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Abstract. As a cancer stem cell marker associated with
tumorigenesis, aldehyde dehydrogenase 1 (ALDHI) has
recently been identified in gliomas. However, an insufficient
number of clinical studies have been published to demonstrate
its prognostic significance in glioma. In the present study, a
systematic meta-analysis was performed to comprehensively
evaluate the correlation of ALDHI with age, sex, the World
Health Organization (WHO) grade, and overall survival (OS)
in patients with glioma. A search of relevant publications was
conducted to select eligible studies on this subject, and the
pooled hazard ratios (HRs) and related risks (RRs) with 95%
confidence intervals (95% ClIs) were assessed. Publication
bias was also evaluated using Begg's funnel plots. A total of
6 articles were identified that included a total of 1,057 patients.
OS analysis revealed that a high expression of ALDHI1 was
significantly associated with poor 5-year OS (n=6; HR, 2.10;
95% CI, 1.13-3.91; P<0.0001), and a high WHO grade (III+1V;
n=4; RR, 2.28; 95% ClI, 1.31-3.99; P=0.001). In conclusion, a
high expression of ALDHI is associated with a high WHO
grade of gliomas and a worse prognosis in patients with
glioma. Further, well-designed clinical studies are required to
confirm its role in the process of selecting a suitable thera-
peutic approach in glioma.

Introduction

As a heterogeneous disease, glioma is one of the most common
types of human brain cancer, exhibiting malignant aggressive-
ness and poor survival (1). Despite multimodal aggressive
treatment, comprising surgery and radiation with chemothera-
peutics, there has been no marked improvement in the median
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survival time of patients with World Health Organization
(WHO) high-grade (ITI+I'V) glioma following diagnosis, which
mainly ranges from 12 to 5 months (2). Histopathologically,
glioma is a heterogeneous disease, divided into four grades
and different types according to WHO, i.e., astrocytomas,
glioblastoma multiforme (GBM), medulloblastoma, and epen-
dymocytoma (3). As a life-threatening disease, the underlying
molecular mechanism of glioma has yet to be comprehensively
elucidated, and merits further investigation.

The recent discovery of a small subpopulation of cancer
cells termed ‘cancer stem cells’ (CSCs) has provided a novel
conceptual paradigm of how cancers initialize, progress,
and metastasize due to their abilities of chemoresistance,
DNA repair, resistance to enter apoptosis, and formation of
the tumor bulk (4,5). In brain tumors, different types of stem
cell markers may be used to identify CSCs, including CD133,
Sox2, and CD44 (6,7), which are positively associated with
pathological grade, and negatively associated with overall
survival (OS) and progression-free survival (PFS) in patients
with glioma (8,9).

Aldehyde dehydrogenase (ALDH) is a large enzyme
superfamily that comprises 19 different members (10). As a
detoxifying enzyme, ALDHI is able to oxidize retinol to reti-
noic acid in the early stages of stem cell differentiation, and
it has therefore been claimed to be a novel hallmark of CSCs
in a variety of malignancies (11,12). High levels of ALDHI1
expression are positively correlated with clonogenic capacity
in GBM (13), medulloblastoma (14), and glioblastoma (15)
cell lines. However, the number of clinical studies remains
insufficient to enable its prognostic significance in glioma to
be determined.

In the present study, a systematic meta-analysis of
published eligible studies was performed to assess the correla-
tion of ALDHI expression with its prognostic significance in
patients with glioma. This analysis may aid the identification
of a novel biomarker that could enable the development of a
novel therapeutic strategy for treating this challenging disease.

Data collection methods
Publication search. An assessment of the relevant publica-

tions was performed without any limitations of origin or
language in the following databases: PubMed, Web of Science,


https://www.spandidos-publications.com/10.3892/mco.2017.1396
https://www.spandidos-publications.com/10.3892/mco.2017.1396

886

MEDLINE, Google Scholar, Wanfang, Embase and CNKI,
for publications up to October 2015. Various combinations of
keywords as search terms were used, as follows: (‘Aldehyde
dehydrogenase 1’ OR ‘ALDH1’) AND (‘gliomas’ OR ‘glioma’
OR ‘astrocytomas’ OR ‘glioblastoma multiforme’ OR
‘GBM’ OR ‘medulloblastoma’ OR ‘ependymocytoma’) AND
(‘expression’ OR ‘prognosis’ OR ‘prognostic’ OR ‘outcome’
OR ‘survival’). Potentially applicable reports, relevant reviews,
and supplied additional data were investigated manually when
essential data were not available from the original literature.

Eligibility criteria. The eligibility of all publications was
assessed by two independent investigators (JW. and L.-L.Z.),
and discrepancies were resolved by discussion. Inclusion
criteria were as follows: i) glioma patients without any limi-
tation of types; ii) the outcomes of interest were age, sex,
WHO grade, OS, progression free survival (PFS), and clini-
copathological indicators of patients associated with ALDH1
expression; iii) the ALDHI1 expression data could be used
to determine the hazard ratios (HRs) or relative risks (RRs)
with 95% confidence intervals (95% Cls); and iv) publications
in Chinese and English. Exclusion criteria were as follows:
i) abstracts, editorials, letters, expert opinions, or reviews;
ii) non-human research; iii) the publication contained insuf-
ficient data; iv) studies with overlapping data; and v) the older
of the publications from which the data were retrieved was
excluded, in cases of data duplication.

