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Background: Platinum-based agents, including cisplatin, carboplatin, and oxaliplatin,

are indispensable for the treatment of lung cancer. The development of toxicity frequently

necessitates dose reduction or discontinuation of therapy, despite the clinical response.

Pharmacogenomics studies were reviewed to identify the possible genetic variants that

underlie individual susceptibility to platinum-related toxicities.

Method: We conducted a systematic search in PubMed and Embase for

pharmacogenomics reports that focused on commonly reported platinum-induced

toxicities, such as gastrointestinal (GI), hematological, neurological, and other toxicities,

in patients diagnosed with lung cancer. Meta-analyses were conducted to determine the

association between genetic polymorphisms and platinum-induced toxicity by checking

the odds ratio (OR) and 95% confidence interval (CI) using random or fixed-effectsmodels

as appropriate.

Results: Twenty eligible studies that met the inclusion criteria with sufficient data

were extracted and presented comprehensively. A total of 16 polymorphisms from 11

genes were included in the meta-analysis. MTHFR rs1801131 and MDM2 rs1690924

were significantly correlated with platinum-induced GI toxicity (P = 0.04 and P = 0.02,

respectively). Patients with the MTHFR rs1801131AA and MDM2 rs1690924TC/CC

genotype tended to have a higher risk of GI toxicity than patients with other genotypes did

(OR = 1.73, 95% CI = 0.86–2.18; and OR = 0.51, 95% CI = 0.29–0.88, respectively).

Compared to carriers of the MTHFR rs1801133CC genotype, carriers of the CT/TT

genotype had a significantly increased risk of hematological toxicity (P= 0.01, OR= 1.68,

95% CI = 1.12–2.52).

Conclusion: In the future, physicians should pay careful attention toMTHFR andMDM2

for personalized chemotherapy treatment among patients with lung cancer.
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BACKGROUND

Lung cancer is the second most commonly diagnosed malignant
tumor in men and women and is one of the main causes of
mortality worldwide (1). There are two major forms of lung
cancer, including small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC); NSCLC accounts for 85% of all cases of
lung cancer (2). Because of the difficulty in early diagnosis, most
patients are diagnosed with advanced stage disease when surgery
is no longer a treatment option. Therefore, chemotherapy is the
major treatment choice for these patients (3).

Platinum-based agents, including cisplatin, carboplatin, and
oxaliplatin, in combination with other cytotoxic drugs have
been recommended as the first-line chemotherapy for lung
cancer (4). The antitumor effect of platinum-based agents is by
interfering with DNA repair, thereby suppressing and eventually
killing cancer cells (5). Unfortunately, platinum can also hamper
the growth of normal cells. Although platinum-based agents
are effective for cancer therapy, platinum-induced toxicity is
very common in clinical settings. The use of platinum-based
agents may lead to serious or permanent adverse events, such
as hematotoxicity, GI, nephrotoxicity, hearing loss, and other
toxicities (6). Severe toxicities can result in dose reduction,
treatment delay, or even chemotherapy discontinuation, as well
as carry the risk of life-threatening complications (7). Moreover,
differences exist among patients considering the severity of
platinum-induced toxicities. Therefore, personalized medicine
aims to identify patients who have received platinum agent
treatment and are more likely to benefit from anticancer agents
or more likely to experience adverse events.

Genetic polymorphisms contribute to the differences in
platinum-related toxicities, and there is accumulating evidence
to support this speculation (8). Therefore, determining the
association between polymorphisms and platinum-related
toxicities will be beneficial for individualized chemotherapy.
Previously, two genome-wide association studies and one whole-
exome sequencing study were conducted to identify the genetic
markers for platinum-induced toxicities (9–11). In addition,
Yin et al. aimed to establish models to explain and predict
platinum toxicity interindividual difference by simultaneously
incorporating multiple genetic and clinical factors to explore the
association of their interactions with platinum-induced toxicities
(12, 13).

Although many studies have investigated this issue, there is
still no consensus regarding the relationship between genetic
polymorphisms and platinum-induced toxicities in patients with
lung cancer. For example, Cristina et al. found that ERCC1C118T
was significantly associated with platinum-induced toxicity
while other studies presented contradictory results (14–16).
Similar associations were found for XRCC1 codon 399, XPD
Lys751Gln, and other mutations (17, 18). Hence, quantitative
evaluation is needed for determining the association between
gene polymorphisms and platinum-induced toxicities.

The aims of this study were as follows: (1) to summarize the
pharmacogenomics of platinum-based toxicities in patients with
lung cancer and (2) to provide a comprehensive assessment of the
association between genetic polymorphisms and platinum-based

drug response in patients with lung cancer. We collected
all available publications on pharmacogenomics studies that
platinum-based toxicities in patients with NSCLC and SCLC and
quantitatively studied them using a meta-analysis strategy.

