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 Background: Previous studies have shown an association with glutathione S-transferase (GST) gene polymorphisms in pa-
tients with non-small cell lung cancer (NSCLC) and treatment response. This study aimed to undertake a liter-
ature review and meta-analysis of GST gene polymorphisms, including GSTT1, GSTM1, and GSTP1 IIe105Val, 
and the treatment response to cisplatin-based chemotherapy in patients with NSCLC.

 Material/Methods: A literature search was undertaken of the main medical publication databases for publications, up to March 2017, 
on the association between GSTT1, GSTM1, and GSTP1 IIe105Val polymorphisms and the clinical outcome in 
patients with NSCLC treated with cisplatin-based chemotherapy. A random fixed-effects model was used to 
calculate the pooled odds ratio (OR) and 95% confidence interval (CI) to evaluate the associations, considering 
multiple genetic models. A subgroup analysis according to ethnicity was performed.

 Results: Twenty-three published studies were identified that showed that both the null GSTM1 and the GG genotype of 
GSTP1 IIe105Val were associated with improved treatment response to cisplatin-based chemotherapy (GSTT1 
present/null: OR=1.328; 95% CI, 1.074–1.643) (GSTP1 GG + AG vs. AA: OR=0.596; 95% CI, 0.468–0.759). In sub-
group analysis, the GSTP1 polymorphism was significantly associated with treatment response in East-Asian 
patients, but not in Caucasian patients.

 Conclusions: Meta-analysis showed that the GG genotype of GSTP1 IIe105Val and the null GSTM1 genotype were associated 
with an improved treatment response to cisplatin-based chemotherapy in patients with NSCLC, especially in 
East-Asian patients.
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Background

Worldwide, lung cancer has a high prevalence and is associated 
with a high mortality rate [1]. In the last century, the incidence 
of lung cancer has been rising rapidly, and it is estimated that 
there were about 8.8 million deaths of lung cancer in 2015 
worldwide [2]. It has been reported that 85% of primary lung 
cancers are non-small cell lung cancer (NSCLC) and 80–85% 
of patients who are first diagnosed with NSCLC are at an ad-
vanced stage [3–5]. Except for a few patients who can undergo 
surgical treatment, most patients require comprehensive treat-
ment based on systemic chemotherapy, with different individual 
responses to chemotherapy in terms of the tumor sensitivity 
to chemotherapy and the adverse reactions to chemotherapy. 
Recently published studies have provided evidence that hered-
itary factors play an important role in individual differences in 
the treatment response to chemotherapy, including the GSTM1, 
GSTP1, XRCC1, MRP2, and RRM1 genes [6–17]. Therefore, it is 
important to continue to undertake research to identify mo-
lecular markers for treatment response in patients with NSCLC.

Glutathione S-transferases (GSTs), and cellular glutathione 
(GSH), are members of a multigene family of phase II enzymes, 
which are associated with detoxifying chemotherapeutic agents. 
GSTs have been recognized as a significant factor related to 
the clinical outcome of cisplatin-based chemotherapy in pa-
tients with NSCLC. The GSTT1, GSTP1 and GSTP1 IIe105Val 
genes all belong to GST gene family [18]. In previously pub-
lished studies, the role of GSTT1, GSTM1, and GSTP1 IIe105Val 
gene polymorphisms and the clinical outcome of patients with 
NSCLC treated with chemotherapy have demonstrated that the 
genetic variability of the GSTM1 and GSTT1 genes are linked 
to enzyme metabolizing activities [16]. The GSTP1 IIe105Val 
gene plays an important role in phase II metabolism of xeno-
biotics and is involved in the biological transformation of cis-
platin in the body. With a substitution of adenine to guanine 
(A to G) at locus 313, the GSTP1 gene acquires isoleucine (lle) 
rather than valine (Val) at codon 105. The mutant alleles can 
increase intracellular cisplatin-GSH conjugates and suppress 
the metabolism of cisplatin, which will decrease the activity 
of GST and reduce the rate of the biological effect.

This study aimed to undertake a literature review and meta-
analysis of GST gene polymorphisms, including GSTT1, GSTM1, 
and GSTP1 IIe105Val, and the treatment response to cisplat-
in-based chemotherapy in patients with NSCLC.

