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Abstract

Background

Basic fibroblast growth factor (bFGF) is known to stimulate angiogenesis and thus to influ-
ence the proliferation, migration and survival of tumor cells. Many studies examined the
relationship between human bFGF overexpression and survival in lung cancer patients, but
the results have been mixed. To systematically summarize the clinical prognostic function
of bFGF in lung cancer, we performed this systematic review with meta-analysis.

Method

Studies were identified by an electronic search of PubMed, EMBASE, China National
Knowledge Infrastructure and Wanfang databases, including publications prior toAugust
2014. Pooled hazard ratios (HR) for overall survival (OS) were aggregated and quantita-
tively analyzed by meta-analysis.

Results

Twenty-two studies (n = 2154) were evaluated in the meta-analysis. Combined HR sug-
gested that bFGF overexpression had an adverse impact on survival of patients with lung
cancer(HR = 1.202,95%Cl, 1.022—1.382). Our subgroup analysis revealed that the com-
bined HR evaluating bFGF expression on OS in operable non-small cell lung cancer
(NSCLC) was 1.553 (95%Cl, 1.120—1.986); the combined HR in small cell lung cancer
(SCLC) was 1.667 (95%Cl, 1.035-2.299). There was no significant impact of bFGF expres-
sion on survival in advanced NSCLC.

Conclusion

This meta-analysis showed that bFGF overexpression is a potential indicator of worse prog-
nosis for patients with operable NSCLC and SCLC, but is not associated with outcome in
advanced NSCLC. The data suggests that high bFGF expression is highly related to poor
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prognosis. Nevertheless,more high-quality studies should be performed in order to provide
additional evidence for the prognostic value of bFGF in lung cancer.

Introduction

Lung cancer has become a major public health problem around the world. The prognosis for
lung cancer patients is poor, with an overall 5-year survival rate of approximately 15%, and lit-
tle improvement has been made in recent decades [1,2]. Additionally, there is a subset of
patients who have a particularly poor prognosis, even amongst those at the same stage of the
disease. Non-small cell lung cancer (NSCLC) is a heterogeneous disease: its natural history is
unique in each patient, as tumor-related heterogeneity, including histological and molecular
features, affects treatment outcomes. There is an urgent need for reliable indicators to add
prognostic information and generate personalized treatment in addition to the currently used
tumor, node, metastasis (TNM) staging system.

Angiogenesis, which is the formation of new blood vessels from the endothelium of existing
vasculature, plays a pivotal role in tumor growth, progression and metastasis [3]. A series of
angiogenic factors are overexpressed in tumors, such as vascular endothelial growth factor
(VEGF) and its receptors, fibroblast growth factor (FGF) and its receptors, hepatocyte growth
factor (HGF), interleukins (ILs-1, 6, and 8) and stromal cell derived factor 1, transforming
growth factorf (TGFp) and endothelin [4]. There are 18 mammalian FGF ligands and 4 FGF
receptors (FGFR1-4) [5,6]. Basic FGF (bFGF), also known as FGF-2, is the most extensively
studied peptide. bFGF is able to bind FGFR1, FGFR2, and FGFR3, leading to auto-phosphory-
lation of intracellular tyrosine residues, which are involved in instigating tumor cell prolifera-
tion and invasion in various tumor types [7]. The expression of MMP-1, HGF, Bcl2, survivin,
MMP-9 and MMP-13 is up-regulated through bFGF and results in a gain of invasive and anti-
apoptotic properties [8-11]. Deregulation of FGF signaling in tumors has been reported in var-
ious tumor types. A number of studies have explored the prognostic value of bFGF in lung can-
cer patients, but the results were contradictory, and therefore a consensus has not been
reached. We found no meta-analysis data on the correlation of bFGF expression with survival
in lung cancer patients. Thus, we decided to conduct a meta-analysis to investigate the associa-
tion between bFGF overexpression and overall survival (OS) in lung cancer, so as to shed light
on personalized therapy of lung cancer patients.

