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The aim of the study was to investigate differences 
in microvessels between renal tumors. The material con-
sisted of 97 clear cell carcinomas (CCRCC), 20 papillary 
carcinomas (PapRCC), 33 chromophobe carcinomas 
and 15 oncocytomas (RO). The endothelia were stained 
immunohistochemically for CD34 antigen. The vascu-
lar features were analyzed with the AnalySIS image 
processing system. The stains for VEGF, GLUT-1 and 
Ki67 were performed on tissue microarrays. The mean 
microvascular density (MVD) was 163.62 profi les/mm2 

and microvascular area (MVA) was 3.75%. The highest 
values were seen in CCRCC and the lowest in PapRCC. 
The size and shape parameters of the individual vessels 
were also different between the tumors under considera-
tion. The tumor diameter, MVD and MVA were inversely 
correlated, the relationship being the strongest for RO. 
The minimum spanning tree parameters were different 
between histological types, especially between CCRCC 
and PapRCC. The mean fractal dimension was 1.32, and 
similar in all cases. VEGF, Ki67 and GLUT-1 expression 
was the highest in CCRCC, and lowest in RO. The vas-
cular parameters were correlated with Ki67, GLUT-1 
VEGF expression, tumor grade, and inversely correlated 
with tumor diameter. The relationships in each tumor 
type were slightly different.

Introduction

Angiogenesis (AG), i.e. the formation of small blood 
vessels, occurs during ontogenesis, but under normal con-
ditions does not take place in an adult human. On the other 
hand, AG participates in various pathological processes, 
such as wound healing or organization of infl ammatory 
exudate. AG is indispensable for the development of can-

cers. Only very early tumors, few millimeters in size, may 
be supplemented by diffusion from their neighborhood. 
Acquiring the ability to induce AG is necessary for tumor 
progression. In some diseases, such as breast carcinoma, 
the density of the vascular network may be an independent 
prognostic factor [3, 4, 21]. Clear cell renal carcinomas are 
known for a very intimate relationship between tumor cells 
and vessels, but this phenomenon is not so striking in other 
histologic types. We expected to see important differences 
in microvascular network between different types of renal 
tumors and the aim of the study was to examine these re-
lationships.

Material and Methods 

The material consisted of renal tumors diagnosed in 
our institution from 1992 to 2005. The material was for-
malin fi xed, paraffi n embedded by routine protocols. From 
the tissue blocks, 3μm sections were prepared and stained 
with hematoxylin-eosin. Cases with extensive necrosis, 
cystic tumors with tiny foci of neoplastic epithelium and 
secondary tumors were excluded from consideration. All 
cases were reclassifi ed according to the WHO system [9]. 
From the bulk of over 700 cases, well preserved and unam-
biguously diagnosed papillary carcinomas, chromophobe 
carcinomas and oncocytomas were selected for the study, 
as well as a randomly chosen set of unambiguous clear cell 
carcinomas.

Hematoxylin-eosin sections were reviewed and in 
each case a section was selected that would contain rep-
resentative and well-preserved carcinoma tissue. Selected 
paraffi n blocks served for preparing 3μm-thick sections for 
CD34 stain and for constructing tissue microarrays for the 
other stains using a Tissue MicroArrayer MTA-1 (Beecher 

PL ISSN 1233-9687Pol J Pathol 2008, 59, 2, 107–115



Krzysztof Okoń et al.

108

TABLE 1
Antibodies used in the study

Manufacturer Clone Antigen retrieval Dilution Incubation time
CD34 DAKO QBEnd10 citrate 1:25 30 minutes
VEGF-A Santa Cruz (polyclonal) EDTA 1:100 60 minutes
GLUT-1 DAKO (polyclonal) citrate 1:200 30 minutes
Ki67 Immunotech MIB-1 citrate Stock 30 minutes

Fig. 1. Example of recognition of vascular profi les - original image (left panel) and transformed image (right panel). The 
recognized vessels are colored for demonstration purpose only. Lens magnifi cation 10x.

