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Abstract

Objective The prognostic significance of Ki-67 expression in patients with ovarian cancer was controversial in various stud-
ies. Therefore, we carried out a meta-analysis to determine the prognostic significance of Ki-67 in ovarian cancer patients.
Methods We searched PubMed, Cochrane Library, EMBASE, Web of Knowledge, China National Knowledge Infrastructure
database and WanFang digital database for eligible studies from January 1, 1990 to June 1, 2017. The pooled hazard ratios
and 95% confidence intervals were calculated to assess the prognostic significance of Ki-67 expression for overall survival
in ovarian cancer patients.

Results Finally, 38 eligible studies and 5004 ovarian cancer patients were included in the current study. The pooled hazard
ratio was 1.35 (95% confidence interval 1.24-1.46, P=0.001) for overall survival in ovarian cancer patients. The funnel
plot bias was obviously asymmetrical and Egger’s test also detected significant publication bias (P =0.001). The Contour-
enhanced funnel plot with trim-and-fill method supplemented 11 dummy studies to balance the funnel plot and nine new
supplementary studies were in area with statistical significance. Sensitivity analysis and cumulative meta-analysis further
demonstrated that the association between high Ki-67 expression and poor overall survival of ovarian cancer patients was
stable and reliable.

Conclusions High Ki-67 expression is significantly related to poor overall survival and may serve as a prognostic biomarker
for ovarian cancer patients.

Keywords Ovarian cancer - ki-67 - Meta-analysis - Prognostic value

Introduction

Ovarian cancer (OC) is the fifth most common cause of

death induced by cancer among women with a mortal-

ity rate of approximately 54% [1]. In the United States of

Dongmei Qiu and Wangiu Cai contributed equally to this study America, there were 22,280 newly diagnosed ovarian cancer

and were co-first authors. patients and 14,240 women died of ovarian cancer in 2016

[1]. Although great progress has been made in surgery and

chemotherapy, the overall cure rate remains around 30%

[2]. In consideration of poor prognosis of ovarian cancer, it

is necessary to identify a reliable prognostic biomarker for
D4 Zhigiao Zhang effectively evaluating the prognosis in OC patients.

sdgrxjbk @163.com Ki-67 is a nuclear protein which expresses throughout the

cell cycle in proliferating cells, except for quiescent (GO)
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survival (OS) in OC patients [7, 8, 14], whereas several stud-
ies have reported that high Ki-67 expression was related
with favorable OS in OC patients [9, 24, 28]. These con-
flicting conclusions in different studies hindered the clinical
applicability of Ki-67 expression in OC patients. Therefore,
we performed this meta-analysis to ascertain the prognostic
significance of Ki-67 expression in OC patients.

Methods
Search strategy

The following databases, including PubMed, EMABASE,
Web of Knowledge, Cochrane library, China National
Knowledge Infrastructure database and WanFang digital
database, were searched for eligible studies from January 1,
1990 to June 1, 2017. The search strategy combined “MeSH
word” and “text word” was performed using the follow-
ing words: (“MIB-1"or “Ki67” or “Ki-67" or “MIB1” or
“MKI67”) and (“tumor” or “neoplasm” or “carcinoma” or
“malignancy” or “cancer”) and (“Ovary” or “Ovarian”) and
(“survival” or “prognostic” or “prognosis” or “mortality”
or “outcome”). The search strategy in the present study was
adjusted according to the guiding principles of the relevant
database. A manual literature search was carried out based
on the references of relevant studies to include potential
eligible studies. We further contacted the corresponding
authors to get the necessary study information. There were
no restrictions on the language of publication. We carried
out data collection and analysis in accordance with the prin-
ciples of the Helsinki Declaration.

Criteria of inclusion and exclusion

The inclusion criteria in current study were as follows: (1)
patients with diagnosis of ovarian cancer by pathology; (2)
Ki-67 expression was measured by immunohistochemistry
method; (3) studies provided enough survival information
such as hazard ratio and confidence interval. Studies with-
out hazard ratio and confidence interval were enrolled if
the survival data could be extracted from survival curves.
Only the recent study was included in the current study for
repeated studies from the same study cohort. There were no
restrictions on race, language, sample size, or duration of
follow-up.