Materials and Methods
Search strategy and selection criteria

We searched PubMed, EMBASE, China National Knowledge Infrastructure and Wanfang data-
bases for relevant articles published up to August 1, 2014. Search key words included “basic fibro-
blast growth factor”, “bFGF”, “FGF-2”, “lung cancer”, and “prognosis or survival or outcome”.
The references cited by the potentially eligible studies were also manually checked. Eligible arti-
cles were selected with the following criteria: (1) trials studied lung cancer patients; (2) associa-
tion between bFGF and survival was evaluated; (3) bFGF was dichotomized as a categorical
variable; (4) trials were fully published as a complete study in English or Chinese for data collec-
tion; (5) only the most complete or the recent research was included in case of multiple publica-
tions. Ultimately, 22 studies with 2154 patients were included in the meta-analysis (Fig 1).
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Record identified through
EMBASE (n=160), PUBMED. (n=71),
CNKI (n=24), WanFang (n=8)

78 potentially eligible by title/abstract

43 excluded:
25 reviews articles
1 case report

" 7 other tumors
7 non-relevant

3 supplements of journals without
i concrete data

35 more detailed
information

Full-text articles excluded, with
reasons

5 data not reported or non-extractable
6 duplicate publications
1 sample size is less than 30

1 abstract in English, but full text in
Korean

k. 4

Studies included in
quantitative synthesis

(meta-analysis)
(n=22)

Fig 1. Flow chart of studies included in this meta-analysis.
doi:10.1371/journal.pone.0147374.g001
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Data extraction and quality assessment

Each eligible article was reviewed independently by two investigators (MMH and YH). Dis-
crepancies were recognized and fully discussed. Data was retrieved from full text, including
first author, year of publication, journal of publication, patient source, the size of the cohort,
study design, disease stage, histology, test method, information on the main reagents, the cutoff
value, the time of follow-up and survival data. If authors reported both univariate and multi-
variate survival analysis results, the latter was included in our analysis. Quality assessment was
performed by two investigators independently, using a quality score according to Steele’s
method [12], which is the methodological scale of biologic prognostic factors used for lung can-
cer by the European Lung Cancer Working Party (ELCWP). Four categories are scored, includ-
ing scientific design, laboratory methodology, generalizability and analysis. Final scores were
expressed as percentages, with higher values indicating a better methodology.

Statistical methods

Nonparametric tests (Mann-Whitney tests) were used to compare the distribution of quality
scores according to the value of a discrete variable. For quantitative aggregation of the survival
results, hazard ratio (HR) and 95% confidence intervals (CI) were used as effective values to
measure the effects of bFGF overexpression on survival of lung cancer patients. For studies
without published HRs or 95%Cls, we tried to contact authors requesting more details, but got
no replies. Therefore, we employed a widely used method to estimate HRs and 95%ClIs [13].
Statistical heterogeneity among included studies was assessed using I” and the Cochran Q sta-
tistic. For the I” statistic, heterogeneity was interpreted as absent (I><25%), moderate (I* =
25%-50%), or extreme (I> = 50%-100%). For the Q statistic, p<0.10 was considered statistically
significant for heterogeneity. If significant heterogeneity was denoted by a p value <0.10, ran-
dom effects models were used to report HRs; otherwise, fixed-effects models were used to esti-
mate the pooled HR when no substantial heterogeneity was observed. By convention, a pooled
HR>1 implied worse survival for the group with increased bFGF expression. To validate the
robustness of the meta-analysis findings, we performed sensitivity analysis by removing one
study in turn. Publication bias was assessed using Begg’s test. Subgroup analysis was performed
to explore the influence of histological type, disease stage and study design on outcomes. All
calculations were performed using STATA version 12.0 (Stata Corporation, College Station,
TX). A p<0.05 (two sided) was considered to be statistically significant.

Results

Eligible studies

In total, 22 studies [14-35] published between 1996 and 2014 were eligible for this meta-analy-
sis, including NSCLC and small cell lung cancer (SCLC). The total number of patients included
was 2154, ranging from 31 to 335 patients per study (mean, 98). The major characteristics of
the 22 eligible publications are reported in Table 1.