Instruments Inc., WI, USA). From each donor block, three 
0.6mm cylinders were cut. The acceptor paraffi n blocks 
were prepared making note of the location of each cylinder, 
and 3 μm-thick sections were prepared. 

For immunohistochemistry, the standard protocol 
was used. Briefl y, the slides were dewaxed, rehydrated 
and incubated in 3% peroxide solution for 10 minutes to 
block endogenous peroxidase activity. Antigen retrieval 
was carried out by microwaving in citrate buffer (pH 6.0) 
or EDTA (pH 8.0) for 3x5 minutes at 750 W. The pri-
mary antibodies are shown in Table 1. The ENVISION + 
(DAKO, Denmark) detection system was used. It consists 
of several goat anti-mouse antibody molecules attached to 

a dextran backbone coupled with horseradish peroxidase, 
and allows for high signal-low background reactions. 
3-amino-9-ethylcarbasole (DAKO, Denmark) was used 
as the chromogen. The slides were counterstained with 
Mayer hematoxylin (DAKO, Denmark). The processing 
was done using the DAKO Autostainter device (DAKO, 
Denmark).

The pictures from CD34 stained slides were taken 
with an Olympus BX41 microscope with an Olympus 
10x UPlanApo lens. Digital photographs of 10 consecu-
tive non-overlapping fi elds of vision along a serpentine 
way were taken. The areas containing only well-preserved 
neoplastic tissue were chosen. The size of a single picture 
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was 1.75x1.32mm (2.31 mm2), represented by 4080x3072 
(12 533 760) pixels. The collected pictures were subject 
to further processing using an application designed by one 
of us (KO) on the basis of a commercial image analysis 
system (Analysis pro v. 3.2, Soft Imaging System GmbH, 
Munster, Germany). This application performed fi ltering 
and automatic thresholding, allowing for classifi cation of 
the picture into vascular profi les and background (Fig. 1). 
The performance of the program was tested on selected im-
ages from the dataset, comparing the program results with 
the visible, CD34 positive vessels. For this testing, images 
of several tumors with different diagnoses were used. The 
obtained vessels were saved as individual bitmaps and at 
the same time, planimetric measurements were done. The 
parameters saved were: surface area, minimum and maxi-
mum diameter, perimeter, coordinates of the vessel profi le 
and two form factors defi ned as:

Ellipticity = Dmin / Dmax 
SF= L2/4πS
where: 
Dmin and Dmax are the minimum and maximum diam-

eter, respectively
L is the perimeter
S is the surface area
The vascular density (MVD) was expressed as the 

number of vascular profi les per mm2. The vascular area 
percentage (MVA) was calculated as the total area of vas-
cular profi les per the total area of the examined images.

To calculate the fractal dimensions of the vessel pro-
fi les, the individual bitmaps of the vessel profi les were 
processed with a set of programs written by RK (used in 
the previous investigation [40]). The spatial relationships 
of the vessels were estimated using minimal spanning trees 
(MST). The coordinates of centers of gravity of each vessel 
in an image were read by the program developed by KO, 
and a fully connected, weighted graph was constructed, 
with distances serving as weights. Then, the procedure of 
MST construction was called, adapted from the code pub-
lished by the Association for Computing Machinery Inc. 
and V.K.M. Whitney [47]. From each MST, the sum of the 
lengths of the edges (MSTsum), mean of the lengths of the 
edges (MSTmean), standard deviation of the lengths of the 
edges (MSTsd), maximum and minimum of the lengths of 
the edges (MSTmax, MSTmin) were recorded.

The assessment of VEGF-A and GLUT-1 staining was 
done semiquantitatively, scoring from 0 to 3. Ki67 stain-
ing was assessed by counting positive nuclei in individual 
tissue cores. The tissue microarray results were averaged 
across the cores belonging to a given case. The results of 
scoring were introduced into an Excel spreadsheet (Micro-
soft Corp. USA), in which the relationships between tissue 
core location and case number were kept.

