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Abstract. A number of studies have provided estimates of the
correlation between B-cell lymphoma 2 (Bcl-2) expression
and its clinical significance in acute leukemia (AL); however,
the results have been heterogeneous. In order to clarify the
prognostic significance of Bcl-2 status in patients with AL,
a systematic review and meta-analysis of 5 published studies
including a total of 665 subjects was performed. The reported
frequency of Bcl-2 expression was 0-99.00%. Bcl-2-positive
patients had a higher median white blood cell count compared
to Bcl-2-negative patients. Additionally, Bcl-2-negative
patients had >2-fold higher odds of achieving complete remis-
sion (CR) compared to Bcl-2-positive patients. The summary
hazard ratio of Bcl-2 negativity/positivity for CR was 0.62
[95% confidence interval: 0.53-0.81, P<0.001]. Although this
meta-analysis was based on data abstracted from observa-
tional studies, our results may justify the use of risk-adapted
therapeutic strategies for AL according to the Bcl-2 expression
status.

Introduction

Acute leukemia (AL) is a heterogeneous group of disorders that
result from clonal transformation of hematopoietic precursors
through the acquisition of chromosomal rearrangements and
multiple gene mutations (1). It was reported that AL accounts
for ~ 20,000 cancer diagnoses and 10,000 deaths annually in
the United States (2). However, the pathogenesis of the majority
of AL cases remains unknown. Cytogenetic aberrations
and molecular genetic alterations are currently considered
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to be the most significant prognostic factors in determining
the response to chemotherapy and survival outcome (3,4).
The analysis and characterization of the genes and proteins
involved in leukemia development at the molecular level may
enhance our knowledge of potential prognostic factors. These
factors may be roughly divided into tumor suppressor genes,
proto-oncogenes and markers of metastatic propensity and
proliferation (5).

The B-cell lymphoma 2 (Bcl-2) protein is located in the
mitochondrial and nuclear membranes and the endoplasmic
reticulum (6,7). It was demonstrated that Bcl-2 is able to prevent
multi-factor-mediated apoptosis and its expression status may
determine cell survival and death. The Bcl-2 protein has been
identified in a number of tumor cells, including lymphoma (8),
breast cancer (9), prostate cancer (10) and neuroblastoma
cells (11) and the Bcl-2 expression status in AL has been a
focus of investigation. However, results regarding the asso-
ciation between Bcl-2 expression and its clinical significance
in AL are heterogeneous. Therefore, the aim of the present
systematic review and meta-analysis was to assess the prog-
nostic value of Bcl-2 expression in patients with AL.

Materials and methods

Publication selection. Studies eligible for inclusion in this
meta-analysis met the following criteria: i) published up
to December, 2012 as original articles written in English;
ii) included only AL patients; iii) measured Bcl-2 expres-
sion (protein, DNA or RNA); and iv) provided survival data
according to Bcl-2 status, including complete remission (CR),
disease-free survival and/or overall survival. Studies were
excluded if they focused exclusively on acute promyelocytic
leukemia. Multiple reports of a single study were considered as
one publication and only the most recent article was included.

Methodological assessment. A computerized literature search
of PubMed, Medline and EMBASE databases was conducted
using the terms ‘acute leukemia’Bcl-2’ and ‘survival’. The
publication period was limited to before December, 2012
and the language was limited to English. The initial search
yielded a total of 53 publications. After reviewing the titles and
abstracts of these publications, 37 were excluded, leaving 16 as
candidate articles. Of these, 11 full-text articles were excluded
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Table I. Studies included in the meta-analysis.

Bcl-2
No.of  expression
Authors Country  subjects (%) Refs.
Zhao et al China 41 5.5-524 (18)
Campos et al France 82 0-95.0 (19)
Karakas et al Germany 156 0-95.0 (20)
Uckun et al USA 338 0-61.2 21
Maung et al UK 48 1.0-99.0 (22)

due to lack of survival data. A total of 5 studies met the eligi-
bility criteria and were finally included in this meta-analysis
(Table I). The process of study selection is shown in Fig. 1.