Data extraction. To reduce the bias and enhance the credibility,
relevant data extraction was performed by two independent
observers (JW. and L.-L.Z.) using standardized criteria as
follows: First author, country of population, publication year,
number of included patients (sample size), mean ages, histo-
logical type, study methods, WHO grade, cut-off values of
ALDHI, and positive percentage.

Two independent observers (JW. and L.-L.Z.) assessed
the quality of all the included studies according to the four
dimensions of methodology: i) the scientific design; ii) the
laboratory methodology; iii) generalizability; and iv) the
results analysis (16). The maximum score possible was 40
points (10 points for each dimension). The final scores show
the percentage of the maximum achievable score (0-100%).

Statistical analysis. STATA version 12.0 was the soft-
ware predominantly used to perform the statistical
analysis. Engauge Digitizer software (version 6.0) was used
to extract data in the tables, text or/and figures from the
included eligible papers. In addition, methods described by
Tierney et al (17) and Parmar et al (18) were also used in the
present analysis.

In order to evaluate the heterogeneity between different
study results, the Chi-square and Cochran Q statistical tests
were used. If the heterogeneity was determined to be statisti-
cally significant (defined as P<0.05), a random-effects model
would be performed; however, if no statistical heterogeneity
existed (defined as P>0.1), a fixed-effects model was used.
In addition, the publication bias was assessed using Begg's
funnel plots test (19), and sensitivity analysis was applied to
assess the influence of a single study on the overall evalua-
tion.
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Figure 1. Literature search and selection of articles. Six articles were eventu-
ally included according to the inclusion criteria.

Results

Search results and characteristics of studies. The steps taken
to search for relevant publications are described in detail in
Fig. 1. A total of 599 publications were selected and identi-
fied according to the inclusion criteria described above. After
an independent reading of the titles and abstracts by the two
investigators (JW. and L.-L.Z.), 574 articles were excluded due
to being irrelevant to the subject, based on the exclusion criteria
described above. The remaining 25 articles were further evalu-
ated by reading the text thoroughly, and 6 studies remained,
with 19 articles being excluded; 2 were not associated with
ALDHI1, and 17 lacked sufficient data.

The main characteristics of these 6 eligible studies are
summarized in Table I (20-25). The publication years ranged
from 2011 to 2015. Three studies were conducted in German
populations, and three other studies were from China. The
total number of patients with glioma was 1,057, ranging
from 70 to 298 patients per study. The percentage of positive
ALDHI expression varied from 21.5 to 90.9%. Four articles
were concerned with OS, 2 studies were on PFS, 1 study was
concerned with median survival, and 1 article was about the
HR. Two methods were essentially used to assess ALDHI
expression in patients with glioma, i.e. immunohistochemistry
(IHG; 5 articles), and tissue microarray (TMA; 1 article).

Association between ALDHI expression and OS of glioma.
The time-to-event outcome is most appropriately analyzed
using the HR, which takes into account the number and timing
of events. There were 6 articles assessing the correlation of
ALDHI expression with OS in patients with glioma. Obvious
heterogeneity was identified among those eligible studies,
and the random-effects model was performed to evaluate the
pooled HR. The results revealed that high ALDHI expres-
sion was associated with poorer OS in patients with glioma
(HR=2.10; 95% CI, 1.13-3.91; P<0.0001) (Fig. 2).
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Table I. Main characteristics of the studies in the meta-analysis.
No. of Mean No.of WHO

Authors, year Country  patients Histology age males grade Method Cut-off Positive (Refs.)
Adam et al, 2012 Germany 93 Glioblastoma 61 N/A v IHC 7% 54/93 (20)
Campos et al,2011 Germany 283 Glioma 49.5 N/A II-1v TMA  Score>1 197/283  (21)
Liu et al, 2012 China 76 Astrocytomas 37 45 -1V IHC 2% 17/76 22)
Schifer et al,2012  Germany 70 Glioblastoma  N/A 50 v IHC 10% 28/70 (23)
Xu et al,2015 China 237 Glioma N/A 141 -1V IHC Score>5  51/237 (24)
Zeng et al,2013 China 298 Glioma N/A 186 1I-1vV IHC Score>1 271/298  (25)
WHO, World Health Organization; IHC, immunohistochemistry; TMA, tissue microassay.
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Figure 2. High aldehyde dehydrogenase 1 expression is associated with poorer overall survival in patients with glioma. HR, hazard ratio; CI, confidence interval.
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Figure 3. Association between aldehyde dehydrogenase 1 and the progression-free survival of patients with glioma. Individual and pooled HRs with 95% Cls

are shown. HR, hazard ratio; CI, confidence interval.

