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Abstract

Background: The prognostic significance of circulating tumor cells (CTCs) detected in patients with non-small-cell lung
cancer (NSCLC) is still inconsistent. We aimed to assess the prognostic relevance of CTCs using a meta-analysis.

Methods: We searched PubMed, Web of Science and EMBASE for relevant studies that assessed the prognostic relevance of
CTCs in NSCLC. Statistical analyses were conducted to calculate the summary incidence, odds ratio, relative risks (RRs) and
95% confidence intervals (Cls) using fixed or random-effects models according to the heterogeneity of included studies.

Results: A total of 20 studies, comprising 1576 patients, met the inclusion criteria. In identified studies, CTCs were not
correlated with histology (adenocarcinoma vs squamous cell carcinoma) (odds ratio [OR] = 0.88; 95% confidence interval
[Cl]: 0.59-1.33; Z=-0.61; P=0.545). However, pooled analyses showed that CTCs were associated with lymph node
metastasis (OR=2.06; 95% Cl: 1.18-3.62; Z=2.20; P=0.027) and tumor stage (OR =1.95; 95% Cl: 1.08-3.54; Z=2.53;
P=0.011). Moreover, CTCs were significantly associated with shorter overall survival (relative risk [RR] =2.19; 95% Cl: 1.53—
3.12; Z=4.32; P<0.0001) and progression-free/disease-free survival (RR =2.14; 95% Cl: 1.36-3.38; Z=3.28; P<<0.0001).

Conclusion: The presence of CTCs indicates a poor prognosis in patients with NSCLC. Further well-designed prospective
studies are required to explore the clinical applications of CTCs in lung cancer.
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Introduction

Primary lung cancer is the leading cause of cancer-related
death worldwide, and non-small-cell lung cancer (NSCLC)
accounts for 85% of those deaths [1]. The frequent occurrence
of distant metastasis is the main cause of high mortality.
Although histology and stage are currently used the prognostic
factor in NSCLC patient follow-up, 25% to 50% of patients
with early-stage NSCLC show tumor recurrence [2]. Moreover,
even in patients without clinically detectable distant metastasis
at the time of initial diagnosis, distant micrometastasis may
frequently develop during diagnosis, even undergoing surgery.
Therefore, sensitive prognostic and predictive markers is
urgently needed in lung clinical oncology. In NSCLC patients,
detecting circulating tumor cells (C'TCs) may show clinical
benefits in diagnosis and treatment.

CTCs are tumor cells that are shed from the primary tumor,
flowing through the bloodstream and circulate throughout the
body. The first report on metastatic tumor cells in drainage veins
was by Ashworth in 1869 [3]. In the recent years, various new
CTC assays are developed and employed for their detection,
including immunocytochemistry (ICC), reverse-transcriptase poly-
merase chain reaction (RT-PCR), and the CellSearch System [4—
6]. Among various detect methods, the CellSearch system 1is
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introduced for clinical use by the U.S. FDA. This system uses
immunomagnetic purification with antibodies against epithelial
cell adhesion molecule (EpCAM) from peripheral blood. Regard-
ing specificity of the CellSearch, it is the use of EpCAM expression
as mechanism for detecting CTCs. Consequently, C'TCs that low
or absent expression EpCAM are easy missed. Several papers have
demonstrated alternative detection technologies on the basis of
EpCAM or other antigen with apparent greater sensitivity than
CellSearch [7,8], and further studies for larger clinic are
warranted.

Recently, a pooled analysis in breast and colorectal cancer has
demonstrated the prognostic significance of C'T'Cs, and changes in
C'TC number with standard therapy has highlighted the potential
of C'TCs [9,10]. However, in NSCLC patients, there still remains
controversial regarding the incidence of CTCs and the clinical
significance in NSCLC cancer. Some studies have reported that
tumor cell detection in the blood is significantly associated with
shorter survival [11,12]. In contrast, other studies have failed to
show such an association between the presence of CTCs and a
poorer prognosis [13]. Therefore, to address the prognostic value
of C'TCs in patients with NSCLC, we conducted a meta-analysis
to determine the association of C'T'Cs status with clinicopatholog-
ical parameters, including histology, tumor stage, lymph node
metastasis, and patients’ survival.
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Figure 1. Flow chart of selecting the eligible publications.
doi:10.1371/journal.pone.0078070.g001

Materials and Methods

Publication search

We conducted an independent review of citations from PubMed
(http://www.ncbi.nlm.nih.gov/pubmed/) between 1 January
2000, and 1 January 2013. Key words were circulating tumor
cell(s), lung cancer, or lung neoplasm. The search strategy used
text terms such as circulating cancer cells, C'T'Cs, blood epithelial
cel, and non-small cell lung cancer to identify relevant
information as well. We also carried out independent searches
using Web of Science and EMBASE databases, to ensure that no
articles were overlooked. Furthermore, relevant articles were
identified from cited references of retrieved articles and review
articles by a manual search.

