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Abstract: Objective: ALDH1 has recently been reported as a marker of cancer stem-like cells in lung cancer. However,
the predictive value of ALDHZ1 in lung cancer remains controversial. In this study, we aimed to evaluate the asso-
ciation of ALDH1 expression with the clinicopathological features and outcomes of lung cancer patients through a
meta-analysis. Methods: Publications that assessed the clinical or prognostic significance of ALDH1 in lung cancer
up to October 2014 were identified. A meta-analysis was performed to clarify the association between ALDH1 ex-
pression and clinical outcomes. Results: Ten eligible publications with 1836 patients were included. The analysis
of these data showed that ALDH1 expression was highly correlated with lymph node metastasis (pooled OR = 1.45,
95% Cl: 1.04-2.02, P = 0.027), decreased overall survival (pooled RR: 2.25, 95% Cl: 1.15-4.41, P = 0.019), and
decreased disease-free survival (pooled RR: 1.63, 95% Cl: 1.01-2.64, P = 0.047). Conclusion: Patients with ALDH1-
positive lung cancer had poor prognosis, which was associated with common clinicopathological poor prognostic
factors.
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Introduction which is an important modulator of cell differ-
entiation [4]. ALDH1 activity and/or antigen
expression have been demonstrated to be
strong in stem cell fractions in various cancers,
which suggests that ALDH1 participates in
maintaining CSCs. Over the past decade, sev-
eral studies have evaluated the prognostic
value of ALDH1 expression in lung cancer with
conflicting results. Some concluded that ALDH1
expression exerts a favorable influence on sur-
vival [5], whereas others reported that ALDH1
expression is predictive of decreased survival
outcome for lung cancer [6, 7]. We conducted a
systematic review and meta-analysis to evalu-
ate the association of ALDH1 expression with
the common clinicopathological features and
lung cancer patient outcomes.

Primary lung cancer is one of the most common
malignancies in the United States, with an esti-
mated 215,020 new cases, comprising approx-
imately 15% of new cancer diagnoses, and
161,840 deaths, accounting for nearly 29% of
all cancer-related deaths in 2008 [1]. Despite
the advances in diagnosis and treatment in the
last few decades, lung cancer prognosis re-
mains very poor, with five-year survival rate of
15% [2]. One of the most important reasons for
such poor prognosis is the lack of an early and
putative diagnostic biomarker to detect lung
cancer. An increasing number of studies have
shown that tumor progression is related to a
small population of cancer cells, known as can-
cer stem cells (CSCs), which have the capabili-
ties of multi-differentiation and self-renewal
[3]. This hypothesis led to the investigation of
CSCs, which might be associated with the clini-
cal outcomes of cancer.

Methods
Publication search

The studies were identified by searching the
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bases. The studies eligible for this analysis
were those that were updated on October 2014
with the use of the search terms “aldehyde
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dehydrogenase 1” or “ALDH1” and “lung can-
cer” or “NSCLC” or “SCLC."All eligible studies
were retrieved, and their bibliographies were
checked for other relevant publications. Addi-
tional papers and book chapters were identi-
fied by a manual search of the references from
the key articles. The search results were then
screened according to the following inclusion
criteria: (a) evaluation of the association be-
tween ALDH1 expression and either overall sur-
vival (0S) or prognostic factors of lung cancer,
(b) inclusion of sufficient data to enable the
estimation of an odds ratio (OR) with a 95%
confidence interval (95% Cl) or a relative risk
(RR) of OS, and (c) English language publica-
tions. Letters to the editor, reviews, and articles
published in a book or papers were excluded.
The following information was extracted from
each publication and used as a supplement, if
available: author, publication year, country of
the patient, tumor stage, number of patients,
research technique used, and cutoff value of
ALDH1. A lower limit of number of patients
included in each study was not set for inclusion
in the meta-analysis. Two of the authors of the
present study carefully extracted the informa-
tion from all eligible publications independent-
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the published articles,