These publications followed several different patient cohorts. Among the 22 studies, 4 stud-
ies included SCLC patients, while 18 studies included NSCLC patients. The NSCLC groups
contained either all lung cancer subtypes (n = 12), adenocarcinomas (n = 3), squamous cell car-
cinomas (SCC) (n = 1), or non-squamous carcinomas (n = 2). Twelve studies in the NSCLC
group included operable NSCLC patients, while 4studiesincludedadvanced NSCLC patients. In
the included studies, 10 studies used immunohistochemistry (IHC) and 12 studies used ELISA
to determine bFGF expression. Five studies were designed prospectively and 17 studies were
designed retrospectively. In 14 out of the 22 studies, bFGF overexpression showed no
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Table 1. Main characteristics of 22 eligible studies in the meta-analysis. IHC, immunohistochemistry; ELISA, enzyme linked immunosorbent assay;
AC, adenocarcinoma; SCC, squamous cell carcinoma; Non-SCC, not squamous cell carcinoma; HR, hazard ration; ED, extensive-stage disease; LD, lim-
ited-disease stage; NA, not applicable; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

Auhtor

Takanami [14]
Ito [15]

Kojima [16]
Mok [17]
Dowlati [18]
Brattstrém [19]
Joensuu [20]
Garpenstrand [21]
Ilwasaki [22]
Zhou [23]

Yu [24]
Donnem [25]
Brattstrém [26]
Zhao [27]
Shou [28]
Kelly [29]
Rades [30]
Behrens [31]
Ueno [32]
Ruotsalainen [33]
Jiang [34]
Horn [35]

doi:10.1371/journal.pone.0147374.t001

Year

1996
2002
2002
2014
2008
1998
2002
2004
2004
2004
2005
2009
2002
2011
2001
2011
2012
2008
2001
2002
2013
2009

Ethnicity
Asian
Asian
Asian
Mixed
USA
Europe
Europe
Europe
Asian
Asian
Asian
Europe
Europe
Asian
Asian
USA
Europe
USA
Asian
Europe
Asian
USA

Histology Stage Method Sample size % positive Study design HR(95%CI)

AC -1V IHC 143 NA Retrospective 2.26(1.23-4.17)

AC -1V IHC 80 86.3% Retrospective 1.8(0.25-12.86)

AC | IHC 94 64.9% Retrospective 1.729(0.689-4.355)
Non-SCC nB/1v ELISA 283 50% Prospective 1.11(0.82-1.50)
Non-SCC ns/1v ELISA 150 50% Prospective 1.00(0.72—-1.39)
NSCLC I-IV ELISA 68 38.2% Retrospective 0.9(0.50-1.61)
NSCLC I-IV ELISA 99 33.3% Retrospective 1.6(1.0-2.70)
NSCLC IA-IV ELISA 33 44% Retrospective 1.31(0.53-3.28)
NSCLC 111l ELISA 71 53.5% Retrospective 2.308(1.115-4.77)
NSCLC 1111 IHC 56 44.60% Retrospective 3.11(1.44-6.69)
NSCLC I-IV IHC 74 NA Retrospective 2.049(0.984-4.263)
NSCLC I-IA IHC 335 8% Retrospective 1.8(1.03-3.14)
NSCLC I-IvV ELISA 58 31% Retrospective 0.95(0.28-3.28)
NSCLC I-IV IHC 68 80.9% Retrospective 1.723(0.454-6.541)
NSCLC 1111 IHC 111 79.30% Retrospective 1.00(0.53-1.89)
NSCLC \Y ELISA 32 50% Prespective 2.59(0.54-12.33)
NSCLC 11-111 IHC 60 43% Retrospective 3.25(1.51-7.3)
SCC -1V IHC 125 NA Retrospective 0.55(0.33-0.92)
SCLC Ed+LD ELISA 46 58.70% Retrospective 2.5(1.169-5.348)
SCLC Ed+LD ELISA 103 75% Prospective 1.5(0.9-2.4)

SCLC Ed+LD ELISA 34 52.9% Retrospective 1.51(0.53-5.48)
SCLC ED ELISA 31 50% Prospective 2.06(0.96-4.42)

statistically significant impact on OS, an indicator of poor prognosis in 7 studies, and only 1
study identified it as an indicator of longer OS.

Quality assessment

The overall global score ranged from 45% to 71.25%, with a mean of 57.5%. Concerning the
global score, there was no statistically significant difference among 8 significant studies and 14
non-significant studies (mean of 58.9% versus 56.8%, p = 0.608). No statistically significant dif-
ference was shown between Asian and non-Asian studies according to the global score (mean
of 54.4% versus 59.6% respectively, p = 0.105). Similarly, there was no difference in the examin-
ing method (ELISA versus IHC) or histology type (NSCLC versus SCLC) (mean of 58.4% ver-
sus 56.4%, p = 0.468; mean of 57.5% versus 57.4%, p = 1.00, Table 2). Due to the absence of
difference between groups classified by the variables above, we performed a quantitative aggre-
gation of all the survival results.