METHODS

Search Strategy
For the literature search, two authors (Z. Y. Luo and W. H.
Liu) independently performed a systematic literature search
in three databases: PubMed database, Cochrane Library, and
ISI Web of Knowledge. The search results were reviewed and
compared by a third reviewer (Y. Zheng), and discrepancies
between searchers were discussed and solved with consensus.
The literature was searched from the first available article to
June 18, 2019. Publications were retrieved using terms associated
with platinum drugs (“platinum” or “cisplatin” or “carboplatin”
or “oxaliplatin”) in combination with keywords associated
with genetic variation (“polymorphism” or “SNP” or “single
nucleotide polymorphism” or “mutation” or “variation”) and
“toxicity” or “adverse effect,” and “lung cancer.”

Inclusion Criteria
All identified abstracts were carefully and independently
reviewed by two investigators (Z. Y. Luo and W. H. Liu) for
eligibility. The inclusion criteria were as follows: (i) clinical
studies, regardless of the sample size; (ii) studies that assessed
the associations between genetic polymorphisms and platinum-
induced severe (grade 3–4) toxicities in patients with lung
cancer, and toxicities were evaluated and graded according to
the Common Terminology Criteria for Adverse Events; (iii)
numbers for each genotype were available or could be calculated
in different groups; and (iv) at least two studies that evaluated one
polymorphism met the abovementioned three criteria. If the two
investigators disagreed about the eligibility of an article, it was
resolved by consensus with a third reviewer (J. Q. Luo).

Data Extraction
Data were manually extracted by two reviewers (Z. Y. Luo,
W. H. Liu) who were blinded to each other and used the
same data recording form. All data were reviewed by the third
reviewer (J. Q. Luo) until they reached a consensus on all of the
data extraction items. The following information was extracted
from each study: name of the first author, publication year,
country of the study and ethnicity of the patients, sample size,
tumor type, disease stage, chemotherapeutic drugs, platinum-
induced toxicities, toxicity evaluation criteria, genes and Single
Nucleotide Polymorphism Database number of the investigated
polymorphisms, and genotype methods.

Statistical Analysis
The patients were divided into two groups: those with grade
3–4 (severe) toxicities and those with grade 0–2 (no or mild)
toxicities. The pooled odds ratio (OR) and associated 95% CI
were calculated and used to evaluate the strength of association
in different genotype groups. The significance of the pooled
estimates of the OR was determined using the Z-test. The
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Cochran’s Q-test and I2 metric were performed to determine
the possibility of between-study heterogeneity. The heterogeneity
of publications in each meta-analysis was considered to be
significant at P < 0.05 for the Q statistics and I2 > 50% for
the I2 metric. Sensitivity analysis was conducted if publication
bias existed; one study was excluded at a time, and the
others were analyzed to estimate whether the results were
affected markedly by a single study. Subgroup analysis based
on toxicity [categorized as overall, gastrointestinal (GI), and
hematological toxicities] was conducted to assess the sources
of heterogeneity across the studies. Potential publication bias
was assessed using the Begg and Egger tests, with P < 0.05
considered to indicate a significant publication bias. All statistical
analyses were performed with by the Cochrane Collaboration
software (Review Manager 5, the Cochrane Collaboration,
Oxford, United Kingdom).

RESULTS

Literature Review and Characteristics of
the Included Studies
The initial research yielded 1,003 publications. A total of
608 articles were excluded owing to duplicate publication;
in addition, 306 studies were excluded in the first round of
review, among which 30 were irrelevant literature articles, 5
were not English articles, 64 were reviews or meta-analysis,
27 were case reports or abstracts, 19 were non-clinical-related
studies, 13 focused on other tumors, 41 did not evaluate
platinum-based chemotherapy, 20 did not focus on platinum-
related toxicities, and 89 were not pharmacogenomic studies.
After reading the full text of these articles, we found that
12 studies did not provide detailed data owing to the lack
of significant association between gene polymorphisms and
platinum-based toxicities.

Finally, 20 publications with sufficient data met the inclusion
criteria and were extracted (Figure 1). The general characteristics
of the studies included in the meta-analysis are presented in
Table 1. The included publications included 16 polymorphisms
in 11 genes, and the detailed information of these mutation are
listed in Table 2. A candidate gene approach was employed for
the identification of single nucleotide polymorphisms (SNPs)
that conferred susceptibility to platinum-based toxicities, and
this methodology directly evaluated the relationship between one
variant and a particular toxicity or several toxicities.

Quantitative Synthesis of the Association
Between Polymorphisms and
Platinum-Related Toxicities
The main results of this meta-analysis showing the association
between polymorphisms and risk of platinum-based grade 3–4
toxicities are shown in Table 3 and Supplemental Figures.

