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Abstract. Numerous studies have investigated the prognostic
role of brain and acute leukemia, cytoplasmic (BAALC)
gene expression in adult patients with acute myeloid
leukemia (AML); however, the results are inconclusive. A
meta-analysis was conducted to provide a comprehensive
evaluation of the prognostic role of BAALC gene expression
in AML. Eligible studies were searched through PubMed,
Embase, the Cochrane Library, the China National Knowledge
Infrastructure and the China Biology Medicine Disc.
Correlations between the BAALC gene expression and clini-
copathological features and prognosis were analyzed. A total
of 15 studies were examined. The pooled results suggest that
high BAALC expression had an unfavorable outcome in AML.
The combined hazard ratio (HR) for overall survival (OS)
was 1.53 and the summary HR for the disease-free survival
rate was 1.64. In addition, subgroup analyses considering
cytogenetic and survival analysis were also conducted. High
BAALC gene expression appeared to be an adverse prognostic
indicator in patients with cytogenetically normal AML (HR
for OS, 1.43) and in subgroups of survival analysis with multi-
variate analysis (HR for OS, 2.35). These results indicate that
high BAALC gene expression served as an independent poor
prognostic indicator in adult patients with AML.

Introduction

Acute myeloid leukemia (AML), as a clonal malignant hema-
topoietic disorder in hematopoietic stem cells, is the most
common form of acute leukemia among humans (1). In the
last decade, the risk of AML was classified through distinct
cytogenetic abnormalities; however, 40-50% of patients with
AML had normal cytogenetic characterization, albeit varying
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in terms of prognosis (2). With the development of molecular
biology, aberrant transcription and epigenetic dysfunction have
been proven to be closely associated with the pathogenesis and
progression of hematological malignancies. They are relevant
not only to the pathogenesis of the disease, but are also impor-
tant for predicting the response to therapy and the survival rate.
The abnormal expression of genes and epigenetics is closely
connected with the occurrence and development of AML and
it plays an important role in the pathogenesis and prognosis
of AML, particularly in cytogenetically normal-acute myeloid
leukemia (CN-AML), such as nucleophosmin (NPMI),
Fms-related tyrosine kinase 3 (FLT3) and CCA AT/enhancer
binding protein o mutations (3,4). However, gene mutation is
still not detected in certain patients with AML.

The brain and acute leukemia, cytoplasmic (BAALC),
which maps on chromosome 8 at 8q22.3, was originally
observed in the neuroderm and its expression was reported
as a hematopoietic precursor, such as the early hematopoietic
cells of cluster of differentiation 34* (5). However, no expres-
sion was observed in the peripheral mononuclear cells. The
site and cellular mechanism(s) of the effects of the BAALC
gene are unclear, thereby possibly resulting in differentiation
failure caused by cell shape, motility and adhesion in the asso-
ciation between cells (6). Subsequent research has shown that
the highly expressed BAALC gene is associated with minimal
residual disease, which leads to a low complete remission (CR)
rate and overall survival (OS). BAALC is regarded as a
superior independent prognostic indicator. However, certain
studies have also argued that it is not an effective prognostic
indicator in patients with AML. The present study conducted
a meta-analysis of the existing literature to gain insight into
the correlated characteristics of the BAALC gene expression
in AML and to evaluate its prognostic values.

Materials and methods

Retrieval strategy, and inclusion and exclusion criteria.
A search of the relevant studies in the literature using PubMed,
Embase, the Cochrane Library, the China National Knowledge
Infrastructure and the China Biology Medicine Disc was
conducted with the retrieval time starting from the beginning of
the establishment of each of the databases until September 2013.
The English search terms included ‘AML’, ‘acute myeloid
leukemia’, ‘acute myeloid leukeamia’, ‘BAALC’ and ‘Brain and
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acute myeloid leukemia cytoplasmic.” The search coverage was
restricted to ‘human’ and the language was limited to ‘Chinese
and English’. The Chinese search terms contained ‘BAALC’
and ‘acute myeloid leukemia’. Repetitive literature was removed
by reading the titles and abstracts, and the following inclu-
sion criteria were used: i) Included research objectives were
retrospective and prospective cohort studies of acute leukemia;
ii) only adult patients with AML, including de novo AML,
secondary AML and therapy-related AML, were considered;
iii) association between the BAALC gene expression level and
survival was investigated; iv) prognostic follow-up time was
=2 years; and v) survival information data, including OS and
disease-free survival rate (DFS), were provided. The following
exclusion criteria were used: i) Absence of key information,
such as hazard ratio (HR), and graphs could not be obtained by
other means; and ii) studies only concentrate on pediatric AML
or acute promyelocytic leukemia.