Meta-analysis

The heterogeneity of selected studies was examined according to the I” statistic and p-value.
Moderate heterogeneity was found in all of the eligible studies (I* = 31.03%, p = 0.073) with a
combined HR of 1.025 (95%ClI, 0.872-1.179) as calculated by the random-effects model. Sensi-
tivity analysis was conducted to explore heterogeneity (Fig 2). The IHC study by Behrens et al.,
which investigated bFGF expression in squamous carcinoma, was the main source of heteroge-
neity [31]. No heterogeneity was found among the other studies when the study by Behrens
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Table 2. Results of quality assessments according to ELCWP criteria. Score distributions are expressed by the mean values. IHC, immunohistochemis-
try; ELISA, enzyme linked immunosorbent assay; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; Significant, significant prognostic factor
for survival (P<0.05); Non-significant, not significant prognostic factor for survival (P>0.05).

Studies(n) Global score(%) Design Laboratory methodology Generalizability Result analysis

All studies 22 57.8 5.36 5.31 6.73 5.59
Non-Asian 11 59.6 5.55 5.48 7.0 5.82
Asian 10 54.4 5.10 5.15 6.20 5.30
P 0.105 0.213 0.76 0.247 0.310
Non-significant 14 56.8 5.43 5.0 6.79 5.5
Significant 8 58.9 5.25 5.85 6.63 5.75
P 0.608 0.653 0.036 0.726 0.672
NSCLC 18 57.5 5.39 5.33 6.67 5.61
SCLC 4 57.4 5.25 5.20 7.00 5.50
P 1.00 0.888 0.889 0.631 0.895
ELISA 12 58.4 5.42 5.28 717 5.50
IHC 10 56.4 5.30 5.35 6.20 5.70
P 0.468 0.800 0.885 0.156 0.865

doi:10.1371/journal.pone.0147374.1002

et al. was excluded (I” = 0%, p = 0.630). The fixed-effects model was applied to calculate the
HR of the remaining 21 studies. The combined HR evaluating bFGF overexpression on OS was
1.202 (95%CI, 1.022-1.382, Fig 3). The results showed that high bFGF expression was associ-
ated with poor OS in lung cancer. Moreover, subgroup analysis was performed according to
the histological type (NSCLC versus SCLC). The HR for OS favored patients with low bFGF

Meta-analysis estimates, given named study is omitted
| Lower Cl Limit o Estimate | Upper Cl Limit

lwasaki (2004)
Rades (2012)
Brattstrom (2002
Ito (2002
Kojima (2002)
Takanami (1996)
Zhao (2011)

Yu (2005)

zhou (20049)
Shou (2001)
Donnem (2009)
Behrens (2003)
Mok (2014)
Dowl ati ('2|:||:|E::|

Kelly (2011)
Garpenstrand (2004)
Brattstrom (1998)
Ueno (2001)

Horn (2009

Joensuu (2002)
Jiang (2013)
Ruotsalainen (2002)

1
0.140.17 0.29 0.492 0.49

Fig 2. Sensitivity analysis for combined HRs evaluating bFGF expression on OS.

doi:10.1371/journal.pone.0147374.9002
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Study
ID

lwasaki (2004)
Rades (2012)
Brattstrom (2002)
lto (2002)
Kojima (2002)
Takanami {1996)
Zhao (2011)

Yu (2008)

zhou (2004)

Shou {2001)
Donnem (2009)
Mok (2014)
Dowlati {2008)
Kelly (2011)
Garpenstrand (2004)
Brattstrom (1998)
Ueno (2001)

Horn (2009)
Joensuu (2002)
Jiang (2013)
Ruotsalainen (2002)

Overall (l-squared =0.0%, p = 0.630)

