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Abstract

Objective The study aimed to systematically review the association between angiogenesis and clinicopathological charac-
teristics and its prognostic value in patients with endometrial cancer.

Methods Eligible studies were searched in PubMed, Embase, China National Knowledge Infrastructure, and Wanfang
database. Studies that assessed blood microvessel density (BMVD) and correlated with clinicopathological features and/or
overall survival (OS) were included. Geometric mean values and hazard ratio with 95% confidence interval were pooled to
examine the risk or hazard association. Subgroup analyses were conducted based on populations, BMVD criteria, BMVD
markers, and type of survival analysis.

Results A total of 29 studies of 2517 patients were included. BMVD was associated with depth of myometrial invasion (MI)
[standard mean difference (SMD) 1.24; 95% CI 0.53-1.95; P = 0.0006], lymphovascular space invasion (LVSI) (SMD 0.75;
95% C10.3-1.21; P = 0.001), and lymph node metastasis (LNM) (SMD 0.99; 95% CI 0.46-1.52; P = 0.0003). BMVD was
also significantly associated with poor OS (HR 2.65; 95% CI 1.86-3.77; P < 0.00001). The association remained significant
in the subgroups Asian population, BMVD criteria using Weidner method, BMVD marker CD34 for MI, LVSI, and LNM,
CD105 for MI, and factor VIII for MI and LNM, respectively. For OS, either Asian or non-Asian population, BMVD crite-
ria using Weidner or non-Weidner method, BMVD marker CD31, or factor VIII antibody and analysis using univariate or
multivariate were all significantly associated.

Conclusions BMVD was associated with deeper MI, positive LVSI, positive LNM, and poor OS in patients with endometrial
cancer. Therefore, angiogenesis is a useful measure for poor clinicopathological outcomes and prognosis in patients with
endometrial cancer.

Keywords Microvessel density - Endometrial cancer - Myometrial invasion - Lymphovascular space invasion - Lymph node
metastasis - Overall survival

Introduction
Electronic supplementary material The online version of this ) ) o
article (https://doi.org/10.1007/s00404-018-4648-1) contains During tumor growth, tumor angiogenesis is a key step,
supplementary material, which is available to authorized users. because a tumor needs to recruit new vasculature from exist-

ing blood vessels to grow beyond more than 2 mm in diam-
eter. Furthermore, angiogenesis is also critical for tumor
invasion, migration, and metastasis [1]. In 1991, Weidner
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nohistochemical staining blood microvessel by factor VIII
[2]. From then, BMVD count was commonly accepted and
applied in assessment of all kinds of tumor angiogenesis,
and now the commonly used antibodies include factor VIII,
CD31, CD34, and CD105.
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Accumulated evidence indicated that tumor angiogen-
esis assessed by BMVD is associated with advanced clin-
icopathological parameters and poor prognostic outcomes
in different kinds of cancers. Meta-analysis confirmed that
BMVD was associated with poor survival in breast [3],
colorectal [4], and bladder cancers [5]. Endometrial cancer
represents the most common gynecologic malignancy and
the fourth most cause of death among cancer patients with
increasing prevalence in United States, Europe, and China
[6, 7]. In endometrial cancer, myometrial invasion (MI)
represents the first definite evidence of aggressive behav-
ior, and positive lymphovascular space invasion (LVSI) is
associated with high risk of lymph node metastasis (LNM)
which indicates high recurrence rate and is an independent
predictor of survival [8, 9]. Prognosis of endometrial cancer
significantly depends upon the above three clinicopathologi-
cal features, namely depth of MI, positive or negative LVSI,
and LNM [10]. Until now, the relationship between BMVD
and clinicopathological characteristics and overall survival
(OS) remains controversial in endometrial cancer and the
effects of study population and methods to define and study
BMVD on the relationship are still unknown. Therefore, to
confirm the association of BMVD with clinicopathological
characteristics including depth of MI, LVSI, and LNM, and
with prognostic value including OS in patients with endome-
trial cancer here, we systematically reviewed and conducted
this meta-analysis and subgroup analysis.

Methods
Search strategy

Relevant literature was searched from PubMed, Embase,
China National Knowledge Infrastructure, and Wanfang
databases from their inception until January 2017. Terms
were used as follows: “microvessel density”, “MVD”,
“blood microvessel density”, “BMVD”, “microvessel
count”, “endometrial neoplasms”, “endometrial carcinoma”,
“endometrial cancer”, “endometrial tumor”, “uterine neo-
e »

plasms”, “uterine carcinoma”, “uterine cancer”, and “uterine
tumor”.

