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Abstract

Background: Several epidemiological researches have indicated that microvessel density (MVD), reflecting angio-
genesis, was a negatively prognostic factor of cervical cancer. However, the results were inconsistent. Therefore, we
performed a meta-analysis to evaluate the association between microvessel density and the survival probability of
patients with cervical cancer.

Method: There was a comprehensive search of the PubMed, EMBASE and Cochrane databases up to August 31,
2017. Based on a fixed-effects or random-effects model, the hazard ratio (HR) and 95% confidence intervals (Cls) were
calculated from researches on overall survival (OS) and disease-free survival (DFS).

Result: Totally, we included 13 observational researches, involving 1097 patients with cervical cancer. The results
showed that high level of microvessel density was negatively correlated with OS (HR=1.79, 95% Cls 1.31-2.44,

> =60.7%, P=0.003) and DFS (HR=1.47,95% Cls 1.13-1.80, > = 0%, P=0.423) of cervical cancer patients. In subgroup
analysis, high counts of MVD were significantly associated with a poor survival (including OS and DFS) of the patients
detected by anti-factor VIll antibodies or in European origin.

Conclusion: The present meta-analysis indicated that survival with high level of MVD was significant poorer than
with low MVD in cervical cancer patient. Standardization of MVD assessment is needed.
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Background

Cervical cancer is the third most frequent gynecological
neoplasms worldwide and one of the leading causes of
cancer-related death among women in developing coun-
tries [1]. This disease is responsible for approximately
265,000 deaths annually in the world, 87% occurring in
low-income countries [2]. Although independent prog-
nostic factors such as lymph node status, tumor size,
pathologic grading of tumor and International Federation
of Gynecology and Obstetrics (FIGO) stage contribute to
a better comprehension of the disease progression [3, 4].
However, such factors couldn’t predict individual clinical
outcome absolutely in cervical cancer. Thus, there need
more prognostic markers to further improve predictive
accuracy.
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Angiogenesis have been reported to play a crucial role
in the growth, metastasis and progression of various
types of cancers like breast cancer and renal cell carci-
noma [5, 6]. When a tumor exceeds the size of 1 mm, its
further growth needs angiogenesis, which can form new
blood vessels and further lead to tumor metastasis. There
are a variety of biomarkers to quantify intratumoral
angiogenesis, including vascular endothelial growth fac-
tor (VEGF), basic fibroblast growth factor (bFGF) and
microvessel density (MVD).

At present, MVD assessment is the most common
method to evaluate intratumor angiogenesis in cancer. In
early 1990s, MVD was firstly introduced as an indicator
by Weidner et al. [7] to assess the microvessels density
in patients with invasive breast cancer. Additionally, the
most commonly used antibodies for microvessel stain-
ing are CD31, CD34, CD105 (Endoglin) and anti-factor
VIII (Von Willebrand Factor). Over the past two decades,
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some studies had reported MVD as a prognosis factor in
various tumors such as gastric carcinoma [8].

However, the value of microvessel density as a prognos-
tic indicator of cervical cancer was controversial. Several
researches demonstrated that the expression of MVD
significantly associated with poor overall survival (OS) or
progression free survival (PES) for cervical cancer [9, 10].
But some studies were unable to indicate a significant
relationship between MVD and poor survival in cervical
cancer patients [11, 12].

Therefore, we conducted a meta-analysis in order to
evaluate the prognostic value of microvessel density in
patients with cervical carcinoma. Meanwhile, this study
may help to provide a valuable prognostic indicator and
guide the management of the cervical cancer patients in
the future.

Methods

Search strategy

Two investigators conducted a comprehensive search in
electronic databases of PubMed, EMBASE and Cochrane
library for relevant researches up to 31 August 2017.
The following Medical Subject Heading terms and key-
words were used: (“cervical cancer” or “cervical tumor”
or “cervical tumour” or “cervical malignance” or “cervi-
cal carcinoma” or “uterine cervical neoplasms” or “cervi-
cal neoplasm”) and (“microvessel density” or “MVD” or
“angiogenesis” or “neovascularization”) and (“progno-
sis” or “outcome” or “survival” or “prognostic”) with no
restrictions. Meanwhile, we also performed a manual
search of references cited in the retrieved studies and
published reviews.