The Kruskal-Wallis ANOVA, one way ANOVA, χ2 
test, Spearman`s R correlations coeffi cient, Pearson`s r cor-
relations coeffi cient, test of the signifi cance of differences 
between two correlation coeffi cients in two samples, and 
discriminant function analysis were used, if appropriate. 
The statistical analysis was performed with Statistica 7.1 
(Statsoft, Tulsa, USA). The signifi cance level was set to 
0.05.

Results 

The material under study consisted of 165 renal tumors, 
originating from 69 females and 96 males. The mean age of 
the patients was 61.19 (range 26 to 89). The diagnoses are 

TABLE 2 
Diagnoses of the tumors under study

N %
Clear Cell Carcinoma 97 58.79
Papillary Carcinoma 20 12.12
Chromophobe Carcinoma 33 20.00
Oncocytoma 15 9.09

where: N is the number of cases, RCC is renal cell carci-
noma

TABLE 3 
Geometric parameters of the individual vessels by histologic types

Area
[μm2]

Min diameter
[μm]

Max diameter
[μm]

Perimeter
[μm]

SF Ellipticity

mean SD mean SD mean SD mean SD mean SD mean SD
Clear Cell carcinoma 228.65 511.48 12.74 8.91 28.25 23.43 80.53 84.83 0.49 0.22 2.62 1.57
Papillary carcinoma 198.94 860.79 11.81 8.76 24.75 20.07 76.84 119.52 0.46 0.21 2.51 1.39
Chromophobe carcinoma 261.48 793.97 12.89 9.92 30.21 27.16 84.49 105.41 0.50 0.22 2.79 1.79
Oncocytoma 174.99 256.95 11.68 6.72 24.26 16.38 71.05 68.55 0.50 0.23 2.41 1.27

where: SD is standard deviation, SF is shape factor
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TABLE 4 
Vascular density parameters by diagnoses

MVD MVA
mean min max SD mean min max SD

Clear Cell carcinoma 178.15 45.02 489.18 95.91 4.08 0.84 10.07 2.20
Papillary carcinoma 131.55 40.48 459.78 106.26 2.47 0.61 9.45 2.34
Chromophobe carcinoma 138.30 40.58 285.86 70.33 3.42 0.98 8.60 1.98
Oncocytoma 168.14 54.76 289.07 58.89 4.02 1.40 14.37 3.48

where: SD is standard deviation of the mean, MVD is microvascular density, MVA is microvascular area

TABLE 5 
Values of minimal spanning tree parameters

Mean Min Max SD
MSTmean 60.26 33.46 114.94 16.33
MSTsd 33.02 12.18 84.99 14.42
MSTmax 303.19 118.21 672.46 124.63
MSTmin 8.52 2.52 13.42 1.94
MSTsum 116852.32 29974.53 324657.70 68669.90

where: SD is standard deviation of the mean, MST is the minimum spanning tree, MSTsum is the sum of the lengths of 
the MST edges, MSTmean is the mean of the lengths of the MST edges, MSTsd is standard deviation of the lengths of the 
MST edges, MSTmin is the minimum of the lengths of the MST edges, MSTmax is the maximum of the lengths of the 
MST edges.

TABLE 6 
Means of minimal spanning tree parameters by histologic diagnoses

MSTmean MSTsd MSTmax MSTmin MSTsumt

Clear Cell carcinoma 57.67 31.62 316.35 8.37 124514.96
Papillary carcinoma 72.51 42.33 335.80 8.24 120007.34
Chromophobe carcinoma 62.36 33.70 253.18 9.05 89429.69
Oncocytoma 56.06 28.21 284.65 8.73 123423.70

where: MST is the minimum spanning tree, MSTsum is the sum of the lengths of the MST edges, MSTmean is the mean 
of the lengths of the MST edges, MSTsd is standard deviation of the lengths of the MST edges, MSTmin is the minimum 
of the lengths of the MST edges, MSTmax is the maximum of the lengths of the MST edges.