Quality evaluation. Two investigators (S.J. Xiao and
J.Z. Shen) conducted an independent quality analysis of the
included studies. The Newcastle-Ottawa Scale (NOS) evalua-
tion was adopted to grade the included studies with respect to
three dimensions (selection, comparability and exposure) and
they contained four, one and three items, respectively. A star
system was used to semi-quantitatively assess the quality of
the studies. Studies with a grade =7 were rated as high-quality,
those with a grade of 3-6 were rated as intermediate-quality
and those with a grade of <2 were rated as low-quality studies.
A third investigator (J.L. Huang) was involved in the quality
evaluation process when differences occurred in the evalua-
tions that were made by the other two investigators. The studies
that shared the same author or adopted the same sample were
ranked as the studies with the highest score.

Data extraction. The two investigators that evaluated the
studies independently integrated the literature that met the
above-mentioned standards and they reached a consensus
on all the items. For each research study, the author, year
of publication, country, number of cases, age and gender of
patients, the methods of detecting BAALC expression, the
cut-off value, French-American-British (FAB) classification,
survival analysis method (multivariate or univariate) and
survival data, including CR, HRs and 95% confidence inter-
vals (CIs) for OS and DFS, were obtained. When the author
reported univariate and multivariate analyses to obtain HR,
the multivariate analysis results, including other variables, was
preferably considered as it could be more accurate. When the
study did not directly report this information, the investigators
who conducted the studies were contacted to provide the data.
However, if the author did not provide the data, we attempted
to obtain the appropriate data; the P-value was extracted from
the log-rank test to estimate HR and 95% CI. When only
Kaplan-Meier curves were available, the time-to-event data
were extracted from the graphical survival plots. Kaplan-Meier
curves were read by the Engauge Digitizer version 4.1 (free
software downloaded from http://sourceforge.net) and the
method by Tierney et al (7) was used.

Data analysis. Stata 12.0 (StataCorp, College Station, TX,
USA) was used to calculate the pooled survival effects of the
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BAALC gene expression. I* and Q statistics were also used to
test heterogeneity. The statistical heterogeneity of studies was
tested with the x>-based Q-test. In particular, heterogeneity
was indicated to be significant when P<0.10. I? was used for
quantifying the inconsistency. [>=0-25, 25-50, 50-75 and >75%
indicated no heterogeneity, intermediate heterogeneity, high
heterogeneity and extreme heterogeneity, respectively. When
12>25% and the subgroup or sensitivity analysis showed no
evident heterogeneity source, the random effects model was
used for combined analysis. 12<25% indicated no heteroge-
neity; under this circumstance, the fixed effects model was
used for the analysis. In addition, sensitivity analysis and
Begg's test were also performed to assess the stability of the
results and to evaluate the publication bias, respectively.

Results

Search results and characteristics of studies. As shown
in Fig. 1, 362 studies were retrieved from the literature, among
which, 347 studies were removed as they did not conform
to the inclusion criteria. The type of literature that was
excluded consisted of repetitive studies, meetings (without
complete information) and studies that originated from the
same research center. The scores of the remaining studies are
shown in Table I. The major deficiency of the excluded studies
lies in their failure to provide detailed descriptive analysis of
comparability and cohort follow-up. All the included studies
reported the prognostic effect for the BAALC gene expression
in AML and four studies reported DFS and OS (8-23). Twelve
studies provided an introduction to the association between the
BAALC gene expression and CR. The majority of the included
literature adopted the multivariate analysis to analyze the prog-
nostic significance of the BAALC gene expression, which was
conducive in eliminating the confounding bias caused by the
disturbance of the confounding factors. The basic features of the
included studies are shown in Table II. Thirteen studies adopted
the reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) method and two studies used the gene chip method
to analyze the BAALC gene expression. From the perspective of
the cut-off value, 10 studies adopted the median method. The
method to set the cut-off value could not be obtained in two of
the studies. The NOS was used for assessing the quality of all
the studies in the meta-analysis. The NOS results showed that
the median overall score was 8 (range, 3-9), which indicated that
the methodological quality was high.