Material and Methods

Literature search and selection criteria

A systematic literature search was undertaken to include the 
main medical databases, including PubMed, Web of Science, 
EMBASE, the Cochrane database, and the China National 
Knowledge Internet (CNKI) database. The search covered all 
publications from September 2006 to March 2017. Keywords 
used included ‘GSTM1’ or ‘GSTT1’ or ‘GSTP1’ or ‘GSTs’ and 
‘polymorphisms’ or ‘variation’ or ‘SNP’ and ‘lung cancer’ or 
‘NSCLC’ and ‘chemotherapy’ or ‘platinum’ or ‘treatment.’ 
Publications from previous meta-analysis and retrieved arti-
cles were searched manually for additional studies.

Inclusion and exclusion criteria for publications that 
included patients with non-small cell lung cancer (NSCLC), 
glutathione S-transferase (GST) gene polymorphisms, and 
treatment response to platinum-based chemotherapy

The inclusion criteria for publications included studies that 
evaluated the association between GSTM1 or GSTT1 or GSTP1 
gene polymorphisms and treatment response; patients with 
histologically-confirmed non-small cell lung cancer (NSCLC) 
treated with any combination of cisplatin-based chemotherapy, 
including cisplatin or gemcitabine-cisplatin or cisplatin (DDP); 
independent genotype data on GSTT1, GSTM1 and GSTP1 
polymorphisms; the presence of treatment response and fol-
low-up information that would allow for the calculation of the 
odds ratio (OR). The exclusion criteria for publications included 
studies that had insufficient data or lack of the necessary in-
formation; mixed data on cases of NSCLC and small cell lung 
cancer (SCLC), which would make extraction of data on pa-
tients with NSCLC difficult; review publications, meta-analysis, 
case reports, in vitro cell line studies, and in vivo animal studies.

Data extracted from each publication used in the meta-analysis 
included the details of the authors, the year of publication, the 
country where the study was undertaken, the race or ethnicity 
of the patient population, the study sample size, single nucle-
otide polymorphism (SNP) data, allele frequencies, and details 
on the platinum-based chemotherapy drug regime. Figure 1 
shows the flowchart of the publication selection process

Definitions

The clinical data included patient treatment response and clin-
ical outcome following chemotherapy, which was assessed at 
every two cycles of treatment, according to the World Health 
Organization (WHO) criteria and the response evaluation criteria 
in solid tumors (RECIST). On the basis of the response to che-
motherapy, the patients were divided into two groups, the com-
plete response (CR) group or the partial remission (PR) group. 
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The objective response rate (ORR) was used to determine 
whether the patient has a ‘good response’ to chemotherapy 
(a chemo-sensitive group, CR + PR). Stable disease (SD) or 
progressive disease (PD) were considered ineffective or repre-
senting a poor response group (non-sensitive group, SD + PD).

Statistical analysis

Meta-analysis was performed to determine the association 
between GST gene polymorphisms and treatment outcome 
of cisplatin-based chemotherapy. Subgroup analysis was per-
formed by patient ethnicity and included East-Asians and 
Caucasians. The potential heterogeneity between studies was 
analyzed. The association between GSTP1 IIe105Val and treat-
ment response was performed using with five comparisons: 
the recessive genotype genetic model (GG vs. AG + AA); the 
dominant genotype genetic model (GG + AG vs. AA); a homo-
zygous genotype genetic model (GG vs. AA); a heterozygous 
genotype genetic model (AG vs. AA); and allelic gene genetic 
model (G vs. A).

A formal Q statistical test and I2 statistical test were performed 
to assess the heterogeneity between studies, and P<0.05 was 
considered to be statistically significant. Depending on the 
heterogeneity results, the DerSimonian and Laird random-ef-
fects meta-analysis model or the Mantel-Haenszel fixed-effects 
model was used for the calculation of the pooled odds ratio (OR) 
with a 95% confidence interval (CI). A P-value <0.10 or I2 >50% 
was considered to support a fixed-effect model, with the al-
ternative being a random-effects model. A sensitivity analysis 
was conducted, by sequential omission of each study, to vali-
date the stability of all results. Both Egger’s regression test of 

asymmetry of the funnel plot and Begg’s adjusted rank corre-
lation test were used to investigate publication bias. All sta-
tistical analysis was performed using STATA version 10.0 sta-
tistical software (STATA Corporation, College Station, TX, USA).

