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Abstract The relationship between the GSTP1 A313G and
GSTMI null/present polymorphisms and the treatment re-
sponse (TR) of platinum-based chemotherapy in non-small
cell lung cancer (NSCLC) patients have been extensively
investigated by many studies, but the results were inconsistent
and inconclusive. The aim of this meta-analysis was to further
explore the predictive value of the GSTP1 and GSTM1 poly-
morphisms by collecting currently available evidence. Rele-
vant studies were searched in PubMed, Embase, and CNKI.
Inclusion criteria were NSCLC patients receiving platinum-
based treatment, evaluated GSTP1 A313G or GSTMI1
null/present polymorphisms, and TR. Odds ratio (OR) with
95 % confidence interval (CI) was calculated to assess the
strength of the associations. Subgroup analysis by race was
also conducted to explore the source of heterogeneity. A total
of nine studies including 961 NSCLC patients were qualified
for analysis. We found that GSTM1 null/present but not
GSTP1 A313G polymorphism was associated with
platinum-based TR (for GSTM1, null vs present: OR=1.77,
95% CI=1.19-2.62). When subgroup analysis by race was
done, both GSTP1 and GSTM1 polymorphisms were signif-
icantly associated with TR in East-Asian patients, but not in
Caucasians. In addition, the heterogeneity disappeared in
Asian and Caucasian patients when subgroup analysis by race
was done. Our study suggested that the GSTP1 A313G and
GSTMI1 null/present polymorphisms could predict the
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Introduction

Lung cancer remains the leading cause of cancer-related mor-
tality worldwide. Non-small cell lung cancer (NSCLC) ac-
counts for 85 % of primary lung cancers, and nearly two-thirds
of NSCLC cases are diagnosed at advanced stages [1, 2].
Platinum-based double-agent chemotherapy is still one of
the major therapeutic choices for NSCLC, especially for pa-
tients in advanced stages [3]. However, the efficacy of
platinum-based chemotherapy is usually very heterogeneous
and unpredictable even in NSCLC patients with similar clin-
ical and pathologic features. Genetic factors such as SNPs,
gene expression products may influence the treatment effec-
tiveness [4].

Platinum agents could bind to DNA and induce intrastrand,
interstrand DNA, as well as DNA-protein cross-links. This
platinum-induced DNA adducts will block replication and
inhibit transcription and result in apoptosis and cell growth
inhibition [5]. Decreasing of platinum compounds through the
glutathione metabolic pathway may contribute to the devel-
opment of resistance to the platinum-based chemotherapy.
Glutathione S-transferases (GSTs) are phase II metabolic en-
zymes involved in the platinum detoxification mediated by
glutathione (GSH) conjugation. Increase in GSH content
would decrease platinum-DNA binding, as a result, intracel-
lular platinum accumulation was decreased, and platinum
resistance was usually accompanied as an outcome. In
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contrast, downregulation of glutathione-related enzymes may
improve platinum sensitivity [6—8]. The most important hu-
man GST genes are GSTM1, GSTP1, GSTT1, and GSTAL1
[9]. In the present study, we only focus on the effect of GSTP1
and GSTM1 polymorphisms on platinum-based treatment as
the polymorphisms in these two genes were mostly investi-
gated. One nonsynonymous polymorphism occurring in
GSTP1, a single nucleotide substitution (A to G) at position
313 induces replacement of isoleucine (Ile) with valine (Val)
at codon 105, has been shown to result in reduced glutathione
conjugating ability whereas the GSTM1 polymorphism (null
genotype) has been associated with diminished GST enzyme
activity [10, 11]. Some studies have explored the relationship
between GSTP1 A313G and GSTM1 null/present polymor-
phisms and the treatment response in NSCLC patients receiv-
ing platinum-based chemotherapy. But the results were incon-
clusive and sometimes were even conflicting due to the small
sample size and the limited statistic power in a single study. To
further evaluate this relationship, we conducted the present
meta-analysis to comprehensively evaluate the association
between GSTP1 A313G and GSTM1 null/present polymor-
phisms and the treatment response (7R) in NSCLC patients
receiving platinum-based chemotherapy.