ELINT3

Inclusion criteria

The included studies met the criteria including that (1)
patients were diagnosed as endometrial carcinoma regard-
less of cancer types; (2) BMVD was assessed after staining
with microvessel markers such as factor VIII, CD31, CD34,
CD105, and others by immunohistochemistry; (3) clinico-
pathological factors (MI, LVSI, or LNM) or/and enough
information to extract hazard ratio (HR) and standard error
(SE) of InHR for OS; (4) article was published in English or
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Chinese. Relevant references were further screened by two
researchers independently (JZW and YJX). Disagreements
were resolved through discussion and consensus.

Data extraction and quality assessment

Data were extracted independently by two researchers (JZW
and YJX) from each study and disagreements were resolved
by a third author (CCW). The extracted information included
the first author’s name, year of publication, country, anti-
body for BMVD, cut-off value of BMVD quantitative data,
magnification to assess BMVD, BMVD definition, number
of field examined, outcome measures (MI, LVSI, LNM, and
0OS), and duration of follow-up. The quality of the included
studies was assessed by Newcastle—Ottawa scale (NOS) cri-
teria categorized by patient selection, study comparability,
and outcome for cohort studies [11].

Statistical analysis

Review Manager Version 5.3 software was used for meta-
analysis and subgroup analysis. Standard mean difference
(SMD) with 95% confidence interval (CI) was calculated
to estimate the association between BMVD and clinico-
pathological features (MI, LVSI, or LNM). HR with 95%
CI was pooled to evaluate the effect of BMVD level on
OS. If the HR with 95% CI was reported, the data were
extracted directly. SE was calculated by the following
equation: SEInHR = (InUpperCI — InLowerCI)/3.92 [12].
If Kaplan—Meier survival curve was provided, Engauge
Digitizer software was used to obtain HR with SE [13]. A
random-effects model was used when there was significant
heterogeneity (P < 0.1, I > 50%) assessed by Cochrane’s Q
test and /? statistics. Sensitivity analysis was also performed
to examine the robustness of the combined risk estimates.
Subgroup analyses were conducted according to study popu-
lation, BMVD criteria, and BMVD markers. A P value of
less than 0.05 was considered statistically significant.

Results
Search results and study characteristics

Study selection was shown in Fig. 1. One hundred and
thirty-nine potentially relevant studies were found from
the initial search. After screening of titles and abstracts, 93
articles were excluded, whereas 12 were reviews, 7 were
conference/letter/case report, 9 were neither in English nor
Chinese, 42 were duplicated publications, and 23 were ani-
mal studies. After full text of 46 articles was assessed, 17
articles were further excluded, because proper BMVD or HR
was not provided in the details. At last, 29 studies of total
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(93 articles were excluded: \
12 reviews

7 conference/letter/case report
9 neither in English or Chinese
42 duplicated publications

\ 23 animal studies Y,

139 articles
were retrieved

46 articles for
full-text review

]

(17 articles were excluded: )

Proper BMVD or HR was not
\supplied

29 eligible articles
for further analysis

15 articles for MI, 16 articles for
LVSI or/and LNM overall survival

Fig.1 Flow diagram of included studies. BMVD microvessel den-
sity, SD standard deviation, HR hazard ratio, MI myometrial invasion,
LVSI lymphovascular space invasion, LNM lymph node metastasis

2517 patients were included, and 15 studies reported clinico-
pathological characteristics (MI, LVSI, or LNM), while 16
studies reported OS [14—42]. Consensus on study selection
was reached by discussion among the authors. Characteris-
tics of all 29 eligible studies were summarized in Table 1.
HRs were directly obtained from 13 articles, only 3 studies
in which HRs were estimated from Kaplan—Meier survival
curves. Quality of all included studies was good (Table 2).

Publication bias

The publication bias in the literature was assessed by fun-
nel plot, which did not indicate an obvious publication bias
in all 15 included studies on associations between BMVD
expression level and depth of MI, LVSI, or LNM. The shape
of the funnel plot was also not significantly asymmetrical for
the eligible 16 studies investigating BMVD on OS, which
indicated that no obvious publication bias was found (figures
not shown).