The exclusion criteria were as follows: (1) studies with-
out original study information, including corresponding let-
ters, systematic review, and conference abstracts; (2) non-
human experimental studies; and (3) studies lack of survival
information.

@ Springer

Quality assessment of studies

Two independent reviewers (Zhiqiao Zhang and Dongmei
Qiu) evaluated the included studies through a Newcas-
tle-Ottawa Quality Assessment Scale (Table 1). The New-
castle—Ottawa Quality Assessment Scale (NOS) consisted
of patient selection, study outcome, follow-up period, and
study comparability. In course of literature assessment,
the disagreements between Zhiqiao Zhang and Dongmei
Qiu were settled by consensus with the third independent
reviewer (Wangiu Cai).

Data extraction

Two reviewers (Zhiqgiao Zhang and Dongmei Qiu) indepen-
dently extracted study data from original studies: country,
the first author, sample size, publication time, assessment
method for Ki-67 expression, tumor pathological stage, and
survival data. All study data were noted through a standard-
ized information table. All studies cited in the current study
were indicated by the name of the first author and publishing
time. The third investigator (Wangqiu Cai) helped to reach a
consensus in the course of data extraction.

Statistical analyses

The statistical analyses were carried out in accordance with
the principles of the Meta-analysis of Observational Studies
in Epidemiology group (MOOSE) [43]. We directly recorded
the original pooled HR and 95% CI from the original text.
While HR and 95% CI were not provided in the text, survival
information was obtained through Kaplan—Meier survival
curves. The I tests and Q were carried out to evaluate the
clinical heterogeneity. I*>30% and P <0.1 were defined as
the threshold for significant heterogeneity. A random effect
model or fixed effect model was carried out according to the
clinical heterogeneity. Meta-regression and subgroup analy-
sis were carried out to detect the sources of heterogeneity.
The publication bias in the present study was evaluated by
Funnel plot, Egger’s test and Begg’s test. P value less than
0.05 was considered to be statistically significant. The sta-
tistical analyses in the current study were carried out by
STATA version 12.0 software (Stata Corporation, College
Station, TX, USA).

Results

Literature search results

The literature search in the present study identified 335
potential articles, involving 186 duplicate articles. After
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Table 1 (continued)

Therapy NOS value

Pathologic type Stage

Mean age
(range)

High

Patient number

Cutoff value
(n)

(%)

Antibody

Quantitative
method

Detection method

Author/Country/

Year

expres-
sion
(%)

7

nI-1v  S+C

18 41 46.3 49.8 (31-67) OC

Quantitative Monoclonal

Microscope (500

Itamochi [42]
Japan 2002

cells)

S+C

-1v

55.5(29-78) EOC

10 62 62.9

Mouse monoclonal

Quantitative

Microscope

Sengupta [43]
England 2000

Costa [44]

S+C

I-1v

oC

58 (17-86)

Quantitative NR 44 117 55.6

Microscope (4

high-power

America 1999

fields/100 cells)
Microscope (10

S+C

-1V

EOC

304 71.1 62 (18-85)

20

Monoclonal

Quantitative

Anttila [45]

high-power

fields)
Microscope (2000

Finland 1998

S+C

-1v

oC

NR

30 59 50.0

Monoclonal

Quantitative

Viale [46]

cells)

Italy 1997
Masoumi-

S+C

-1v

EOC

NR

100 60.0

10

Quantitative Mouse monoclonal

Microscope

Moghaddam [47]
Australia 2015

browsing the abstracts, 47 articles were filtered out accord-
ing to the criteria of inclusion and exclusion. We identified
102 potential eligible studies for further full-text review and
64 studies were eliminated for inadequate survival informa-
tion. Finally, 38 eligible studies were included in the current
study [5—42]. The process of literature retrieval is shown
in Fig. 1. Study quality assessment was carried out by the
Newcastle—Ottawa Scale (NOS).