%
ES (35% CI) Weight

231(1.12,478) 0.9
325(151,7.30) 039
095(0.28,3.28) 1.44
1.80 (0.25,12.86)  0.08
173 (069, 4.34) 097
226(1.23,417) 150
172 (0.45,654)  0.35
205098, 426) 1.20
3.11(1.44,669)  0.47
1.00 (0.53,1.89) 6.9
180 (1.03,3.14)  2.90
111 (0.82,1.50)  27.95
1.00 (0.71,1.41)  26.38
1.00 (0.43,2.31)  3.66
131 (053,3.28) 1.7
090 (0.50,1.61)  10.49
250(1.17,535) 074
206 (0.96,4.42)  1.08
160 (1.00,2.70)  4.47
151 (0.53,5.48) 0.53
150 (0.90,2.40)  5.74
120 (1.02,1.38)  100.00

Fig 3. Forest plots of OS associated with bFGF expression in lung cancer.

doi:10.1371/journal.pone.0147374.g003

expression in SCLC (HR = 1.667, 95%CI, 1.035-2.299, I* = 0%), while bFGF expression did not
impact OS in the NSCLC group as a whole (HR = 1.16, 95%CI, 0.973-1.348, I* = 0%, Fig 4).
Additionally, there was no evidence showing heterogeneity in either group. In the subgroup of
NSCLC, high bFGF expression indicated worse prognosis when the tumor was considered at
an operable stage (HR = 1.553, 95%CI, 1.120-1.986, I? = 0%), but it had no influence on
advanced stage (HR = 1.060, 95%CI, 0.828-1.293, I = 0%, Fig 5). Furthermore, we conducted
subgroup analysis according to study design. No heterogeneity was found in either group. The
combined HR evaluating bFGF overexpression on OS in retrospective studies was 1.37 (95%CI
1.07-1.67). However, in prospective studies, bFGF overexpression did not show an impact on
survival (HR = 1.11, 95%CI 0.89-1.33, Fig 6).

Publication bias

Begg’s funnel plot was performed to assess publication bias in this meta-analysis. Eligible stud-
ies investigating patients with NSCLC in an operable stage and SCLC yielded a Begg’s test
score of p = 0.938 and p = 0.849 respectively. No obvious publication bias was found in either
the retrospective or prospective studies (p = 0.787 and p = 0.327 respectively, S2 File).
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Study %
ID ES (95% CI) Weight
NSCLC i
Iwasaki (2004) —— 231(1.12,478) 0.96
Rades {2012) |—— 3.25(1.51,7.30) 0.39
Brattstrom (2002) -— 0.95(0.28, 3.28) 1.44
Ito {2002) r 1.80(0.25,12.86) 0.08
Kojima {2002) —;0— 1.73(0.69, 4.34) 0.97
Takanami {1996) ]—0— 2.26(1.23,417) 1.50
Zhao (2011) —— 1.72(0.45,6.54) 0.35
Yu (2005) — 2.05(0.98, 4.26) 1.20
zhou (2004) | 3.11(1.44,6.69) 0.47
Shou (2001) - 1.00{0.53,1.89) 6.99
Donnem {2009) = 1.80{1.03,3.14) 2.90
Mok (2014) - 1.11 {0.82,1.50) 27.95
Dowlati (2008) - 1.00{0.71,1.41) 26.38
Kelly (2011) —-— 1.00{0.43,2.31) 3.66
Garpenstrand (2004) | —_— 1.31(0.53, 3.28) 1.7
Brattstrom (1998) - 0.90 (0.50, 1.61) 10.49
Joensuu (2002) —-— 1.60{1.00,2.70) 4.47
Subtotal (-squared=0.0%, p=0.593) 0 1.16 (0.97,1.35) 91.91

1

|
SCLC !
Ueno (2001) —— 2.50(1.17,5.35) 0.74
Horn (2009) i—o—— 2.06 (0.96, 4.42) 1.08
Jiang (2013) —— 1.51(0.53,5.48) 0.53
Ruotsalainen (2002) —-— 1.50(0.90, 2.40) 574
Subtotal (-squared=0.0%, p=0.798) <> 1.67 (1.03, 2.30) 8.09

1

b
Heterogeneity between groups: p=0.132 !
Overall {l-squared = 0.0%, p=0.630) o 1.20(1.02,1.38) 100.00

i

T T T

012 ¢

Fig 4. Forest plots of OS assessing bFGF expression in non-small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC).

doi:10.1371/journal.pone.0147374.9g004

Discussion

Emerging data on the bFGF signaling pathway has sparked several pharmaceutical companies
to develop drugs that target bFGF and FGFRs. Efforts to develop anti-FGF or FGFR agents are
also underway in cancer treatment [36], including a novel antiangiogenic bFGF antagonist,
which could potentially block the activity of multiple FGF ligands and receptors, and exert
both antiangiogenic and anti-proliferative effects [37]. Additionally, the FGF-FGFR pathway
may function as a mechanism of resistance to anti-VEGF treatment. Dozens of clinical trials
are being performed to treat various cancers with brivanib as monotherapy or in combination
with other agents [38,39].