Results

Initially, a total of 144 publications were identified from the 
database search, after removing duplicate publications with 
all research based on univariate analysis. After carefully 
screening the titles and abstracts, 121 studies were excluded. 
Finally, 23 studies met the study selection criteria for meta-
analysis [2,3,7–16,19–21,23–30] (Figure 1). Among the 23 
studies, there were eight studies of non-small cell lung cancer 
(NSCLC) with 640 cases and 928 controls for the GSTM1 null 
genotype, six studies with 518 cases and 822 controls for the 
GSTT1 null genotype, 23 studies including 1733 cases and 
1374 controls for the GSTP1 IIe105Val genotype. These studies 
contained two subgroups with 20 studies including patients 
from East-Asia and three studies that included Caucasian pa-
tients with NSCLC. The essential information of the included 23 
publications are shown in Tables 1–5 [2,3,7–16,19–21,23–30]. 
Three individuals reviewed the studies to avoid potential bias 
in data interpretation.

The Newcastle-Ottawa Scale (NOS) was used to evaluated the 
quality of these included studies, based on a scoring system with 
three components: the selection of the subjects (0–4 points); the 
comparability of the study groups (0–2 points); the determina-
tion of the outcome of interest (treatment response) (0–3 points). 
The highest NOS score for each publication was 9 points, and 
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Figure 1.  Flowchart of the publication selection 
process.
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in this meta-analysis, two studies had a NOS score of 9 [11,31]; 
11 studies had a NOS score of 8 [8–10,12,13,15,16,20,25,26,30]; 
eight studies had a NOS score of 7 [2,7,14,19,21,24,28,29]; and 
two studies had a NOS score of 6 [23,27].

The GSTM1 gene polymorphism

Eight studies described the relationship between the GSTM1 
polymorphism and treatment outcome of chemotherapy 
in patients with NSCLC, which included 1,568 individuals 
(Table 1). A fixed-effects model was used so that no significant 

heterogeneity existed between the studies (I2=29.1%; P=0.196). 
The pooled meta-analysis showed that patients with the null 
GSTM1 genotype had a better clinical outcome following cis-
platin-based combination chemotherapy, compared with the 
presence of GSTM1 (OR=1.328; 95% CI, 1.074–1.643) (Figure 2). 
A subgroup analysis was performed on the different ethnicities. 
The results showed that null GSTM1 was associated with an 
improved treatment response in Chinese patients with NSCLC 
(present vs. null: OR=1.498; 95% CI, 1.188–1.189), but not in 
Caucasian patients with NSCLC (present vs. null: OR=0.691; 
95% CI, 0.400–1.194) (Table 2).

Study Year
Ethnicity/
country

Chemotherapeutic 
drugs

Poor 
response

present/null

Good 
response

present/null

OR 
(95% CI)

Weight 
%

P-value
Study 
quality

Jia et al. 
[19]

2016 East-Asian/
China

DDP 118/61 33/32 1.876 
(1.054, 3.337)

11.21 0.03 7

Xiao et al. 
[2]

2016 East-Asian/
China

DDP 83/36 80/63 1.816 
(1.088, 3.029)

14.94 0.02 7

Chen et al. 
[20]

2016 East-Asian/
China

DDP 121/85 41/37 1.285 
(0.761, 2.169)

16.67 0.35 8

Han Ba 
[11]

2016 East-Asian/
China

DDP+ DOC/DDP+ 
NVB/Pt+ GEM

48/34 36/38 1.490 
(0.791, 2.807)

10.66 0.16 9

Wu et al. 
[21]

2015 East-Asian/
China

DDP 100/59 68/55 1.371 
(0.849, 2.214)

19.33 0.20 7

Qiying 
et al. [30]

2014 East-Asian/
China

TAX+ DDP/DDP+ 
NVB/DDP+ GEM/

DDP+ VP-16

32/31 13/13 1.032 
(0.414, 2.574)

6.15 0.98 8

Joerger 
et al. [23]

2012 Caucasian/ 
Netherlands

DDP+ GEM 20/22 60/35 0.530 
(0.254, 1.106)

13.09 0.08 6

Kalikaki 
et al. [25]

2009 Caucasian/ 
Greece

Pt/Pt-TXT-based 49/29 23/13 0.955 
(0.420, 2.170)

7.95 0.34 8

M-H pooled OR 1.328 
(1.074, 1.643)

100 0.009

Table 1. Studies on GSTM1 polymorphisms and treatment response.