Selection criteria

To be eligible, researches must be consistent with the fol-
lowing inclusion criteria: (1) All included patients with
cervical carcinoma diagnosed by the pathological results;
(2) reported the association between MVD and survival
outcomes, such as overall survival (OS) and disease free
survival (DFS); (3) papers were restricted to human stud-
ies published as full-length articles in English. Exclusion
criteria were (1) reviews, letters, case reports, or editorial
comments; (2) duplicate publications; (3) full text una-
vailable; (4) insufficient data for calculating the hazard
ratios (HRs) and 95% confidence intervals (Cls).

The candidate studies were identified by two inde-
pendent reviewers according to the titles and abstracts
to exclude irrelevant studies. Then full texts of the
remaining researches were scanned carefully to decide
whether to include the studies, and any different opin-
ion was resolved through discussion. Multivariate data
were the priority choice when both multivariate and
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univariate data were offered. However, we also accepted
univariate data when no multivariate results were
provided.

Data extraction and quality assessment

The following information were extracted carefully
from all including studies by two authors by means of a
standardized data table which included following items:
the first author; the year of publication; the location of
study; the number of included patients; the age range of
participants; FIGO stage; the antibody to assess MVD;
the duration of follow up; the cutoff value of MVD (usu-
ally with median MVD as cutoff); the types of survival
analyses; HRs and 95% CI for overall survival/disease-
free survival; the result of the study. The result for every
single study was marked “positive” when higher MVD
predicted poorer survival and “negative” when higher
MVD did not indicate lower survival rate or even once
supported a better survival.

Quality assessment of the including studies was eval-
uated by two investigators independently using the
9-star Newcastle—Ottawa Scale (NOS) [13]. According
to the scoring system, we defined the research quality
as high with scores which were equal to or greater than
7.

Statistical analysis

The prognostic efficiency of MVD on cervical carcinoma
was calculated by using the HRs and 95% ClIs. When
the effect values couldn’t be provided directly by the
study, we calculated HR value and 95% corresponding
CIs in the Kaplan—Meier curve at particular time points
using the methods introduced by Parmar et al. [14]. An
observed HR>1 indicated a bad prognosis in cervical
cancer patient with the high MVD. Statistical heteroge-
neity from all the publications was tested by Cochran’s
Q test and Higgins I-squared statistics [15]. Meanwhile,
a fixed-effects model was adopted to assess the pooled
value when F2<50% and P>0.10 which indicated that no
obvious heterogeneity was found. Otherwise, a random-
effects model was applied. All statistical analyses were
performed with STATA 11.0 (STATA Corp, College Sta-
tion, Texas).

In addition, Subgroup analyses were conducted to cal-
culate the potential source of heterogeneity according to
geographical regions and antibodies for detecting MVD.
A sensitivity analysis evaluating the consistency of the
combined outcomes was adopted. The possible publica-
tion bias was assessed by Begg’s tests [16]. All P-value
were two-tailed and statistical significance was obvious
as P<0.05.
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Results

Literature search

At the beginning, there were a total of 580 articles iden-
tified from three databases (262 from PubMed, 298
from EMBASE, 18 from Cochrane databases) accord-
ing to the inclusion criteria. After screening the title,
abstract and key words, 427 articles were deleted when
met duplication. Followed by excluded researches
which were obvious irrelevant, or didn’t meet the inclu-
sion criteria, we adopted a number of 13 independent
and observational studies involving 1097 patients [9—
11, 17-26]. The flow chart presented in Fig. 1 showed
the study selection process in detail.
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Study characteristics

Table 1 presented the main characteristics of the 13
studies included in the meta-analysis. These researches
were published between 1995 and 2014, and the sam-
ple sizes ranged from 30 to 173. As for the region, three
studies were conducted from America [9, 21, 24], seven
in Europe [10, 17, 18, 22, 23, 25, 26] and three in Asian
country [11, 19, 20]. In addition, there were four differ-
ent antibodies enrolled in the included studies to assess
the microvessel density. Anti-factor VIII antibody was
used in six studies [10, 18-20, 22, 26], CD 31 was con-
ducted in four studies [17, 21, 23, 24], CD 34 was in two
articles [9, 11], CD 105 was applied in two studies [21,
23], respectively. And all of the protein-levels of antibody
were detected by immunohistochemistry (IHC). Among