ERCC1 C118T and C8092A
The most extensively studied polymorphism was ERCC1 C118T.
The association between C118T polymorphism and platinum-
based grade 3–4 hematological and GI toxicity was found
and replicated by six and three studies, respectively. We first
performed a meta-analysis to determine the association between
C118T polymorphism and grade 3–4 hematological toxicity by
including 1,450 subjects. No significant relationship was detected
between C118T polymorphism and grade 3–4 hematological
toxicity (OR = 0.80, 95% CI: 0.56–1.15, P = 0.23) using a
fixed-effect model. On subgroup analyses based on ethnicity, the
combined OR for risk and the I2 were consistent and did not
show any apparent fluctuation (Supplemental Table 1).

We further analyzed the relationship between C118T
polymorphism and grade 3–4 GI toxicity by including 790
patients. Pooled data from these investigations showed grade

FIGURE 1 | Flow chart of literature selection.
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TABLE 1 | Characteristics of studies involved in the meta-analysis.

Authors Year Country N Disease

stage

Cancer

type

Toxicity

evaluation

Genotype

method

Genes and SNP References

Beatrice et al. 2019 Italy 82 II–IV NSCLC +

SCLC

CTCAE v4.03 TaqMan ABCB1: rs1045642

ABCB2: rs717620

GSTP1: rs1695

(19)

Wang et al. 2018 China 490 III–IV NSCLC NCI-CTC 3.0 MALDI-TOF mass

spectrometer

504 SNPs of 185 genes (12)

Zheng et al. 2017 China 1218 IIIa–IV NSCLC NCI-CTC 3.0 MassARRAY ERCC1: rs11615,

rs3212986

XRCC1: rs25487

MDM2: rs2279744

(20)

Qian et al. 2016 China 403 I–IV NSCLC NCI-CTC 3.0 MassARRAY ABCB1: rs1045642,

ABCB2: rs717620

(21)

Cristina et al. 2016 Spain 141 I–IV NSCLC NCI-CTCAE 4.0 TaqMan ERCC1: rs11615,

rs3212986

XRCC1: rs25487

ABCB1: rs1045642

MDM2: rs1470383,

rs1690924

MTHFR:

rs1801131, rs1801133

(14)

Powrozek et al. 2016 Poland 55 IIIb–IV NSCLC NCI-CTC 4.03 Mini-sequencing
ERCC1: rs11615,

rs3212986

XRCC1: rs25487

(18)

Deng et al. 2015 China 97 IIIb–IV NSCLC CTCAE, V2.0 Pyrosequencing XRCC1: rs25487 (22)

Qian et al. 2015 China 663 IIIa–IV NSCLC NCI-CTC 3.0 iSelect HD BeadChip MDM2: rs1470383,

rs1690924

(23)

Peng et al. 2015 China 235 III–IV NSCLC NCI-CTC 3.0 PCR-RFLP BAX: rs4645878

BCL2: rs2279115

(24)

Li et al. 2014 China 1004 III–IV NSCLC NCI-CTC 3.0 iSelect HD BeadChip MTHFR: rs1801133,

rs1801131

(25)

Peng et al. 2014 China 235 III–IV NSCLC NCI-CTC 3.0 PCR-CTTP XRCC1: rs25487 (26)

Wang et al. 2014 China 119 NA SCLC NCI-CTCAE 3.0 MassARRAY MDM2: rs2279744 (27)

Zheng et al. 2014 China 444 IIIa–IV NSCLC NCI-CTC 3.0 PCR-RFLP MDM2: rs2279744, MDM2:

rs937282

(28)

Gu et al. 2012 China 445 IIIa–IV NSCLC NCI-CTC 3.0 MALDI-TOF mass

spectrometer

BAX: rs4645878

BCL2: rs2279115

(29)

Markus et al. 2011 Switzerland 137 IIIb–IV NSCLC NCI-CTC 3.0 sequencing GSTP1: rs1695 (15)

Vienna et al. 2011 Italy 192 IIIb–IV NSCLC NCI-CTC 3.0 TaqMan XPD: rs13181 (30)

Wang et al. 2008 China 139 IIIb–IV Advanced lung

cancer

NCI-CTC 3.0 PCR-RFLP XRCC1: rs25487 (31)

Carmelo et al. 2008 Italy 65 IIIb–IV NSCLC NCI-CTC 3.0 Taqman ERCC1: rs11615

XPD: rs13181, rs1799793

Richard et al. 2006 United

Kingdom

108 III–IV NSCLC NCI-CTC 2.0 Sequencing GSTP1: rs1695 (32)

Rebecca et al. 2005 USA 214 III–IV NSCLC NCI-CTC 3.0 Taqman ERCC1: rs11615,

rs3212986

(33)

NCI-CTC, National Cancer Institute Common Toxicity Criteria; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; PCR-CTTP, PCR with confronting

two-pair primers; PCR-RFLP, PCR-based restriction fragment length polymorphism.

