationship between tumor size, mean nuclear
breadth and pathologic stage in conventional renal cell carci-
noma.
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tion with MNB. Our findings were in line with
previous studies that reported higher grade con-
ventional RCCs with larger nuclei and also a go-
od correlation between nuclear morphometric
parameters, nuclear grade and stage in conven-
tional RCC (5,20). Also many studies, nuclear
morphometric parameters have been suggested
to be of importance in prognostic prediction
among patients with conventional RCC
(4,5,11,13,20,21). Major limitation of our study
is its small sample size. Studies including larger
series of cases investigating detailed nuclear
morphometric analysis of RCC with longer pe-
riods of observation are required in order to de-
monstrate the association between clinical out-
come and morphometric parameters. Conside-
ring exact measurements of cell and tissue size,
shape, organization and higher sensitivity obtai-
ned, morphometric analysis may help better un-
derstanding of diagnostic and prognostic featu-
res of conventional RCC. In addition, nuclear
morphometric analysis may help to improve ob-
jectivity of nuclear grading system in conventio-
nal RCC. 
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