To avoid bias in the data abstraction process, two co-authors
(Mei Zhang and Pengcheng He) independently examined the
data from the articles and subsequently compared the results.
All the data were assessed for internal consistency and
disagreements were resolved through discussion. The charac-
teristics abstracted from the articles included last name of first
author, year of publication, location of the study, number of
subjects, mean or median values of white blood cell (WBC)
count, incidence of Bcl-2 expression, outcome, including
hematological CR rate, hazard ratio (HR) and 95% confidence
interval (CI) for CR according to the Bcl-2 status, based on
multivariate analysis. When the data required for the analysis
could not be abstracted, attempts were made to contact the
investigators who conducted the studies.

The quality of evidence and the strength of recommendations
were evaluated by GRADEprofiler software, version 3.2 (http://
ims.cochrane.org) (12). Any discrepancies in quality assess-
ments were resolved by consensus amongst authors. The overall
quality of the evidence was graded as moderate.

Quantitative data synthesis. The HR was used to assess
the effect of Bcl-2-negative status compared to that of
Bcl-2-positive status on AL patient survival. The natural loga-
rithm of a crude HR and its variance within the study was
calculated using the abstracted survival probabilities at each
time point with the methods proposed by Parmar et al (13) as
previously described (14). The HR was calculated to compare
the probability of survival failure between Bcl-2-negative
and Bcl-2-positive patients; an HR of <1 indicated that the
Bcl-2-negative status yielded a higher survival rate compared
to the Bcl-2-positive status.

A DerSimonian-Laird random method was used to calcu-
late summary HRs and their 95% CIs. Begg's funnel plots (15)
and Egger's test (16) were used to detect possible publication
bias. The between-study variation (v?) from the Q statistic (17)
was also calculated.

Statistical analysis. All the statistical analyses were conducted
with Stata 12 software (StataCorp, College Station, TX, USA).
P<0.05 was considered to indicate a statistically significant
difference for a summary HR. To avoid false-negative
results due to the small number of studies entered in the
regression analysis, P<0.15 was defined as significant for a
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Figure 1. Flow diagram of the study selection process.

meta-regression test. No adjustment of multiple comparisons
was performed due to the lack of statistical power of the study
and the existence of an a priori hypothesis.

Results

Study selection and characteristics. A total of 5 studies,
including a total of 665 subjects (235 with positive and
433 with negative Bcl-2 expression) were finally included
in our meta-analysis (Table I). The studies originated from
China (18), France (19), Germany (20), the United States (21)
and the United Kingdom (22). Immunohistochemical analysis,
flow cytometry or reverse transcription-polymerase chain
reaction were used in all the trials to detect the expression of
Bcl-2 protein or mRNA. The frequency of Bcl-2 expression
in AL patients varied between 0 and 99.00%. There was no
graphical or statistical evidence of publication bias for either
the WBC count or CR.

Association between Bcl-2 status and WBC count. The
results of the median WBC count according to Bcl-2
expression status in the different studies are summarized in
Table II. In total, 461 of the 665 subjects (69.32%) revealed
that the positive Bcl-2 expression status was associated with
a higher median WBC count compared to the negative Bcl-2
expression status (three studies were considered evaluable for
meta-analysis).

Survival analysis. The results of the survival analysis are
presented in Table III. In total, 327 of the 665 subjects
(49.17%) indicated that positive Bcl-2 expression was a poor
prognostic factor for survival (all 5 studies were evaluable for
meta-analysis) and 338 subjects (50.83%) indicated that Bcl-2
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Table II. Median WBC count according to Bcl-2 status.
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Bcl-2 No.of Median WBC
Authors status subjects  count (10%1)  Refs.
Zhao et al Positive 14 50.24+31.09*  (18)
Negative 27 17.45+5.95
Campos et al  Positive 28 105.28+28.46* (19)
Negative 54 44.85+6.30
Uckun et al Positive 93 73.44+20.69* (21)
Negative 245 20.38+8.16

*Statistically significant difference (P<0.05). Bcl-2, B-cell lym-
phoma 2; WBC, white blood cell.