Eligibility criteria

Studies were included in the meta-analysis according to the
following: (1) when the presence of C'TC status and either disease
stage or survival (overall survival [OS] and/or progression-free
survival [PFS]) data of NSCLC were investigated; (2) when
investigators provided relevant information for estimating odds
ratios (ORs) or relative risks (RRs); and (3) when the same authors
reported a series of results in multiple publications, only the latest
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{(n=12)

was included in the analysis. Studies that did not report any
clinical outcome were excluded. Studies with fewer than 20
analyzed patients, reviews, and comments were also excluded.

Data extraction

We recorded the following information from each eligible
paper: author’s name, patient’s country, publication year, number
of patients, tumor stage, methods of CTC detection, detection
rate, and cutoff value of C'TCs. According to the study objective,
we performed two types of analysis: the first analysis determined
whether CTC status is correlated with clinicopathological
parameters, which included histology (adenocarcinoma vs squa-
mous cell carcinoma), lymph node metastasis, and cancer stage
(T1+Ty vs Ts+T4). The second analysis determined whether CTC
status 1s associated with OS or PFS/disease-free survival (DFS).

Statistical analysis

Survival data of each study were collected from original papers
or calculated as described by Parmar et al [14]. The pooled ORs
and RRs with 95% confidence intervals (Cls) for survival were
calculated by fixed or random-effects models. Heterogeneity
between studies was evaluated with the Cochran’s Q test and P
values. When P was less than 0.05, a random-effects estimate was
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Figure 2. Forrest plot of odds ratios (ORs) was evaluated for association between the presence of CTCs and histology.

doi:10.1371/journal.pone.0078070.g002

used. Otherwise, a fixed-effects model estimate was presented.
Publication bias was assessed using the funnel plot and the Egger’s
test, and the “trim-and-fill” method was to evaluate the effect of
publication bias on the pooled effect. All statistical analyses were
conducted using the software R/metafor version 2.14.0. P values
less than 0.05 were considered statistically significant.

Results

Description of studies

The present work followed the guidelines for systematic
reviews and meta-analyses (PRISMA) (Checklist S1). The

Cawer  Controls

systematic literature search yielded a total of 416 records
(Figure 1). After screening of titles, abstracts, and full text
version, 396 articles were excluded because of irrelevant
publications, review articles, duplicates, and overlapped studies.
Finally, 20 publications met the criteria for analysis, comprising
1576 patients [2,11-13,15-30]. The sample size per study
ranged from 24 to 208 patients, and studies were published
between 2002 and 2012. The main characteristics of the
included studies are summarized in Table 1. There were three
types of methods for assessment of CTCs status in blood
specimens: RT-PCR, ICC, and the CellSearch system. 8 studies
used RT-PCR techniques to evaluate CTCs status, and 8 studies
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Figure 3. Forrest plot of odds ratios (ORs) was evaluated for association between the presence of CTCs and lymph node metastasis.

doi:10.1371/journal.pone.0078070.g003
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Figure 4. Forrest plot of odds ratios (ORs) was evaluated for association between the presence of CTCs and tumor stage.
doi:10.1371/journal.pone.0078070.g004

Cater  Confrols

Authors Year +VE-VE +VE-VE Welght Relative Rlsk [35% CI)
RT-PCR

Yie 2009 23 3 2120 il 1209% 1.73[1.24, 2.40]
Liu 2005 65 45 4 17 ‘—  726% 346[1.29, 773]
Chen 2007 34 10 16 7 [} 1221% 141[081, 152]
Yamashita 2002 51 13 & 31 i~ s48% 491[234,1033]
12=55 96 %, O(df=3)F16.3750, p=0.0009 et 2A5[1.13, 411
Qoe-lCC H

Franco M2 4 703 3 —  454% 412[1.09,1564]
Funaki 2011 1652 1 25 —l 261% 612[085,4383]
Hofman 2010 16 5 9 18 i -l 9.58% 229[1.27, 410]
Huang 2004 16 4 1919 ] 1164% 160[1.09, 235]
Ig=3% 36%, D(df=3F3. 7886, p=0.2852 | 207 [1.37,3.12]
Calsearch

Hiroze 2012 10 2 15 3 [ ] 1242% 1.00[072, 1.39]
lzohe M2 8 0 51 - 880% 292[144,591]
Krehs 2011 7 2 1874 i [ 1027% 388[231, 683]
I¢=5% 26%, Q(df=2F21.6783, p<.0001 e 219 [0.93,5.18]
Overall (1%=75.96%, Q(df=10F42 8652, p<.0001) . A9 [153,3.12]
RE Madel —-a-- 10000% 219[153, 312]

S E— —

005 025 1.00 400
Odds Ratio (log scale)

Figure 5. Meta-analysis of relative risk (RR) for the association of the presence of CTCs with overall survival (OS). It showed that
patients with CTCs have a poorer survival compared to those without CTCs.
doi:10.1371/journal.pone.0078070.g005
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Figure 6. Meta-analysis of RR for the association of the presence of CTCs with progression-free survival (PFS) /disease-free survival

(DFS).
doi:10.1371/journal.pone.0078070.9g006

used ICC techniques. These studies using epithelial cell antigen
were varied, including CEA, CK, ERCC1 and other antigen.
Four studies used CellSearch method, the cutoff of CTCs were
set at =1 or =2 per 7.5 ml blood.