3–4 GI toxicity rates of 13.49 and 14.15% in the CC
+ CT genotype and the TT genotype groups, respectively.
No significant relationship was detected between C118T
polymorphism and grade 3–4 GI toxicity (OR = 0.77, 95%
CI: 0.43–1.38, P = 0.38) using a fixed-effect model. This
association did not significantly change on subgroup analyses
based on ethnicity.

A total of four and two studies examined the association
between C8092A mutation and platinum-based grade 3–
4 hematological toxicity and nephrotoxicity, respectively.
No significant association was detected between C8092A
polymorphism and grade 3–4 hematological toxicity (OR =

0.86, 95% CI: 0.65–1.15, P = 0.31) using a fixed-effect model.
This association had no significant change on subgroup analyses
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TABLE 2 | Polymorphisms and phenotypes analyzed in this study.

Genes Polymorphisms NCBI ID Alleles Platinum-related toxicities References

ERCC1 C118T (Asn118Asn) rs11615 C>T Grade 3–4 hematological toxicity (12, 14, 20, 30, 33, 34)

Grade 3–4 GI toxicity (12, 14, 33)

C8092A rs3212986 C>A Grade 3–4 hematological toxicity (12, 14, 18, 20)

Grade 3–4 nephrotoxicity toxicity (14, 18)

XRCC1 G1196A (Arg399Gln) rs25487 G>A Grade 3–4 GI toxicity (12, 14, 20, 26, 31)

Grade 3–4 hematological toxicity (12, 14, 20, 26, 31)

P53 Arg72Pro rs1042522 G>C Grade 3–4 hematological toxicity (12, 27, 28, 30)

ABCB1 G2677T/A (Ala893Ser/Thr) rs1045642 G>T/A Grade 3–4 overall toxicity (12, 14, 21)

Grade 3–4 hematological toxicity (12, 14, 19, 21)

Grade 3–4 GI toxicity (12, 14, 21)

ABCB2 −24C>T rs717620 C>T Grade 3–4 hematological toxicity (12, 19, 21)

GSTP1 A313G (Ile105Val) rs1695 A>G Grade 3–4 hematological toxicity (12, 15, 19, 32)

XPD A2251C (Lys751Gln) rs13181 C>A Grade 3–4 hematological toxicity (12, 18, 30, 34)

G934A (Asp312Asn) rs1799793 G>A Grade 3–4 hematological toxicity (12, 18, 34)

MTHFR A1298C rs1801131 A>C Grade 3–4 GI toxicity (14, 25)

Grade 3–4 hematological toxicity (14, 25)

C677T rs1801133 C>T Grade 3–4 GI toxicity (12, 14, 25)

Grade 3–4 hematological toxicity (12, 14, 25)

MDM2 Intron variant rs1470383 C>T Grade 3–4 overall toxicity (14, 23)

Grade 3–4 hematological toxicity (14, 23)

Grade 3–4 GI toxicity (14, 23)

309T>G rs2279744 G>T Grade 3–4 hematological toxicity (12, 20, 27, 28)

Intron variant rs1690924 C>T Grade 3–4 overall toxicity (14, 23)

Grade 3–4 hematological toxicity (14, 23)

Grade 3–4 GI toxicity (14, 23)

BAX −248G>A rs4645878 G>A Grade 3–4 hematological toxicity (24, 29)

Grade 3–4 GI toxicity (24, 29)

BCL2 938C>A rs2279115 G>A Grade 3–4 hematological toxicity (24, 29)

Grade 3–4 GI toxicity (24, 29)

based on ethnicity. Among 196 patients who were included
to determine the association between C8092A polymorphism
and grade 3–4 nephrotoxicity, no significant association was
observed (OR = 0.88, 95% CI: 0.62–1.25, P = 0.58) using a
fixed-effect model.

XRCC1 G1196A
Five studies were eligible to determine the association between
G1196A polymorphism and grade 3–4 GI and hematological
toxicities. Pooled analysis showed that there was no significant
association between G1196A polymorphism and grade 3–4 GI
toxicity (OR = 1.29, 95% CI: 0.53–3.16, P = 0.56) using a
random-effect model (Table 3 and Supplemental Figure 2). A
sensitivity analysis was conducted because of publication bias
(I2 = 71%). After removing the study by Peng et al., the
publication bias disappeared (I2 = 10%). We further examined
the raw data of this study and found that the G1196A mutation
was not considered in the Hardy–Weinberg equation (P =

0.002). No significant association was detected between G1196A
polymorphism and grade 3–4 hematological toxicity (OR =

0.94, 95% CI: 0.65–1.35, P = 0.35) using a fixed-effect model.