TABLE 7
Fractal dimension of the vessels by histologic types

Mean Min Max
Clear Cell carcinoma 1.32 1.00 1.62
Papillary carcinoma 1.34 1.06 1.60
Chromophobe carcinoma 1.31 1.05 1.58
Oncocytoma 1.33 1.07 1.60

presented in Table 2. The stages of the tumors were pT1a 
in 31 cases (19.14%), pT1b in 42 cases (25.93%), pT2 in 
21 cases (12.96%), pT3a in 54 cases (33.33%), pT3b in 12 
cases (7.41%), pT3c in 1 case (0.62%) and pT4 in 1 case 
(0.62%). In 3 cases (one papillary and one chromophobe 
carcinoma), the histological reports were not suffi cient for 
ascribing a pT stage. The mean diameter of the tumor was 
6.59cm, (range 1 to 15cm, SD 3.14). In one case of clear 
cell carcinoma, local lymph node metastases were present. 
The differences in size and stage between specifi c diag-
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noses were not statistically signifi cant. The Fuhrman grade 
was G-1 in 32 cases (21.33%), G-2 in 71 cases (47.33%), 
G-3 in 33 cases (22.00%), G-4 in 14 cases (9.33%). Onco-
cytomas were not graded.

The mean values for individual vessels were as fol-
lows: area 224.66 μm2, SD 589.64, minimum diameter 
12.56 μm, SD 8.86, maximum diameter 27.74 μm, SD 
23.12, perimeter 79.75 μm, SD 91.12, SF 0.49 SD 0.22 and 
ellipticity 2.61 SD 1.56. The values of these parameters by 
histologic types are shown in Table 3. Of note are the quite 
high standard deviations of the size parameters, as both 
single endothelial cells and large vessels were included. 
For all the parameters under study, the differences between 
diagnostic categories were statistically signifi cant; on post-
hoc analysis there were differences between all individual 
types. The discriminant function analysis was applied to 
check a possibility of classifying the tumors according to 
the characteristics of individual vessels. However, the per-
formance of the constructed models was poor, with the best 
being able to satisfactorily classify 65% of clear cell carci-
nomas, none of other tumors.

The mean MVD was 163.62 (range 40.48 to 489.18 
SD 91.30). The mean MVA was 3.75 (range 0.61 to 14.37 
SD 2.36). The values of these parameters according to 
diagnoses are shown in Table 4. The differences in both 
MVA and MVD were statistically signifi cant. On post-hoc 
analysis, it was due to a difference between clear cell and 
papillary carcinoma. The size of the tumor and vascular 
density parameters were inversely correlated; the relation-
ship was the strongest for oncocytoma (for MVD r=-0.31 
and for MVA r= -0.27) and the weakest for chromophobe 
carcinoma (for MVD r=-0.02 and for MVA r= -0.06); how-
ever, the differences between these correlation coeffi cients 
were not statistically signifi cant. The relationship between 
Fuhrman grade and microvascular parameters was investi-
gated only for the largest group, the clear cell carcinomas. 
The mean MVD was 202.75 for G-1 tumors, 194.53 for 
G-2 tumors, 150.22 for G-3 tumors and 113.96 for G-4 tu-
mors. The differences were statistically signifi cant and the 
correlation coeffi cient R= -0.29. The mean MVA was 4.12 

for G-1 tumors, 4.51 for G-2 tumors, 3.71 for G-3 tumors 
and 2.70 for G-4 tumors. The differences were statistically 
signifi cant and the correlation coeffi cient R= -0.20.

