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Abstract: Objective: The prognostic role of B-cell-specific moloney leukemia virus insertion site 1 (Bmi-1) in esopha-
geal cancer remains controversial. Therefore, a meta-analysis was performed to assess the association between
Bmi-1 expression and prognostic effect in esophageal cancer patients. Methods: Eligible studies were identified
by searching the online databases PubMed, Web of Science and China National Knowledge Infrastructure (CNKI)
up to 20 October 2015. Hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated to explore the
relationships of Bmi-1 with patient survival. Results: A total of 11 eligible studies dealing with esophageal cancer
were included in the analysis: 10 were dealing with overall survival, and 4 were with disease-free survival. High
Bmi-1 was associated with poor overall survival (HR = 1.48, 95% CI 1.05-2.09, P = 0.026), and poor disease-free
survival (HR = 1.42, 95% CI 1.06-1.90, P = 0.019). In subgroup analysis, high expression of Bmi-1 also predicted
poor overall survival in Asian patients (HR = 1.90, 95% Cl 1.48-2.44, P = 0.000), and esophageal squamous cell
carcinoma patients (HR = 1.82, 95% Cl 1.43-2.32, P = 0.000). Conclusions: This meta-analysis suggests that high

Bmi-1 expression is associated with poor prognosis in esophageal cancer patients.
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Introduction

Esophageal cancer (EC) is the eighth most fre-
quent cancer and the sixth leading cause of
cancer death worldwide [1]. Although the diag-
nosis and treatment of EC has improved, the
5-year survival rate for advanced stage disease
is less than 20% [2]. Therefore, it is important
for us to find a new molecular marker that could
predict and improve the prognosis and reduce
the mortality of patients with EC.

B-cell-specific moloney murine leukemia virus
integration site 1 (Bmi-1) was first isolated as a
proto-oncogene that cooperated with c-myc in
generating lymphomas in a transgenic murine
model [3]. It is a transcriptional repressor that
belongs to the polycomb group (PcG) family of
proteins involved in axial patterning, cell cycle
regulation, hematopoiesis, apoptosis and sen-
escence [4, 5]. Bmi-1 is correlated with poor
prognosis in many malignant tumors, including
lung cancer, gastric cancer, epithelial ovarian

cancer and EC [6-9]. Recently, many studies
have explored the prognostic role and clinico-
pathological outcomes in patients with EC, but
the results remains controversial. Several stud-
ies showed that the high expression of Bmi-1
is positively associated with poor prognosis in
EC [9, 10]. However, some studies described
that Bmi-1 could not predict the prognosis of
EC [11, 12]. Since the association of Bmi-1
overexpression with the prognosis of EC was
not clear, a meta-analysis is necessary to com-
prehensively evaluate the prognostic signifi-
cance of Bmi-1 expression in patients with EC.

Materials and methods
Literature search and selection criteria

We searched PubMed, Web of Science and
China National Knowledge Infrastructure (CNKI)
up to 20 October 2015 to identify relevant stud-
ies. We retrieved articles with combination of
the following key words: “B-cell-specific moloney
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Table 1. Main characteristics of all studies included in the meta-analysis

Study Year Stu(;iy Ethnicity Stu‘dy Pathological Method Cutoff Follow-up Number Quality Outcome .
location design type (month)  (patients) score estimate
He 2009 China Asian R ESCC RT-PCR  Median Mean 60 70 7 oS SC
Liu 2010 China Asian R ESCC IHC IRS>4 Mean 25 171 8 oS Reported
Yamada 2011 Japan Asian R ESCC IHC Median  71.5 (2-164) 136 8 DFS SC
Choy 2012 USA  Caucasian R ESCC IHC 210% 39 (0.03-142) 34 8 0S SC
Choy 2012 USA  Caucasian R EAC IHC >10% 39 (0.03-142) 110 8 0s SC
Ha 2012 Korea Asian R ESCC IHC IRS>6 Over 60 164 8 0S, DFS  Reported
Lv 2012 China Asian R ESCC RT-PCR  Median 42 (8-84) 70 7 0s SC
Yoshikawa 2012 Japan Asian R ESCC IHC >5% 30 (3-120) 78 8 0S, DFS  Reported
Zhang 2014 China Asian R ESCC IHC >5% Mean 60 80 8 0s SC
Honing 2014 Holland Caucasian R EAC IHC IRS>6 40.5 + 36.7 94 8 0S, DFS  Reported
Hwang 2014 China Asian R ESCC IHC One-third 13 (0.3-57.4) 41 7 0s SC