On subgroup analyses based on ethnicity, the combined risk of
G1196A mutation on platinum-based grade 3–4 GI toxicities
was consistent and did not show any apparent fluctuation
(Supplemental Table 1).

P53 Arg72Pro
A total of four studies with 1,033 patients were included to
determine the association between P53 Arg72Pro polymorphism
and grade 3–4 hematological toxicity. However, the pooled
analysis showed no significant association between Arg72Pro
polymorphism and grade 3–4 hematological toxicity (OR= 0.82,
95% CI: 0.59–1.15, P = 0.25) using a fixed-effect model. This
association did not significantly change on subgroup analyses
based on ethnicity (Supplemental Table 1).

ABCB1 G2677T/A
A total of three, four, and three studies were available to
determine the association between G2677T/A polymorphism
and platinum-induced grade 3–4 overall, hematological, and
GI toxicities, respectively. On overall analysis, no significant
association was detected between G2677T/A polymorphism

Frontiers in Oncology | www.frontiersin.org 5 March 2020 | Volume 9 | Article 1573

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Liu et al. Pharmacogenetics of Platinum-Based Toxicities

TABLE 3 | Summary of meta-analysis of the association of genetic polymorphisms with platinum induced toxicities.

Gene SNP Toxicity Polled OR (95% CI) Z P N Model I2 (%) Phetero

ERCC1 C118T Grade 3–4 GI toxicity 0.77 [0.43, 1.38] 0.88 0.38 790 F 0 0.94

Grade 3–4 hematological toxicity 0.80 [0.56, 1.15] 1.20 0.23 1,450 F 0 0.81

C8092A Grade 3–4 hematological toxicity 0.86 [0.65, 1.15] 1.01 0.31 1,037 F 0 0.88

Grade 3–4 nephrotoxicity toxicity 0.88 [0.62, 1.25] 0.73 0.47 196 F 0 0.37

XRCC1 rs25487 Grade 3–4 hematological toxicity 0.94 [0.65, 1.35] 0.35 0.72 1,366 F 15 0.32

Grade 3–4 GI toxicity 1.29 [0.53, 3.16] 0.56 0.57 1,366 R 71 0.009

P53 rs1042522 Grade 3–4 hematological toxicity 0.82 [0.59, 1.15] 1.15 0.25 1,033 F 30 0.23

ABCB1 rs1045642 Grade 3–4 overall toxicity 1.77 [0.79, 3.95] 1.39 0.16 1,045 R 87 0.0006

Grade 3–4 hematological toxicity 1.97 [0.87, 4.47] 1.63 0.10 1,153 R 85 0.0002

Grade 3–4 GI toxicity 1.34 [0.38, 4.75] 0.46 0.65 957 R 83 0.003

ABCB2 rs717620 Grade 3–4 hematological toxicity 1.35 [0.43, 4.25] 0.51 0.61 923 R 90 <0.0001

GSTP1 A313G Grade 3–4 hematological toxicity 1.44 [0.77, 2.7] 1.14 0.26 745 F 0 0.49

XPD rs13181 Grade 3–4 hematological toxicity 1.00 [0.55, 1.85] 0.01 0.99 742 F 0 0.75

rs1799793 Grade 3–4 hematological toxicity 2.46 [0.46, 13.04] 1.06 0.29 548 R 72 0.03

MTHFR rs1801131 Grade 3–4 GI toxicity 1.73 [0.86, 2.18] 2.02 0.04 1,106 F 24 0.25

Grade 3–4 hematological toxicity 0.74 [0.44, 1.24] 1.14 0.26 1,231 F 0 0.94

rs1801133 Grade 3–4 GI toxicity 1.29 [0.86, 1.92] 1.23 0.22 1,227 F 0 0.52

Grade 3–4 hematological toxicity 1.68 [1.12, 2.52] 2.49 0.01 1,229 F 0 0.40

MDM2 rs2279744 Grade 3–4 hematological toxicity 0.69 [0.29, 1.62] 0.85 0.39 1,189 R 80 0.002

rs1470383 Grade 3–4 overall toxicity 0.99 [0.71, 1.37] 0.07 0.95 786 F 0 0.48

Grade 3–4 hematological toxicity 0.91 [0.64, 1.28] 0.56 0.57 786 F 35 0.21

Grade 3–4 GI toxicity 1.35 [0.74, 2.46] 0.98 0.33 786 F 0 0.57

rs1690924 Grade 3–4 overall toxicity 0.83 [0.60, 1.13] 1.19 0.23 786 F 0 0.74

Grade 3–4 hematological toxicity 0.98 [0.70, 1.38] 0.10 0.92 755 F 7 0.30

Grade 3–4 GI toxicity 0.51 [0.29, 0.88] 2.40 0.02 782 F 0 0.74

BAX rs4645878 Grade 3–4 hematological toxicity 1.46 [0.96, 2.20] 1.79 0.07 647 F 0 0.52