The values extracted from the minimum spanning tree 
are presented in Table 5 and their mean values by diag-
noses in Table 6. Signifi cant differences were seen between 
histologic types in MSTmean, MSTsd, and MSTsum. On 
post-hoc analysis, the differences in MSTmean depended 
on the difference between clear cell and papillary carci-
noma, the MSTsd difference was found to be dependent on 
the difference between clear cell and papillary carcinomas 
and between oncocytoma and papillary carcinomas, and the 
MSTsum difference was noted to be dependent on the dif-
ference between clear cell and chromophobe carcinomas.

The mean fractal dimension was 1.32 (range 1.00 to 
1.62). The fractal dimensions of the vessels according to 
diagnoses are shown in Table 7 (standard deviations are all 
0.07). Although some differences are visible, they are not 
statistically signifi cant (on one-way ANOVA p<0.062).

On immunohistochemistry, the mean index of VEGF-
A staining was 1.05 (SD 0.79); the mean index of GLUT-1 
staining was 0.30 (SD 0.48); the mean index of Ki67 stain-
ing was 8.30 (SD 23.24). The values of indexes for individ-
ual histologic diagnoses are shown in Table 8. On Kruskal-
Wallis ANOVA, the differences were signifi cant for all but 
VEGF-A staining. On post hoc analysis, the GLUT-1 stain-
ing was different between clear cell versus chromophobe 
carcinomas and oncocytomas; the Ki67 index was different 
between clear cell carcinomas and oncocytomas, and to a 
lesser degree between clear cell and chromophobe carci-
nomas (p<0.071). The results of the immunohistochemical 
staining were correlated with morphological and vascular 
parameters in specifi c histologic types. The strongest cor-
relations were seen 1) for clear cell carcinoma between the 
Fuhrman grade and Ki67 index (R=0.32), Fuhrman grade 
and VEGF-A (R= -0.23), mean vessel area and GLUT-1 
(R=0.29); 2) for papillary carcinoma between the tumor 
diameter and VEGF-A (R=0.28), GLUT-1 and Fuhrman 
grade (R=0.38), Ki67 and mean area of vessel profi le 
(R=0.53) ; 3) for oncocytoma between MSTmax, MSTmin 

TABLE 8  
TMA immunohistochemistry by histologic types

VEGF-A GLUT1 Ki67
mean SD mean SD mean SD

Clear Cell carcinoma 1.17 0.87 0.43 0.55 11.82 28.79
Papillary carcinoma 0.97 0.83 0.17 0.30 8.11 15.85
Chromophobe carcinoma 0.87 0.55 0.09 0.23 1.14 1.52
Oncocytoma 0.79 0.50 0.04 0.12 1.27 2.42

where: SD is standard deviation
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and VEGF-A expression (R=0.69 and R=0.59), GLUT-1 
and MVD (R= -0.29), Ki67 and tumor diameter (R= -0.45); 
4) for chromophobe carcinoma between VEGF-A and 
MSTsum (R=0.28), GLUT-1 and MSTsum (R= -0.35) and 
between Ki67 and MSTmin (R=0.30).

In summary, we were able to show that the epithelial 
renal tumors have important differences in the intensity and 
structure of their vasculature.