Study selection and characteristics

The clinical characteristics of 38 eligible studies are sum-
marized in Table 1. The publication time was between 1997
and 2016. The patient number was between 41 and 606,
with an average value of 133. The NOS scores of 38 eligi-
ble studies varied from 7 to 8, with an average value of 7.6.
The Ki-67 expression in the current study was measured
in cancer tissues.

Prognostic significance of high Ki-67 expression

A total of 5004 OC patients from 38 eligible studies were
included and analyzed (Fig. 2). The pooled hazard ratio
(HR) was 1.35(95% CI 1.24-1.46, P=0.001) for overall
survival (OS) in OC patients.

Publication bias

The funnel plot (Fig. 3) showed obvious asymmetry. Egger’s
test (P=0.001) found significant publication bias, whereas
Begg’s test (P=0.477) did not find significant publication
bias.

Contour-enhanced funnel plot

Contour-enhanced funnel plot with trim-and-fill method
has been proposed as a valuable assessment method for the
potential reasons of funnel plot asymmetry [44]. Contour
lines with statistical significance of 0.01, 0.05, and 0.1 are
drawn in the funnel plot. The new supplementary studies lie
o in the interval with non-statistical significance demonstrates
S that the funnel plot asymmetry may be caused by publica-

wn
£ tion bias.

€SsSme

We drew a contour-enhanced funnel plot with trim-and-
2 fill method to further study the potential reasons of funnel
;plot asymmetry (Fig. 4). In contour-enhanced funnel plot,
'Tg green dot represented the original study and red triangle
3represented the new supplementary study. The contour-
E enhanced funnel plot supplement 11 new dummy studies
OT and nine supplement studies (red triangle) were in the area
2 with statistical significance, indicating that the publication
§ bias in the current study might not be the major reason of

2 funnel plot asymmetry.

NR not reported, OS overall survival, DFS disease free survival, S surgery, C chemotherapy, R radiotherapy, EOC epithelial ovarian cancer, SOC serous ovarian cancer, OC ovarian cancer, NOS

@ Springer
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Meta-regression and subgroup analysis

Subgroup analysis and meta-regression were carried out to
study the sources of clinical heterogeneity. In subgroup anal-
ysis (Table 2), the pooled HRs were 1.66 (95% CI 1.34-2.05,
I*=55.7%, P=0.008),1.43 (95% CI 0.86-2.36, I*=90.2%,
P=0.001) and 1.11 (95% CI 1.03-1.20, I°=74.5%,
P=0.001) for epithelial ovarian cancer (EOC) subgroup,
serous ovarian cancer (SOC) subgroup and OC subgroup,
suggesting that pathologic type might contribute to the
clinical heterogeneity in the current study. Meta-regression
analysis indicated that treatment might be a potential reason
for clinical heterogeneity (P =0.018) in the present study.

Sensitivity analysis

To explore the actual influence of single study to the results,
sensitivity analysis was carried out by removing single study
every time.

The pooled HRs of sensitivity analysis ranged from 1.27
(95%CI: 1.17-1.37) to 1.45 (95%CI: 1.24-1.70) for OS,
demonstrating that the pooled HR was not significantly
impacted by any individual study (Table 3).

Cumulative meta-analysis
We carried out the cumulative meta-analysis to further

explore the performance of Ki-67 expression for overall
survival (Fig. 5). The pooled HRs ranged from 1.20 to 1.82

Fig. 1 Flowchart of study selec-
tion in the present study

EMBASE, PubMed, Web of Knowledge, Cochrane Library, China
National Knowledge Infrastructure and WanFang digital database

(n=316)

Systematic literature search

Additional records identified
through manual sources

(n=19)

@ Springer
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Removed records for duplicate

(n=186)

Records excluded
after review of
abstract

Candidate of
records screened

(n=149) (n=47)

Full-text articles
excluded for lack
of survival data

Full-text articles
assessed for

eligibility
(n=102)

(n=64)