Materials and methods
Literature search and selection criteria

Relevant studies were searched in PubMed, Embase,
and the China National Knowledge Infrastructure
(CNKI) databases. The literature search was updated to
October 31, 2013. The following terms were used:
(“GSTP1” or “GSTM1” or “GST”) and (“polymor-
phism” or “SNP” or “mutation” or “variation”) and
(“lung cancer” or “lung neoplasm”) and (“platinum” or
“cisplatin” or “carboplatin” or “oxaliplatin”). References
from retrieved articles or previous meta-analyses were
searched manually for additional studies.

The following inclusion criterias were used: (1) as-
sess the relationship between GSTP1/GSTMI1 polymor-
phisms and TR, (2) pathologically proven NSCLC pa-
tients receiving any of the platinum drugs (“cisplatin” or
“carboplatin” or “oxaliplatin”), and (3) GSTP1 A313G
(rs1695) and GSTMI1 null polymorphisms should be
genotyped independently. Also, the following exclusion
criterias were provided: (1) lack of sufficient data to
extract the information we need such as genotype and
TR; (2) studies which included patients with small cell
lung cancer (SCLC) or samples mixed with SCLC that
makes extraction of sufficient information for NSCLC
impossible; and (3) case reports, reviews, meta-analyses,
cell line, and animal experiment studies. For the studies
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with overlapping data, only the most rounded studies
with more information were included.

Two investigators (YYL and XL) independently extracted
the data; any disagreement was solved unanimously via dis-
cussion. For each study, general characteristics such as au-
thors, year of publication, country, ethnic group of the study
population, sample size, tumor stage, chemotherapy drug,
SNP genotyping methods, SNPs, and allele frequency were
collected.

Statistical Analysis

The treatment response (7R) was used to measure che-
motherapy efficacy, to summarize this information, the
patients were divided as responders [complete responders
(CR) or partial responders (PR)] and non-responders
[stable disease (SD) or progressive disease (PD)] accord-
ing to the WHO criteria [12] or Response Evaluation
Criteria in Solid Tumors (RECIST) criteria [13]. For
GSTP1 A313G, five genetic comparison models were
analyzed (A: dominant model, AG+GG vs AA; B: het-
erozygote model, AG vs AA; C: homozygote model, GG
vs AA; D: allele model, G vs A; E: recessive model, GG
vs AA+AG); for GSTMI, null versus present genotype
was applied for analysis. The pooled odds ratio (OR)
with its 95 % confidence interval (CI) was calculated
for CR+PR vs SD+PD.

To take into account the possibility of heterogeneity
across the studies, chi-square-based O test and I? sta-
tistics were applied. P>0.10 for Q test was considered
statistically significant; for 17, the value ranged from 0
to 100 % present different degree of heterogeneity (0 to
25 %: no heterogeneity; 25 to 50 %: moderate hetero-
geneity; 50 to 75 %: large heterogeneity; 75 to 100 %:
extreme heterogeneity) [14]. A fixed-effect model anal-
ysis was performed when I>50 % or P<0.10 for O test
[15]; otherwise, a random-effect model was conducted
[16]. Further subgroup analysis according to the original
population (East-Asian and Caucasian) was done to
explore the potential heterogencity between studies.
The main publication bias was investigated by Begg’s
test and Egger’s test. All P values were two-sided, and
most of our analyses were performed by the Stata
software version 11.2 (StataCorp, College station, TX).

