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Abstract: Several studies investigated the bcl-2 in prognosis of osteosarcoma, but no consistent conclusions were
achieved. This meta-analysis was conducted to determine the prognostic role of bcl-2 in osteosarcoma. Databases
including Pubmed, Embase, Cochrane library, Google scholar, Wanfang and CNKI were searched systematically up
to March 1, 2014. Cohort studies assessing the prognostic role of bcl-2 expression in patients with osteosarcoma
were included. Pooled odds ratio (OR) with 95% confidence intervals (95% Cl) was adopted. Sensitivity analysis was
also performed. Five studies with a total of 202 patients were included in final analysis. Compared with positive
bcl-2 expression, negative bcl-2 expression was associated with better 3-year overall survival (OR=0.21, 95% CI
0.07-0.65, P=0.007). No significant difference was achieved with respect to 5-year overall survival (OR=0.76, 95%
Cl 0.42-1.38, P=0.264) and diseases-free survival (OR=1.20, 95% Cl 0.47-3.06, P=0.709). Sensitivity analysis in-
dicates the conclusion was stable. This meta-analysis suggests that the bcl-2 expression may be independent with
the prognosis for patients with osteosarcoma. Nevertheless, additional well-designed studies with larger sample
size are needed to further confirm the results.
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Introduction coma [8-12], but the conclusion are still are
controversial. Some studies suggested that
positive expression of bcl-2 may be a potential
biomarker for predicting the poor prognosis [8,
9, 11], while other researches demonstrated
that bcl-2 is not a reliable prognostic marker
[10, 12]. Therefore, we performed a meta-anal-
ysis on the published studies to evaluate the

prognostic role of bcl-2 in osteosarcoma.

Osteosarcoma is the most common primary
bone malignancy in children and adolescents
[1]. Since the 1980’s, the regimen consists of a
multi-drug chemotherapy followed by limb-
sparing surgery has been recommended for the
treatment of osteosarcoma [2], which leads to
significant improvement for patients survival
[2]. However, the 5-year survival rates are 70%
for patients with non-metastatic osteosarcoma
[3], and only 20%-30% for patients with meta-
static osteosarcoma [4]. Therefore, Iden-
tification of prognostic factors effective on

Materials and methods

Search strategy

treatments selection for patients with osteo-
sarcoma will be vital. Bcl-2 is a main member of
bcl-2 family and it is also suggested to play an
important role in anti-apoptosis [5]. It promotes
cell survival and is considered as an oncogene
for most cancers [5]. However, previous studies
have suggested that positive bcl-2 is associat-
ed with better prognosis in lung cancer [6] and
breast cancer [7]. Although there are several
studies on bcl-2 in the prognosis of osteosar-

We systematically searched databases (Pub-
med, Embase, Cochrane library, Google schol-
ar, Wanfang Data and CNKI) from their estab-
lishmentto March 1, 2014 for cohort studies on
the prognosis role of bcl-2 in patients with
osteosarcoma. For English database search,
terms used were “osteosarcoma” or “bone sar-
coma” or “osteogenic sarcoma” or “osteogenic
sarcoma” and “bcl-2” or “B-cell leukemia -2” or
“B-cell lymphoma-2”. For Chinese database
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Figure 1. Flow diagram of
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excluding one study a time. AP
value less than 0.05 was con-
sidered statistically significant.

Results

Study characteristics

As showed in Figure 1, a total of
245 studies were retrieved
from the database search and
reference list check and only
15 articles remained by titles
and abstracts screening. After
full-text evaluation, 5 studies

l

Studies included in meta-
analysis
(n=5)

search, terms were translated into correspond-
ing Chinese. Reference lists of relevant studies
were also checked for eligible studies.

Eligibility criteria

The eligibility criteria in this meta-analysis were
the following: (1) patients diagnosed with osteo-
sarcoma pathologically; (2) different bcl-2
expression levels (negative and positive) were
reported; (3) outcomes including overall surviv-
al rate (0S) and disease-free survival rate (DFS)
were reported.