OR – odds ratio; 95% CI – 95%confidence interval; DDP – cisplatin; GEM – gemcitabine; NVB – vinorelbine; PEM – pemetrexed; 
TAX – taxol/paclitaxel; TXT – taxotere; DOC – docetaxel; VP-16 – etoposide; MMC – mitomycin; IFO – ifosfamide; VLB – vinblastine; 
Pt – platinum.

Comparison N OR 95% CI I2 (%) Ph

All 8 1.328 1.074 1.643 29.1 0.196

Chinese 6 1.498 1.188 1.889 0.0 0.817

Caucasian 2 0.691 0.400 1.194 8.7 0.295

Table 2.  Subgroup analysis of the association between the GSTM1 polymorphisms with treatment response in patients with non-small 
cell lung cancer (NSCLC) receiving chemotherapy.

N – number; OR – odds ratio; 95% CI – 95% confidence interval; I2 – I-squared; Ph – P-value of the heterogeneity test.
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Study Year
Ethnicity/
country

Chemotherapeutic 
drugs

Poor 
response

present/null

Good 
response

present/null

OR 
(95% CI)

Weight 
%

P-value
Study 
quality

Jia et al. 
[19]

2016 East-Asian/
China

DDP 83/96 28/37 1.142 
(0.645, 2.024)

17.21 0.65 7

Xiao et al. 
[2]

2016 East-Asian/
China

DDP 68/51 77/66 1.143 
(0.700, 1.865)

23.41 0.59 7

Chen et al. 
[20]

2016 East-Asian/
China

DDP 118/88 37/41 1.486 
(0.881, 2.507)

17.91 0.14 8

Han Ba 
[11]

2016 East-Asian/
China

DDP+ DOC/DDP+ 
NVB/Pt+ GEM

42/40 35/39 1.170 
(0.624, 2.195)

14.02 0.29 9

Wu et al. 
[21]

2015 East-Asian/
China

DDP 92/67 69/54 1.075 
(0.668, 1.729)

25.61 0.77 7

Kalikaki 
et al. [25]

2009 Caucasian/
Greece

Pt/Pt-TXT-based 73/4 33/2 1.106 
(0.193, 6.342)

1.84 0.72 8

M-H pooled OR 1.190 
(0.941, 1.504)

100 0.146

OR – odds ratio; 95% CI – 95%confidence interval; DDP – cisplatin; GEM – gemcitabine; NVB – vinorelbine; PEM – pemetrexed; 
TAX – taxol/paclitaxel; TXT – taxetere; DOC – docetaxel; VP-16 – etoposide; MMC – mitomycin; IFO – ifosfamide; VLB – vinblastine; 
Pt – platinum.

Table 3. Characteristics of the studies evaluating the association between GSTT1 polymorphisms and treatment response.

Study Year
Ethnicity/
country

Chemothera- 
peutic drugs

Poor response Good response OR 
(95% CI)

P- 
value*

Study 
qualityVal/Val Val/IIe IIe/IIe Val/Val Val/IIe IIe/IIe

Jia et al. 
[19]

2016 East-Asian/
China

DDP 22 77 80 16 28 21 0.591 
(0.325, 1.074)

0.085 7

Xiao et al. 
[2]

2016 East-Asian/
China

DDP 33 30 56 45 36 62 0.861 
(0.528, 1.404)

0.549 7

Bu et al. 
[13]

2016 East-Asian/
China

DDP 3 29 38 9 34 28 0.548 
(0.281, 1.071)

0.078 8

Chen et al. 
[20]

2016 East-Asian/
China

DDP 23 84 99 25 37 16 0.279 
(0.151, 0.515)

<0.001 8

Yuan et al. 
[15]

2016 East-Asian/
China

GEM+ DDP 1 8 14 1 7 16 1.286 
(0.390, 4.236)

0.679 7

Han Ba 
[11]

2016 East-Asian/
China

DDP+ DOC/DDP+ 
NVB/Pt+ GEM

3 33 46 12 36 26 0.424 
(0.222, 0.809)