Results
Eligible studies
The initial search strategy yielded 87 publications, after care-

fully screening the title and abstract, 24 publications seemed
to meet our selection criteria. After reading the full text, 15
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studies were excluded for the following reasons: six studies
did not report TR, one meta-analysis, patients in three studies
did not receive platinum doublets, two studies were mixed
with SCLC samples, three studies exist with data overlapping,
and finally, nine publications including 961 NSCLC patients
were included in our study [17-25]. Among the nine studies,
eight studies including 724 patients evaluated the rela-
tionship between GSTP1 A313G polymorphism and TR
in NSCLC patients [17, 18, 20-25], and four studies
including 455 patients investigated the effect of GSTM1
null polymorphism on TR [17, 19, 23, 24]. The samples
sizes vary from 59 to 137. Six studies were conducted
on East-Asian patients (mainly in Chinese) [19, 18,
20-22, 24] and three studies were conducted on Cauca-
sian patients [17, 23, 25]. In our included studies,
except two studies [21, 22] using WHO criteria to
evaluated treatment response, RECIST criteria 1.0 was
applied in the remaining studies [20, 18, 24, 19, 23, 17,
25]. Most of the studies included advanced NSCLC
patients. Figure 1 showed the literature search and study
selection procedures. The baseline characteristics of the
included studies were summarized in Table 1.

GSTP1 A313G

Eight studies including 724 NSCLC patients were pooled
to estimate the association strength of GSTP1 A313G
polymorphism with TR [17, 18, 20-25]. The main results
were presented in Table 2 and Figs 2, 3, 4 and 5. As the
between study heterogeneity was obvious under four
comparison models (dominant: 1°=68.6 %, P=0.002;
heterozygous model: I*=53.2 %, P=0.06; homozygous mod-
el: °=56.4 %, P=0.06; allele model: °’=75.7 %, P=0.002),
random-effect model was applied for overall analysis. In
the overall analysis, no association was found between
the GSTP1 A313G polymorphism and the TR in any of
the five comparison models (Table 2). When we con-
ducted stratified analysis by race, we found that the
variant G allele was significantly associated with good
response to platinum-based chemotherapy in East-Asian
patients (dominant model, AG+GG vs AA: OR=2.95,
95 % CI=1.90-4.60; heterozygous model, AG vs AA:
OR=2.37, 95 % CI=1.29-4.34; homozygous model, GG
vs AA: OR=3.87, 95 % CI=1.17-12.8; allele model, G
vs A: OR=2.28, 95 % CI=1.43-3.63). However, this

Fig. 1 The process of study
selection and exclusion, with
specifications of reasons

87 potentially relevant studies identified

on the basis of key searching terms

63 studies were excluded by reading title

or abstract

IHC or mRNA studies (15)
Genetic epidemiology studies (14)

A 4

Y

Cell line or animal studies (6)
Reviews (8)

None NSCLC studies (9)

24 studies retrieved

examination

for

Unrevelent studies (11)

detailed

Excluded 15

Did not reported TR (6)
Meta-analysis (1)

Not platinum-based treatment (3)

Y

A 4

Mixed SCLC samples (2)
Data overlapping (3)

9 studies included

for final analysis

A 4

y

8 reported GSTP1 A313G

4 reported GSTM1 null/present

@ Springer



Tumor Biol. (2014) 35:6791-6799

6794

159} A119U0301010Y JO AN[RA J Y ‘[RAIAIUI QDUIPLUOD %, G6 [D%S6 ‘SONERI SPPO YO
DTOSN yim syuaned ur Aderaypowayo paseq-wnuneld 03 osuodsar poo3 yim pajeroosse AJUBdIJIUSIS sem Jey)

dJo[[e D JueLeA PajedIpul ouo padderoao uorssedwiod yoea Ul (7)) S[EAIIUI 20UIPIIUOD %, G6 1Y) PUB (53()) SOUEI SPPO JO AJBWINS PAUIGUIOD Y], "SOI[E)I ul pAySIYSIY Sem BJep JuedlIuSIs A[[eonsnels

19°0 % 0°0 “O1'T0T0) 80 T  €€0°% 00 (10T “TF0) S90 T LEO % 00OI'T9I0)TH0 T 660% 00(CTISHFOVLO € 950% 00 (60T “T#'0) 890 ¢  ueiseone)
160 % 0°0 (LS'6 96°0) €0C € 1440 % 00 (€9€SH1)STT € £80% 00 (QTI LI'DL8E € #90 %00 (St 6T LET € 180 % 00W09F 061 S6C § urvIsy-iseq