Data extraction

Two authors extracted the data independently.
The general information (first author, published
year, location, sample size, average age, male/
female ratio, detection method) and outcomes
(overall survival rate and disease-free survival
rate) were extracted.

Statistical analysis

Statistical analysis was performed with Stata
12.0 (StataCorp LP, College Station, TX, USA).
Odds ratio (OR) with 95% confidence intervals
(95% CIl) was used to assess the prognostic
role of bcl-2 in osteosarcoma. Statistical het-
erogeneity was estimated with I? value. Namely,
when 12<25%, heterogeneity could be neglect-
ed and the fixed-effects model was used.
Otherwise the randomized-effects model was
used. Sensitivity analysis was performed to
evaluate the stability of pooled estimation by
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[8-12] met the eligibility criteria
and were included in final analy-
sis. Four studies were pub-
lished in English [8-11] and one
in Chinese [12]. All included
studies [8-12] were retrospec-
tive cohort studies with a total of 202 patients.
The general characteristics of included studies
were showed in Table 1. Two studies provided
data on 3-year overall survival rate [10, 12].
Four studies provided data on 5-year overall
survival rate [8, 9, 11, 12]. Disease-free sur-
vival rate was reported in two studies [8, 9].
Among the 202 patients, 84 (41.6%) patients
had positive bcl-2 expression, while the remain-
ing 118 (58.4%) patients had negative bcl-2
expression.

Positive bcl-2 expression and 3-year OS in os-
teosarcoma

Three-year OS was reported in two studies [10,
12]. Between-study heterogeneity was negligi-
ble (P=18%), and the fixed-effects model was
used to pool the estimations. The results indi-
cated that patients with positive bcl-2 expres-
sion had lower 3-year OS (OR=0.21, 95% CI
0.07-0.65, P=0.007, Figure 2A). Sensitivity
analysis suggested patients with positive bcl-2
expression presented a tendency of worse
3-year 0S, though it did not achieve statistically
significance (Figure 2B).

Positive bcl-2 expression and 5-year OS in
osteosarcoma

Five-year OS was reported in four studies [8, 9,
11, 12]. Between-study heterogeneity existed
and was negligible (°=24.6%), and the fixed-
effects model was used to pool the results. The
pooled estimations suggested that no differ-
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Table 1. General characteristics of included studies

Included study Country Cases (M/F)? Age (years) Detection method Outcomes
Kaseta 2008 Greece 35(19/16) 30 (14-67) IHC 5-year DFS, 5-year OS
Nedelcu 2008 Austria 29 (19/10) 22 (9-57) IHC 5-year DFS, 5-year OS
Wu 2012 China 56 (36/20) 13-37 IHC 3-year 0S
Feng 2013 China 36 (17/19) 4-12 IHC 3-year OS, 5-year 0OS
Trieb 2013 Austria 49 (28/21) 22 (9-53) IHC 5-year OS

aThe number of males or females; IHC: Immunohistochemistry; DFS

Study

Wu 2012

Feng 2013

: disease free survival; OS: overall survival.
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Overall (l-squared = 18.0%, p = 0.270)
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Figure 2. The association between posi-
tive bcl-2 expression and 3 year overall
survival in patients with osteosarcoma.
A. Forest plot. B. Sensitive analysis.
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Study
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Figure 3. Forest plot (A) and sensitive
analysis (B) of the association be-
tween positive bcl-2 expression and
5-year OS in osteosarcoma.

0.37 0.59 1.13

ence was detected between the positive and
negative bcl-2 expression with respect to 5-year
0S (OR=0.76, 95% ClI 0.42-1.38, P=0.264,
Figure 3A). The results of sensitivity analysis
were in accordance with the pooled results
(Figure 3B).