Studies included
in qualitative
synthesis

(n=38)

Studies included
in quantitative
synthesis
(meta-analysis)

(n=38)




Archives of Gynecology and Obstetrics (2019) 299:1415-1427 1421

Fig.2 Forest plot diagrams Study %
for correlation between Ki-67 1D HR (95% Cl) Weight
expression and overall survival Layfield et o 1997 — 137 (093,202 337
Viale et al 1997 | —— 253 (1.51,425) 215
Anttila et al 1998 —t— 1.46 (1.01, 2.11) 3.62
Costa et al 1999 — 170 (1.06,2.71) 252
Sengupta et al 2000 | e—— 2.26 (1.48,3.44) 297
Itamochi et al 2002 ——— : 0.36 (0.15, 0.88) 0.82
Camilleri-Broet et al 2004 R g 1.22 (0.73, 2.05) 2.16
Elie et al 2004 —_— 0.96 (0.56,1.65)  2.00
Ali-Fehmi et al 2005 —_— 162(1.13,2.33) 372
Kritpracha et al 2005 Jl—o— 1.82 (1.27, 2.60) 3.77
Khalifeh et al 2005 - 1.20 (0.88, 1.64) 4.53
Lee et al 2005 —_— e 0.85(0.34,2.11) 079
Green et al 2006 . 1.00 (0.66, 1.51)  3.04
Surowiak et al 2006 —_— 1.20 (0.60, 2.42) 1.29
‘Yamamoto et al 2007 ——OI; 1.20 (0.65, 2.20) 1.63
Khouja et al 2007 ——— 1.88 (1.18,2.99) 2.56
‘Yamamoto et al 2007 —o—,— 1.05 (0.50, 2.10) 1.22
Kobel et al 2008 r—— 1.74 (1.25, 2.43) 417
Garcia-Velasco et al 2008 : 2.38(0.42,1429) 022
Tetu et al 2008 —_— 0.76 (0.54, 1.08) 3.94
Adams et al 2009 e —— 1.60 (1.01, 2.53) 261
Kondoh et al 2010 —_— : 0.69 (0.42, 1.15) 225
Aune et al 2011 > | 1.02 (1.00, 1.04) 12.10
Liu et al 2012 -4 3.00 (1.10,4.50)  1.26
Katagiri et al 2012 t 2.60 (0.90, 7.50) 0.59
Lu et al 2012 > | 1.03(1.01,1.05) 1210
Vallen et al 2012 —_—— 1 0.36 (0.17, 0.79) 1.08
Heeran et al 2013 —JI— 1.33(1.10,1.61)  7.47
Bachmayr-Heyda et al 2013 | —— 3.27 (1.57,6.83) 1.17
Battista et al 2014 t_‘_ 2.80 (1.33,5.98) 1.12
Khandakar et al 2014 | —_—— 6.33 (3.96, 10.11) 253
Felix et al 2015 —le— 122(0.73,2.04) 218
Masoumi-Moghaddam et al 2015 —:0— 1.66 (0.98, 2.79) 213
Deng et al 2015 2.74 (1.18,6.36) 0.91
Overall (I-squared = 82.7%, p = 0.000) Q 1.35(1.24, 1.46) 100.00
NOTE: Weights are from random effects analysis : :
.07 1 143
Fig.3 Funnel plot of Ki-67 Funnel plot with pseudo 95% confidence limits
expression for overall survival o
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and all lower values of 95% CI were higher than 1.07 since  expression and poor overall survival in OC patients was sta-
1998, demonstrating that the association between high Ki-67  ble and reliable.
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Fig.4 Contour-enhanced fun-
nel plot using the trim-and-fill
method

—
@® Studies
. e
1% <p <5%
e © ...s
27 A 5% <p<10%
A ® G ®
A ® e © ° ® p>10%
°®
5 4 aa °* o
5 : .
A ®
°
S
©
° A (]
&
& .6
.8
A ®
1 T T T T T
-2 -1 1 2