81°0 % CT9€ “(9L'1 ‘8%°0) T6'0 S TO0'0 ‘% L'SL (19T 0L 0) SE'1

qd Pue I 1D %S6 Pue 4O N

Ud Pue I ID %S$6 PUe 40 N

S 900 % t'9S (8TH 0F'0) 0T S 900 % TES(TTTILOITT 9 7000 % 989 (96T 160) +9'T 8 v
Ud PUe I ‘ID %S6 Pue YO N

qd Pue I 1D %S$6 PUe 40 N Ud pue 1 ‘(1D %$6) 40 N

VV+DV SA DD ([SPOUI dAISSIIY

V 'SA D [PPOW AR[[Y  VV SA DD ([opowl SNOSAZOWOH V'V SA DV ([OpOoWl SN0SAZOINRH VYV SA DD+DY [[OpOou JUBUIO]

uostredwo))

Aderapowayp paseq-wnuneld Suraeoar syuaned HTHSN Ul asuodsar jusunean o) yum swisiydiowdjod HETEY [ LSO AU U9IMIQQ UONBIOOSSE JO ATeWung ¢ d[qe],

wsydrowA[od y)Su2] Juswidely uonoL)sAI

Paseq-UDd dTAY-YDd ‘[9XBI00p DO QI199xe) [X ] [oxenoed/joxe) x 1 ‘poxonawad 74 ‘Quiq[aioula J N Quiqenowdd py7o ‘unedoqies ggoH unedsio g @109s soueuriojiod g7 odar ou yn

- 9¢'0 dTI-40d
LY0 620 AAT-AOd
Surouonbos
81°0 81°0  0ad dT4Y-40d
- 020 dT3d-40d
Ke1reoromu
VN Paseq-[o3

- 0T0 opruejknedjod g-¢

- GZ’0  Surouonbas yanq

090 - dT4d-40d
- 61°0 ADd uebel,
I uonoeaI Apeal
Surouonbos 9104
wo 9¢’0 Jojeuruid) oAq3ig

dAN/INAD/O0d

INAd/FAN

paseq-dg0/dad AN 0 AL (08-$€)S'29 801 (In) uerseone)  [Sz] 900 ‘uoroog
peseq-dad AN AN APl (S9-81)SY 6S (euryD) ueisy-jseq [l LooT ‘oeN
paseq-wmune|q Tl AN AFVID  ($8-6€) 19 611 (99221D) uerseone)  [€z] 6007 eA1EN
dAN-+dad AN AN AN (BL-LD19 201 (euryD) ueisy-jseq [zl 600T onx
JIXL/XVL+d90/ddd AN AN AIFVIT ($8-+€) 9'6S €Il (euryD) uersy-iseq [12] 0107 ‘Ung
/NAD/D0A+dgD/dad I 0 ‘Al (LTHLS 911 (euryD) wersy-iseq  [0z] 110T ‘Moyz
paseq-wnune[d AN AN AN (€8-+0) 65 Syl (euryD) uersy-iseq [61] 210T 11
WHAO/XVL/AAN+dAd AN AN AFFEIT  (TL-LE)8S 9 (euryD) wersy-iseq  [81] Z10T “Sueyz
WAD+dada I 0 AIFAIT (6L-LE)L'6S LET  (spuepoyoN) ueiseone)  [£1] 710g 4081001