Study design is described as prospective (P) or retrospective (R). ESCC: esophageal squamous cell carcinoma; EAC: esophageal adenocarcinoma; RT-PCR: real-time PCR;
IHC: immunohistochemistry; IRS: immunoreactivity score; OS, overall survival; DFS, disease free survival; SC, survival curve; *Study quality was judged based on the
Newcastle-Ottawa scale (range, 1-9). Median: 250% of tumor cells positive; 210%: 210% of tumor cells positive; 25%: 25% of tumor cells positive; one-third: one-third of

tumor cells positive.

leukemia virus insertion site 17, “Bmi-1”, “Bmil”,
“esophageal squamous cell carcinoma”, “eso-
phageal cancer”, “esophageal carcinoma”, “eso-
phageal adenocarcinoma”, and “esophageal
cancer”. The citation lists associated with the
studies were used to identify additional eligible
studies. The reviews and bibliographies were
also manually inspected to find related
articles.

Inclusion and exclusion criteria

Inclusion criteria for this meta-analysis were as
follows: (1) Bmi-1 expression evaluated in the
human EC tissues; (2) EC should be confirmed
by histopathology; (3) evaluation of the relation-
ships between Bmi-1 expression and overall
survival (0OS) or disease-free survival (DFS); (4)
sufficient information provided to estimate the
hazard ratios (HRs) with their 95% confidence
intervals (Cls). The exclusion criteria were as
follow: (1) letter, case report, review, and con-
ference abstract without original data; (2) arti-
cles had no sufficient data to calculate the HR;
and (3) overlapping article or those with dupli-
cate data.

Data extraction and quality assessment

All data were evaluated and extracted indepen-
dently by two authors (HLX and DYY). The fol-
lowing data were recorded: first author’s name,
year of publication, ethnicity, method, patho-
logical type, total number of patients, cut-off
value, the time of follow-up, outcome and HR
estimate.

Study quality was assessed independently by
two investigators (LZL and ZYY) according to
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the Newcastle-Ottawa Scale (NOS) quality
assessment scale [13]. Three aspects were
considered in the NOS criteria: (1) subject
selection, 0~4; (2) comparability of subject,
0~2; (3) clinical outcome: 0~3. The range of
NOS scores is from O to 9; and a score >7
means a good quality. Disagreements were
resolved by discussion among all authors.

Statistical analysis

HRs with 95% Cls were calculated to estimate
the association of Bmi-1 expression with 0OS
and DFS. The HR with 95% CI in each eligible
study was directly extracted from report. If only
Kaplan-Meier curves were available, data were
extracted indirectly from survival curves to
extrapolate HRs with their 95% Cls, using pre-
viously described methods [14, 15]. The x?-ba-
sed Q statistical test and the [? statistic were
used to evaluate the heterogeneity among
studies [16]. If the heterogeneity was signifi-
cant between studies (°>50% or P<0.10), the
random-effects model was used; otherwise,
the fixed-effects model was used [17]. Funnel
plots and Egger’s linear regression test were
applied to investigate publication bias [18]. The
statistical analyses were performed using
STATA version 12.0 software (Stata Corpora-
tion, Collage Station, Texas, USA). All P values
were two-sided and a P<0.05 was considered
statistically significant.

Results
Study characteristics
After careful read and selection, a total of 11

studies [9-12, 19-24] were retrieved according

Int J Clin Exp Med 2017;10(1):30-36



Bmi-1 and esophageal cancer

Table 2. Main meta-analysis results of Bmi-1 expression in patients with esophageal cancer

Analysis Number of - Number of HR (95% CI) P value Heterogeneity
studies patients 12 (%) P value
0S
Overall 10 912 1.48 (1.05-2.09)° 0.026* 61.2 0.006
Ethnicity
Asian 7 674 1.90 (1.48-2.44)° 0.000%* 325 0.180
Caucasian 238 0.90 (0.66-1.23)? 0.519 0.0 0.600
Pathological type
ESCC 8 708 1.82(1.43-2.32)° 0.000* 33.5 0.161
EAC 2 204 0.89 (0.65-1.24)° 0.505 0.0 0.319
HR estimate
Survival curves 6 405 1.40 (0.81-2.43)° 0.229 64.4 0.015
Reported 4 507 1.58 (0.97-2.58)° 0.066 64.8 0.036
Method
RT-PCR 2 140 1.66 (0.98-2.81)? 0.061 0.0 0.503
IHC 8 772 1.46 (0.96-2.22)° 0.077 68.7 0.002
DFS 4 472 1.42 (1.06-1.90)° 0.019~* 34.7 0.204