Meta-analysis results

Association of the BAALC gene expression with the FAB
subtype. The BAALC expression mainly concentrated on the
undifferentiated cells and initial studies suggested that high
BAALC gene expression was associated with the MO/M1/M2
subtype (9,10,15,19,21-23). A meta-analysis was conducted on
the data from the selected studies. The results are shown in
Table III. The results show that BAALC expression tended to
occur in poorly differentiated AML, but it was rarely observed
in well-differentiated AML.

Clinical characteristics of AML patients with BAALC
gene expression. The FLT3-ITD and NPMI mutations,
whose prognoses were recommended by the World Health
Organization (WHO) and European Leukemia Net (24,25),
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Figure 1. Flow chart of the selection process to identify the eligible studies. CBM, China Biology Medicine Disc; CNKI, China National Knowledge Infrastructure.

were subjected to correlation analysis and the results are shown
in Table I'V. The meta-analysis of the included data failed to
identify a correlation between high BAALC expression and
the FLT3-ITD mutation (OR, 1.238, P=0.413); however, high
BAALC expression was associated with the NPM1 mutation
(OR, 0.166, P<0.001). Seven studies also reported white blood
cells (WBC) counts and the percentage of bone marrow at the
time of the diagnosis of AML (8-11,18,21,22). A high level
of the BAALC expression was not associated with the WBC
count and the percentage of bone marrow blasts at the time
of diagnosis of AML. High BAALC gene expression had no
significant correlation with other clinical characteristics, such
as the gender, age, the higher percentage of peripheral blood
blasts and lower platelet count in the included studies.
Prognostic impact of the BAALC gene expression in patients
with AML. Fifteen studies evaluated the association between the
BAALC gene expression and OS for AML and it indicated high
heterogeneity (I°=68%). Therefore, the random effects model
was employed to perform a meta-analysis (Fig. 2). The OS of
patients with the highly expressed BAALC gene was noticeably
lower than that of the patients with low BAALC expression
with an HR of 1.95 (95% CI, 1.55-2.45). The pool of OR was
conducted (Fig. 3) and the results revealed that the highly
expressed BAALC gene in AML has a lower CR rate after the
patient received chemotherapy [OR, 2.28 (95% CI, 1.84-2.84)].
To obtain the source of heterogeneity and the difference in the
survival rates for different groups in the 15 included studies,
subgroup analyses were conducted according to AML cyto-
genetic, the method for detecting the BAALC expression and
survival analysis (multivariate or univariate). As shown in Fig. 4,
the CN-AML subgroup had an HR of 1.93, (95% CI, 1.39-2.69)
with I°=75.1%. In line with the multivariate analysis of the
subgroup, the values for patients with high BAALC expression
were as follows: HR, 2.12, (95% CI, 1.67-2.68) and 1>°=47.4%.
Using a different detection method, the subgroup analysis of
BAALC showed low heterogeneity by RT-qPCR, as evidenced
by the following findings: HR, 2.19 (95% CI, 1.86-2.58) and
1’=19.3%. In addition, among the 15 studies, four studies also
reported the prognostic effect of the BAALC gene expression for
DEFS. Therefore, a meta-analysis was conducted and the results
are shown in Fig. 5. The summary HR for DFS was HR, 2.63
(95% CI, 1.95-3.54) for patients with high BAALC expression
compared to those with low BAALC gene expression.