Records identified through database
searching PubMed (n =262), Embase (n
=298) and Cochrane databases (n =18)

Additional records identified
through other sources (n =2)

(n=427)

Records after duplicates removed

Y

(n=427)

Articles abstract reviewed

Articles excluded:
Obvious irrelevance (n =351)

A

Y

for eligibility
(n =76)

Full-text articles assessed

Full-text articles excluded, (n =61):
No information regarding OS/DFS
reported (24)

Insufficient data for quantitative
analysis (23)

y

Not in English (7)
Conference abstracts article (5)

(n=13)

Studies included in
qualitative synthesis

Duplicate report (2)
Reviews (2)

y

(meta-analysis)
(n=13)

Studies included in
quantitative synthesis

Fig. 1 Flow diagram for study selection
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them, MVD count in ten studies was performed by hot-
spot method which was introduced by Weidner et al. [7],
while the hotspot method was not mentioned in other
three articles. Thus, 14 researches (from 13 articles)
involving 1097 patients were available for this meta-anal-
ysis. We included 11 studies which gave a description of
the association between OS and MVD, and six researches
involved other outcomes such as DFES. Otherwise, we
defined the study as ‘— 1" and ‘— 2’ if more than one out-
come or antibody were applied in the same study [27,
28]. Meanwhile, the quality of included researches were
assessed by using the Newcastle—Ottawa Scale and found
to range from 7 stars to 9 stars, showing that the studies
were in high quality.

Association of MVD and OS of cervical cancer

The pooled HR for the 11 studies assessing the associa-
tion between MVD and cervical cancer with OS was 1.7
(95% Cls 1.31-2.44, random-effects, Fig. 2), suggesting
that high MVD level was associated with a poor prog-
nosis of overall survival in cervical cancer patients.
Since the heterogeneity among studies was significant
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(’=60.7%, P=0.003), random-effects model was
applied for statistical analysis. Meanwhile, subgroup
meta-analysis according types of antibodies and popu-
lation was conducted to evaluate the possible source of
heterogeneity among these studies (Figs. 3 and 4).

In the subgroup analysis by different antibodies, the
prognostic value of MVD for OS was significant in the
“anti-factor VIII” subgroup (HR=2.34, 95% CIs 1.75-
3.12, P=0%, n=5), while there was not statistically
significant association in “CD31” subgroup (HR=1.33,
95% Cls 0.65-2.72, I*=81.2%, n=4), “CD34” subgroup
(HR=1.11, 95% CIs 0.63-1.97, n=1) and “CD105” sub-
group (HR =1.89, 95% Cls 0.99-3.62, I*=0%, n=2).

There was another subgroup about source regions of
included studies, a pooled HR was 1.93 (95% CIs 1.53—
2.44, I*=4.8%, n=6) in Europe population, indicating a
significantly poorer survival in cervical cancer patients
with higher MVD in European countries. However,
MVD level was not significantly associated with OS in
Asia (HR=2.01, 95% ClIs 0.94—4.31, ’=60.1%, n=3)
and American locations (HR=1.17, 95% ClIs 0.37-3.69,
2 =85.5%, n=3).

Study %

ID HR (95% ClI) Weight
1
1

Cooper (1998) ———— 1.68 (1.03, 2.74) 11.16
|

Dellas (1997) —— 1.50 (1.04, 2.16) 12.68
|

Hockel (2001) —%*_ 3.17 (1.32, 7.63) 6.96
|

Kaku (1998) S 3.31(1.21,9.07) 5.93
|

Lee (2006) — 1.11 (0.63, 1.98) 10.14
|

Moriyama (2009) _— 292 (1.1, 7.69) 6.22
I
I

Randall-1 (2009) —_— : 0.36 (0.17, 0.79) 7.98
|

Randall-2 (2009) 4 1.76 (0.89, 3.48) 8.88
I

Tialma (1998) —l— 217 (1.15, 4.10) 9.40
I

Van (2006) —_— 2.54 (1.11, 5.82) 7.40
I

Zijimans (2009) : > 3.81(0.46, 31.42) 1.92
I

Obermair (1998) — 2.56 (1.59, 4.11) 11.34
|

Overall (l-squared = 60.7%, p = 0.003) <> 1.79 (1.31, 2.44) 100.00
|
I

NOTE: Weights are from random effects analysis :

