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Abstract: Microvessel density (MVD), an indicator of angiogenesis, has been proposed to predict prognosis of pa-
tients with renal cell carcinoma (RCC), but its ability to predict survival of patients with RCC remains controversial.
The present study sought to address this question rigorously by systematically reviewing the literature on MVD and
RCC prognosis. We identified relevant studies in PubMed, EMBASE and the Cochrane Library, and two reviewers
independently assessed study quality and extracted relevant data to compare survival based on MVD stratifica-
tion in patients with RCC. We identified 15 studies that satisfied the inclusion criteria; eight studies assessed MVD
in surgical samples by immunohistochemistry to label factor VIII; four studies, by immunohistochemistry to label
CD34; two studies, CD31; and one study, CD105. Survival meta-analysis was performed using data pooled from 10
studies: five based on factor VIII, two based on CD34, two based on CD31 and one based on CD105. The overall
survival hazard ratio describing the relationship between MVD and survival in all 10 pooled studies was 0.964 (95%
Cl: 0.873-1.065), while the individual hazard ratios for pooled studies based on factor VIlI were 1.673 (95% CI:
0.860-3.252); CD34, 0.903 (95% Cl: 0.853-0.956); and CD31, 0.926 (95% Cl: 0.868-0.989). The corresponding
result for the sole trial based on CD105 was 0.1759 (95% Cl: 0.036-0.856). These findings suggest that MVD is not
reliably associated with survival time of patients with RCC, which may reflect the need to take into account whether
the microvasculature is differentiated or not. MVD as currently calculated may not be an ideal prognostic factor for
patients with RCC.
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Introduction Angiogenesis, which refers to the proliferation
and sprouting of existing blood vessels close to
the tumor, is crucial for malignant cancers like
to proliferate and progress [6]. Once a tumor
reaches 1-2 mm in size, its further growth
requires angiogenesis, and the resulting newly
formed blood vessels may carry tumor cells
through the circulation, leading to metastasis
[7]. Different tumor types show different levels
of angiogenic activity, which correlates with
development of RCC, breast cancer and non-
small cell lung carcinoma [8-10].

Renal cell carcinoma (RCC) is one of the most
common malignant tumors of the adult kidney
[1]. Nearly 30% of patients with RCC who under-
go radical nephrectomy surgery develop meta-
static disease [2], for which overall 5-year sur-
vival is only about 9% [3]. The risk of recurrence
is relatively high during the 3-5 years after radi-
cal surgery [4]. These characteristics of RCC
highlight the importance of developing a reli-
able prognostic factor to guide clinical deci-
sions [5]. The prognostic factors most frequent-

ly used in RCC are tumor grade and nuclear
stage, but these factors are widely considered
less than reliable. For example, several studies
have demonstrated that RCC classified as low
grade and low stage can metastasize. Recent
developments in cytogenetics and molecular
biology have opened new possibilities for devel-
oping better prognostic tools.

Microvessel density (MVD) is the parameter
most frequently used to quantify intratumoral
angiogenesis. Blood microvessels are most
often identified by immunohistochemical stain-
ing to label factor VIII antigen (FVIII Ag or von
Willebrand’s factor), CD31, PECAM-1, CD34, or
occasionally CD105 or type IV collagen. FVIII
and CD31 are pan-endothelial cell markers
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Table 1. Main characteristics and results of studies evaluating the MVD and survival

Patients Study Blinded Read-

Mode of Follow-up Anti-

HR esti- Survival

First author Year ) ) . Cut-off ; . Results
source design reading ers(n) reading (years) body mation analysis

lakovlev [36] 2012 Canada Retro. 57 Yes ? Automated 3.25 CD34 Median ND DFS Negative
Ren [35] 2011  China Retro. 128 Yes 2 Optical ? CD34 Median HR 0s Negative
Yao a [34] 2007  China Retro. 78 ? ? Automated ? CD31 Median HR 0s Negative
Yao b [34] 2007  China Retro. 78 ? ? Automated ? CD34  Median HR 0s Negative
Kawata [33] 2004  Japan Retro. 17 ? ? Automated 3.17 FVII Median RR 0s Negative
Yagasaki 2003 Japan Retro. 84 ? ? Optical 2.75 CD105 Median HR 0s Negative
[32]