0.009 9

Xin et al. 
[29]

2016 East-Asian/
China

GEM+ DDP 6 7 20 4 11 36 1.560 
(0.620, 0.923)

<0.001 7

Zhao et al. 
[9]

2015 East-Asian/
China

DDP 5 40 55 16 54 36 0.421 
(0.240, 0.739)

0.003 8

Wu et al. 
[21]

2015 East-Asian/
China

DDP 34 48 78 40 41 42 0.545 
(0.336, 0.885)

0.014 7

Han et al. 
[16]

2015 East-Asian/
China

DDP 3 34 60 25 115 88 0.388 
(0.238, 0.632)

<0.001 8

Table 4. Characteristics of the studies evaluating the association between GSTP1 IIe105Val polymorphisms and treatment response.
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The GSTT1 gene polymorphism

Six studies described the relationship between the GSTT1 poly-
morphism and the clinical outcome following chemotherapy in 
patients with NSCLC, which included 1,340 individuals (Table 3). 
Statistical heterogeneity was shown in the analysis (I2=0.0%; 
P=0.968). Therefore, a random-effects model was used. The 

pooled meta-analysis showed that there was no association 
between the GSTT1 polymorphism and the clinical outcome 
following chemotherapy in patients with NSCLC (OR=1.190; 
95% CI, 0.941–1.504) (Figure 3).

Table 4  continued. Characteristics of the studies evaluating the association between GSTP1 IIe105Val polymorphisms and treatment 
response.

Study Year
Ethnicity/
country

Chemothera- 
peutic drugs

Poor response Good response OR 
(95% CI)

P- 
value*

Study 
qualityVal/Val Val/IIe IIe/IIe Val/Val Val/IIe IIe/IIe

Deng et al. 
[22]

2015 East-Asian/
China

DDP+ GEM+ NVB+ 
TAX/DOC

1 22 46 0 4 24 3.000 
(0.930, 9.674)

0.066 9

Yuan et al. 
[8]

2015 East-Asian/
China

GEM+ DDP 1 8 14 1 7 16 1.286 
(0.390, 4.236)

0.679 8

Zhigang 
et al. [7]

2015 East-Asian/
China

TAX+ DDP/DDP/
PEM + DDP

8 20 25 7 16 9 0.438 
(0.171, 1.123)

0.086 7

Liu et al. 
[12]

2015 East-Asian/
China

GEM+ DDP 1 8 15 1 10 17 0.927 
(0.302, 2.847)

0.895 8

Qiying 
et al. [30]

2014 East-Asian/
China

TAX+ DDP/DDP+ 
NVB/DDP+ GEM/

DDP+ VP-16

0 19 44 0 8 18 0.972 
(0.360, 2.619)

0.955 8

Joerger 
et al. [23]

2012 Caucasian
/Netherlands

DDP+ GEM 3 18 20 14 42 35 0.656 
(0.312, 1.381)

0.267 6

Sun et al. 
[10]

2010 East-Asian/
China

(DDP/CBP+ TAX/
TXT/DOC)/(DDP/

CBP+ GEM)/(DDP/
CBP+ NVB)

2 23 58 2 15 13 0.330 
(0.139, 0.780)

0.012 8

Zheng 
et al. [24]

2009 East-Asian/
China

DDP+ NVB 0 6 22 2 11 15 0.315 
(0.098, 1.013)

0.053 7

Kalikaki 
et al. [25]

2009 Caucasian
/Greece

Pt/Pt-TXT-based 0 30 48 0 12 25 1.302 
(0.570, 2.973)

0.531 8

Booton 
et al. [26]

2006 Caucasian
/UK

MMC+ IFO+ DDP/
MMC+ VLB+ DDP

12 23 25 4 9 13 1.400 
(0.556, 3.528)

0.475 8

Jianhaoa 
et al. [31]

2015 East-Asian/
China

PEM+ Platinum 5 15 7 3 0.143 
(0.026, 0.774)

0.025 8

Yapinga 
et al. [27]

2012 East-Asian/
China

DDP+ NVB/
DDP+ TAX/GEM+ 

DDPTAX/DDP

11 35 9 7 0.244 
(0.074, 0.810)

0.021 6

Zhoua 
et al. [14]