T ' T
.0318 1 31.4
Fig. 2 The forest plot assesses the association between MVD and cervical cancer with OS
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Study %
ID HR (95% CI) Weight
anti- factor VIII '
Cooper (1998) — 1.68 (1.03,2.74) 11.16
Hockel (2001) —:—0— 3.17 (1.32,7.63) 6.96
Kaku (1998) —:—0— 3.31(1.21,9.07) 5.93
Moriyama (2009) —:—0— 292 (1.11,7.69) 6.22
Obermair (1998) -:—+— 2.56 (1.59,4.11) 11.34
Subtotal (l-squared = 0.0%, p = 0.555) I<> 2.34 (1.75,3.12) 41.61
. 1
CD31 |
Dellas (1997) — 1.50 (1.04, 2.16) 12.68
Randall-1 (2009) —_— : 0.36 (0.17,0.79) 7.98
Tjalma (1998) —:0— 217 (1.15,4.10) 9.40
Van (2006) —{—*— 2.54 (1.11,5.82) 7.40
Subtotal (I-squared = 81.2%, p=0.001) <" 1.33(0.65,2.72) 37.45
1
) [}
CD34 :
Lee (2006) —0-—:- 1.11(0.63, 1.98) 10.14
Subtotal (I-squared =.%, p =.) <>T 1.11(0.63,1.97) 10.14
. 1
CD105 |
Randall-2 (2009) T 1.76 (0.89, 3.48) 8.88
Zijlmans (2009) : * 3.81(0.46, 31.42) 1.92
Subtotal (l-squared = 0.0%, p = 0.495) <> 1.89(0.99,3.62) 10.80
: i
Overall (l-squared =60.7%, p = 0.003) <> 1.79 (1.31, 2.44) 100.00
1
NOTE: Weights are from random effects analysis !
I I
.0318 1 31.4
Fig. 3 Subgroup analysis of association between count of MVD and prognosis of cervical cancer with OS detected by different antibodies

Association of MVD and DFS of cervical cancer

We analyzed the relationship between the level of MVD
and DFS among cervical cancer patients. There was no
heterogeneity of data (*=0%), in which a fixed-effect
model was selected to assess the pooled outcome (Fig. 5).
As a result, MVD level was associated with a worse DFS
of cervical cancer patients (HR=1.47, 95% ClIs 1.13-1.80,
n=~6).

Furthermore, subgroup analyses based on antibody
and region were used to explore the influencing factors
which may impacted the overall outcomes (Figs. 6 and
7). Divided by different immunohistochemical biomark-
ers among the subgroups, “anti-factor VIII” antibody
(HR=1.60, 95% CIs 1.16-2.03, =0, n=3) showed the
significantly negative association between MVD and DFS
among cervical cancer patients, but not in “CD34” sub-
group (HR=1.23, 95% CIs 0.71-1.75, ’=8.4%, n=2).

In addition, the included studies were stratified into the
three regional distribution of patients (Europe, Asia and

America). Negative effected of MVD on DFS in European
countries were found in patients with cervical cancer
(HR=1.63, 95% ClIs 1.20-2.06, I’=0%, n=4), but not
in Asia location (HR=1.47, 95% ClIs 1.13-1.80, I>=0%,
n=2).

Sensitivity analysis

In sensitivity analysis, the leave-one-out method was
applied to assess the stability of the pooled outcomes.
Eligible studies were sequentially removed one by one
to evaluate the influence of each included study on the
overall HR. After leaving out any single study, statistical
significance of the OS or DFS did not change, suggesting
no individual study had excessive influence of the asso-
ciation of MVD and cervical cancer (Fig. 8a, b).