Association between BMVD and clinicopathological
characteristics

BMVD was significantly associated with depth of MI (SMD
1.24; 95% CI 0.53-1.95; P = 0.0006), LVSI (SMD 0.75;
95% CI 0.3-1.21; P = 0.001), and LNM (SMD 0.99; 95%
CI0.46-1.52; P = 0.0003) (Table 3 and Fig. 2). Significant
heterogeneity was observed in MI (;(2 =90.02, I = 91%;
P < 0.00001), LVSI (> = 34.34, I> = 80%; P < 0.0001),
and LNM (y* = 81.28, I? = 85%; P < 0.00001). Subgroup
analyses based on study populations, BMVD criteria, and
BMVD markers were shown in Table 3 and corresponding
Figs. S1, S2, and S3. The pooled result of Asian populations
showed the statistically significant association in MI (SMD
1.24;95% CI1 0.53-1.95; P = 0.0006), LVSI (SMD 0.95; 95%

CI 0.44-1.46; P = 0.0002), and LNM (SMD 1.26; 95% CI
0.65-1.87; P < 0.0001), while there was no statistically sig-
nificant association for non-Asian populations (Table 3 and
Fig. S1). The aggregated estimate of BMVD using Weidner
method was also significantly associated in MI (SMD 1.54;
95% CI 0.66-2.41; P = 0.0006), LVSI (SMD 0.83; 95%
CI 0.33-1.32; P = 0.001), and LNM (SMD 1.11; 95% CI
0.51-1.72; P = 0.0003), while there was no statistically sig-
nificant association for non-Weidner method (Table 3 and Fig.
S2). BMVD detection using CD34 antibody was significantly
associated in MI (SMD 1.63; 95% CI 0.63-2.63; P = 0.001),
LVSI (SMD 1.21; 95% CI 0.43-2.00; P = 0.002), and LNM
(SMD 1.4;95% CI 0.52-2.28; P = 0.002), while CD105 anti-
body was significantly associated in MI (SMD 1.03; 95% CI
0.18-1.87; P = 0.02), and factor VIII antibody was signifi-
cantly associated with LNM (SMD 0.69; 95% CI 0.17-1.21;
P =0.01) (Table 3 and Fig. S3).

Association between BMVD and OS

The pooled HRs of included 16 studies (HR 2.65, 95% CI
1.86-3.77, P < 0.00001) indicated that BMVD was sig-
nificantly associated with poor OS (Table 3 and Fig. 2).
Subgroup analysis showed that the combined HRs of Asian
populations and non-Asian populations both were significant
(HR 2.58, 95% CI 1.28-5.17, P = 0.008, and HR 2.8, 95%
CI 1.744.5, P < 0.0001, respectively) (Table 3 and Fig. S1).
The combined HRs of MDYV assessed by either Weidner or
non-Weidner method were also significant (HR 2.25, 95%
CI 1.57-3.23, P < 0.0001, and HR 5.69, 95% CI 3.04-10.65,
P < 0.00001, respectively) (Table 3 and Fig. S2). For the
BMVD markers used for BMVD staining and quantifica-
tion, only CD31 and factor VIII, but not CD34 and CD105
showed a significant association (HR 7.79, 95% CI 2.64-23,
P =0.0002, and HR 2.24, 95% CI 1.78-2.82, P < 0.00001,
vs HR 1.9, 95% CI1 0.97-3.74, P = 0.06, and HR 1.75, 95%
CI 0.05-67.06, P = 0.76, respectively) (Table 3 and Fig.
S3). Based on univariate and multivariate survival analyses,
both the pooled HRs were significant (HR 3.95, 95% CI
2.69-5.81, P < 0.00001, and HR 2.1, 95% CI 1.42-3.12,
P =0.0002, respectively) (Table 3 and Fig. S4). Based on
quantile—quantile plot of included cut-off values, Ai et al.
[14] as an outlier were further excluded, and the combined
HRs with normal distributed cut-off value of BMVD were
significant (HR 2.03, 95% CI 1.38-2.97, P = 0.0003) (Fig.
S95).