Sensitivity analysis and publishing bias analysis. Sensitivity
analysis showed that the pooled HRs were similar to the overall

pooled HR when one study was removed and the remaining
studies were analyzed. As shown in Fig. 4, no individual study
had a dominant influence on the overall HR. The included
studies were also subjected to publishing bias analysis by
using the Begg's test. The P-value was 0.921, which indicated
no publication bias.

Discussion

The roles of genetic abnormalities, such as gene mutations and
chromosome abnormalities, in the occurrence, development
and prognosis of AML have been determined. According to the
cytogenetic analysis, such as the FLT3-ITD and NPM1 muta-
tion analysis, CN-AML patients were subjected to prognostic
stratification (26); the prognostic cytogenetic analysis effectively
predicted the different prognoses and formulated corresponding
therapeutic schemes for patients (27). However, the prognostic
value of the BAALC gene expression in AML remains unclear.
The restricted sample size in each of the research studies
included in this evaluation made it difficult to detect the corre-
sponding conclusion. Meta-analysis may identify the indicators
and their significance. Combining the relevant studies increases
statistical power, thereby making it possible to detect the effects
that may be missed by individual studies. Conclusively, the
present meta-analysis indicated a trend of association between
the BAALC gene overexpression and worse prognosis among
the entire cohort of patients with AML. The meta-analysis also
indicated that high expression of the BAALC gene had a low CR
rate [OR, 2.28, (95% CI, 1.84-2.84)], meaning that high expres-
sion of the BAALC gene has a poor effect on inducing release
and it is prone to induce drug resistance. The present study
demonstrated that the worse prognostic impact of the BAALC
gene overexpression was observed in patients with AML, with
a pooled HR of 1.95 for OS (95% CI, 1.55-2.45), particularly in
CN-AML (HR, 1.93; 95% CI, 1.39-2.69). In subgroup analysis
of OS, the results also indicated that high BAALC expression
is significantly associated with unfavorable OS in multivariate
analysis (HR, 2.12; 95% CI, 1.67-2.68). Another meta-analysis
showed that FLT3-ITD mutation can predict an unfavourable
prognosis with a HR of 1.86 (28); the FLT3-ITD mutation was
recommended by the WHO as a prognosis factor in AML. This
result indicates that the BAALC gene in AML could be used as
a prognostic indicator, as well as to evaluate risk stratification.
The high expression of the BAALC gene usually occurs
in acute leukemia, including patients with chronic myeloid
leukemia in blast crisis. A percentage of CN-AML patients
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Table III. Pooled analysis of the association of BAALC expression with specific FAB subtypes of AML.

Random effects model overall effect

Fixed effects model overall effect

FAB Heterogeneity Heterogeneity
subtype OR 95% CI P-value 2, % OR 95% CI P-value 12, %
MO 295 1.29-6.78 0.01 0.0 235 0.96-5.77 0.06 0.0
Ml 2.20 1.58-3.05 <0.01 0.0 222 1.58-3.10 <0.01 00
M2 1.36 1.06-1.77 0.02 59.1 1.38 0.87-2.17 0.19 59.1
M4 0.62 0.45-0.87 0.01 43.6 0.56 0.34-0.95 0.03 43.6
M5 0.27 0.15-0.50 <0.01 47.1 0.32 0.23-0.46 <0.01 47.1
M6 0.85 0.44-1.65 0.63 0.0 0.83 0.40-1.73 0.63 0.0

BAALC, brain and acute leukemia, cytoplasmic; FAB, French-American-British; AML, acute myeloid leukemia; OR, odds ratio; CI, confidence interval.

Table I'V. Pooled analysis of the association of BAALC expression with the FLT3-ITD and NPM1 mutations in AML.

Random effects model overall effect

Fixed effects model overall effect

Mutation Heterogeneity Heterogeneity
status subtype OR 95% CI P-value % OR 95% CI P-value %
FLT3-ITD 1.24 0.98-1.57 041 654 1.24 0.98-1.57 0.08 654
NPM1 0.17 0.12-0.23 <0.01 242 0.17 0.12-0.22 <0.01 242

BAALC, brain and acute leukemia, cytoplasmic; FLT3, Fms-related tyrosine kinase 3; ITD, internal tandem duplication; NPM1, nucleophosmin; AML, acute

myeloid leukemia; OR, odds ratio; CI, confidence interval.