Sabo [17] 2001 Israel Retro. 49 ? ? Automated ? CD34 > 10% ND oS Negative
Song [31] 2001 Korea Retro. 50 ? 2 Optical 8 CD31 >10 Surv. oS Positive

vessels  curves
Yoshino [30] 2000 Japan Retro. 96 Yes 2 Optical >5 FVII Median ND 0os Positive
Nativ [20] 1998 Israel Retro. 36 ? ? Optical 8.1 FVIlI Median  Events 0os Positive
Yoshino [29] 1998  Japan Retro. 62 ? ? Optical ? FVII Median  Events oS Positive
Gelb [28] 1997 USA Retro. 52 ? ? Optical 9.08 FVIl  Median ND 0s Negative
Imazano [27] 1997  Japan Retro. 133 ? ? ? 3.33 FViI ? HR 0s Negative
Delahunt 1997 New Retro. 150 ? 3 Optical ? Fvill > 40 ve- ND 0s Negative
[26] Zealand ssels/
HPF
Yoshino [21] 1995  Japan Retro. 45 Yes ? Optical 2.17 FViII Median  Events  OS, DFS  Positive
(ND)

MVD, micro vessel density; Retro, retrospective study; HPF, high power field; HR, hazard ratio; ND, no data; OS, overall survival; DFS, disease-free survival; Positive MVD,
being significantly unfavorable prognostic factor for overall survival; Negative MVD, being significantly favorable or no significant prognostic factor for overall survival.

associated not only with newly formed
microvessels, but also with existing vessels in
the tumor. CD34 is often expressed in the peri-
cytes of blood vessels but rarely in normal ves-
sel endothelium or lymphatic endothelium,
marking it a good marker of the maturation of
immature vessels. CD105, in contrast, is pref-
erentially expressed by activated endothelial
cells during angiogenesis, making it more pre-
cise than pan-endothelial cell markers for iden-
tifying tumor angiogenesis. To minimize subjec-
tivity during MVD quantification, density is cal-
culated using Chalkley count and computerized
image analysis.

Although much remains unknown about the
mechanisms of angiogenesis [11], MVD has
been shown to predict prognosis for various
malignant tumors, including lung cancer [7],
breast cancer [12], and colorectal cancer [13].
However, whether MVD can predict the progno-
sis of patients with RCC is controversial. Many
retrospective studies have reported MVD to be
inversely related to survival in RCC [14-18], but
other studies have come to different conclu-
sions [19-23]. Such a relationship is plausible
given that RCC progression depends on dense
vascularization and arterivenous fistula
development.

5856

To address this question definitively, we sys-
tematically reviewed the literature on MVD and
RCC prognosis in order to meta-analyze data
for as large a sample as possible.

Methods
Publication selection

This systematic review was performed accord-
ing to a predetermined protocol. To be included,
studies had to be (a) original research pub-
lished in English or Chinese that (b) analyzed
the relationship between MVD and overall sur-
vival (0S) in patients with RCC without other
major diseases, in whom (c) MVD was mea-
sured in the primary tumor. We searched the
PubMed, EMBASE and Cochrane Library data-
bases in September 2013 using the following
key words: neovascularization, microvessel
density, renal cell carcinoma, prognostic, prog-
nosis and survival. Prospective or retrospective
abstracts that described the evaluation of sur-
vival in a cohort were selected for further con-
sideration. Reviews, studies involving cell cul-
ture and animal models of RCC, and other types
of publication were excluded from our review.
Reference lists in relevant studies were also
manually searched.
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146 potentially relevant articles

have been defined
for other tumors, no
such scale has be-
en defined for RCC.

85 out of the scope

Statistical methods

18 review

Results from includ-
ed studies were di-

chotomized by de-

4 duplicate studies

claring a study “pos-
itive” when it report-

17 other tumor

ed that high MVD
predicted poor OS,

or “negative” when

> 2in French and 1 in Russian

high MVD was not
reported to predict

15 studies MVD for detailed

poor OS or when it
was reported to pre-
dict better 0S. Wh-
en continuous data
were reported for

5 no exploitable survival data

MVD and OS, we
used the Spearman

10 studies analyzed

Figure 1. Flow chart of study selection and meta-analysis.