Discussion
Angiogenesis is referred to a process that new blood ves-

sels develop from the pre-existing vessels. Angiogenesis
can be further divided into physiological and pathological
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Table 2 Quality assessment
of included studies using the
Newcastle-Ottawa scale

Studies Score for selection Score for ~ Score for outcome  Total score
compara-
bility
REC SNEC AE DO SC AF AO FU AFU
Aietal. [14] 1 1 1 1 0 0 0 1 1 6
Chen et al. [15] 1 1 1 1 0 0 1 1 1 7
Chen et al. [16] 1 1 1 1 0 0 0 1 0 5
Erdem et al. [17] 1 1 1 1 1 0 1 1 0 7
Giatromanolaki et al. [18] 1 1 1 1 0 0 1 1 1 7
Guset et al. [19] 1 1 1 1 1 0 1 1 0 7
Huang et al. [20] 1 1 1 1 0 0 0 1 0 5
Jiang et al. [21] 1 1 1 1 1 0 1 1 0 7
Kaku et al. [22] 1 1 1 1 0 0 1 1 0 6
Kamat et al. [23] 1 1 1 1 0 1 1 0 1 7
Kirschner et al. [24] 1 1 1 1 0 0 1 1 0 6
Li et al. [25] 1 1 1 1 0 0 0 1 0 5
Liang et al. [26] 1 1 1 1 0 0 1 0 0 5
Merritt et al. [27] 1 1 1 1 0 0 1 0 0 5
Niu et al. [28] 1 1 1 1 1 0 0 0 0 5
Obermair et al. [29] 1 1 1 1 0 0 1 1 0 6
Ohno et al. [30] 1 1 1 1 1 0 1 1 1 8
Ozalp et al. [31] 1 1 1 1 0 0 1 0 1 6
Ozuysal et al. [32] 1 1 1 1 0 0 1 1 0 6
Pansrikaew et al. [33] 1 1 1 1 1 0 0 1 1 7
Salvesen et al. [34] 1 1 1 1 1 0 1 1 0 7
Salvesen et al. [35] 1 1 1 1 1 0 1 1 0 7
Soeda et al. [36] 1 1 1 1 1 0 1 1 0 7
Stefansson et al. [37] 1 1 1 1 0 0 1 1 1 7
Straume et al. [38] 1 1 1 1 0 0 1 1 1 7
Tan et al. [39] 1 1 1 1 0 0 0 1 0 5
Wagatsuma et al. [40] 1 1 1 1 1 0 1 1 0 7
Watanabe et al. [41] 1 1 1 1 0 0 1 0 0 5
Zhang et al. [42] 1 1 1 1 1 0 0 0 0 5

REC representativeness of the exposed cohort, SNEC selection of the non-exposed cohort, AE ascertain-
ment of exposure, DO demonstration that outcome of interest was not present at start of study, SC study
controls for the most important factor (i.e., age), AF study controls for any additional factor (treatments for
cancer), AO assessment of outcome, FU follow-up long enough for outcomes to occur (maximum follow-
up period was over 36 months), AFU adequacy of follow-up of cohorts (over 90%)

angiogenesis. Physiological angiogenesis takes place
mainly during embryonic development, normal menstrua-
tion, and wound healing, while pathological angiogenesis
is seen in inflammatory, immunological, malignant, and
ischemic disorders [43]. In 1971, Folkman first presented
atypical angiogenesis in tumor [44]. Now, it is clear that
solid tumors without blood vessels do not grow when tumor
size is larger than 2 mm in diameter, because oxygen and
nutrients can be transported less than 2 mm by simple dif-
fusion, so angiogenesis is necessary in the tumor mass for
further growth [1]. Furthermore, the tumor vasculature is
unevenly distributed and chaotic. Their unusual perme-
ability, potential for rapid growth and remodeling, and

abnormalities of basement membrane are responsible for
mediating hematogenous spread of tumor cells [45]. There-
fore, it was through that tumor angiogenesis not only pro-
motes the growth of the primary tumor but also contributes
to the invasion, migration, and distant metastases of tumor
cells. The degree of tumor angiogenesis, usually measured
by BMVD, is commonly determined by factor VIII, CD31,
CD34, and CD105 antibodies to stain the endothelial cells of
the blood microvessel. Weidner criteria for BMVD assess-
ment were first presented in 1991 [2]. When the area of high-
est neovascularization (hot spot) in the field was found, any
positively stained endothelial cell or endothelial-cell cluster
that was clearly separate from adjacent microvessels, tumor
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Table 3 Meta-analysis and subgroup analysis of BMVD with myometrial invasion, lymphovascular space invasion, lymph node metastasis, and
overall survival in endometrial cancer patients