2011 East-Asian/
China

Pt+ CBP+ DOC+ 
GEM+ NVB+ PEM

26 50 22 13 0.307 
(0.134, 0.707)

0.005 7

D+L pooled OR 0.596 
(0.468, 0.759)

<0.001

OR – odds ratio; 95% CI – 95%confidence interval; DDP – cisplatin; GEM – gemcitabine; NVB – vinorelbine; PEM – pemetrexed; 
TAX – taxol/paclitaxel; TXT – taxetere; DOC – docetaxel; VP-16 – etoposide; MMC – mitomycin; IFO – ifosfamide; VLB – vinblastine; 
Pt – platinum. * Integrate Val/Val with Val/IIe genotype.
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The GSTP1 gene polymorphism

Twenty-three studies described the relationship between the 
GSTM1 IIe105Val polymorphism and treatment response to 
cisplatin-based chemotherapy in patients with NSCLC, which 
included 3,170 individuals. The main findings are summarized 
in Tables 4 and 5 and in Figure 4. The findings, according to the 
heterogeneity analysis with five comparison models included 
the recessive model: I2=23.7%, P=0.174; the dominant model: 
I2=53.3%, P=0.001; the heterozygous model: I2=29.2%, P=0.108; 
the homozygous model: I2=47.7%, P=0.013; the allele model: 
I2=59.4%, P=0.000, and the random-effects model was used.

The pooled meta-analysis showed that when compared to the 
AA genotype, the GG genotype of GSTP1 IIe105Val showed a 
better treatment response to chemotherapy in patients with 
NSCLC: the recessive model, GG vs. AG + AA: OR=0.510; 95% CI, 
0.404–0.644; the dominant model, GG + AG vs. AA: OR=0.596; 
95% CI, 0.468–0.759; the homozygous model, GG vs. AA: 
OR=0.413; 95% CI, 0.273–0.623; the heterozygous model, 
AG vs. AA: OR=0.660, 95% CI=0.557–0.782; the allele model, 
G vs. A: OR=0.683, 95% CI=0.557–0.836 (Figure 4).

A subgroup analysis was made on the different ethnicities. 
The variant G allele was associated with an improved response 
to chemotherapy in East-Asian patients: the recessive model, 
GG vs. AG + AA: OR=0.492; 95% CI, 0.386–0.628; the dominant 
model, GG + AG vs. AA: OR=0.548; 95% CI, 0.426–0.704; the ho-
mozygous model, GG vs. AA: OR=0.380; 95% CI, 0.246–0.587; 
the heterozygous model, AG vs. AA: OR=0.619; 95% CI, 0.516–
0.742; the allele model, G vs. A: OR=0.639; 95% CI, 0.516–0.790. 
There was no association between the variant G allele and re-
sponse to chemotherapy in Caucasian patients: the recessive 
model, GG vs. AG + AA: OR=0.770; 95% CI, 0.332–1.782; the 
dominant model, GG + AG vs. AA: OR=1.006; 95% CI, 0.628–
1.611; the homozygous model, GG vs. AA: OR=0.757; 95% CI, 
0.314–1.827; the heterozygous model, AG vs. AA: OR=1.048; 
95% CI, 0.641–1.714; the allele model, G vs. A: OR=0.954; 
95% CI, 0.661–1.377) (Table 5).

Publication bias

Figure 5A shows the shape of the funnel plot for the association 
between the GSTM1 polymorphism and the treatment response 
to chemotherapy. The P-values for Begg’s and Egger’s tests 
(0.174 and 0.117, respectively) indicated no publication bias.

Comparison Studies Genetic model OR (95% CI) P heterogeneity I2 (%)