ESCC: esophageal squamous cell carcinoma; EAC: esophageal adenocarcinoma; HR: hazard ratio; Cl: confidence intervals. OS,
overall survival; DFS, disease free survival. *Indicates that the difference was statistically significant. ®Fixed-effects model.

PRandom-effects model.

%
HR (95% CI)  Weight
1.23 (0.44,3.39)  7.10
1,50 (1.02,2.20) 15.13
0.98 (0.36,2.56) 7.45
0.76 (0.48, 1.20) 14.03
1.11 (0.35,3.52) 6.11
1.85 (1.03, 3.55)
335(1.77,6.31)
3.36 (1.68,6.73) 10.64
1.06 (0.66, 1.68) 13.90
1.14 (0.15,8.61) 2.52
1.48 (1.05, 2.09)

11.67
11.45

100.00

Study
D
He(2009) —_—
Liu(2010) ——
Choy1(2012) —_—
Choy2(2012) —_—— E
Ha(2012)
Lv(2012) —
Yoshikawa(2012) g —_—
Zhang(2014) —————
Honing(2014) _._._
Hwang(2014) * I >
Overall (I-squared = 61.2%, p = 0.006) <>
NOTE: Weights are from random effects analysis I

T T

S 1 1.5

Figure 1. Forest plots for the relationship between Bmi-1 expression and

overall survival.

to the inclusion and exclusion criteria. The main
characteristics of the included studies are list-
ed in Table 1. The total number of patients
included was 1048, ranging from 34 to 171 per
study. Among these 11 studies, 8 studies eval-
uated Asian patients, and 3 studies evaluated
Caucasian patients. Nine studies investigated
esophageal squamous cell carcinoma (ESCC)
patients, and two studies investigated esopha-
geal adenocarcinoma (EAC) patients. HRs with
95% Cls were reported directly in five studies,
and extrapolated from Kaplan-Meier curves in
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six studies. The OS was ob-
served in ten studies, and the
DFS was presented in four
studies. There were two major
approaches for the evaluation
of Bmi-1 in EC: quantitative
real-time polymerase chain
reaction and immunohisto-
chemistry. The NOS scores of
all included studies were >7.

Bmi-1 expression and OS in
patients with EC

The main results of this me-
ta-analysis are listed in Table
2. Meta-analysis of OS was
conducted in 10 studies. Our

analysis suggested that high expression of
Bmi-1 was significantly associated with poor OS
(HR = 1.48, 95% Cl 1.05-2.09, P = 0.026) with
heterogeneity (¥ = 61.2%, P = 0.006) (Figure
1). Subgroup analysis was performed by ethnic-
ity, pathological type and HR estimate, and the
main results are shown in Table 2. In the eth-
nicity subgroup, high Bmi-1 expression predict-
ed poor OS in Asians (HR = 1.90, 95% CI 1.48-
2.44, P = 0.000), but not in Caucasians (HR =
0.90, 95% Cl 0.66-1.23, P = 0.519) (Figure 2).
When grouped according to pathological type, a
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Study % mous cell carcinoma (ESCC)
* HRESED - welone patients (HR = 1.82, 95% Cl
Asian 1.43-2.32, P= 0.000), but not
He(2009) — - 1.23 (0.44, 3.39) 6.03 . .
Liu(2010) —— 1.50 (1.02,2.20) 42.54 in esophageal adenocarcino-
Ha(2012) 1.11 (0.35,3.52) 4.78 ma (EAC) patients (HR = 0.89
Lv(2012) ———— 1.85 (1.03, 3.55) 16.43 R ’
Yoshikawa(2012) —_— 3.35(1.77,6.31) 15.62 95% CI 0.65'1.24, P = 0-505)
Zhang(2014) ————————  3.36(1.68,6.73) 13.06 . P .
o201y 14015 561y 193 (Figure 3). In addition, no sig-
Subtotal (I-squared = 32.5%, p = 0.180) <> 1.90 (1.48, 2.44) 100.00 nificant relevance was obs-
Cancastan erved in subgroups of HR re-
Choy1(2012) 0.98 (0.36,2.56) 10.01 i i i
Choy2(2012) — 0.76 (0.48, 1.20) 45.87 ported directly in articles (HR
Honing(2014) —_—— 1.06 (0.66, 1.68) 44.12 = 158, 95% Cl 097-258, pP=
Subtotal (I-squared = 0.0%, p = 0.600) <> 0.90 (0.66, 1.23) 100.00 O 066) and HR estlmated in-
directly by survival curves (HR
5 11 =1.40,95% Cl 0.81-2.43, P =