Positive bcl-2 expression and DFS in osteosar-
coma

DFS was reported in two studies [8, 9]. There
was also no between-study heterogeneity
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1
2.15 3.81

(P=0%), and the fixed-effects model was used
to pool the results. No difference was detected
between the positive and negative bcl-2 expres-
sion with respect to DFS (OR=1.20, 95% CI
0.47-3.06, P=0.709, Figure 4A). The results of
sensitivity analysis were in accordance with the
pooled results (Figure 4B).

Discussion

The prognostic role of bcl-2 in patients with
osteosarcoma was controversial. Our meta-
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Figure 4. Forest plot (A) and sensitive
analysis (B) of the association be-
tween positive bcl-2 expression and
Nedelcu 2008 | © DFS in osteosarcoma.
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analysis revealed that positive bcl-2 expression
predicted poor 3-year OS in patients with osteo-
sarcoma. However, bcl-2 expression in patients
with osteosarcoma was independent with
5-year OS and DFS.

Bcl-2 is an important member in bcl-2 family
and it has a variety effects in cancer [13].
Accumulated evidence shows that bcl-2 inhibits
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apoptosis and promotes cell survival [5]. It is
overexpressed in many cancers and contrib-
utes to tumorigenesis, progression and resis-
tance to therapy [5]. Down-regulated bcl-2
expression enhances sensitivity to anticancer
drugs and improves in vivo survival [14].
However, a meta-analysis on bcl-2 and lung
cancer demonstrated that bcl-2 expression
was associated with better prognosis in non-

Int J Clin Exp Med 2015;8(6):9093-9099



Bcl-2 expression is not associated with osteosarcoma

small cell lung cancer [6]. The similar associa-
tion was also observed in breast cancer [7] and
distal colorectal adenocarcinomas [15]. An
immunohistochemical study demonstrated the
bcl-2 expression was moderate-to-strong in
81% patients with osteosarcoma [16]. The
results of our meta-analysis suggested that
bcl-2 expression may not be correlated with the
prognosis of osteosarcoma, although pooled
estimation exhibited that patient with bcl-2
positive expression had lower 3-year OS in
osteosarcoma.

Our findings showed that patient with positive
bcl-2 expression predicted poor 3-year OS in
osteosarcoma, while no difference was detect-
ed with respect to 5-year OS and DFS. Here are
several explanations: First, only five studies
which carried out in different regions met the
included criteria for our meta-analysis. Among
them, two were conducted in China, two in
Austria and one in Greece. Bcl-2 expression in
different human population may be not exactly
the same, and the role of the same molecule in
different populations may be various. The
results of 3-year OS were based on two studies
from China, while the rest was not. Moreover,
the small number of included studies and sam-
ple size might also contribute to the
inconsistency.

The current meta-analysis was based on an
aggregation of data from published studies.
There were some limitations that we should
take into consideration. First, the number of
both included studies and patients were rela-
tively small, which might lead to false negative.
Namely, bcl-2 expression might do have a role
in prognosis of patients with osteosarcoma.
Our small sample size might mast such effects.
Thus, large sample size, more well-designed,
prospective studies were needed to confirm the
role of bcl-2. Second, due to limited included
studies, we are unable to perform the subgroup
analysis and publication bias. Furthermore,
various molecules functioned as a network
both intracellularly and extracellularly [17]. Bcl-
2 family not only consists of many anti-apopto-
sis molecules (bcl-2, bel-xl), also haslots of pro-
apoptosis molecules (bax, bak) and both play a
crucial role in apoptosis [5]. Therefore, the
importance of single expression abnormality of
bcl-2 might be limited. A combined analysis of
all these factors may be more meaningful.
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In conclusion, there is a lack of evidence that
bcl-2 expression is associated with prognosis
of osteosarcoma. Although the sensitivity anal-
ysis showed that the estimations in our meta-
analysis were stable, the conclusion still needs
support from more well-designed and prospec-
tive study.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hua Wu, Depart-
ment of Orthopedics, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and
Technology, Wuhan 430030, China. E-mail:
wuhua360@aliyun.com

References

[1] Ottaviani G, Jaffe N. The epidemiology of os-
teosarcoma. Cancer Treat Res 2009; 152:
3-13.