the published data and

figures from original pa-
pers were used to assess the RR according to
the methods described by Parmar et al. [8]. The
heterogeneity assumption was calculated by
using a Q-test, and P-values greater than 0.05
indicated a lack of heterogeneity among stud-
ies. Thus, OR and RR were calculated by a fixed-
effect model (Mantel-Haenszel method and
chi-squared tests). Otherwise, a random-effect
model (DerSimonian-Laird method) was used.
The influence of individual studies on the sum-
mary effect estimate was determined through
a sensitivity analysis. In addition, funnel plots
and Egger’s test were used to estimate the pos-
sible publication bias [9]. Kaplan-Meier curves
were read by GetData Graph Digitizer 2.24. All
statistical analyses were performed using
Stata 12.0 for Windows (Stata Corporation,
College Station, TX, USA).

Results
Study characteristics

Ten publications met the criteria for this analy-
sis [5, 8, 10-17] (Figure 1). In the study of
Dimou et al. [5], the ORs were presented sepa-
rately according to a US study and a Greek
study. Therefore, each study in the publication
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Table 1. Characteristics of the included studies

Patient’s Tumor . ) ) Number of  cut-off for ALDH1 posi-  Survival
Study Year Histological type Technique ) . .
country stage patients tive analysis
Jiang USA 2009 IV NSCLC IHC 96 > 10% staining 0s
Sullivan USA 2010 IV NSCLC IHC 282 ND 0s
Li X China 2012 IV LC IHC 50 > 10% staining 0s
Cortes-Dericks Italy 2012 I AD qRT-PCR 64 Median DFS
Dimoul USA 2012 -V NSCLC Immunofluorescence 134 an AQUA score of 1200 DFS
Dimou2 Greece 2012 E\% NSCLC Immunofluorescence 296 an AQUA score of 1200 DFS
Okudela Japan 2012 | AD IHC 177 > 85% staining DFS
Shien Japan 2012 1} NSCLC IHC 150 > 10% staining 0S; DFS
Alamgeer Australia 2013 | NSCLC IHC 267 > 10% staining 0S; DFS
Okudela Japan 2013 -V NSCLC IHC 268 Scores of > 10 DFS
Zenke Japan 2013 -V NSCLC IHC 52 > 10% staining DFS
A odds ratio B odds ratio
Study (95% CI) % Weight Study (95% Cl1) % Weight
Sullivan 2010 l 1.20( 0.72, 2.01) 419 Jiang 2009 143(0.46,440) 180
Cortes-Dericks 2012 - 1.86( 0.24, 14.15) 27 Sullivan 2010 091(049, 169) 271
Li X 2012 232(1.21.426) 298 Coes-Dericks201———— 020(003, 159) 84
Alamgeer 2013 113(049,261) 156  Lix2012 . 245(133,452) 272
Okudela 2013 1 1.09(038,3.08) 101  Okudela 2013 —.—— 056(0.20,160) 193
Overal <> 145(1.04,2.02) 1000 Overal <= 104 (052, 207) 100.0
T T T T
070684 14.1473 1025130 39.7921
odds ratio odds ratio
C odds ratio D 0dds ratio
Study (95% CI) % Weight  Study (95% Cl) % Weight
Sullivan 2010 *-.» 153(081,288) 215
T Jiang 2009 H 282(089,892) 218
Cortes-Dericks 2012 L 5 107(014,808) 69
Li X 2012 _-_ 203(110,3.74) 218 Cortes-Dericks 2012 . 2.00(0.26, 15.26) 106
Shien 2012 ———M—— 357(066.1034) 90  Lixz12 I 0.74(041,133) 338
Al 2013 ——.— 1.82(0.75,441) 17.7
amaeer ' ( ) Okudela 2013 l 045(0.25,081) 340
Okudela 2013 l 0.51(0.30,087) 231
Overall B 137(074,254) 1000 O 1= 0.93(043.1.99) 100.0
T T T T
051702 1 19.3412 065527 15.2607
odds ratio odds ratio

Figure 2. Forrest plot of ORs for the association of ALDH1 expression with the (A) lymph node metastasis. (B) Tumor

TMN classification. (C) Smoking status. (D) Tumor grade.