(65.7%) were found to have high expression of the BAALC
gene (23). The highly expressed BAALC had an evidently
lower CR rate in allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) compared to autologous hematopoietic
stem cell transplantation. Even if the compound FLT3-ITD
mutation or another molecular biology marker had received
allo-HSCT, there was no clear difference in the CR rate. Of
note, subsequent to receiving allo-HSCT, patients had a lower
disease reoccurrence rate compared to those that underwent
other types of hematopoietic stem cell transplantation proce-
dures (21). Damm et al (29) established that an integrative
prognostic risk evaluation system for CN-AML by a biological
marker includes the BAALC expression. The result showed
that high-risk patients have a longer OS and DFS if they
received hematopoietic stem cell transplantation from a related
donor compared to patients who received stem cells from a
non-related donor. However, intermediate-risk patients have a
lower OS and relapse-free survival if they received hematopoi-
etic stem cell transplantation from a related donor compared to
patients who received stem cells from a non-related donor (29).
The detection of the molecular biology marker, including the
BAALC gene in AML patients, was significant to guiding the
patient's prognosis and treatment.

The BAALC gene was originally found in the neuroderm.
Subsequent research has showed that it is also expressed
in immature bone marrow stem cell progenitors, but not in
mature cells. The functions of the BAALC gene remain unclear.
The present study also conducted research on the correlation
between the BAALC gene expression and FAB classification
and observed that FAB classification was prone to occur due
to poor differentiation, such as MO/M1/M2, but it was seldom
observed in M4/M5 when the BAALC gene expression was

high. No correlation was observed between the BAALC gene
expression and the number of leukocytes and the percentage of
bone marrow blasts during diagnosis; owing to the lack of avail-
able data, the association was not evaluated by a meta-analysis.
A certain degree of correlation was also observed between
high BAALC expression and the NPM1 mutation but not the
FLT3-ITD mutation, the mechanism of which is unclear, as it
is known that the NPM1 mutation expresses as an independent
favorable prognostic biomarker in AML. The pathogenetic
impact of BAALC expression and its association with different
adverse prognostic indicators in the evolution of leukemia
remains elusive. Xu et al (30) induced the knockout of the
BAALC gene in small hairpin RNA, which resulted in an evident
decrease of cell proliferation and increase of apoptosis, and it
demonstrated the role of the BAALC gene in causing leukemia in
immature acute leukemic cells. Certain studies also highlighted
that the BAALC gene expression blocked the differentiation of
the myeloid cells and induced the occurrence of leukemia when
combined with HOXA9 (31), which promoted the self-renewal
of cells. In addition, the mechanism associated with the BAALC
gene expression is under investigation; certain hypotheses
have been proposed and tested. Franzoni er al (32) proposed
and demonstrated that modification following histone transla-
tion affected the BAALC gene expression. In another study,
Heesch et al (33) identified that an insulin-like growth factor
combined with protein 7 (IGFBP7) was strongly correlated
with the BAALC gene, that IGFBP7 inhibited the proliferation
and transformation of leukemia and that demethylation drugs
enhanced the expression of IGFBP7. The gene sequencing of the
binding domain of the BAALC gene promoter identified a gene
polymorphism (SNP rs62527607), the locus change of which
was conducive to the combination of the RUNXI transcription



886 MOLECULAR AND CLINICAL ONCOLOGY 3: 880-888, 2015

Study k)

o HR (95% CI) Weight
i

Yoon, J. H. (2014) + 1.94 (0.75, 5.03) 3.87
I

Yahya, R. 8. (2013) _— 263(1.16,5.88)  4.72

El-Sharnouby, J. A. (2010) ! —_— 4.22(2.31,6.34) 7.38
Migline, M. (2011) ——o—:— 151 (0.87,261)  6.92
Metzeler, K. H. (2008) —— i 118(1.02,1.39)  10.88
Santamaria, C. (2010) —:v—-— 3.00(1.70,5.20)  6.83
Thel, E. (2011) —4|— 193 (1.26,2.98)  8.17
Damiani, D. (2013) _ 1.81(1.12,291) 766
Langer, C. (2008) _.1:_ 184(1.04,328) 668
Baldus, C. D. (2006) —1|— 190 (1.30,2.90)  8.49
Bou Samra, E (2012) DU 1.10 (0.48,250)  4.63