Discussion 

The main categories of kidney tumors are convention-
al (clear cell) carcinoma, chromophobe renal cell carcino-
ma, papillary carcinoma and oncocytoma [9]. Differences 
in the genetic background of carcinoma types are becoming 
increasingly important, as new, specifi c treatment modali-
ties are introduced [31]. The pathogenesis of conventional 
(clear cell) renal carcinoma is best known. It is thought that 
the sporadic cases share the same basic mechanism with 
von Hippel-Lindau disease. In both cases the VHL gene is 
inactivated by mutation of the gene itself or methylation of 
the gene promoter [13, 20, 22]. Such changes are reported 
in the majority of sporadic and familial cases. The func-
tions of pVHL are not completely understood, but we know 
that it constitutes a part of the E3 ubiquitin ligase system. 
This system ubiquitinates several proteins, including hy-
poxia inducible factor (HIF), marking them for removal. 
HIF1α and HIF2α are the unstable parts of a transcription 
regulating systems, inducing, if present, the activity of sev-
eral genes, including PDGF, bFGF, TGF-α, erythropoietin, 
carbonic anhydrase IX, GLUT-1 and VEGF-A [17, 26, 28, 
33, 39]. VEGF-A induces endothelial cell proliferation, 
protects them from apoptosis and prolongs survival result-
ing in new vessel formation [2, 11, 43]. The expression of 
GLUT1 and HIF1α is positively correlated. GLUT-1 was 
shown to be correlated with tumor stage in papillary but 
not in clear cell carcinoma. In all cases, a lower expres-
sion of GLUT-1 was a good prognostic sign [30]. As the 
consequence of the aforementioned mechanism, VEGF-A 
mRNA is overexpressed in up to 90% of clear cell carci-
nomas [22, 46]. However, on immunohistochemistry in 
formalin fi xed, paraffi n embedded tissue, more than 1/2 
tumors may be negative [36, 44]. The recognition of the 
described pathway leads to development of antiangiogen-
ic agents for treatment of advanced clear cell carcinoma, 
which have produced promising results in recent trials [10, 
14, 35]. 

The pathogenesis of other types of renal tumors is not 
related to the VHL gene alterations [24]. In papillary tu-
mors, the basic defect may lay in activating mutation of c-

Met. Its product, HGF receptor, has protein kinase activity, 
with continuous activation leading to cell proliferation [19, 
31, 42, 45]. Familial chromophobe renal cell carcinoma of 
Birt-Hogg-Dube syndrome and a subset of sporadic cases 
are related to alteration in the HDB gene. Its product, fol-
liculin, participates in mTOR signaling system [25]. The 
basic effect of other chromophobe renal cell carcinomas 
was suggested to consist in mutations in c-Kit, the product 
of which is here overexpressed [49], however, no mutation 
was detected [18, 37, 38]. The exact role of the hypoxia 
pathway in non-clear cell carcinomas is unknown. On the 
other hand, it is obvious that angiogenesis is involved in 
non-clear cell tumor formation and development, as in any 
other cancer. In fact, some response to Sunitinib in papil-
lary and chromophobe carcinoma was observed recently by 
Choueiri et al. [5].

Formation of vessels depends on several factors and 
mechanisms [4, 21]. Besides the best known endothelial 
sprouting, various alternative vascularization mechanisms 
in cancer were described, including vessel co-option, in-
tussusceptive microvascular growth and glomeruloid ang-
iogenesis [8, 21]. The underling mechanisms are far from 
clear, their role in cancer remains poorly understood and 
in particular there are no data on their role in renal car-
cinoma. Interestingly, the intussusceptive microvascular 
growth was shown to be induced by erythropoietin, at least 
in the animal model [6], and erythropoietin is one of the 
substances enhanced by the hypoxia pathway [26]. On the 
other hand, VEGF was shown to be involved mainly in 
sprouting angiogenesis [12].

To detect small vessels, immunohistochemical reac-
tions to endothelial cell antigens are used. Many antibodies 
are commercially available, may mark different subsets of 
vessels and have been used in renal cell carcinoma [7, 23, 
29, 34, 48]. We were reluctant to use vWF as it may stain a 
subset of vessels only. Although CD31 is usually preferred 
for vessel staining, we chose CD34 immunohistochemis-
try, because strong and very constant reaction permitted an 
easy use of automatic segmentation, which was of prime 
importance for this work. ‘Disturbing’ CD34+ cells, such 
as fi brocytes or hematopoietic cells were not prevalent in 
renal carcinoma, as seen in piloting stains (data not shown). 
Interestingly, in Yilmazer et al. study, only CD34-positive, 
but not CD31-positive vessel count was correlated with 
other parameters [50].