0.229) (Figure 4).
Figure 2. Forest plots for the relationship between Bmi-1 expression and

overall survival stratified by ethnicity. Bmi-1 expression and DFS in
patients with EC

Study % Four studies including 472
1D HR(95%CI) Weight ) L.
patients were eligible for the
ESCC . H H
He(2009) —_— 1.23 (0.44, 3.39) 5.66 fmal anaIySIS' OUI’ ana|y§|8
Liu(2010) ——— 1.50 (1.02, 2.20) 39.93 suggested that high Bmi-1
Choy1(2012) —_— 0.98 (0.36, 2.56) 6.14 . . Py
Ha(2012) 1.11 (0.35, 3.52) 4.49 expreSS|0n was Slgmﬂcant
Lv(2012) — 1.85 (1.03, 3.55) 15.42 associated with worse DFS
Yoshikawa(2012) —_— 3.35(1.77,6.31) 14.67
Zhang(2014) ————————  3.36(1.68.6.73) 12.26 (HR =1.42,95% Cl 1.06-1.90,
Hwang(2014) > 1.14 (0.15,8.61) 1.44 P = 0.019) WIthOUt heteroge_
Subtotal (I-squared = 33.5%. p = 0.161) <::> 1.82 (1.43, 2.32) 100.00 B
neity (P = 34.7%, P = 0.204)
EAC .
Choy2(2012) —_— 0.76 (0.48, 1.20) 50.97 (Flgure 5)'
Honing(2014) = - - 1.06 (0.66, 1.68) 49.03
Subtotal (I-squared = 0.0%, p = 0.319) <‘:> 0.89 (0.65, 1.24) 100.00 Sensitivity ana[yses and pUb-
lication bias
T T

In order to evaluate the influ-
Figure 3. Forest plots for the relationship between Bmi-1 expression and ~ €nce of single studies on the
overall survival stratified by pathological type. pooled HRs, we performed a
sensitivity analysis by esti-
mating the average HR in the

Study %

o HR (05%CH  weight absence o-f each study. The
results indicated that no indi-

Survival curve . . . .

He(2009) B —— 1.23 (0.44, 3.39) 14.42 vidual studies S|gn|f|cant|y

Choy1(2012) —_— 0.98 (0.36, 2.56) 15.00 inﬂuenced the pooled HRS

Choy2(2012) — 0.76 (0.48, 1.20) 23.95 .

Lv(2012) —_— 1.85 (1.03, 3.55) 21.06 (F|gure 6)-

Zhang(2014) ——— 336(1.68,6.73) 19.70

Hwang(2014) 1.14 (0.15, 8.61) 5.86 : :

Subtotal (I-squared = 64.4%, p = 0.015) - 1.40 (0.81,2.43) 100.00 As shown in Flgure 7, funne_l

. plots demonstrated no evi-

HR reported .

Liu(2010) ——— 1.50 (1.02, 2.20) 32.94 dence of obvious asymmetry

Ha(2012) 1.11(035,3.52) 12.64 in any of the included studies

Yoshikawa(2012) —_— 3.35(1.77.6.31) 24.39 R

Honing(2014) — 1.06 (0.66, 1.68) 30.03 for OS or DFS, and Egger’s

Subtotal (I-squared = 64.8%, p = 0.036) _ — 1.58 (0.97, 2.58) 100.00 test also showed no obvious