was considered separately for analysis. Thus,
11 studies were involved in the meta-analysis.
The main characteristics of the eligible studies
are summarized in Table 1. Our analysis
involved 1836 patients, ranging from 50 to
296 per study. Seven articles dealt with clinico-
pathological factors. All 11studies determined
OSordisease-freesurvival(DFS).Immunohistoch-
emistry (IHC) was the main method used to
investigate ALDH1 expression in lung cancer
specimens.
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Correlation of ALDH1 expression with clinico-
pathological parameters

The association between ALDH1 and several
clinicopathological parameters is illustrated in
Figure 2. ALDH1 expression was highly corre-
lated with lymph node metastasis (pooled OR =
1.45, 95% Cl: 1.04-2.02, P = 0.027 fixed effect)
(Figure 2A). However, ALDH1 expression was
not associated with tumor TMN classification
(pooled OR = 1.04, 95% CI: 0.52-2.07, P =
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A odds ratio B odds ratio

Study (95% Cl) 9% Weight Study (95% Cl) % Welght
Jiang 2009 —— 255(082.794) 115
Jiang 2009 .: 224(051.985) 123 ones Dericks 2012 ) 229(0.23.23.35) 28
LiX 2012 —.— 544 (2.84.1042) 244 Dimou(y2012 ——f—— 032(0.10,1.02) 10.8
' Okudela 2012 . 297(085,10.36) 95

Alamgeer 2013 202(099.4.14) 232 :
; Shien 2012 W 520(107.2531) 59
Shien 2012 7F 1.78(0.39,8.09) 119  Alamgeer 2013 —.— 257(1.30,5.08) 320
sullivan 2010 . 127(083.195 282 Okudela2013 —— 342(1.35.867) 17
H Zenke 2013 +—— 286(0.87,943) 104
overall e 225(116.436) 1000 <o 229(156.337) 1000

’ . . .
095923 104249 039511 25.3091
odds ratio odds ratio

Figure 3. Analysis of ALDH1 expression and survival of lung cancer patients. Forest plot of RR for OS (A) and DFS (B)
among included studies. Combined RR was calculated by a random mode.
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Figure 4. Funnel plots for publication bias. All the graphical funnel plots appeared to be symmetrical. A. Lymph node
metastasis. B. Tumor TMN classification. C. Smoking status. D. Tumor grade. E. OS. F. DFS.
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Figure 5. Sensitivity analyses of all the studies. A. Lymph node metastasis. B. Tumor TMN classification. C. Smoking
status. D. Tumor grade. E. OS. F. DFS.

0.914 random effect) (Figure 2B), smoking sta-
tus (pooled OR = 1.37, 95% Cl: 0.74-2.54, P =
0.62 random-effect) (Figure 2C), or tumor
grade (pooled OR = 0.93, 95% Cl: 0.43-1.99, P
= 0.846 random-effect) (Figure 2D).

ALDH1 expression and 5-year survival outcome

The OS and/or DFS of 1836 patients in 11
studies were analyzed by using the methods
described earlier. The main results of this meta-
analysis are shown in Figure 3. Five-year OS
rate was extracted from five studies. The meta-
analysis of the five studies for the prognostic

2049

value of ALDH1 expression showed that ALDH1
expression was associated with poor OS. This
finding was obtained from DerSimonian-Laird
random-effect model with a value of 2.25 (95%
Cl: 1.15-4.41, P = 0.019) (Figure 3A), although
heterogeneity existed among studies (1> =
84.9%, Ph = 0.000).

ALDH1 expression and DFS in lung cancer

The meta-analysis of eight applicable studies
showed that ALDH1 expression was associated
with poor DFS (RR: 1.63, 95% CI: 1.01-2.64, P =
0.047; Figure 3B), despite the fact that the
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studies displayed heterogeneity (1> = 79.9%, Ph
= 0.000) (Figure 3B).

