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Abstract Objectives Lungcancer remainsa leadingcauseofcancer-relateddeathsworldwide,with
cigarette smoking as amajor risk factor. Genetic variations in the cytochrome P450 family,
particularly CYP2A13 polymorphisms, have been suggested to influence lung cancer
susceptibility. However, their role remains unclear, particularly in relation to smoking
status and regional populations differences. This systematic review and meta-analysis
aimed to evaluate the association between CYP2A13 combination and homozygous
variants and lung cancer risk, stratified by smoking status and geographic region.
Materials and Methods A comprehensive search of electronic databases (PubMed,
ScienceDirect, SCOPUS, and Google Scholar) was conducted up to November 11, 2024,
to identify eligible case–control studies on CYP2A13 polymorphisms and lung cancer.
Inclusion and exclusion criteria were based on exposure of interest, study design,
language, type of publication, and reported outcome. Data from 10 studies (2,853 lung
cancer cases and 3,651 controls) were pooled to calculate odds ratios (OR) with 95%
confidence intervals (CIs), using a random-effects model. Subgroup analyses were
performed by smoking status and geographic region. Publication bias was assessed
using Egger’s test and funnel plots.
Results A significant association was observed between CYP2A13 polymorphisms
and lung cancer risk in specific populations. In East Asian populations, the homozygous
variant was associated with an increased lung cancer risk (pooled OR: 1.37, 95% CI:
1.13–1.66). Among smokers in Europe, the combination variant showed a pooled OR of
1.64 (95% CI: 1.21–2.23). In East Asian smokers, the homozygous variant had a pooled
OR of 1.52 (95% CI: 1.17–1.96). No significant publication bias was detected.
Conclusion This meta-analysis suggests that CYP2A13 polymorphisms may contrib-
ute to lung cancer susceptibility, with smoking serving as a key modifier. The findings
are particularly relevant in East Asian and European populations, but given the
heterogeneity between studies and limited sample sizes, further large-scale inves-
tigations are necessary. These insights provide a foundation for future research on
CYP2A13 as a potential biomarker for lung cancer risk.
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Introduction

Lung cancer is one of the most common and deadly cancers
worldwide, primarily caused by prolonged exposure to to-
bacco smoke, including both active smoking and second-
hand inhalation.1 While nicotine is the main ingredient that
makes cigarettes addictive, about 80% of inhaled nicotine is
eliminated by CYP2A6-mediated metabolism in the liver.2

CYP2A6 belongs to the CYP2A gene cluster which shares
93.5% protein similarity with CYP2A13,3 which is predomi-
nantly expressed in respiratory tissues.4

CYP2A13 plays a significant role in activating tobacco-
specific carcinogens, particularly 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), a potent lung carcinogen.5,6

Compared to CYP2A6, CYP2A13 demonstrates higher cata-
lytic activity in NNK metabolism,7 suggesting its potential
involvement in lung cancer development. Interestingly,
CYP2A13 expression has been found to be downregulated
in non-small cell lung carcinoma,8,9 further indicating its
role in lung cancer progression.

Several studies have investigated the association between
CYP2A13 polymorphisms and lung cancer risk, with inconsis-
tentfindings across different populations and smoking status-
es. Some studies suggest thatCYP2A13polymorphisms reduce
lung cancer risk,10 while others indicate an increased risk
among smokers or specific genetic variants.11–14 Additionally,
researchonCYP2A13polymorphisms in other cancers, such as
nasopharyngeal,15,16 bladder,17,18 and pancreatic cancer,19

has also yielded mixed results. These discrepancies highlight
the need for further investigation.

To address this gap, we conducted a meta-analysis to
examine the association between CYP2A13 polymorphisms
and lung cancer risk. We specifically focused on both
heterozygous/homozygous variants and their associations
in overall populations as well as among smokers. Under-
standing these associations could provide new insights into
lung cancer etiology and contribute to future research on
cancer prevention.

Materials and Methods

Literature Search Strategy
The present study applied the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(►Supplementary Materials 1 and 2, available in the online
version).20 Suitable peer-reviewed articles were systematical-
ly searched in four online databases: ScienceDirect, PubMed,
Scopus, and Google Scholar. Relevant articles were searched
fromdatabase from thepointof commencement until Novem-
ber 11, 2024. The search for eligible studies in the databases
involved using Medical Subject Headings (MeSH) terms and
keywords in the titles and abstracts of articles. Boolean
operators “AND” and “OR”were applied to combine keywords
such as “cytochrome P450 2A13” or “CYP2A13” with terms
including “lung cancer,” “lung carcinoma,” “non-small cell
carcinoma,” “lung adenocarcinoma,” “non-small cell lung can-
cer,” “NSCLC,” “pulmonary carcinoma,” “small cell lung carci-
noma,” and “lung squamous cell carcinoma.”