In order to exclude duplicate data, we carefully
examined the names of all authors and differ-
ent research centers for each study. When two
or more publications reported on the same
patient population, only the most recent or
complete study was included in the review.

Data extraction and methodological assess-
ment

Articles selected for full-text analysis were eval-
uated independently by two reviewers, who
selected the final set for inclusion.
Disagreements were resolved by consensus.
The following data were retrieved from studies
using a standardized form: authors, publication
year, source of patients, number of patients,
study design, median duration of follow-up,
blinding, number of readers, antibody used to
label microvasculature, method of measuring
MVD from the labelling data, cut-off value for
classifying MVD as high, estimated hazard ratio
(HR) and survival data (Table 1).

Study quality was qualitatively assessed
because although quality assessment scales
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rank correlation co-
efficient to examine
the correlation be-
tween the two vari-
ables. The nonpara-
metric  Mann-Whit-
ney test was used
to determine the significance of differences in
discrete variables. All statistical analyses were
performed using STATA version 11.0 (Stata
Corporation, College Station, TX). All analyses
were considered significant when the two-sided
P-value was less than 0.05.

We used the HR to assess the influence of MVD
on the OS of patients with RCC. The HR and its
variance were estimated using the following
methods depending on the data provided in
each study: the HR point estimate, the log-rank
statistic or its P-value, or the O-E statistic (the
difference between numbers of observed and
expected events) or its variance. Whenever
possible, the HR was estimated from these two
methods, which was considered the most accu-
rate method. In studies reporting survival data
only in the form of survival curves, survival
rates were extracted at specified times to cal-
culate the estimated HR and its variance. Since
this method assumes a constant rate of patient
censoring during follow-up [24], two reviewers
independently read the curves.

Int J Clin Exp Pathol 2014;7(9):5855-5863



Prognostic role of MVD in patients with RCC

Hazard Ratio Hazard Ratio
Study or Subgroup _ log[Hazard Ratio] SE _Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1CD34
Ren 2011 -0.0726 0367 1.8% 0.93(0.45,1.91) I
Yao b 2007 -0102 00291 306% 0.90 [0.85, 0.96) |
Subtotal (95% Cl) 32.4% 0.90 [0.85, 0.96] \
Heterogeneity: Tau*= 0.00; Chi*=0.01, df=1 (P = 0.94); F=0%
Test for overall effect: Z= 3.51 (P = 0.0004)
1.1.2 AVl
Imazano 1997 -0.0101 00157 329% 0.99(0.96,1.02) u
Kawata 2004 -0.462 04323 1.3% 0.63[0.27,1.47) —
Nativ 1398 1.0986 05356 09% 3.00[1.05, 8.57)
Yoshino 1995 1.5851 0.72 0.5% 4.88(1.19,20.01)
Yoshino 1998 1.0818 03838 1.7% 2.95(1.39,6.26) -
Subtotal (95% Cl) 37.3%  1.69[0.86, 3.32] -
Heterogeneity: Tau®=0.41, Chi*=18.34, df= 4 (P=0.001), F=78%
Testfor overall effect Z=153 (P=013)
1.1.3CD31
Song 2001 0.0488 1.028 0.2% 1.05[0.14, 7.87)
Yao a 2007 -0.0769 0.033 29.7% 0.93(0.87,0.99) L |
Subtotal (95% CI) 30.0% 0.93 [0.87, 0.99] t
Heterogeneity: Tau®= 0.00; Chi*=0.01,df=1 (P=0.90), F= 0%
Test for overall effect Z=2.33 (P=0.02)
1.1.4 CD105
Yagasaki 2003 -1.743 08068 04% 0.17 [0.04, 0.85) — =
Subtotal (95% Cl) 04%  0.17[0.04, 0.85] —erip——
Heterogeneity: Not applicahle
Test for overall effect Z= 216 (P = 0.03)
Total (95% CI) 100.0%  0.96[0.87, 1.07] {
Heterogeneity: Tau®= 0.01; Chi*= 32.90, df=9 (P = 0.0001); F= 73% =D o1 0=1 3 15[' 100’