SCLC is initially chemosensitive, but rapidly relapses with chemoresistance, and has an OS
of <5%. In recent years, several novel therapies have been developed for NSCLC, but not as
many as in SCLC. Our analysis suggested that inhibiting bFGF-mediated angiogenesis also
may be an effective treatment for SCLC. The FGFR inhibitor PD173074 blocks SCLC growth
in vitro and in vivo [40]. BIBF1120 is a novel triple angiokinase inhibitor that predominantly
blocks FGFR, VEGF and PDGEFR. A phase II trial is ongoing to evaluate the efficacy of
BIBF1120 in patients with recurrent SCLC.

In this meta-analysis, explicit criteria were set to screen eligible studies. Quality assessment
was performed independently by two investigators according to the ELCWP scale designed for
biological prognostic factors. Quantitative aggregation of the survival results was performed
since there was no significant difference between significant and non-significant studies
according tothe global score. Similarly, there was no difference in score between studies
grouped by examining methods, patient populations or histological types.
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Study %
D ES (95% CI) Weight
Operable NSCLC |
Iwasaki (2004) —— 231(112,478) 125
Rades (2012) E—o— 325(1.51,7.30) 050
Brattstrom (2002) = 095(0.28,3.28) 187
Ito (2002) . 1.80 (0.25,12.86) 0.1
Kojima (2002) “— 173 (069,434) 126
Takanami (1996) e 226(1.23,417) 194
Zhao (2011) —_—— 172 (0.45,654) 045
Yu (2005) e 205(0.98,426) 156
zhou (2004) | —— 3.11(1.44,6.69) 061
Shou (2001) = 1.00 (0.53,1.89) 9.08
Donnem (2009) —— 1.80 (1.03,3.14) 377
Subtotal (--squared =0.0%, p = 0.630) 4] 155(1.12,199) 2241
I
Advanced NSCLC |
Mok (2014) - 1.11{0.82,1.50) 36.33
Dowlati (2008) - 1.00 0.71,1.41) 3428
Kelly (2011) i 1.00 (0.43,231) 475
Garpenstrand (2004) -— 1.31 (053,328 222
Subtotal (-squared =0.0%, p = 0.953) Q 1.06 (0.83,1.29) 77.59
Heterogeneity between groups: p = 0.043 |
Overall (l-squared = 0.0%, p = 0.591) 6 1.17 (0.97,1.38)  100.00
1T
1

T
012 ¢

Fig 5. Forest plots of OS assessing bFGF expression in operable NSCLC advanced NSCLC.
doi:10.1371/journal.pone.0147374.9005

We firstly combined 22 eligible studies and found a HR of 1.025 (95%ClI, 0.872-1.179), indi-
cating that OS was not associated with bFGF expression. However, there was moderate hetero-
geneity in the whole group (I” = 31.03%, p = 0.073). One study that followed exclusively SCC
patients was found to be the main source of heterogeneity through sensitivity analysis. The
combined HR and 95%CI did not alter significantly when excluding any study but this one.
We compared this article carefully with others, and we inferred that there may be two reasons
for this heterogeneity. First, adenocarcinoma and SCC are not homogeneous, although both
are categorized as NSCLC. In this paper, bFGF, FGFR1 and FGFR2 expression was examined
in adenocarcinoma and SCC, and high bFGF expression was found to be a good predictor of
OS in SCC. However, the effect of bFGF expression on adenocarcinoma was not mentioned
(without any text description, data or chart). In the other reports, the histological type enrolled
was NSCLC, non-SCC or adenocarcinoma. Additionally, the method of evaluating the ITHC
results in this article was different from that of the others. According to Behrens et al., cyto-
plasmic expression and nuclear expression were calculated by different methods. Nuclear over-
expression of FGFR1 and FGFR2 significantly correlated with a worse outcome. In contrast,
cytoplasmic overexpression of bFGF and FGFR2 significantly correlated with better OS. In the
study by Zhao et al. [27], cytoplasmic and/or nuclear staining in the tumor cells was evaluated
by the same criterion simultaneously. The remaining 8 articles used IHC to evaluate bFGF
expression according to the cytoplasmic staining intensity of bFGF and/or the percentage of
bFGF-positive tumor cells. Therefore, we excluded the Behrens study from the final analysis.
There was no heterogeneity in the remaining 21 studies (I* = 0%, p = 0.630) and the pooled HR
was 1.202 (95%CI, 1.022-1.382), indicating a worse prognosis with high bFGF expression.
However, in subgroups by histologic type and disease stage, bFGF expression remained signifi-
cantly associated with OS in SCLC and operable NSCLC, but not in advanced NSCLC.
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Fig 6. Forest plots of OS assessing bFGF expression in retrospective studies and prospective
studies.