Further exploration of significance and mechanism

of Ki-67

To further explore the potential molecular biology

Table 2 Subgroup analysis

for association between Ki-67
expression and overall survival
in ovarian cancer patients

@ Springer

0
Effect estimate

pathogenic mechanism of Ki-67 for OC patients, we searched
the Ki-67 (MKI67) by the Search Tool for the Retrieval of
Interacting Genes (STRING, https://string.embl.de/) data-
base and constructed the protein—protein interaction network

Term Subgroup Num- Pooled 95% CI Pvalue Heterogeneity Pvalue
berof HR 1% (%)
study
Location Asian 9 1.711 1.038-2.819 0.035 76.5 0.001
Non-Asian 25 1.345 1.162-1.556 0.001  81.8 0.001
Cut off value >40% 10 1.743 1.179-2.576 0.005 82 0.001
<40% 23 1.198 1.109-1.296 0.001 76.8 0.001
Patient number > 100 21 1.436 1.237-1.667 0.001  58.8 0.001
< 100 13 1.212 1.086-1.353 0.001  88.2 0.001
High expression rate > 50% 25 1.504 1.284-1.761 0.001 789 0.001
<50% 7 1.291 0.782-2.133 0318 922 0.001
Pathologic type EOC 13 1.660 1.343-2.051 0.001 55.7 0.008
SOC 7 1.429 0.864-2.364 0.164 90.2 0.001
OoC 14 1.110 1.029-1.198 0.007 745 0.001
Stage I-1v 12 1.283 0.922-1.787 0.139 852 0.001
I-1v 22 1.278 1.173-1.392  0.001  79.1 0.001
Treatment S 1 1.249 0.976-1.600 0.077 71.8 0.001
S+C 25 1.499 1.244-1.806 0.001  85.2 0.001
Extraction method Curve 10 1.624 1.171-2.252 0.004 829 0.001
Reported 24 1.194 1.101-1.295 0.001  75.9 0.001
Analysis method Multivariate 12 1.352 1.019-1.794 0.037 85.1 0.001
Univariate 34 1.350 1.240-1.460 0.001  82.7 0.001

HR hazard ratio, CI confidence interval, S surgery, C chemotherapy, EOC epithelial ovarian cancer, SOC
serous ovarian cancer, OC ovarian cancer
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Table 3 Influence analysis of single study to the pooled HRs of Ki-67
expression for overall survival

Study omitted HR Lower value of  Upper value
95% CI of 95% CI
1 1.345582 1.235876 1.465026
2 1.32374 1.217909 1.438769
3 1.341728 1.232387 1.460771
4 1.337223 1.229021 1.454952
5 1.320239 1.214499 1.435185
6 1.35921 1.250361 1.477536
7 1.349935 1.240328 1.469227
8 1.356475 1.246383 1.476291
9 1.335115 1.226638 1.453184
10 1.327257 1.219942 1.444013
11 1.35445 1.243159 1.475704
12 1.351963 1.242926 1.470566
13 1.359883 1.248912 1.480715
14 1.349045 1.239967 1.467719
15 1.3496 1.240293 1.468539
16 1.332686 1.225133 1.44968
17 1.351247 1.242003 1.470101
18 1.328193 1.220544 1.445336
19 1.344943 1.236877 1.46245
20 1.377825 1.265332 1.500318
21 1.339476 1.230916 1.45761
22 1.366845 1.256144 1.487302
23 1.451573 1.241637 1.697006
24 1.329619 1.223389 1.445073
25 1.340524 1.232909 1.457531
26 1.451063 1.239578 1.698629
27 1.362967 1.25396 1.481449
28 1.346384 1.234718 1.468149
29 1.329009 1.222974 1.444238
30 1.333043 1.226309 1.449067
31 1.266743 1.173077 1.367888
32 1.349958 1.24034 1.469264
33 1.33976 1.231398 1.457656
34 1.336108 1.229002 1.452548
Combined 1.3465667 1.2385109 1.46405

HR hazard ratio, CI confidence interval

(PPI). This protein—protein interaction (Fig. 6) network was
generated using methods of experiment, neighborhood, co-
occurrence, gene fusion, co-expression, and text mining.
There were 11 nodes, 39 edges in this protein—protein inter-
action network, with average node degree of 7.09 and PPI
enrichment P value of 7.92e-06. Among ten relevant genes,
the top five node degree genes were MKI67IP (Combined
score 0.981), GTPBP10 (Combined score 0.865), CDK1
(Combined score 0.856), CCNA2 (Combined score 0.837),
and KIF15 (Combined score 0.834).