The method most extensively used in assessing mi-
crovessel density was searching for the area with most 
prominent vascularization (‘hot spot’) and counting vessels 
manually under the microscope [15, 32]. Automatic image 
analysis was used by some authors. Mertz et al. [34] de-
veloped an automatic image analysis system for quantify-
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ing CD34 stained vessels of renal carcinoma. The authors 
employed a set of fl uorescence dyes, which allowed for 
easy segmentation. As it was shown in the present paper, 
a similar analysis may be performed using a much simpler 
immunohistochemistry-based protocol.

The values of microvascular density and relative vas-
cular area obtained by other authors are broadly similar to 
these obtained in the present study. MacLennan et al. found 
MVD in the range 21.6 to 1078.2/mm2 [32]. Lee et al. [29] 
obtained the MVD range of 19.3 to 315 and MVA range 
of 0.7 to 17.9%. Delahunt found the MVD range of 6.8 to 
1639.1/mm2 and MVA range of 1.2 to 60.8% [7]. In Bald-
ewijns et al. work [1], the MVD values for low grade renal 
carcinoma were 44.22 to 481.8 and for higher grade tumors 
-27.6 to 439.8. Mertz et al. [34] found MVD in the range of 
6 to 987/mm2 and the MVA range of 0 to 30.3%.

The relationship between vessel density, tumor grade, 
stage and survival in renal carcinoma in many rapports are 
discordant. In particular, in some publications, in very con-
trast to other entities, renal carcinoma appeared to be less 
aggressive if containing more microvessels. The data on 
the mechanisms and signifi cance of microvascular density 
in renal carcinoma is largely limited to the clear cell type, 
however.

MacLennan et al. [32] found neither correlation be-
tween MVD and stage or grade, nor any prognostic sig-
nifi cance of vessel density. Gelb et al. saw no difference in 
survival in of patients with localized clear cell carcinoma 
in relation to differences in microvessel density [16]. Lee 
et al. [29] saw a relationship of survival with stage and 
grade of renal carcinoma, but not with vascular parameters. 
Mertz et al. [34] found that MVA may have a prognostic 
value not if used as a continuous variable, but only if the 
cut-point of 4% and 14% was employed. If so, the patients 
with higher vascular area survived signifi cantly longer than 
the ones with lower vascularity. However, on multivariate 
analysis, only the metastatic status and presence of sar-
comatoid features were signifi cantly related to prognosis. 
Kirkali et al. [27] found the vascular density to be corre-
lated with survival and the rate of metastasis formation. 
This effect was not related to other prognostic factors, such 
as stage or nuclear grade. However, on multivariate analy-
sis, only TNM stage and proliferative activity were inde-
pendent prognostic factors. In Delahunt et al. paper [7], the 
5-year survival of patients with <40vessels per a high pow-
er fi eld was 39%, but it was 64% for tumors with >40ves-
sels per a high power fi eld. The vascular parameters were, 
however, dependent on tumor stage and their prognostic 
signifi cance limited to stage 3 tumors. Sabo et al. [41] ana-
lyzed vascular density and vascular fractal dimension in 
clear cell renal carcinoma. On multivariate analysis, they 

found that vascular fractal dimension is the only param-
eter related to the extent of tumor necrosis, which by itself 
was the only independent prognostic factor in their study. 
Fractal dimension was higher in low grade tumors, as was 
the microvessel density. Baldewijns et al. found that renal 
carcinomas of higher grade show lower MVD, but more 
intense endothelial cell proliferation and VEGF expression 
[1]. These authors observed higher indexes of vessel matu-
ration in lower grade tumors. Yagasaki et al. [48] found 
MVD to be correlated with survival in renal carcinoma. It 
was also independent of nuclear grade and an independent 
prognostic factor on multivariate analysis.

Recently, new treatment modalities have been intro-
duced acting on the signaling system participating in an-
giogenesis [14]. Some of the reports show a quite good 
response in clear cell renal carcinoma, and therapeutic pos-
sibilities in other tumor types are considered. Thus, recog-
nition of the vasculogenic mechanisms in renal cell carci-
noma has become of prime importance.
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