The full texts of suitable studies were downloaded for
further screening. Duplicate copies were removed, and eligi-
ble studies were examined based on the inclusion and
exclusion criteria. In addition, backward citation tracking
was conducted for the included studies to ensure that all
qualified studies were counted in the article by Sim and
Sim.21 Two authors independently reviewed the full text of
all citations (N¼92) that were identified as potentially
relevant. The quality of each study’s methodology was
evaluated using the Newcastle–Ottawa Scale (NOS).22 Any
disagreements in the article screening process were resolved
through consensus between both authors. After the selection
process, both authors independently reviewed the included
articles to extract and tabulate data in spreadsheets. Dis-
agreements were resolved through consensus between both
authors.

Study Selection
All articles obtained from literature search were examined
thoroughly for their relevancy on the titles and abstracts
based on the specific inclusion and exclusion criteria.

Inclusion Criteria

1. Observational studies containing lung cancer case popu-
lation and control population.

2. Articles investigating the polymorphism of CYP2A13.
3. Articles written in English.

Exclusion Criteria

1. Review articles, meta-analysis, and letter to the editor.
2. Articles written in languages other than English.
3. Articles with replicated data.
4. Articleswith inadequate data to do the statistical analysis.

Data Extraction
The data extracted from every selected study included the
following: author, year and country of publication, ethnicity,
histological type of lung cancer cases, source of control,
matching criteria for case and control, sample size for case
and control, and the genotypes of CYP2A13 polymorphism.
Additionally, the information regarding smoking status were
also abstracted from available studies for further analysis.

Statistical Analysis
The data collected in thismeta-analysiswere the total number
of participants and the number of participants who were
carrying the genotypes of interest in both case and control
groups. The data were analyzed in five subgroups:

1. Overall CYP2A13 combination variants.
2. CYP2A13 combination variants in smokers only.
3. Overall CYP2A13 homozygous variants.
4. CYP2A13 homozygous variants in smokers only.
5. Regions in each of the above subgroups.

Dichotomous data were analyzed using the Mantel–
Haenszel method and the inverse variance method, yielding
odds ratio (OR) with the respective 95% CIs and weight for
each estimate, and the results were presented in forest plots.
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The pooled OR was symbolized by a solid diamond at the
bottom of each forest plot. Statistical heterogeneity of the
studies was assessed using the restricted maximum likeli-
hood (REML) method and Q-profile method, and the result
was expressed as τ2 and I2 with 95% CIs, as well as p-value.
When I2>50% or p<0.10, heterogeneity was considered
significant for pooled ORs. Egger’s test was applied to assess
publication bias via a funnel plot asymmetry.23 The result of
p<0.05 was considered as an indicator for the potential
presence of publication bias. All meta-analyses were per-
formed using R version 4.3.1.24 R statistics packages used for
data analysis were “meta” version 6.5.025 and “metafor”
version 4.4.0.26

Study Registration
This systematic review and meta-analysis have been regis-
tered with the Open Science Framework (OSF) to promote
transparency and reproducibility in our research. The regis-
tration details, including the protocol and related materials,
are accessible at https://doi.org/10.17605/OSF.IO/Y3KHQ.

Results

Characteristics of Included Studies
The study selection flowchart for this meta-analysis is pre-
sented in►Fig. 1. Therewas a total of 92 studies retrieved from
the literature search. Four duplicate studies were detected and
eliminated before screening the articles. Subsequently, 28

articles were removed as they include book chapter, review
articles, foreign language (Chinese), and mostly due to irrele-
vantcontent. Sixty full-textarticleswerescreenedforeligibility
and 48 articleswere excluded as theywere not case–control or
cohort studies. Twowere removeddue to incomplete data,27,28

mainly because they were lacking control groups in their
studies. After the selection process, there were a total of 10
articles included in the analysis,which consisted of 2,853 cases
and 3,651 controls. The publication years for these 10 eligible
studies10–14,29–33were between 2003 and 2022. Of all studies,
two were conducted in Caucasians and eight in Asians. The
main characteristics of the selected studies were presented
in ►Table 1.

Meta-analysis
ThepooledOR foroverall CYP2A13combinationvariants in the
lung cancer case–control studieswas 1.01 (95% CI: 0.81–1.26).
This result indicated that there were statistically nonsignifi-
cant lower odds for CYP2A13 combination variants to be
associated with the risk of lung cancer in the overall studies,
which include smokers and nonsmokers. However, East Asia
showedasignificantdecrease inORat0.78 (95%CI:0.66–0.93),
with heterogeneity variance estimated at τ2¼0.00 (95% CI:
0.00–0.51), an I2 value of 5.4% (95%CI: 0.0–85.5%), andp¼0.37
as portrayed in ►Fig. 2A.

For the subgroup analysis of smokers only, the pooledORof
the included data was 1.06 (95% CI: 0.78–1.46). This result
indicated a higher probability of CYP2A13 combination var-
iants to be associated with lung cancer among smokers. The
result of East Asia showed a significant decreased OR at 0.77
(95% CI: 0.60–0.99) as indicated in ►Fig. 2B, whereas Europe
showed a significant increased OR at 1.64 (95% CI: 1.21–2.23),
with heterogeneity variance estimated at τ2¼0.00, an I2 value
of 0.0%, and p¼0.92 as presented in ►Fig. 2C.