Test for overall effect Z=0.71 (P = 0.48)

Test for subaroun differences: Chi*=7.72. df=3(P=0.09).F=61.1%

Favours [experimental] Favours [control]

Figure 2. Meta-analysis of studies assessing the relationship of overall survival of RCC patients with MVD measured
based on labelling of CD34, CD31, FVIIl, or CD105. HR > 1 indicates an association between higher MVD and poor
overall survival. HRs were estimated using a DerSimonian and Laird random-effects model.

We used Peto’s method to combine HRs esti-
mated from individual studies into an overall
HR [25]. We tested pooled studies for heteroge-
neity using chi-squared tests. If heterogeneity
was not significant, we planned to perform
meta-analysis using a fixed-effects model; oth-
erwise, we planned to use a random-effects
model.

Results
Study selection and characteristics

Our database searches turned up a total of
146 studies about MVD and RCC. Of these,
105 were excluded based on the title or
abstract as irrelevant to our study objectives or
as not involving human patients. Full-text
review of the remaining studies identified 15
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that met the inclusion criteria [17, 20, 21,
26-36] (Figure 1).

The included studies, all of which were retro-
spective, involved a total of 1115 patients, with
each study involving between 17 and 150
(median, 62). Patients were diagnosed with
RCC but not any other cancer, including squa-
mous cell carcinoma. MVD was measured by
immunohistochemistry using antibodies
against FVIII (8 studies), CD34 (4), CD31 (2) or
CD105 (1). Most studies defined the median
MVD to be the cut-off for classifying MVD as low
or high, whereas a few studies used other
methods.

One study reported survival data in a format
that we could not use for meta-analysis [36]
and four [17, 26, 28, 30] failed to report detailed
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 3. Begg's funnel plot to assess bias among the 10 studies in the meta-analysis.

OS data, preventing us from calculating HR.
Thus the remaining 10 studies were included in
the final meta-analysis.

Studies results reports and meta-analysis

Of the 15 included studies, 5 studies involving
289 patients were “positive”, meaning that
they reported high MVD as predicting poor OS.
Of these 5 studies, 4 were included in the final
meta-analysis, while one was excluded for lack
of data [30]. The remaining 10 studies, involv-
ing 826 patients, were “negative”, meaning
that they did not report high MVD to be signifi-
cantly associated with poor OS. In fact, two
studies reported high MVD to be associated
with better 0S. Of these 10 studies, 6 reported
HRs directly, so they were included in the
meta-analysis.

Of the 10 studies included in the meta-analy-
sis, HRs were reported directly in 6, whereas
they had to be calculated from the relevant
data in 3 or estimated from survival curve
graphs in one. Since the 10 studies showed sig-
nificant heterogeneity (P < 0.001), we merged
HRs from individual studies using a random-
effects model. The combined HR for high MVD
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as a predictor of poor OS was 0.964 (95% Cl,
0.873 to 1.065), suggesting no significant
association.

Next we stratified the studies in the meta-anal-
ysis according to the antigen used to determine
MVD. The HRs were as follows for the different
antigens: FVIII, 1.673 (95% Cl: 0.860-3.252);
CD34, 0.903 (95% Cl: 0.853-0.956); CD31,
0.926 (95% CI: 0.868-0.989); and CD105,
0.175 (95% Cl: 0.036-0.856) (Figure 2).

Studies in the meta-analysis failed to report
adequate data for assessing possible associa-
tions of MVD with histopathology type or dis-
ease stage.

No significant publication bias was detected
using the tests of Egger et al. [37] (P = 0.684,
Figure 3) or of Begg and Mazumdar [38] (P =
0.858; Figure 4).