(Kouanbayy [nu) NI1SD (Aousnbayy D) [J1SO poypew SurdAlousn

sSnip juoumean
onnoderoyjowday)  Joour] 93eIs §d  938IS IANL

a3y  ouase) (Anunoo) Aroupyg IedA ‘Apmg

SISATeUE-B)oUI ) UI PAPN[OUT SAIPYS JO SONSLIo0LILY) T I[qeL,

pringer

Qs



Tumor Biol. (2014) 35:6791-6799 6795

Fig. 2 Association of the GSTP1 Study %

A313G polymorphism with the ID OR (95% Cl) Weight
treatment response to platinum-
based chemotherapy in NSCLC

i
patients under the dominant Caucasian i
model (GG+AG vs AA) Booton (2006) ——— 0.96 (0.39,2.36) 12.92
1
Kalikaki (2009) —_— 0.77 (0.34,1.75) 1357
Joerger (2012) —_— 0.47(0.22,1.02) 14.03

v

Subtotal (I-squared = 0.0%, p = 0.462) <> 0.68 (0.42,1.09) 40.52

East-Asian

Mao (2007) * 176(0.61,511) 1153
Yue (2009) - 3.18(0.99, 10.23) 10.71
Sun (2010) B — 3.03(1.28,7.18) 1326
Zhou (2011) - 325(1.41,749) 1350
Zhang (2012) - 409 (1.23,13.55) 10.49

Subtotal (I-squared = 0.0%, p = 0.868) 295(1.90,460) 5948

Overall (-squared = 68.8%, p = 0.002) 4 1.64(0.91,2.96) 100.00

K

NOTE: Weights are from random effects analysis
I I
0738 1 13.6

association was not significant in Caucasian patients GSTMI1
(Table 2). Notably, no heterogeneity was observed in

both Asian and Caucasian subgroups under five com- A total of four studies with 455 individuals were included in the
parison models (Table 2). analysis for GSTM1 polymorphism and TR [17, 19, 23, 24].
Fig.3 Association of the GSTP1 Study %
A313G polymorphism with the D OR (95% CI) Weight

treatment response to platinum-
based chemotherapy in NSCLC

patients under the heterozygous Caucasian i

model (AG vs AA) Booton (2006) - 1.15 (0.43, 3.08) 16.41
Kalikaki (2000) * 0.77 (0.34, 1.75) 19.10
Joerger (2012) . 0.54 (0.24, 1.20) 19.46
Subtotal (I-squared = 0.0%, p = 0.494) <Z___—p> 0.74 (0.45, 1.22) 54.97
East-Asian i
Mao (2007) o 1.47 (0.46, 4.71) 13.68
Yue (2009) E - 2.60 (0.82, 8.85) 13.34
Sun (2010) : * 2.91(1.20, 7.06) 18.01

Subtotal (I-squared = 0.0%, p = 0.638)

)

2.37 (1.29, 4.34) 45.03

Overall (I-squared = 53.2%, p = 0.058) <] 1.26 (0.71, 2.22) 100.00

NOTE: Weights are from random effects analysis
| |
113 1 8.85
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Fig. 4 Association of the GSTP1
A313G polymorphism with the
treatment response to platinum-
based chemotherapy in NSCLC
patients under the homozygous
model (GG vs AA)

As no significant heterogeneity exist (I’=20.7 %, P=0.29),
fixed-effect model was applied. The pooled analysis suggested

Study

Caucasian
Booton (2006)

Joerger (2012) ——
Subtotal (I-squared = 0.0%, p = 0.369) <>>

East-Asian

Mao (2007) —

|

—_——

%

OR (95% ClI) Weight
0.64 (0.17,2.39) 25.57
0.27 (0.07, 1.06) 24.80
0.42 (0.16, 1.10)  50.37

2.93 (0.55, 15.63) 21.43

Yue (2009)

Sun (2010)
Subtotal (I-squared = 0.0%, p = 0.868)

Overall (I-squared = 56.4%, p = 0.057)

<7

NOTE: Weights are from random effects analysis

*

)

7.26 (0.33, 161.84) 10.53
4.46 (0.57, 34.66)
3.87 (1.17, 12.80) 49.63

17.67

1.30 (0.40, 4.28) 100.00

|
.00618 1

subgroups (

that GSTM1 null genotype was significantly associated with

good response compared with the present genotype (null vs

present: OR=1.77, 95 % CI=1.19-2.62). In subgroup

analysis by race, this association was found in East-
Asian patients (OR=2.32, 95 % CI=1.30-4.12) but not
in Caucasian patients (OR=1.39, 95 % CI=0.81-2.39).