Prognostic role of Ki-67 gene for overall survival

To explore the prognostic role of Ki-67 gene for overall
survival, the survival curve of Ki-67 (using gene symbol:
MIK67/probe ID: 212022 _s_at) and log-rank analysis were
performed from KM plotter (https://kmplot.com/analysis/).
The OC patients analyzed in KM plotter were from the
Gene Expression Omnibus (GEO) database and The Can-
cer Genome Atlas (TCGA) database. There were 1656 OC
patients come from TCGA database (n=565), GSE14764
(n=280), GSE15622 (n=35), GSE18520 (n=63), GSE19829
(n=28), GSE23554 (n=28), GSE26193(n=107),
GSE26712(n=195), GSE27651(n=49), GSE30161(n=58),
GSE51373 (n=28), GSE63885 (n=101),and GSE9891
(n=285). As shown in Fig. 7, the overall survival rate of
patients in high Ki-67 expression was poorer than that in
patients in low Ki-67 expression (P <0.001). The pooled
hazard ratio (HR) was 1.30 (95% CI 1.12—1.521) for overall
survival in OC patients.

Discussion

The present meta-analysis, which included 5004 ovarian
patients from 38 eligible studies, suggested that high Ki-67
expression is significantly associated with poor overall sur-
vival in OC patients. Subgroup analysis found significant
association between high ki-67 expression and poor overall
survival in most subgroup analysis, especially for patients
in Asian group (HR 1.71) and epithelial ovarian cancer
group (HR 1.66). Sensitivity analysis and cumulative meta-
analysis demonstrated that the association between high
Ki-67 expression and poor OS in OC patients was stable
and reliable.

Several studies have reported that high Ki-67 expression
was associated with poor OS in OC patients [7, 8, 14]. These
studies revealed that high Ki-67 expression had a predictive
value for poor prognosis in patients with OC. The conclu-
sion of the present meta-analysis was consistent with that of
these previous studies [7, 8, 14]. Several original studies and
meta-analysis have reported that there was a significant asso-
ciation between high Ki-67 expression and poor prognosis
in patients with non-small cell lung cancer, cervical cancer
and gastrointestinal stromal tumor [45-47].

The heterogeneity was significant in the current study.
There might be several reasons for clinical heterogeneity:
Firstly, the clinical heterogeneity in the current study might
be caused by different cutoff values of Ki-67 expression
in various studies. Secondly, subgroup analysis indicated
that pathologic type might be a potential source of clinical
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Fig.5 Cumulative meta- Study
analysis of association of Ki-67
expression for overall survival
in ovarian cancer patients

Layfield et al 1997
Viale et al 1997
Anttila et al 1998
Costa et al 1999
Sengupta et al 2000
Itamochi et al 2002
Camilleri-Broet et al 2004
Elie et al 2004
Ali-Fehmi et al 2005
Kritpracha et al 2005
Khalifeh et al 2005
Lee et al 2005

Green et al 2006
Surowiak et al 2006
‘Yamamoto et al 2007
Khouja et al 2007
‘Yamamoto et al 2007
Kobel et al 2008
Garcia-Velasco et al 2008
Tetu et al 2008
Adams et al 2009
Kondoh et al 2010
Aune et al 2011

Liu et al 2012
Katagiri et al 2012

Lu et al 2012

Vallen et al 2012
Heeran et al 2013
Bachmayr-Heyda et al 2013
Battista et al 2014
Khandakar et al 2014
Felix et al 2015