Liu, B.S. (2011)

Brand, J. (2013) E

Weber, S.(2014)
Bienz, M (2005)
Overall (l-squared = 68.0%, p = 0.000)

MOTE: Weights are from random-effects analysis

1.84 (0.98, 3.44) 6.18
1.42(0.93, 2.15) 8.29
2.30(1.01, 5.23) 4.65

1.95 (1.55, 2.45) 100.00

————
i
]
—————+————— 386(1.70,873)  4.68
]
]
]
L

T
0.5

Figure 2. Forest plot showing the meta-analysis of hazard ratio (HR) and 95% confidence interval (CI) estimates for overall survival rate in patients.
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Figure 3. Forest plot showing the meta-analysis of odds ratio (OR) and

factor and the continuous expression of the BAALC gene (34).
As further studies will be conducted to investigate the relevant
mechanism of the BAALC gene, the detection of BAALC
may facilitate the risk evaluation of AML patients and enable
targeted therapy of the corresponding genes.

In the present study, the meta-analysis showed an evident
heterogeneity (I>=68%); the subgroup analysis of the included
studies also suggested that the BAALC expression analysis
based on the gene chip had the greatest influence on heteroge-
neity, among which the research results of Metzeler et al (20)
had the largest weight. However, that study was not regarded
to be among the low-quality studies, as determined by the
NOS scale, which was used to evaluate the studies. The other
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95% confidence interval (CI) estimates for complete remission in patients.

studies included mainly used the RT-qPCR method to detect
the BAALC gene expression. The different types of method-
ologies used in the included studies are believed to be the
major source of the heterogeneity. In addition, in the study
of Metzeler et al (20) the meta-analysis used suggested that
BAALC high expression was correlated with MNI gene expres-
sion; however, that finding was not subjected to multivariate
prognostic analysis. The majority of the included studies were
subjected to multivariate analysis, which is regarded as one of
the sources of heterogeneity. Further analysis is required to
determine the cause(s) of the evident heterogeneity.

The meta-analysis adopted in the present study has certain
limitations. The majority of the included studies only adopted
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Figure 4. Forest plots of pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for overall survival (OS) for the prognostic significance of brain and
acute leukemia, cytoplasmic (BAALC) expression in defined subgroups of patients with AML. (A) Cytogenetic subgroup; (B) BAALC gene cut-off subgroup;
and (C) BAALC detection method subgroup. CN-AML, cytogenetically normal-acute myeloid leukemia; RT-qPCR, reverse transcription-quantitative poly-
merase chain reaction.
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Figure 5. Forest plot showing the meta-analysis of hazard ratio (HR) and 95% confidence interval (CI) estimates for disease-free survival rate in patients.

the retrospective study method rather than the prospective.
In addition, the included studies adopted different methods
to detect BAALC gene expression with a non-unified cut-off

value. As the median was mostly adopted by the included
studies, the findings of the different research studies saliently
differed from each other in terms of the cut-off value, thus
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having a substantial bearing on the heterogeneity of the studies.
Of note, the differences in the cut-off value would also impact
the results. In view of the fact that a small number of studies
used a set cut-off value to analysis the prognosis, subgroup
analysis was not conducted.

In conclusion, the meta-analysis results in the present study
showed that high expression of the BAALC gene served as an
independent poor prognostic indicator in AML. Thus, it could
be applied to the clinical prognostic evaluation and guide the
treatment of patients with AML. Identification of a more effec-
tive prognostic indicator and risk evaluation system could be
used for the risk evaluation rating of AML and the formulation
of risk-adapted therapeutic strategies for patients.
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