Fig.5 Association of the GSTP1
A313G polymorphism with the
treatment response to platinum-
based chemotherapy in NSCLC
patients under the allele model (G
vs A)
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Study

Caucasian
Booton (2006) —_—
Joerger (2012) ———

Subtotal (I-squared = 0.0%, p = 0.331) <>

East-Asian

Mao (2007) —
Yue (2009)

Sun (2010)

Subtotal (I-squared = 0.0%, p = 0.711)

Overall (I-squared = 75.7%, p = 0.002) ]

NOTE: Weights are from random effects analysis

Fig 6).

Publication bias

162

No heterogeneity was detected in Asian and Caucasian

Publication bias was examined by using funnel plot analysis.
The shape of the funnel plot did not reveal any evidence of
obvious asymmetry under dominant, allele, and heterozygous

%

OR(95% Cl)  Weight

0.84 (0.43, 1.62) 21.23
0.54 (0.31, 0.96) 22.47
0.65 (0.42, 1.01) 43.70

1.78 (0.79, 4.00) 19.14

4

3.05 (1.09, 8.56) 16.23
2.39 (1.21, 4.72) 20.92
2.28 (1.43, 3.63) 56.30

1.35(0.70, 2.61) 100.00

A17 1

8.56
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Fig. 6 Association of the GSTP1 Study %
null/present polymorphism with D OR (95% Cl) Weight

the treatment response to

platinum-based chemotherapy in
NSCLC patients (null vs present) Caucasian
Kalikaki (2009)

Joerger (2012)

Subtotal (I-squared = 31.7%, p = 0.226) <©-

East-Asian
Mao (2007)
Li (2012)

Subtotal (I-squared = 0.0%, p = 0.393)

Overall (I-squared = 20.7%, p = 0.286)

*

0.96 (0.42, 2.17) 31.60
1.89 (0.90, 3.93) 27.60
1.39 (0.81, 2.39) 59.20

W A’ S sa

L 3

1.58 (0.54, 4.55) 14.65
2.74 (1.37, 5.44) 26.15
2.32 (1.30, 4.12) 40.80

*

1.77 (1.19, 2.62) 100.00

184

models (figure not shown). In addition, Begg’s and Egger’s
tests were applied to detect publication bias. For GSTP1
A313G, no significant bias was found under dominant, het-
erozygous, homozygous, and allele models (dominant model:
Ppege=0.27, Ppgeer=0.14; heterozygous model: Ppey,=0.13,
Prgeer=0.23; homozygous model: Ppeyp=0.46, Prgee,=0.11;
allele model: Ppegs=0.22, Ppgger=0.12). For GSTMI, no
significant bias was detected (Ppege=0.31, Ppgeer=0.49).

Discussion

This meta-analysis, involving a total of 961 NSCLC patients
from nine studies examined the association of two polymor-
phisms of GST (P1 and M1) and the treatment response of
platinum-based chemotherapy in NSCLC patients. Our anal-
ysis provides support that genetic polymorphism of GSTP1
A313G (AG+GGvs AA, AGvs AA,GGvs AAand Gvs A)
and GSTM1 polymorphism (null vs present) relate to better
treatment response in NSCLC patients receiving platinum-
based chemotherapy. This association was mainly observed
in Asians but not in Caucasians.