Publication bias
The presence of publication bias for the overall relation-
ship between MVD level and the prognosis of cervical
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.0318 1

Study %

ID HR (95% CI) Weight

Europe i

Cooper (1998) * 1.68 (1.03, 2.74) 11.16

Dellas (1997) —— 1.50 (1.04, 2.16) 12.68

Hockel (2001) —:—0— 3.17 (1.32, 7.63) 6.96

Tjalma (1998) —i—‘— 2.17 (1.15,4.10) 9.40

Zijlmans (2009) | *> 3.81(0.46,31.42) 1.92

Obermair (1998) -:—*— 2.56 (1.59, 4.11) 11.34

Subtotal (I-squared = 4.8%, p = 0.386) <> 1.93 (1.53, 2.44) 53.46
l

Asia :

Kaku (1998) —;—*— 3.31 (1.21,9.07) 5.93

Lee (2006) —4—:- 1.11(0.63, 1.98) 10.14

Moriyama (2009) _— 2.92 (1.11,7.69) 6.22

Subtotal (I-squared = 60.1%, p = 0.082) -<> 2.01(0.94, 4.31) 22.29
:

America |

Randall-1 (2009) —_— | 0.36 (0.17, 0.79) 7.98

Randall-2 (2009) +—— 1.76 (0.89, 3.48) 8.88

Van (2006) —{—o— 2.54 (1.11, 5.82) 7.40

Subtotal (I-squared = 85.5%, p = 0.001) <::|‘|> 1.17 (0.37, 3.69) 24.25

. |

Overall (I-squared = 60.7%, p = 0.003) <> 1.79 (1.31, 2.44) 100.00

NOTE: Weights are from random effects analysis i

| |

314

Fig. 4 Subgroup analysis of association between count of MVD and prognosis of cervical cancer with OS in different populations

was calculated by using the Begg’s rank correlation test
(P=0.15 for OS; P=0.238 for DFS). Funnel plots were
graphically symmetric, indicating that there was no sig-
nificant publication bias among the included articles
(Fig. 9a, b).

Discussion
A number of studies have showed that MVD played the
potential role as prognostic biomarker for many cancers.
In our present meta-analysis, we confirmed that high
counts of MVD, a marker of angiogenesis, was signifi-
cantly associated with worse prognosis in patients with
cervical cancer. Moreover, results were also conducted in
subgroup analyses for patients detected by different anti-
bodies or in various countries. Although some modest
bias cannot be excluded, this was the first meta-analysis
of published articles to assess the relationship between
MVD count and prognosis in cervical cancer.
Between-study heterogeneity was significant in our
meta-analysis for OS (I*=60.7%). However, there was no
heterogeneity for DES (*=0%). We tried to reduce the

variability by screening the researches using the same
standard, which was to divide studies into different sub-
groups, such as the regional distributions and staining
markers. However, the heterogeneity could not be elimi-
nated in general. But the heterogeneity had decreased in
some subgroups such as the Europe group (I*=4.8% and
11.8%) and the group using anti-factor VIII as biomark-
ers on OS (P=0%) for the MVD group. These results
showed that all the different factors played important
roles in the generation of heterogeneity which couldn’t be
eliminated at the same time.

Obviously, our study showed that the selection of anti-
body as a biomarker for MVD assessment played an
important role for conclusion. There were eight studies
in our meta-analysis using factor VIII as an endothelial
biomarker, eight studies using other antibodies such as
CD31, CD34 and CD105. We have established that the
counts of MVD assessed by factor VIII were significantly
related with the poor outcomes of cervical cancer, includ-
ing OS and DFS. However, there was no statistical sig-
nificance in the association between the levels of MVD
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Study %
() HR (95% CI) Weight
:
Cantu (2003) t—— 1.63 (096, 2.78) 13.28
i
1
Cooper (1998) Y 2.20(1.09, 4.44) 3.92
|
1
Hockel (2001) — 2.08(1.22,3.54) 8.17
1
Lee (2006) —— 1.04(0.59, 1.85) 27.70
| I
Schlenger (1995) —— 1.46 (1.05,2.03) 45.79
1
1
Zijimans (2009) ; < 3.23(1.38,7.57) 115
1
Overall (I-squared = 0.0%, p = 0.423) @ 1.47(1.13,1.80) 100.00
1
1
1
1
I
T ; T
-7.57 1 7.57
Fig. 5 The forest plot illustrates the association between MVD and DFS of cervical cancer
Study %
ID HR (95% Cl) Weight
1
CD34 .
Cantu (2003) —— 1.63 (0.96, 2.78) 13.28
Lee (2006) =4 1.04 (0.59, 1.85) 27.70
Subtotal (I-squared = 8.4%, p = 0.296) O 1.23(0.71,1.75) 40.98
1
|
anti— factor VIII .
1
Cooper (1998) —Ih4— 2.20(1.09,4.44) 3.92
Hockel (2001) —— 2.08(1.22,3.54) 8.17
Schlenger (1995) —— 1.46 (1.05, 2.03) 45.79
Subtotal (I-squared =0.0%, p =0.481) <> 1.60(1.16, 2.03) 57.88
|
1
CD105 :
Zijlmans (2009) : + 3.23(1.38,7.57) 1.15
1
Subtotal (I-squared =.%, p =) <O 3.23(0.13,6.33) 1.15
1
I
Heterogeneity between groups: p = 0.303 X
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Fig. 6 Subgroup analysis of association between count of MVD and prognosis of cervical cancer with DFS detected by different antibodies
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Fig. 9 The presence of publication bias for the overall relationship between MVD level and the prognosis of cervical cancer. a OS; b DFS