Group Subgroup Study number Pooled result Heterogeneity
SMD/HR 95% CI P value Ve P value P
Myometrial invasion
All 9 1.24 (0.53,1.95) 0.0006 90.02 < 0.00001 91%
Populations? Asian 9 1.24 (0.53,1.95) 0.0006 90.02 < 0.00001 91%
Non-Asian 0 NA NA NA NA NA NA
BMVD criteria® Weidner 7 1.54 (0.66,2.41) 0.0006 74.06 < 0.00001 92%
Non-Weidner 2 0.32 (—0.08, 0.72) 0.12 0.43 0.51 0%
BMVD markers® CD31 2 0.32 (—0.08, 0.72) 0.12 0.43 0.51 0%
CD34 6 1.63 (0.63,2.63) 0.001 73.75 < 0.00001 93%
CD105 1 1.03 (0.18, 1.87) 0.02 NA NA NA
Factor VIII 0 NA NA NA NA NA NA
Lymphovascular space invasion
All 8 0.75 (0.30, 1.21) 0.001 34.34 < 0.0001 80%
Populations? Asian 6 0.95 (0.44, 1.46) 0.0002 24.71 0.0002 80%
Non-Asian 2 0.14 (—0.32,0.59) 0.56 0.07 0.78 0%
BMVD criteria® Weidner 7 0.83 (0.33,1.32) 0.001 30.72 < 0.0001 80%
Non-Weidner 1 0.25 (- 0.33,0.83) 0.40 NA NA NA
BMVD markers® CD31 1 0.25 (—=0.33,0.83) 0.40 NA NA NA
CD34 3 1.21 (0.43,2.00) 0.002 12.08 0.002 83%
CD105 1 0.19 (—0.40, 0.78) 0.53 NA NA NA
Factor VIII 3 0.63 (0.01, 1.26) 0.05 5.98 0.05 67%
Lymph node metastasis
All 13 0.99 (0.46, 1.52) 0.0003 81.28 < 0.00001 85%
Populations® Asian 10 1.26 (0.65, 1.87) < 0.0001 59.21 < 0.00001 85%
Non-Asian 3 0.17 (—0.24,0.57) 0.42 3.13 0.21 36%
BMVD criteria® Weidner 11 1.11 (0.51, 1.72) 0.0003 75.29 < 0.00001 87%
Non-Weidner 2 0.36 (- 0.17,0.89) 0.18 0.51 0.48 0%
BMVD markers® CD31 2 0.36 (- 0.17,0.89) 0.18 0.51 0.48 0%
CD34 7 1.40 (0.52,2.28) 0.002 58.94 < 0.00001 90%
CD105 2 0.54 (—0.49,1.57) 0.30 3.85 0.05 74%
Factor VIII 2 0.69 (0.17,1.21) 0.01 0.22 0.64 0%
Overall survival
All 16 2.65 (1.86,3.77) < 0.00001 123.72 < 0.00001 88%
Populations® Asian 6 2.58 (1.28,5.17) 0.008 59.84 < 0.00001 92%
Non-Asian 10 2.80 (1.74, 4.50) < 0.0001 46.96 < 0.00001 81%
BMVD criteria® Weidner 12 2.25 (1.57,3.23) < 0.0001 102.88 < 0.00001 89%
Non-Weidner 4 5.69 (3.04, 10.65) < 0.00001 4.48 0.21 33%
BMVD markers® CD31 3 7.79 (2.64, 23.00) 0.0002 4.22 0.12 53%
CD34 3 1.90 (0.97,3.74) 0.06 84.51 < 0.00001 98%
CD105 1 1.75 (0.05, 67.06) 0.76 NA NA NA
Factor VIII 9 2.24 (1.78,2.82) < 0.00001 6.74 0.57 0%
Survival analysis? Univariate 7 3.95 (2.69, 5.81) < 0.00001 6.79 0.34 12%
Multivariate 9 2.10 (1.42,3.12) 0.0002 93.96 < 0.00001 91%

NA not applicable

*The detail was shown in Fig. S1
The detail was shown in Fig. S2
“The detail was shown in Fig. S3
9The detail was shown in Fig. S4
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cells, and other connective tissue was considered as a single,
countable microvessel. The vessel lumens, although usually
present, were not necessary for a structure to be defined as
a microvessel, and red cells were not used to define a vessel
lumen [2]. Since then, it was found that Weidner criteria
are more accurate than tumor size or grade to predict the
prognosis of cancer patients [46] and have been commonly
applied in BMVD assessment of various kinds of tumors
such as breast [3], colorectal [4], bladder [5], and ovarian
[47] cancers.