All 20 Recessive model GG vs. AG + AA  0.510 (0.404–0.644)* 0.174 23.7

23 Dominant model GG + AG vs. AA  0.596 (0.468–0.759)# 0.001 53.3

20 Homozygote model GG vs. AA  0.413 (0.273–0.623)# 0.013 47.7

20 Heterozygote mode AG vs. AA  0.660 (0.557–0.782)* 0.108 29.2

20 Allele G vs. A  0.683 (0.557–0.836)# <0.001 59.4

East-Asian 17 Recessive model GG vs. AG + AA  0.492 (0.386–0.628)* 0.182 24.0

20 Dominant model GG + AG vs. AA  0.548 (0.426–0.704)# 0.005 51.0

17 Homozygote model GG vs. AA  0.380 (0.246–0.587)# 0.018 47.5

17 Heterozygote mode AG vs. AA  0.619 (0.516–0.742)* 0.152 26.4

17 Allele G vs. A  0.639 (0.516–0.790)# 0.001 58.3

Caucasian 3 Recessive model GG vs. AG + AA  0.770 (0.332–1.782)* 0.209 36.7

3 Dominant model GG + AG vs. AA  1.006 (0.628,1.611)* 0.344 6.2

3 Homozygote model GG vs. AA  0.757 (0.314–1.827)* 0.140 54.2

3 Heterozygote mode AG vs. AA  1.048 (0.641–1.714)* 0.554 0.0

3 Allele G vs. A  0.954 (0.661–1.377)* 0.227 32.6

Table 5.  Subgroup analysis of association between the GSTP1 IIe105Val polymorphisms with treatment response in patients with non-
small cell lung cancer (NSCLC) receiving chemotherapy.

OR – odds ratio; 95% CI – 95% confidence interval; I2 – I-squared. * A fixed-effects model was constructed; # A random-effects model 
was constructed.
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For GSTT, Egger’s test showed no evidence of publication 
bias (Figure 5). The P-value for Egger’s test was 0.947. 
Figure 5C shows the funnel plot for the association between 
the GSTP1 IIe105Val polymorphism and the treatment re-
sponse to chemotherapy. There was no significant bias of the 

recessive model, dominant model, and homozygous model (the 
recessive model: PBegg=0.472, PEgger=0.893; the dominant 
model: PBegg=0.413, PEgger=0.317; the homozygous model: 
PBegg=0.344, PEgger=0.926). Two comparison models (the 
heterozygous model: PBegg=0.032, PEgger=0.020; the allele 
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Figure 2.  Meta-analysis of GSTM1 gene 

polymorphism and treatment response 
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model: PBegg=0.023, PEgger=0.021) showed significant pub-
lication bias.

Sensitivity analysis

To investigate the causes of the study heterogeneity, a sensi-
tivity analysis was performed by repeating the meta-analysis 
after sequentially removing each study. There was no signifi-
cant effect in the odds ratios (ORs) by removing any individual 
study for GSTM1, GSTT1, and GSTP1 IIe105Val genotypes.

Discussion

Environmental and genetic factors are involved in the develop-
ment and progression of non-small cell lung cancer (NSCLC), 
but the exact mechanisms of these factors remain unknown. 
There is growing evidence that indicates that the polymor-
phisms in genes involved in metabolism, signaling, DNA syn-
thesis, and cellular response pathways may explain the in-
dividual variability of chemotherapy toxicity and treatment 
response. Therefore, it is important to assess the association 
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Figure 5.  Funnel plot of glutathione S-transferase (GST) gene polymorphisms and treatment response (TR). (A) Funnel plot of GSTM1 
gene polymorphism and treatment response (TR). (B) Funnel plot of GSTT1 gene polymorphism and treatment response. 
(C) Funnel plot of GSTP1 gene polymorphism and treatment response.
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between genetic polymorphisms and sensitivity or resistance 
to chemotherapy when selecting the most effective first-line 
treatment for patients with NSCLC.

The human glutathione S-transferases (GSTs) are a superfamily 
of dimeric phase II metabolic enzymes and currently are known 
to include eight dimeric isoenzymes: a-GST, b-GST, d-GST, e-GST, 
q-GST, m-GST, h-GST, and w-GST. The GSTs are located on seven 
separate chromosomes with a highly homologous amino acid 
sequence trait. Each class has a specific substrate affinity and 
is encoded by one or several highly polymorphic genes. Several 
epidemiological studies have now reported that the GSTs may 
be associated with an improved treatment response to chemo-
therapeutic drugs, possibly due to their ability to detoxify the 
metabolites of chemotherapy drugs and carcinogens by cata-
lyzing the reduction of these compounds through conjugation 
with glutathione. Although previously published studies have 
explored the relationship between GST polymorphisms and 
treatment response to chemotherapy in patients with NSCLC, 
the results have been inconclusive, possibly due to differences 
in response due to patient ethnicity and varied study design.