To evaluate the association between ALDH1A1 and the PFS
for the patients with glioma, survival analysis was performed.

As shown in Fig. 3, the meta-analysis results revealed that
patients with glioma with positive ALDH1A1 expression had
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Figure 4. Association between aldehyde dehydrogenase 1 and the progression-free survival in patients with GBM. The individual and pooled HRs with

95% CIs are shown. HR, hazard ratio; CI, confidence interval.
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Figure 5. High aldehyde dehydrogenase 1 expression is associated with a high WHO grade in patients with glioma. RR, relative risk; CI, confidence interval;

WHO, World Health Organization.

Begg's funnel plot with pseudo 95% confidence limits
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Figure 6. Funnel plot for the meta-analysis of the association between

aldehyde dehydrogenase 1 expression and overall survival in patients with
glioma. SE, standard error; loghr, logarithm of the hazard ratio.

a worse PFS compared with those with negative expression
(HR=1.16; 95% CI, 0.42-3.22; P=0.006) (Fig. 3). To evaluate
the association between ALDHI1A1 and prognosis in patients
with GBM, a subgroup analysis focusing solely on GBM and
PFS was performed. As shown in Fig. 4, this meta-analysis
revealed that patients with GBM with positive ALDHI1A1
expression had a worse PFS compared with those with negative
expression (HR=1.42; 95% CI, 0.17-11.74; P<0.0001) (Fig. 4).

Correlation of ALDHI expression with the WHO grade of
glioma. RR, a parameter that measures only the number of
events, is appropriate for measuring a dichotomous outcome.
There were 4 articles assessing the correlation of ALDHI
expression with WHO grade in patients with glioma. Clear
heterogeneity was identified comparing between the eligible
studies, and the random-effects model was used to evaluate



the pooled RR. The results demonstrated that high ALDH1
expression was associated with a high WHO grade (III + IV)
in patients with glioma (RR=2.28; 95% CI, 1.31-3.99; P=0.001)
(Fig. 5).

Assessment of publication bias. A Begg's funnel plot was
used to assess publication bias of the present meta-analysis.
The ALDHI expression with OS was shown to be symmetric,
and the P-value of Egger's test was 0.284>0.1 (Fig. 6), which
indicated that there is no evident risk of publication bias in the
meta-analysis on OS.

Discussion

Brain tumor growth is a CSC-dependent activity that has
self-renewal capacity (26). In gliomas, CSCs are at least,
in part, responsible for causing resistance to chemothera-
peutic treatments and the poor prognosis of the disease (13).
Therefore, identification of CSC markers is essential for the
development of novel treatment strategies for gliomas.

Although ALDHI has been identified as a novel CSC
biomarker in gliomas (13), insufficient clinical data are avail-
able to enable the identification of its prognostic significance
in patients with glioma. Therefore, a systematic meta-analysis
was performed in the present study to evaluate the association
between ALDHI and age, sex, OS, and the WHO grade in
patients with glioma. Six eligible studies were identified and
included, and the pooled HRs and RRs with 95% CIs were
calculated.

In the present systematic meta-analysis, the outcome of
1,057 patients with glioma from 6 relevant articles associated
with ALDHI, prognosis, and pathology were summarized. OS
analysis demonstrated that there was an obvious correlation
of a high expression of ALDH1 with poor 5-year OS (n=6;
HR, 2.10; 95% CI, 1.13-3.91; P<0.0001). In addition, high
levels of ALDHI1 expression in patients with glioma were
positively associated with a high WHO grade (III+IV; n=4,
RR, 2.28; 95% CI, 1.31-3.99; P=0.001). Taken together, these
studies indicated that high expression levels of ALDHI may
be used to efficiently predict high WHO grade (ITI+IV) and
poor outcome in patients with glioma. Thus, ALDHI may be
considered a novel pathological and prognostic hallmark for
clinical use.

Several limitations of the present analysis should be
acknowledged. Although ALDHI expression in 5 of the 6
studies was detected by IHC, only 1 study was analyzed using
TMA. IHC is a traditional method, the outcomes of which
may be affected by different primary antibody clones and
concentrations. It is impossible to perform sub-analysis with
different antibodies. In addition, every factor that may affect
the analysis should be fully considered.

As the major cause of bias in systematic meta-analyses,
publication biases should be accordingly calculated. In the
present study, publication bias was assessed by Begg's funnel
plots test (27). This analysis indicated that there was no evident
risk of publication bias in the meta-analysis. Other factors may
also lead to bias, including language. The articles included in
the present study were written only in English and Chinese,
and therefore other potential studies were not included, which
may also have led to bias.
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In conclusion, based on the results obtained in the present
study, this meta-analysis has shown that ALDHI is a signifi-
cant clinical biomarker in patients with glioma with poor
prognosis and a high WHO grade (III+IV). These results
indicated that ALDHI has significance for pathological
diagnosis and prognostic prediction of patients with glioma
in clinical practice. In addition, given the limitations of the
current analysis, well-designed prospective clinical studies are
required to further evaluate its role in selecting therapeutic
approach in glioma.
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