Table III. Complete remission according to Bcl-2 status.

Complete
Bcl-2 No. of remission
Authors status subjects (%) Refs.
Zhao et al Positive 14 0* (18)
Negative 27 85.71
Campos et al Positive 28 28.57* (19)
Negative 54 85.19
Karakas et al Positive 61 33.01* (20)
Negative 95 67.43
Uckun et al Positive 93 67.60 2101
Negative 245 70.50
Maung et al Positive 39 46.51* 22)
Negative 9 77.78

Statistically significant difference (P<0.05). Bcl-2, B-cell lym-
phoma 2.

expression was not a prognostic factor for survival (all 5 studies
were evaluable for meta-analysis). The summary HR of Bcl-2
negativity/positivity for CR was 0.62 (95% CI: 0.53-0.81,
P<0.001). The test for heterogeneity, which evaluates the
variation in study outcomes among studies in a meta-analysis,
revealed no significant heterogeneity among the studies
included in the CR analysis (Q=4.06, df=3, P=0.36, 1*=24)
(Figs. 2 and 3).

Furthermore, we conducted a sensitivity test during this
meta-analysis. The exclusion of any single study did not affect
the overall results in any way.

Discussion

The prognostic significance of Bcl-2 expression in patients
with AL was previously investigated, with some results
suggesting a positive prognostic effect of Bcl-2 (23) and others
reporting no differences in clinical outcome between patients
with and those without Bcl-2 expression (21). The aim of the
present systematic review and meta-analysis was to elucidate
the prognostic significance of the Bcl-2 status in patients with
AL. A meta-analysis is a statistical method used for integrating
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Figure 2. Forest plots of the hazard ratio (HR) for complete remission. The
size of the blocks or diamonds reflects the weight for the random-effects
model in the meta-analysis. HR <I indicates that the negative expression
of Bcl-2 was associated with a better prognosis. Bcl-2, B-cell lymphoma 2;
WBC, white blood cell.
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Figure 3. Funnel plot of the hazard ratio for complete remission. SE (MD),
standard error of the mean difference.

results from independent studies for a specified outcome.
Combining relevant studies increases the statistical power
and enables the detection of effects that may be overlooked
by individual studies (24). The present meta-analysis reported
that the frequency of Bcl-2 expression was 0-99.00% in the
5 selected studies. Bcl-2-positive patients had a higher median
WBC count compared to Bcl-2-negative patients. Additionally,
Bcl-2-negative patients had >2-fold higher odds of achieving
CR compared to Bcl-2-positive patients. The summary HR of
Bcl-2 negativity/positivity for CR was 0.62 (95% CI: 0.53-0.81,
P<0.001).

There were several limitations to our study. First, the
analyses were based on observational rather than prospec-
tive controlled studies or randomized trials. Second, we used
abstracted data, whereas an individual patient data-based
meta-analysis may have provided a more robust estimate of
the association. Therefore, our results should be interpreted
with caution by clinical physicians. In addition, as is often the
case with meta-analyses, the significant effect of heterogeneity
requires consideration. Although gender and age at the time of
diagnosis were not identified as sources of heterogeneity, we
cannot exclude the potential effects of other factors, such as
differences in treatment and distinct cytogenetic categories,
which were not investigated in our analysis. Finally, publication
bias, although not directly detected, may have also affected the
accuracy of our results (17,25).
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Despite the abovementioned limitations, our meta-analysis
demonstrated that Bcl-2 expression exerts a poor effect on
the survival outcome of AL patients. Our findings suggest
that it may be beneficial to distinguish Bcl-2-negative from
Bcl-2-positive AL and justify the use of risk-adapted thera-
peutic strategies for AL based on the Bcl-2 expression status.

Further prospective studies should include a large number
of patients in order to reach more definitive conclusions. In
addition to the presence or absence of Bcl-2 expression, several
factors associated with Bcl-2 were suggested as being of
prognostic value, including the expression levels of CD34 tran-
scripts and the expression status of other Bcl family members.
These factors require further investigation in order to achieve
a more accurate estimation of the prognosis of AL.
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