Previous meta-analysis by Yin et al. also investigated the
relationship between GSTP1 A313G and GSTMI1 null poly-
morphisms and the TR in NSCLC patients receiving
platinum-based regimen [26]. In Yin’s study, they found
GSTP1 A313G polymorphism was associated with TR in
Asian patients, but not in overall patients, which was consis-
tent with our result. They did not found significant association
between GSTM1 null polymorphism and TR in overall

1 5.44

patients; however, our result found the significant association,
the inconsistent result may belong to another two studies
including 196 patients included in our analysis. When com-
pared with previous meta-analysis, our result showed some
advantages. Firstly, our result included more studies and larger
sample size than the previous one (four studies including 360
patients were included in our analysis). Secondly, our analysis
is more comprehensive and detailed than the previous one.
Yin only evaluated the relationship between GSTP1 polymor-
phism and platinum-based treatment response under dominant
model. Our study explored this relationship under five models
(dominant, heterozygote, homozygote, allele, and recessive
models), and the significant association was found in four
models (dominant, heterozygote, homozygote, and allele
models). At last, we comprehensively assessed the publication
biases by funnel plot, Begg’s, and Egger’s test and all found
no significant publication bias exist. In Yin’s study, potential
publication bias was detected by funnel plot. In the view of
this, we convinced that the result of our meta-analysis, in
essence, was more robust and reliable.

It is known that the allele frequencies of metabolic genes
are not equally distributed throughout the human population
but follow diverse ethnic patterns [27]; therefore, the sub-
groups by race were done. Our results indicated that GSTP1
A313G and GSTMI null genotype were more likely to re-
spond to platinum in East-Asians but not in Caucasians.
GSTP1 A313G is one nonsynonymous polymorphism, and
this SNP has been shown to result in reduced glutathione
conjugating ability. GSTM1 deletion polymorphisms (null
genotype) have been associated with diminished GST enzyme
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activity. Previous study showed that GSTP1 G allele and
GSTMI null genotype resulted in reduced glutathione conju-
gating ability. Thus, individuals with variant GSTP1 and
GSTM1 genotypes may possess increased susceptibility to
cancer but have good responses to chemotherapy due to
decreased detoxification of carcinogens and chemotherapeutic
agents [7, 20].

One of the major concerns in a sound meta-analysis is the
degree of heterogeneity. We carried out the O test and I?
statistics to test the significance of heterogeneity. Obvious
heterogeneity between studies was observed in overall com-
parisons. When we conducted subgroup analysis by race,
heterogeneity disappeared in both East-Asian and Caucasian
subgroups under all comparisons, respectively, indicating the
major heterogeneity could be accounted for the genetic distri-
bution in different race. In addition, the inconsistency of these
studies may be also due to population background, source of
patients, disease condition, or by chance. Further large sample
multi-center studies are needed.

Additional limitations should also be taken into consider-
ation. Firstly, our sample size was not large enough; only nine
studies including 961 NSCLC patients were included in our
analysis. Such limited sample size still could not draw a robust
conclusion. In the analysis of GSTM1 polymorphism and
platinum-based chemotherapy response of NSCLC in East-
Asian patients, only two publications (Li, 2012; Mao 2007) of
204 patients [19, 24] were included, the sample size was not
large enough, so the result maybe not valid. Also, lack of
original data in some studies limited our further evaluation of
other parameters such as overall survival (OS), progression-
free survival (PFS), and toxicity. Secondly, the potential het-
erogeneity and publication bias exist. Although the heteroge-
neity in our study could be accounted for race, maybe some
substantial factors such as age, sex, cigarette smoking status,
histology type, tumor stage, chemotherapy regime, treatment
cycle, additional surgery, or radiotherapy may play a role.
However, we were unable to conduct further stratified analysis
as most studies did not report the information in details.
Besides, publication bias may exist. Other articles published
in non-English and non-Chinese, or studies that fail to get
published with negative or null results cannot be examined by
us. Even in publications we could identify, some failed to be
included in our analysis due to lack of sufficient data.

In conclusion, our meta-analysis indicated that GSTP1
A313G and GSTMI1 null polymorphisms can be associated
with the treatment response of the platinum-based chemother-
apy in NSCLC, mainly in East-Asians. The insight into future
platinum-based chemotherapy in NSCLC using these poly-
morphisms would make it more attractive. However, as the
limitations, heterogeneities, and bias of meta-analysis show,
our conclusion needs to be interpreted with caution. Also,
additional prospective large studies with strict designed meth-
odology are warranted to further confirm our findings.
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