Discussion
This meta-analysis suggests that MVD, a well-
established marker of angiogenesis, is not

associated with OS of patients with RCC.
Stratified meta-analysis of studies that mea-
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Figure 4. Egger’s funnel plot to assess publication bias among the 10 studies in the meta-analysis.

sured MVD using different antibodies to detect
microvasculature supports these results. The
HR linking high MVD and poor OS was statisti-
cally significant for studies in which CD34 or
CD31 was labelled, but the 95% confidence
interval was too close to 1 for us to conclude
clinical significance. The HR was also signifi-
cant for the sole study in which CD105 was
labeled, but this finding would have to be repro-
duced in other studies.

MVD is an accepted prognostic factor in lung
cancer [7, 39-41], breast cancer [42] and
colorectal cancer [13]. However, we found no
significant association between MVD and OS in
patients with RCC. While this result may be gen-
uine, it may also be an artifact of differences in
microvessel type. Yao et al. [34] identified two
types of microvessels in RCC: undifferentiated
microvessels (CD31+/CD34-) and differentiat-
ed ones (CD34+). The authors found that a
higher proportion of undifferentiated microves-
sels was associated with greater malignancy
and poorer prognosis, while a higher proportion
of differentiated microvessels was associated
with lower malignhancy and better prognosis.
Those authors concluded that undifferentiated
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MVD is an independent prognostic factor in
patients with RCC. The studies in our meta-
analysis did not report separate results for
undifferentiated and differentiated microves-
sels, so their results probably represent aggre-
gate analysis of both types. Given our negative
findings of MVD as a prognostic indicator, future
studies should focus specifically on whether
undifferentiated microvessels influence 0S.

We detected highly significant heterogeneity
among the 10 studies included in the meta-
analysis. This likely reflects differences in the
baseline characteristics of patients (including
age, histopathology type, tumor size, disease
stage), adjuvant therapy, length of follow-up,
and antibody used to assess MVD among the
studies. Indeed the mere fact that different
labelling antibodies were used is probably
enough to cause significant differences in MVD.
Weidner et al. [43] chose anti-FVIII antibody to
mark primarily the endothelia of mature blood
vessels and partly cross-label lymphatic ves-
sels, while other authors chose antibodies
against the antiplatelet adhesion molecules
CD31 or CD34. CD31 is chosen more frequent-
ly than FVIII because the monoclonal anti-CD31

Int J Clin Exp Pathol 2014;7(9):5855-5863
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antibody JC-70 can also label immature ves-
sels. On the other hand, the anti-CD31 antibody
can react moderately with fibroblasts and plas-
macytes, and CD31 is not usually expressed at
high levels. In fact, Uzzan et al. [42] reported
that CD31-labelling can fail to detect antigen in
up to 20% of conventional fixed breast speci-
mens. CD34, while its characteristics are simi-
lar to those of CD31, is associated with a lower
rate of false negatives [44] and it labels mainly
pericytes that surround mature blood vessels.
Thus no single antibody is ideal for determining
MVD. This suggests the usefulness of combin-
ing multiple antibodies for higher accuracy [45],
yet none of the studies in our meta-analysis did
SO.

Another significant source of variation among
the studies in our meta-analysis was the meth-
od used to determine MVD in each sample, as
well as the threshold used to classify MVD val-
ues as high or low. Different authors defined
MVD as the mean value from multiple measure-
ments of duplicate samples, the mean value
from different areas of the same sample, the
highest value among 3 or more MVD determi-
nations in different fields of the same area, or
the highest value from different areas of the
same sample. Most studies used median MVD
as the cut-off for classifying MVD as high or low,
while the remaining studies used other meth-
ods. Future studies should aim to standardize
MVD assessment.

The limitations of this meta-analysis are due
primarily to limitations within the individual
studies. The numerous sources of heterogene-
ity outlined above increase the risk of selection
bias. Some studies did not include blinding,
raising the risk of reporting bias. Most studies
did not report data at the level of individual par-
ticipants, forcing us to use aggregate data. All
the included studies were observational, high-
lighting the need for randomized controlled tri-
als and prospective studies in this area.

In conclusion, despite these limitations, our
meta-analysis strongly suggests that MVD is
not a reliable predictor of OS in patients with
RCC. Future studies should examine whether
more specific aspects of MVD may have prog-
nostic value, such as the undifferentiated
microvessel density or the MVD associated
with particular histopathology types or disease
stages.
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