The value of measuring BMVD in cancer, including
endometrial cancer, is still in debate. Many previous stud-
ies have reported that BMVD was associated with clinico-
pathological characteristics such as depth of MI, LVSI,
and LNM, and could serve as a prognostic marker and in
endometrial cancer [14, 16, 18, 28, 29, 36], but others had
different conclusions [20, 33]. Therefore, we undertook
this present meta-analysis to collect all relevant data from
publications to investigate the overall relationship between
BMYVD and clinicopathological characteristics and OS in
endometrial cancer. In addition, the effect of study popula-
tions and BMVD detection methods were often neglected,
so we also conducted a subgroup analysis to study the roles
of population and BMVD detection method on the effect of
pooled results.

Our results indicated that endometrial cancer with higher
BMVD was associated with deeper MI and positive LVSI or
LNM, and also showed inverse relationship between BMVD
and OS, suggesting poor clinical outcome and prognosis.
The association remained significant in Asian populations,
but not in non-Asian populations. Studies of Asian popu-
lations were included from China, Japan, Thailand, and
Taiwan, and studies of non-Asian populations from USA,
Austria, Greece, and Norway, etc. (Table 1). There were not
many included studies from non-Asian population available
for analysis, none for MI, only 2 for LVSI [17, 32] and 3
for LNM [17, 19, 32]. The association between BMVD and
clinical outcomes remained significant when BMVD defined
by Weidner criteria, not non-Weidner criteria, and BMVD
markers by CD34, not by other antibodies. For studies used
non-Weidner method, various non-validated methods were
employed to define BMVD. For non-Weidner method,
necessity of a lumen or linear vessel shape with positive
signals, simplification of positive signals without other
excluded requirements or non-definition of hotspot area may
under-estimate or over-estimate microvessel counts. In this
meta-analysis, only few studies using non-Weidner criteria
were included to analyze the association for MI [30, 33],
LVSI [33] and LNM [30, 33]. On the other hand, the choice
of BMVD marker may also influence the results. Factor VIII,
also termed von Willebrand’s factor, is the first marker used
for BMVD measurement, which stains mainly mature vessels
but also reacts with lymphatic endothelium [48]. CD31 can

stain immature blood vessels, but it also stains fibroblasts
and some plasma cells and has a high chance of staining
failure because of rarely strong reactivity to endothelial cells
[3]. Compared to mature blood vessels, immature vessels are
irregularly shaped, lack the normal vascular network organi-
zation and abnormal basement membranes and pericytes,
and have an increased permeability. However, to differentiate
mature blood vessel from immature blood vessel, it is better
to counterstain with smooth muscle actin [49]. Like CD31,
CD34 can stain immature blood vessels and also can stain
fibroblasts and some plasma cells, but it usually does not
have the risk of staining failure because of strong reactivity
with endothelial cells [3]. This may be why BMVD detected
by CD34 is more significantly associated with MI, LVSI,
and LNM. CD105 is a novel independent prognostic marker
in detecting malignant tumors angiogenesis, but whether it
is better than factor VIII, CD31 and CD34 still does not
reach an agreement until now [50]. In contract, either Asian
or non-Asian population, BMVD criteria using Weidner or
non-Weidner and analysis using univariate or multivariate
were all statistically significant, but only BMVD markers
CD31 and factor VIII were significantly associated with OS.
Indeed, only three articles [14, 25, 29] studying CD34 were
pooled for OS in this meta-analysis, and a significant hetero-
geneity was observed (> = 84.51, I* = 98%; P < 0.00001).
According to Fig. 5S, quantile—quantile plot of included
cut-off values indicated that the value (36.5, [14]) was an
outlier, and the pooled HRs of the remaining two studies [25,
29] showed statistical significance of overall effect without
a significant heterogeneity after it was excluded. Only one
study [20] for CD105 was included, so more relevant origi-
nal studies should be performed.