Grade 3–4 GI toxicity 1.15 [0.63, 2.09] 0.46 0.64 635 F 43 0.19

BCL2 rs2279115 Grade 3–4 hematological toxicity 1.00 [0.72, 1.39] 0.02 0.98 643 F 0 0.91

Grade 3–4 GI toxicity 0.81 [0.48, 1.38] 0.78 0,44 632 F 0 0.62

F, fixed-effects model; R, random model; Phetero, P-value for heterogeneity test.

and grade 3–4 overall toxicity (OR = 1.77, 95% CI: 0.79–
3.95, P = 0.16) using a random-effect model. In addition,
publication bias disappeared (I2 = 0%) after the study by
Wang et al. was removed. The possible reason is that the call
rate for G2677T/A genotypes was <90% in their study, which
could have led to inaccuracy in their results. On subgroup
analyses based on ethnicity, different ethnic populations showed
distinct effects for the G2677T/A polymorphism. There were
significant protective effects of the T/A allele on the risk of
platinum-based overall toxicity in the non-Chinese subgroup
(Supplemental Table 1).

Moreover, no significant association was detected between the
G2677T/A polymorphism and grade 3–4 hematological toxicity
(OR = 1.97, 95% CI: 0.87–4.47, P = 0.10) using a random-effect
model. After removing the study by Qian et al., publication bias
disappeared (I2 = 17%). Furthermore, the association between
the G2677T/A polymorphism and grade 3–4 GI toxicity was
analyzed. No significant association was detected between the
G2677T/A polymorphism and grade 3–4 GI toxicity (OR= 1.34,
95% CI: 0.38–4.75, P = 0.46) using a random-effect model. In

addition, the publication bias vanished (I2 = 0%) when the study
by Qian et al. was removed. The study by Qian et al. was a high-
quality well-designed study, with the appropriate sample size.
The association between the G2677T/A polymorphism and grade
3–4 hematological and GI toxicities was still non-significant after
the study by Qian et al. was removed.

ABCB2 −24C>T
Only three studies were qualified for analyzing the association
between the −24C>T polymorphism and platinum-induced
grade 3–4 hematological toxicity. No significant association was
observed between the −24C>T polymorphism and grade 3–4
hematological toxicity (OR = 1.35, 95% CI: 0.43–4.25, P = 0.51)
using a random-effect model. In addition, the publication bias
vanished (I2 = 0%) when the study by Wang et al. was removed.
The call rate for the −24C>T genotype was 83% in this study,
which could have led to inaccuracy in the result. On subgroup
analyses based on ethnicity, the association between the−24C>T
polymorphism and grade 3–4 hematological toxicity was still
non-significant (Supplemental Table 1).
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GSTP1 A313G
Data from 745 patients included in 4 studies were used for
analyzing the association between the A313G polymorphism and
platinum-induced grade 3–4 hematological toxicity. There was
no significant relationship between the A313G polymorphism
and grade 3–4 hematological toxicity (OR = 1.44, 95% CI:
0.77–2.70, P = 0.26) using a fixed-effect model. On subgroup
analyses based on ethnicity, the association between the A313G
polymorphism and grade 3–4 hematological toxicity was still
non-significant (Supplemental Table 1).

XPD A2251C and G934A
A total of four studies determined the association between the
A2251C polymorphism and grade 3–4 hematological toxicity.
No significant correlation was detected between the A2251C
polymorphism and grade 3–4 hematological toxicity (OR =

1.00, 95% CI: 0.55–1.85, P = 0.99) using a fixed-effect
model. Three studies examined the association between the
G934A polymorphism and grade 3–4 hematological toxicity.
No significant association was detected between the G934A
polymorphism and grade 3–4 hematological toxicity (OR= 2.46,
95% CI: 0.46–13.04, P = 0.29) using a random-effect model. The
publication bias disappeared (I2 = 0%) when the study by Tibaldi
et al. or that by Powrozek et al. was removed. Themain reason for
this phenomenon was the small sample size of these two studies.

On subgroup analyses based on ethnicity, a non-significant
association was found between these two polymorphisms and
grade 3–4 hematological toxicity (Supplemental Table 1).

MTHFR A1298C and C677T
In total, three included studies evaluated the association between
the A1298C polymorphism and grade 3–4 GI and hematological
toxicities. Carriers of the AA genotype had more severe GI
toxicity than carriers of the AC + CC genotype did (OR =

1.73, 95% CI: 0.86–2.18, P = 0.04) on a fixed-effect model.
However, no significant association was found between the
A1298C polymorphism and grade 3–4 hematological toxicities
(OR = 0.74, 95% CI: 0.44–1.24, P = 0.26) using a fixed-
effect model.