Masoumi-Moghaddam et al 2015

Deng et al 2015

HR (95% Cl)

1.37 (0.93, 2.02)
1.82 (1.00, 3.31)
1.65 (1.18, 2.31)
1.64 (1.28, 2.09)
1.76 (1.39, 2.21)
1.53 (1.07, 2.19)
1.49 (1.09, 2.04)
1.41 (1.05, 1.90)
1.45 (1.13, 1.87)
1.50 (1.20, 1.88)
1.46 (1.19, 1.80)
1.43 (1.17, 1.75)
1.39 (1.14, 1.69)
1.38 (1.15, 1.66)
1.37 (1.15, 1.64)
1.40 (1.19, 1.66)
1.39 (1.18, 1.64)
1.42 (1.22, 1.65)
1.42 (1.22, 1.66)
1.35 (1.15, 1.60)
1.37 (1.17, 1.60)
1.32 (1.12, 1.55)
1.30 (1.11, 1.51)
1.33 (1.14, 1.55)
1.34 (1.15, 1.57)
1.21 (1.12, 1.31)
1.20 (1.11, 1.30)
1.22 (1.13, 1.31)
1.24 (1.14, 1.33)
1.25 (1.16, 1.35)
1.33 (1.22, 1.45)
1.33 (1.22, 1.45)
1.34 (1.23, 1.45)
1.35 (1.24, 1.46)

v

HH*””H*HHHHHHHHW \

- KIF15 P2

__rorzs oS "n\ _
.‘vt/

MKI&7IP
\“ KIF11

Fig.6 Protein—protein interaction network of Ki-67 and other rel-
evant protein

\
VBTN
\‘ " \\v

\‘ CDCAB
.

heterogeneity. Thirdly, meta-regression indicated that treat-
ment might contribute to clinical heterogeneity.

There were several potential sources of funnel plot asym-
metry in the current study: Firstly, publication bias might be
one important reason of funnel plot asymmetry. Secondly,
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poor methodological quality in some studies might be
another potential reason for funnel plot asymmetry. Thirdly,
true heterogeneity in intervention effects might result in fun-
nel plot asymmetry.

We performed a contour-enhanced funnel plot to study
the potential reasons of funnel plot asymmetry. The contour-
enhanced funnel plot demonstrated that 9 of the 11 supple-
mentary studies were in areas with statistical significance,
indicating that the publication bias in the current study might
not be the major reason of funnel plot asymmetry. Further
sensitivity analysis and cumulative meta-analysis demon-
strated that the association between high Ki-67 expression
and poor OS in OC patients was stable and reliable.

The present meta-analysis has three advantages as fol-
lows: First, the present study finally included 38 eligible
studies and 5004 OC patients, which could significantly
strengthen the persuasiveness of the study results. Second,
detection methods of Ki-67 expression in 38 eligible studies
were all IHC. Third, studies published in Chinese were also
enrolled in the current study as English literature, increas-
ing the representation of study cohort. Fourth, IHC method
for Ki-67 expression could be carried out through micro-
scope and was a simple feasible detection method for clini-
cal practice. IHC method for Ki-67 expression was of great
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Fig.7 Survival curve of Ki-67 gene for overall survival

importance for developing countries where detailed patho-
logic diagnosis might not be available in clinical practice.

The results in the current meta-analysis need to be inter-
preted cautiously for several shortcomings. Firstly, high
Ki-67 expression was defined according to different cut-
off values in various studies. Secondly, clinical heterogeneity
was inevitable due to different baseline characteristics such
as tumor stage, treatment and race. Thirdly, some data were
indirectly extracted from Kaplan—Meier survival curves.
Although this extract method from original Kaplan—-Meier
survival curves has been widely utilized for survival analy-
sis, the sources of information inaccuracy could not be com-
pletely eliminated in extracting survival information from
Kaplan—Meier survival curves.

Conclusion

In conclusion, high Ki-67 expression is significantly associ-
ated with poor overall survival and may serve as a prognostic
biomarker for ovarian cancer patients.
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