Publication bias and sensitivity analysis

No significant publication bias existed in any of
the clinicopathological parameters because
the value of P > 0.05 in Egger’s test (Figure
4A-E). Moreover, no evidence of obvious publi-
cation bias existed in OS (Egger’s test, P =
0.052) (Figure 4F). This finding was strong evi-
dence verifying that ALDH1 was an indepen-
dent prognostic factor for patients with lung
cancer.

To gauge result stability, a sensitivity analysis
was performed. One study was deleted. All sen-
sitivity analyses assessing the clinicopathologi-
cal parameters were not obviously changed.
Moreover, the result showed that pooled RRs of
OS and DFS were not significantly changed,
suggesting the robustness of our results
(Figure 5A-F).

Discussion

The present meta-analysis is the first study to
estimate the association between stem cell
marker ALDH1 and lung cancer survival sys-
tematically. The presence of both significant
and nonsignificant studies addresses the im-
portance of stem cells in lung cancer. Thus,
performing a quantitative aggregation of the
survival results is necessary. The present res-
ults indicate that stem cell marker ALDH1 is
significantly associated with lymph node me-
tastasis, as well as with OS and DFS. The
results suggest that this marker could be devel-
oped for clinical applications.

ALDH1 belongs to the aldehyde dehydrogenase
superfamily, which is responsible for the oxida-
tion of aldehydes to their corresponding car-
boxylic acids [18]. Previous studies have dem-
onstrated that ALDH1 positive tumor cells pos-
sess the CSC phenotype, which contributes to
self-renewal and tumorigenic capabilities [19].
ALDH1 overexpression results in increased cell
proliferation and, interestingly, increased resis-
tance to chemotherapeutic agents [20]. Ho-
wever, controversies remain as to whether a
correlation exists between ALDH1 expression
and either poor prognosis or the clinicopatho-
logical parameters in patients with lung cancer.
Dimou et al. [5] demonstrated that patients
with non-small cell lung cancer (NSCLC) with
high expressions of ALDH1 survive longer and
have lower recurrence rates. Jiang et al. [6]
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showed that high ALDH1 expression is associ-
ated with poor prognosis in patients with early-
stage NSCLC. Similarly, Sullivan et al. [18]
showed that ALDH1expression has a negative
effect on survival in their cohort, although this
effect was not independent in the proportional
hazards model.

The possible reason for the discrepancy is that
no unique scoring standard was used to evalu-
ate the immunostaining results. In the articles
by Dimou et al., clone 44 was used forALDH1
detection, as validated by Western blot analysis
for specificity [21]. In another two studies [6,
19], subjective determinations of expression
were used, and cases were classified as posi-
tive or negative on the basis of a semiquantita-
tive rule that uses the product of the percent-
age of cell positive and the intensity of staining
after pathology review.

Although our study revealed the positive corre-
lation of CSC marker ALDH1 and lymph node
metastasis with the survival of patients with
lung cancer, ALDH1 itself as a biomarker has
its limitations in predicting prognosis and clini-
copathological parameters in patients. First,
OS and DFS were determined from unadjusted
RRs in the published papers, and RRs from the
survival curves might be less reliable than
those from direct analysis of variance. Ideally,
measurements should be directly obtained
from the statistical data in published papers
and then adjusted by using other prognostic
factors. Second, using a standard threshold to
assess biomarkers is of great importance.
Although IHC was the most commonly applied
method, differences in cutoff values for posi-
tive ALDH1 expression may have contributed to
the observed heterogeneity. Third, the OR of
each study is generally small, and the conclu-
sion might be affected by one or two reports
with large ORs. All of these factors might partly
influence the significance of ALDH1 expression
in the survival and clinicopathological analysis.

In summary, this meta-analysis indicated that
ALDH1 expression was associated with lymph
node metastasis in lung cancer. Moreover,
ALDH1-positiveexpression was associated with
a worse outcome than that stemming from
ALDH1-negative expression, and ALDH1 was an
independent factor associated with reduced
survival. The relative simplicity of the methodol-
ogy for the use of ALDH1 expression to identify
CSCs suggests that this marker should be fur-
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ther evaluated for its potential use in identify-
ing lung cancer stem cells in clinical practice.
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