Two studies evaluated the association between the
C677T polymorphism and grade 3–4 GI and hematological
toxicities. No significant association was detected between
the C677T polymorphism and grade 3–4 GI toxicity
(OR = 1.29, 95% CI: 0.86–1.92, P = 0.22) using a fixed-
effect model. The pooled data showed that patients with
the 677CC genotype had an increased risk of severe
hematological toxicity than the carriers of the CT + TT
genotype did (OR = 1.86, 95% CI: 1.12–2.52, P = 0.01)
using a fixed-effect model. The association between these
two polymorphisms and grade 3–4 hematological toxicity
was unchanged on subgroup analyses based on ethnicity
(Supplemental Table 1).

MDM2 rs1470383, rs2279744, and
rs1690924
Four studies with 1,189 Chinese patients evaluated the
correlation between the rs2279744 polymorphism and

grade 3–4 hematologic toxicity. There was no significant
correlation between the rs2279744 polymorphism and grade
3–4 hematological toxicity (OR = 0.69, 95% CI: 0.29–1.62, P =

0.39) using a random-effect model. Similarly, we investigated the
influence of a single study on the overall risk by excluding one
study at a time. However, the combined overall risk and I2 were
consistent and did not show any apparent fluctuation.

Data from 786 subjects in 2 studies were used for analyzing the
association between the rs1470383 polymorphism and platinum-
based toxicities, including grade 3–4 overall, hematological,
and GI toxicities. The pooled results showed no significant
correlations between the rs1470383 polymorphism and grade 3–4
overall, hematological, and GI toxicities.

Two studies were used for analyzing the association between
the rs1690924 polymorphism and platinum-based toxicities,
including grade 3–4 overall, hematological, and GI toxicities.
The pooled results showed no significant correlations between
the rs1470383 polymorphism and grade 3–4 overall and
hematological toxicities. The pooled results from all patients
indicated that the carriers of the TT + TC genotype had a
markedly increased risk of grade 3–4 GI toxicity than carriers of
the CC genotype did (OR = 0.51, 95% CI: 0.29–2.43, P = 0.02)
using a fixed-effect model.

BAX rs4645878
Two studies were included to analyze the association between the
rs4645878 polymorphism and grade 3–4 hematological and GI
toxicities. The pooled analysis showed no significant difference
between the rs4645878 mutation and grade 3–4 hematological
and GI toxicities using a fixed-effect model.

BCL2 rs2279115
The two studies that were included to the determine association
between the rs4645878 polymorphism and grade 3–4
hematological and GI toxicities were included to evaluate
the association between the rs2279115 polymorphism and
grade 3–4 hematological and GI toxicities. The pooled analysis
showed no significant differences between the rs4645878
mutation and grade 3–4 hematological and GI toxicities using a
fixed-effect model.

DISCUSSION

Researchers had intense interest in the influence of genetic
factors on the platinum-based adverse events considering
interindividual differences. In the present meta-analysis, we
included 20 studies with 6,287 patients with lung cancer
who were treated with platinum-based regiments, and we
systematically evaluated the impact of genetic polymorphisms on
platinum-based grade 3–4 toxicities. A total of 16 polymorphisms
in 11 genes were analyzed, and our results provided evidence
that MTHFR A1298C and C677T and MDM2 rs1470383
polymorphisms were significantly associated with platinum-
based grade 3–4 toxicities.

To date, platinum-based chemotherapy is widely used as first-
line therapy for the treatment of lung cancer and is highly cost-
effective in Chinese patients (35). As the cytotoxic effects of
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platinum are not specific, the mechanism of toxicity appears to
involve multiple systems during chemotherapy. In the current
study, we found that A1298C and C677T mutations of MTHFR
were significantly associated with platinum-based grade 3–4 GI
and hematological toxicities, respectively. MTHFR encodes the
methylenetetrahydrofolate reductase enzyme that is involved
in the folate metabolism pathway. The folate metabolism
pathway plays an essential role in platinum cytotoxicity, and
MTHFR is essential for transmethylation reactions including
DNA methylation and DNA synthesis, thereby contributing to
cancer prognosis (36). Both A1298C and C677T polymorphisms
were associated with reduced enzyme activity and correlated with
DNA hypomethylation, both of which alter the sensitivity of
tumor cell to platinum compounds (37).