Correlation of CTCs with clinicopathological parameters

Ten studies were available for investigating the relationship
between C'TC status and histology (adenocarcinoma vs squamous
cell carcinoma) (Figure 2). The estimated pooled OR was 0.88
95% CI: 0.59-1.33; Z=-0.61; P=0.545 fixed-effect), demon-
strating that the presence of CTCs was not associated with
histology. The heterogeneity and publication bias among studies
was not significantly different (Table S1). Five studies assessed the
relationship between CTC status and lymph node metastasis
(Figure 3). We found that the presence of C'TCs was associated
with a significantly increased risk of lymph node metastasis in
NSCLC patients (pooled OR =195 95% CI. 1.08-3.54;
2=220; P=0.027 fixed-effect). There was also a significant
association between CTC status and tumor stage (pooled OR
=2.15; 95% CI: 1.19-3.74; Z=2.53; P=0.011 random-effect)
(Figure 4), showing that the presence of C'TCs was associated with
a significantly increased risk of progression. Moreover, no
significant heterogeneity or publication bias was indicated by
Egger’s test.

Effect of the presence of CTCs on OS in NSCLC

Survival analysis according to CTC status was performed in 13
of 20 studies (65%), accounting for 1072 patients. OS was
analyzed in 11 (936 patients) studies. Because the heterogeneity
across the studies was less than 0.05 (Q =54, P<<0.0001), the
estimated pooled RR for studies was calculated using a random-
effect model. The pooled RR showed that the presence of CTCs
was highly correlated with poor OS (RR =2.19; 95% CI: 1.53~
3.12; Z=4.32; P<0.0001) (Figure 5). Morcover, using varies
detecting techniques sub-group analyses showed similar results.
Meta-regression was performed to explore potential sources of
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heterogeneity using the following covariates: publication year,
sample size, tumor stage, and detection method. Univariate
analysis did not identify any covariate significantly associated with
RR  estimates for OS (P<0.05) (Table S2). No significant
publication bias was detected by Egger’s test.

With regard to PFS/DFS, seven studies were available that
comprised 634 patients. The pooled RR showed that the presence
of CTCs was associated with a significantly increased risk of
mortality (RR =2.14; 95% CI: 1.36-3.38; Z=3.28; P<0.0001
random-effect) (Figure 6). Egger’s test did not identify significant
heterogeneity or publication bias.

Discussion

In this meta-analysis, we provided evidence of an association
between the presence of C'T'Cs detected in the blood and clinical
outcomes in NSCLC patients. Previous several small-scale studies
showed that clinical outcomes showed a poorer survival in patients
when CTCs were detected. Therefore, a quantitative meta-
analysis of the study outcomes was required. The results of our
collective evaluation of the literature on NSCLC indicate that the
presence of C'T'Cs could be a prognostic marker.

NSCLC, as opposed to SCLC, is a heterogeneous family with
respect to histology and biological characteristics [31]. Different
patients with NSCLC and different cells within a tumor express
different amounts of marker gene transcripts. In the current study,
we showed that the use of different approaches, such as RT-PCR,
ICC, and CellSearch, confirmed that CTCs represent a significant
meta-risk for both OS and PFS in NSCLC, even after adjustment
for publication bias. This is consistent with prior reports of meta-
analysis in breast cancer, suggesting that this marker can be
developed for clinical applications.

Regarding the number detected, previous studies reported that
30% of NSCLC was =1 CTCs per 7.5 ml blood detected by
CellSearch, that 15% was =5 CTCs, and the CTC count
increased significantly with distant metastasis than in patients

6 November 2013 | Volume 8 | Issue 11 | e78070



without [32,33]. Krebs et al. showed that the number and change
in the number of C'TCs is a prognostic factor in patients with stage
=IIIA [25]. Among patients with NSCLC, those with =5 CTCs
were significantly worse prognosis compared with patients with <5
CTCs. However, few trials had evaluated by subclasstion of
enumerating C'T'Cs in patients with NSCLC. Further studies are
needed to assess prognostic relevant CTC cut-off levels.

There are limitations to this meta-analysis. First, some data used
unadjusted estimates, because not all published papers presented
adjusted estimates, resulting in less reliable analysis than direct
analysis of variance. However, the conclusions were unlikely to be
significantly changed if those studies were adjusted. Second, CTC
detection assays varied in our study. In particular, different end
points, measurements, and experimental design, may have partly
influenced the significance of clinicopathological outcome in
survival analyses. Ideally, measurements should be conducted
through large prospective studies based on homogeneous pub-
lished statistics.

In conclusion, available evidence supports that CTCs are
associated with tumor stage and lymph node metastasis, but not
with histology. Moreover, the presence of C'T'Cs is associated with
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a poorer outcome than a lack of CTCs, and CTCs are strongly
associated with reduced survival. Therapy decisions might be
based on CTC results, which could be useful for determining
which patients would potentially benefit from adjuvant therapy.
These require validation in larger prospectively clinical cohorts.
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