However, potential limitations still might exist in this
study. (1) The level of evidence from meta-analysis is always
lower than that of randomized and case-controlled trials. In
addition, the data included in this meta-analysis were from
the published articles not the original data of individual
patient. (2) Weidner method do not divide intra and peritu-
moral microvascular density, so link between peritumoral
microvascular density and myometrial invasion could not
be studied. (3) The statistics of three included studies were
calculated from Kaplan—Meier survival curve instead of the
original data from the studies. (4) Many studies did not con-
duct the multivariate survival analysis. Although our sub-
group analysis of HR showed both significant in univariate
and multivariate analyses, the sample size is still small. (5)
A significant heterogeneity was found in aggregated results,
which may come from different methodology, antibodies for
BMVD, cut-off value, and duration of follow-up in included
studies, so a conservative evaluation was conducted with a
random-effect model in this meta-analysis.

In conclusion, this meta-analysis found a statistically sig-
nificant positive association between angiogenesis, evaluated
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Myometrial invasion

Std. Mean Difference
IV, Random, 95% CI

=1/2 <1/2 Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Random, 95% CI
Chen 2001 746 364 16 694 44 37 11.5% 0.12[-0.46,0.71]
Chen 2006 31.24 487 14 2561 582 11 10.6% 1.03[0.18, 1.87]
Jiang 2013 554 1431 35 2833 1083 60 11.7% 2.20[1.67,2.72)
Lizo10 44.M 9.9 15 31.69 1021 36 11.3% 1.20[0.55, 1.85]
Liang 2006 3046 1.88 15 233 0897 31 89.8% 5.30 [4.01, 6.58]
MNiu 2008 53.58 11.18 40 384 11.05 a0 11.7% 1.35[0.82, 1.88]
Ohno 2007 266 169 17 179 20 53 11.6% 0.45[0.11,1.00]
Pansrikaew 2010 3539 1278 23 3317 11 23 11.5% 0.18 [0.40, 0.76]
Zhang 2010 487 13.38 16 4504 1369 23 11.3% 0.26 [-0.38, 0.91]
Total (95% CI) 191 304 100.0% 1.24[0.53, 1.95]

Heterogeneity: Tau®=1.05; Chi*= 90.02, df= 8 (P < 0.00001); F=91%
Test for overall effect: Z= 3.43 (P = 0.0006)

Lymphovascular space invasion

Present Absent
Study or Subgrou Mean SD_Total Mean
Chen 2001 944 332 13 624 407
Erdern 2006 361 128 13 323 2089
Jiang 2013 54.44 14.58 29 2888 1195
Kaku 1997 73 2348 29 595 2388
Ozuysal 2003 26.8 139 ] 26 13
Pansrikaew 2010 35.83 1297 23 3274 16
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Std. Mean Difference
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40 12.0% 0.81[0.16, 1.45]
77O125% 0.19[-0.40,0.78]
66 13.1% 1.98 [1.46, 2.50]
56 13.7% 0.86[0.11,1.02]
51 11.4% 0.06 [-0.65, 0.77]
23 126% 0.25[0.33,0.83]
52 133% 0.82[0.32,1.33]
27 11.3% 1.32[0.59, 2.04]
392 100.0% 0.75[0.30, 1.21]

Heterogeneity: Tau®= 0.34; Chi*= 34.34, df= 7 (P = 0.0001); F=80%
Test for overall effect: Z= 3.26 (P = 0.001)

Lymph node metastasis

R

-2

-1 0 1 2
Absent Present

Present Absent Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2001 1165 308 12 567 333 41 7.8% 1.80 [1.06, 2.53] -
Chen 2006 3186 514 12 259 45125 13 7.4% 1.11 [0.26, 1.96] I
Erdern 2006 33 14 12 319 20 67 8.2% 0.06 [-0.56, 0.67] T
Guset 2010 57.88 476 5 B2.36 11.35 49 7.2% -0.40 [1.33,0.52] I
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Zhang 2010 5037 11.28 15 4362 956 24 8.0% 0.65 [-0.02,1.31] _
Total (95% CI) 147 606 100.0% 0.99 [0.46, 1.52] L 2

Heterogeneity: Tau®= 0.81; Chi*= 81.28, df= 12 (P = 0.00001); F= 85%
Test for overall effect: Z= 3.63 (P =0.0003)

Overall survival
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«Fig.2 Meta-analysis of BMVD association with myometrial inva-
sion, lymphovascular space invasion, lymph node metastasis, and
overall survival in patients with endometrial cancer

by BMVD, and three clinicopathological characteristics,
MI, LVSI, and LNM, and an inverse relationship between
BMVD and OS in endometrial cancer. Therefore, it pro-
vided strong evidence that angiogenesis is a useful measure
to associate with poor clinical outcomes and prognosis in
patients with endometrial cancer.
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