NOTE: Weights are from random effects analysis publication bias in the studies

TN for either of the two outcomes
(0S, P = 0.726; DFS, P =
Figure 4. Forest plots for the relationship between Bmi-1 expression and 0.863).
overall survival stratified by HR estimate.
Discussion

significant relationship between Bmi-1 expres- The up-regulation of Bmi-1 expression was
sion and OS was observed in esophageal squa- observed in various types of human cancers,
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Study
ID

Yamada(2011)

Ha(2012)

Yoshikawa(2012)

Honing(2014)

Overall (I-squared = 34.7%, p = 0.204) @

—_—l

HR(95%CI) Weight

1.54 (0.80,2.95) 19.99
0.92(0.31,2.76) 7.08
e 215(1.28,3.63) 3132
1.07 (0.68, 1.68) 41.61

1.42 (1.06, 1.90)  100.00

% operating with Twistl [29,
30]. Many studies have repor-
ted that Bmi-1 was involved
in the development of EC;
however, its prognostic signifi-
cance for EC patients remains
controversial. Therefore, we
conducted this meta-analysis
to determine whether Bmi-1
could be a prognosis factor in
EC.

T s

Figure 5. Forest plots for the relationship between Bmi-1 expression and

disease-free survival.

Meta—analysis estimates, given named study is omitted

The present systematic revi-
ew included 11 studies with
1048 patients to evaluate the
prognostic effect of Bmi-1
overexpression in EC, repre-

| Lower CI Limit Estimate Upper CI Limit Senting the most Comprehen—
He 2009 ’ sive summary of available evi-
Liu2010 dence on this topic so far.
Bmi-1 overexpression was

Choy 2012 |
found to be associated with
Choy 2012 both worse 0S (HR = 1.48,
Ha 2012 | 95% ClI 1.05-2.09, P = 0.026)
and worse DFS (HR = 1.42,
Lvaon ’ 95% CI 1.06-1.90, P = 0.019)
Yoshikawa 2012 in EC. Specifically, Bmi-1 over-
Zhang 2014 expressed patients have a
48% higher risk of death and
Honing 2014 a 42% higher risk of disease
Hwang 2014 recurrence compared with
1.01 1.05 148 2.09 231 those without Bmi-1 overex-

Figure 6. Sensitivity analysis for the pooled HRs in OS. The analysis was con-
ducted by estimating the average HR in the absence of each study. HRs =

hazard ratios; OS = overall survival.

including lung cancer [25], ovarian cancer [26]
and nasopharyngeal carcinoma [27], which
indicates that Bmi-1 might be considered as
one of potential biomarkers for cancer progno-
sis. The human Bmi-1 gene is located at zone
13 of the 10" short arm of the chromosome,
i.e., 10p13, which contains 10 exons and 10
introns. The NK4a/ARF site is the downstream
control site of the Bmi-1 gene. Bmi-1 controls
the self-renewal, proliferation and cell cycle of
cancer stem cells by regulating p16'™43/Rb
and/or pl4*RF/MDM2/p53 tumor suppressor
pathways [5, 28]. In addition, elevated Bmi-1
expression can induce stem-like properties
and epithelial-mesenchymal transition (EMT),
an initiating event of tumor metastasis acts by
repressing the tumor suppressor PTEN or co-
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pression. It may suggest that
detected Bmi-1 expression
could be a prognostic factor in
esophageal cancer.

There are some possible limitations in the pres-
ent meta-analysis. Firstly, the cut-off value of
Bmi-1 expression was not consistent among
included studies, and our conclusion may be
less powerful. The cut-off value may be differ-
ent with the actual value and would influence
the effectiveness of Bmi-1 as a prognostic
marker in esophageal cancer. In future, a large
multicenter study using the same detection
method and cut-off of Bmi-1 expression may be
helpful to obtain more accurate results.
Secondly, only two studies focused on EAC
patients, which made it difficult to draw a firm
conclusion on the prognostic value of Bmi-1 for
EAC patients. Thirdly, HRs extrapolated from
survival curves might be less reliable than
reported directly in articles.
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Figure 7. Funnel plots of the meta-analysis assessing (A) Bmi-1 expression and overall survival (B) Bmi-1 expression

and disease-free survival.

In summary, the present meta-analysis showed
elevated Bmi-1 expression levels to be closely
associated with poor prognosis in EC patients.
More multi-center clinical investigations with
larger sample sizes should be conducted to
confirm these findings.
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