[2] Kong C, Hansen MF. Biomarkers in osteosar-
coma. Expert Opin Med Diagn 2009; 3: 13-23.

[3] Marina N, Gebhardt M, Teot L, Gorlick R.
Biology and therapeutic advances for pediatric
osteosarcoma. Oncologist 2004; 9: 422-441.

[4] Daw NC, Billups CA, Rodriguez-Galindo C,
McCarville MB, Rao BN, Cain AM. Metastatic
osteosarcoma. Cancer 2006; 106: 403-412.

[5] Adams JM, Cory S. The bcl-2 protein family: ar-
biters of cell survival. Science 1998; 281:
1322-1326.

[6] Martin B, Paesmans M, Berghmans T, Branle F,
Ghisdal L, Mascaux C. Role of bcl-2 as a prog-
nostic factor for survival in lung cancer: a sys-
tematic review of the literature with meta-anal-
ysis. Br J Cancer 200; 89: 55-64.

[7] Callagy GM, Webber MJ, Pharoah PD, Caldas
C. Meta-analysis confirms bcl2 is an indepen-
dent prognostic marker in breast cancer. BMC
Cancer 2008; 8: 153.

[8] Nedelcu T, Kubista B, Koller A, Sulzbacher I,
Mosberger |, Arrich F. Livin and bcl-2 expres-
sion in high-grade osteosarcoma. J Cancer Res
Clin Oncol 2008; 134: 237-244.

[9] Kaseta MK, Khaldi L, Gomatos IP, Tzagarakis
GP, Alevizos L, Leandros E. Prognostic value of
bax, bcl-2, and p53 staining in primary osteo-
sarcoma. J Surg Oncol 2008; 97: 259-266.

[10] Wu X, Cai ZD, Lou LM, Zhu YB. Expressions of
p53, c-myc, bcl-2 and apoptotic index in hu-
man osteosarcoma and their correlations with
prognosis of patients. Cancer Epidemiol 2012;
36:212-216.

[11] Trieb K, Sulzbacher |, Kubista B. Bcl-2 corre-
lates with localization but not outcome in hu-

Int J Clin Exp Med 2015;8(6):9093-9099


mailto:wuhua360@aliyun.com

[12]

[13]

(14]

Bcl-2 expression is not associated with osteosarcoma

man osteosarcoma. Oncol Lett 2013; 6: 559-
661.

Feng Z. Bcl-2 expression and apoptosis in pedi-
atric osteosarcoma: correlation and clinical
significance. J Community med 2013; 11: 26-
30.

Kroemer G. The proto-oncogene bcl-2 and its
role in regulating apoptosis. Nat Med 1997; 3:
614-620.

Oltersdorf T, Elmore SW, Shoemaker AR,
Armstrong RC, Augeri DJ, Belli BA. An inhibitor
of bcl-2 family proteins induces regression of
solid tumours. Nature 2005; 435: 677-681.

9099

(15]

(16]

[17]

Manne U, Weiss HL, Grizzle WE. Bcl-2 expres-
sion is associated with improved prognosis in
patients with distal colorectal adenocarcino-
mas. Int J Cancer 2000; 89: 423-430.

Posl M, Amling M, Werner M, Basler |, Salzer-
Kuntschik M, Winkler K. [osteosarcoma--apop-
tosis and proliferation. Study of bcl-2 expres-
sion]. Pathologe 1994; 15: 337-344.

Barabasi AL, Oltvai ZN. Network biology: under-
standing the cell’s functional organization. Nat
Rev Genet 2004; 5: 101-113.

Int J Clin Exp Med 2015;8(6):9093-9099