To quantify the strength of the association between GST poly-
morphisms and chemotherapy treatment response in patients 
with NSCLC, a meta-analysis of the published literature was per-
formed. This meta-analysis examined the association between 
three polymorphisms of GSTs (T1, M1, and P1) and treatment re-
sponse to chemotherapy in patients with NSCLC, including a total 
of 3,107 patients from 23 publications [2,3,7–16,19–21,23–30]. 
The results showed that the null GSTM1 and the GG genotype of 
GSTP1 (recessive model, dominant model, homozygous model, 
heterozygous model, and allele model) were both associated 
with an improved response to cisplatin-based chemotherapy.

The findings of this study on GST gene polymorphisms in 
patients with NSCLC are supported by the findings from 
other forms of malignancy, as GST gene polymorphisms have 
been shown to be associated with improved patient prog-
nosis in colorectal cancer, bladder cancer, breast cancer, and 
osteosarcoma [32–36]. In 2013, Djukic et al. conducted a 
study in a Serbian population and showed that the presence 
of the GSTT1 genotype was associated with an increased risk 
of death in patients with muscle-invasive bladder cancer [32]. 
Oliveira et al. showed that the GSTT1, GSTM1, and GSTP1 
IIe105Val gene polymorphisms were associated with a more 
favorable prognosis in patients with breast cancer in a Brazilian 
population [34]. Kap et al. studied 755 patients in Germany 
with colorectal cancer and found that the null GSTM1 geno-
type was associated with an improved treatment response 
to oxaliplatin [35]. In 2015, Goričar et al. reported a signif-
icant association between GSTP1 IIe105Val gene polymor-
phism and the survival and treatment outcomes of patients 
with osteosarcoma [33]. All of the above results indicate the 

GST genetic polymorphisms affect the treatment response and 
clinical outcome following chemotherapy in patients with ma-
lignant disease.

Concerning different ethnic groups, the results of the present 
study showed that the GG genotype of GSTP1 IIe105Val was 
associated with a better treatment response in East-Asians 
patients with NSCLC when compared with Caucasian patients 
with NSCLC. A further subgroup analysis was also conducted on 
the clinical outcomes associated with GSTM1, and the results 
showed that null GSTM1 was associated with an improved re-
sponse in Chinese patients with NSCLC, but not in Caucasian pa-
tients with NSCLC. The correlation between GST polymorphisms 
and an improved therapeutic response was different in different 
ethnic groups, and the heterogeneity of these studies may be 
due to demographic background, the clinical condition of the 
patients, the tumor stage, or due to confounding factors. These 
factors can be regarded as limitations of the present study that 
require further investigation. However, in this study, there were 
insufficient numbers of samples, especially for Caucasian pa-
tients, as only three studies included Caucasian patients with 
a total of 333 patients with NSCLC in the analysis, which pre-
cluded further conclusions being made regarding genotype, eth-
nicity, and treatment response. Also, the lack of primary data 
limited the analysis of other parameters. However, the studies 
also showed heterogeneity and publication bias, for example, 
for gender, age, cigarette smoking, history histology type, tumor 
stage, and chemotherapy regime. The findings of this meta-
analysis showed that the GG genotype of GSTP1 was associ-
ated with an improved treatment response to cisplatin-based 
chemotherapy in East-Asian patients with NSCLC. Also, the as-
sociation with the null GSTM1 genotype and an improved treat-
ment response and clinical outcome following chemotherapy 
was mainly observed in Asian patients, but not in Caucasian 
patients with NSCLC. However, these findings require support 
from further studies with larger patient sample sizes.

Conclusions

A meta-analysis of the published literature on glutathione 
S-transferase (GST) gene polymorphisms in patients with 
non-small cell lung cancer (NSCLC) showed that both the null 
GSTM1 and the GG genotype of GSTP1 IIe105Val were asso-
ciated with improved treatment response to cisplatin-based 
chemotherapy. Subgroup analysis showed that the GSTP1 
IIe105Val gene polymorphisms were more commonly found 
in East-Asian patients with NSCLC than in Caucasians, and an 
association between null GSTM1 polymorphisms and improved 
treatment response was found in Chinese patients with NSCLC. 
However, multi-center large-scale controlled clinical studies that 
include an ethnically diverse study population should be con-
ducted to study the role of these GST polymorphisms further.
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