doi:10.1371/journal.pone.0147374.g006

We also analyzed possible reasons for the difference between operable NSCLC and
advanced NSCLC. Firstly, we observed that cells in the blood were analyzed in the four studies
of advanced NSCLC, while in the ten reports on operable NSCLC, bFGF expression was evalu-
ated in the tumor tissue. There are multiple possible sources of bEFGF in the blood, such as
platelets, mast cells, macrophages and cancer cells [41-44]. bFGF expression in the tumor is a
more direct and robust indicator of the tumor burden than peripheral blood. Therefore, we
thought that the prognostic impact of bFGF expression in blood versus tumor tissue might
account for the difference in association among the stages of NSCLC. Secondly, angiogenesis is
an important biological process and a relatively early event during lung cancer oncogenesis
[45]. In advanced NSCLC, there are many more factors involved in angiogenesis than in early
NSCLC. Therefore, we speculated that bFGF, as an important angiogenesis inducer, may exert
more influence in early NSCLC than in advanced NSCLC. In 4 articles on SCLC, bFGF expres-
sion in the blood was examined and the combined HR is 1.667 (95%CI, 1.035-2.299, I? = 0%).
However, there were only 4 articles in the SCLC group, and each had a small sample size, so
more well-designed studies are needed to draw conclusions in SCLC.

The identification of a molecular prognostic factor is necessary for improving the prediction
of lung cancer prognosis; it may facilitate individualized risk-benefit assessment for treatment
strategies. More intensive therapy may be necessary for patients with high bFGF expression for
operable NSCLC and SCLC. A reliable identification of an angiogenic-related factor would be
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desirable, not only for risk assessment, but also for the implementation of angiogenesis targeted
treatment. Currently, several bFGF-FGFR pathway inhibitors are undergoing clinical trials,
particularly in NSCLC. These agents targeting the FGF signaling pathway, in combination with
adjuvant or neoadjvant therapy, could potentially prolong the survival of NSCLC patients
undergoing curative surgical resection.

Begg’s funnel plot indicated that publication bias was not present in our analysis. However,
publication bias could not be avoided completely: we limited our analysis to articles published
in English or Chinese, which probably introduced bias, and there might have been a publica-
tion bias for positive over negative results.

However, our study has several limitations, as we could not prevent all potential bias among
these studies. Although 21 studies were included in the final analysis, the average sample size
was small (mean,98). For articles without HR and 95%CI, we contacted the corresponding
author, but received no reply. Consequently, we extrapolated these metrics from the data or
curves in these articles indirectly, which could be another potential source of bias. Different
methods of examining bFGF expression, primary antibody source and concentration, and
threshold cut-off values may introduce more bias as well. THC is a relatively complicated tech-
nique with many steps and is observer-dependent. Moreover, our meta-analysis data did not
include information on age, smoking status, tumor size and other factors, which might result
in confounding bias. Lastly, we included studies which dichotomized bFGF expression into the
high and low expression group. Other studies that included bFGF expression as a continuous
variable were excluded because the data was not extractable.

Despite the above limitations, our meta-analysis revealed that bFGF overexpression has sig-
nificant impact on survival in lung cancer patients. For operable NSCLC and SCLC patients,
bFGF overexpression is an unfavorable prognostic factor and could be helpful in optimizing
therapeutic schemes. However, more studies need to be carried out to investigate the prognos-
tic value of bFGF to other kinds of cancer.
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