assessed by anti-CD31, CD34 or CD105 with the prog-
nosis of cervical cancer patients for OS or DFS. Weider
et al. [7] chose an antibody against factor VIII-related
antigen to mark mainly the endothelia of mature vessels.
This biomarker was still the most commonly used in the
related studies about microvessel density, however fac-
tor VIII did not express in all endothelial cells. And fac-
tor VIII also expressed in lymphatic endothelium and
platelets, which would result in cross-reactivity with
non-endothelium [29]. At present, for these antibodies
expressed in lymphatic endothelium and platelets lead-
ing to appropriate marker for MVD in tumor has not
been established. Recently, other antibodies were used to
assess the counts of MVD in cervical cancer [30, 31], such
as CD31 (also known as platelet endothelial cell adhesion
molecule), CD34 and CD105 (also known as Endoglin).
It indicated that CD34 had an improved sensitivity and
specificity than factor VIII for endothelial cells activated
by regional tumor angiogenesis [32]. Uzzan et al. [27]
found that the microvessel counting evaluated by anti-
CD31 or anti-CD34 were approximately 30% higher than
factor VIII. Therefore, we considered that no statisti-
cal significance of relationship between counts of MVD
assessed by other biomarkers including CD31, CD34 and
CD105, and prognosis of cervical cancer patients was
limited by a few number of related studies. Thus, more
high-quality studies concerning the MVD detecting and
MVD count should be acquired in future. Meanwhile, we
found that there were more researches about the relation
between MVD and prognosis of cervical cancer patients
in Europe group than in Asia and America. When strati-
fied by geographical area, our subgroup analysis indi-
cated that patients with cervical cancer who had a higher
level of MVD would had the poorer survival in Europe

countries, while the results could not be verified in Asia
and America. It was probably because of the insufficient
quantity in above-mentioned two regions.

In addition, several limitations of this meta-analysis
should also be discussed. First of all, the choice of cut-
off values for high MVD varied among the studies, some
included articles mainly used median level, while others
applied mean or even an inaccurate bound. These differ-
ences were responsible for the difficulty in determining
a standard cut off value in clinical practice. Therefore,
future researches should aim to standardize MVD assess-
ment method. Secondly, for HRs couldn’t be provided
directly or calculated from the data in some studies, we
need to extract the data from survival curve graphs. Fur-
thermore, it is inevitable that the patient’s baseline status
in included studies were different, such as age, menopau-
sal status, tumor type, tumor size, lymph node status,
the immunohistochemical marker for MVD detecting
and duration of follow-up. Finally, all the included stud-
ies in our meta-analysis were retrospective observational
researches, more prone to bias than randomized con-
trolled trails.

Conclusions

To conclude, despite above-mentioned limitations, our
meta-analysis strongly showed a poor survival of high
counts of MVD in patients with cervical cancer, including
OS and DFS, respectively. Moreover, these MVD-related
biomarkers could be further used in the prognosis pre-
diction of cervical cancer in clinical practice. However,
future basic researches and randomized controlled stud-
ies with large samples are needed to conduct the prog-
nostic value of MVD for patients with cervical cancer.
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