The gene encoding murine double minute 2 (MDM2) is a
proto-oncogene and a key negative regulator of p53. MDM2
plays a role in P53-independent antitumor activity through
directing binding, ubiquitination, and degradation of the p53
gene (38). A previous meta-analysis found that the MDM2
gene polymorphism (rs2279744) was associated with the risk
of lung cancer and the clinical outcomes (39). A previous
study verified that unnatural change in the expression of
MDM2, mediated by polymorphisms, contributed to subsequent
attenuation of the p53 pathway, thereby accelerating the spread
of NSCLC (40). In the current study, the MDM2 rs1690924
mutation was significantly associated with grade 3–4 GI toxicity,
and the carriers of the TT + TC genotype had a markedly
increased risk of grade 3–4 GI toxicity than the carriers of
the CC genotype did. To date, only one study found an
association between this polymorphism and overall survival
(41). However, the function ofMDM2 rs1690924 polymorphism
is unknown.

Findings on genetic polymorphisms that affect platinum-
induced toxicities were inconclusive in most studies, and the
sample size of most studies was generally small. Polymorphisms
in genes encoding the nucleotide excision repair (NER) pathway
are among the most clinically relevant genetic determinants
with susceptibility to platinum-based toxicities (42). The NER
pathway is responsible for repairing DNA intrastrand cross-
links induced by platinum-based chemotherapy, and the most
commonly reported candidate gene associated with platinum-
based toxicities include ERCC1, XRCC1, and XPD (43). In
fact, genes involved in the NER pathway were most commonly
evaluated in this meta-analysis. However, results from our meta-
analysis showed no significant association between the gene
polymorphisms of the NER pathway and platinum-induced
severe toxicities.

Although previous studies validated that polymorphisms
in genes act as potential risk factors for platinum-induced
toxicities considering individual differences, the results of our
research indicated that some polymorphisms correlated with
platinum-induced toxicities had limited contribution to the
interindividual differences in platinum-induced toxicities. The
reasons for negative or conflicting results may be complicated.
(i) The incidence of toxicities between cisplatin, carboplatin,
and oxaliplatin varied (44). (ii) Although all patients in these
studies were receiving treatment with platinum-based drugs,

the use of non-platinum drugs, such as antimicrotubule agents,
antifolate agents, or pyrimidine antagonists, as part of the
chemotherapy regimens can affect toxicities profiles (45). (iii)
The evaluation of toxicities was based on a standard handbook,
while bias may have occurred when certain toxicities such as
GI toxicity mainly depend on the subjective assessment by
physicians. (iv) Platinum-induced toxicities were aggravated by
the cumulative dosage; therefore, different chemotherapy cycles
may also affect the results. (v) Platinum-induced toxicities may be
affected by other factors, such as the demographic characteristics,
molecular features of tumors, comorbidity, ethnicity, and
intestinal bacteria.

Till date, the candidate gene approach is the most widely
used strategy to identify platinum-induced toxicities and their
associated polymorphisms. Novel variants will not be identified
using this method, although the likelihood of a positive or
negative association with a particular adverse event may be
considerable in robust studies. Nevertheless, although previous
GWAS and whole-exon sequencing had found novel genetic
factors associated with platinum-induced toxicities, all these
identified interactions need further verification to determine
the mechanism.

The current meta-analysis has several limitations. First,
studies without detailed data were excluded because of the
lack of information regarding a significant association between
gene polymorphisms and platinum-induced toxicities, and we
were unable to contact these authors to provide us with
the detailed data. This may have caused publication bias.
Second, some of the included studies had small sample sizes,
which may result in a decreased power to detect significant
differences in the distribution of genotypes between grade 3–
4 toxicities and grade 0–2 toxicities. Third, the occurrence
of platinum-induced toxicities is affected by various factors,
and hence, the pooled OR in this meta-analysis was based
on the crude OR from the original studies. Because we could
not obtain the raw data from individual studies, the pooled
OR in this study was not adjusted for potential confounding
factors such as sex, age, smoking status, comedications, gene–
gene interactions, and gene–environment interactions, among
other factors.

The results of our study indicated that single grade 3–
4 toxicities that were associated with genetic polymorphisms
might partly be the cause for inter-individual differences. Hence,
further pharmacogenomics research is needed to determine the
novel mutations and their associations. The combined effect
of the genetic and clinical factors via gene–gene and gene–
environment interactions should be considered in future studies,
which may help to predict the risk of lung cancer. Nevertheless,
more number of prospective, high-quality, multicenter clinical
trials are urgently needed to explore the impact of gene
polymorphisms on platinum-based toxicities in patients with
lung cancer.

CONCLUSION

Our study found that MTHFR A1298C and C677T
polymorphisms and MDM2 rs1470383 polymorphisms were
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significantly correlated with platinum-induced severe toxicities
in patients with lung cancer. These polymorphisms should be
considered for personalized chemotherapy treatment for lung
cancer in the future.
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