For the subgroup analysis of overall CYP2A13 homozygous
variants in the lung cancer case–control studies, pooled OR of
the included data was 0.98 (95% CI: 0.71–1.36). Similar to the
result of CYP2A13 combination variants, this result showed
statistically nonsignificant lower odds for CYP2A13 homozy-
gous variants to be associated with the risk of lung cancer in
the overall studies. Again, East Asia produced significant result
in this subgroup with an increased OR at 1.37 (95% CI: 1.13–
1.66), demonstrating that CYP2A13 homozygous variants
might increase the lung cancer risk in the East Asian popula-
tion. The heterogeneity variance of East Asia subgroup was
estimated at τ2¼0.00 (95% CI: 0.00–0.37), with an I2 value of
0.0% (95% CI: 0.0–89.6%), and p¼0.79 as shown in ►Fig. 2D.

On further analysis on the subgroup of smokers only, the
pooled OR of included studies was 1.07 (95% CI: 0.63–1.57),
which indicated a higher chance of CYP2A13 homozygous
variants to be associated with lung cancer among smokers.
Significant increase in OR was found in East Asia subgroup at
1.52 (95% CI: 1.17–1.96), signifying the role of cigarette
smoking in increasing the lung cancer risk among East Asians.
The heterogeneity variance for East Asian smokers was esti-
mated at τ2¼0.00 (95% CI: 0.00–0.37), with an I2 value of 0.0%
(95% CI: 0.0–89.6%), and p¼0.86 as depicted in ►Fig. 2E.
Summary of the above analyses is available in ►Table 2.

Fig. 1 The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow chart of included studies in the
meta-analysis.
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Publication Bias
The publication bias of the 10 included studieswas evaluated
with Egger’s test. The shape of the contour-enhanced funnel
plot as depicted in ►Fig. 3 did not show any obvious
asymmetry in the overall meta-analysis. Moreover, there
was no statistically significant publication bias found in any
of the subgroup analyses: overall CYP2A13 combination
variants (p¼0.47), CYP2A13 combination variants in smok-
ers only (p¼0.91), overall CYP2A13 homozygous variants
(p¼0.13), and CYP2A13 homozygous variants in smokers
only (p¼0.26). Summary of publication bias is available
in ►Table 2.

Discussion

The present meta-analysis examined the association between
CYP2A13 polymorphism and lung cancer risk, with a focus on
combination and homozygous variants. The findings indicate
that while no significant association was observed in the
overall population, subgroup analysis revealed a potential
protective effect of CYP2A13 combination variants in East
Asians. Conversely, among smokers, homozygous CYP2A13
variantswere associatedwith an increased risk of lung cancer,
particularly in the East Asian subgroup. These results highlight
a potential ethnic and smoking-related influence in CYP2A13-
associated lung cancer susceptibility.

Our findings are consistent with prior studies that identi-
fied ethnic differences in CYP2A13 polymorphism effects.
For instance, Wang et al reported that CYP2A13 variant
genotypes had a distinct influence on lung cancer risk,
particularly adenocarcinoma, among nonsmokers in a Han-
Chinese population.10 Similarly, Kiyohara et al found that
Japanese smokers with the CYP2A13 CC genotype had a
significantly higher risk of developing lung cancer compared
to nonsmokers with at least one copy of the T allele.12 In
contrast, Ramadhani et al reported that the CT genotype
conferred a greater risk among Indonesian females,11 sug-
gesting potential gender-specific and ethnic variations.
While our study did not analyze individual SNPs separately,
the observed differences between ethnic groups may reflect
variations in allele frequencies, gene–environment interac-
tions, or differences in exposure to environmental carcino-
gens such as second-hand smoke.

It is important to clarify that this meta-analysis did not
investigate specific single nucleotide polymorphisms (SNPs)
in isolation. Instead, due to the limited number of available
studies, CYP2A13 polymorphisms were categorized broadly
into combination variants (heterozygous and mutant geno-
types) and homozygous variants. This approach provided a
more comprehensive overview of the potential association
between CYP2A13 polymorphism and lung cancer risk while
addressing challenges related to small sample sizes in indi-
vidual studies. However, this pooling method may have
masked variant-specific effects, which future research with
larger datasets could explore in greater detail.

Another key consideration is the role of CYP2A13 in
nicotinemetabolism and lung carcinogenesis. Previous stud-
ies have demonstrated that CYP2A13 is more catalyticallyTa
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Fig. 2 (A) Forest plot showing theORofCYP2A13combinationvariants in theoverall lungcancer case–control studies in theEastAsia region. (B) Forest plot
presenting theORof CYP2A13 combination variants among smokers in East Asia region. (C) Forest plot depicting theORof CYP2A13 combination variants
among smokers in Europe region. (D) Forest plot illustrating the OR of CYP2A13 homozygous variants in East Asia region. (E) Forest plot displaying
the OR of CYP2A13 homozygous variants among smokers in East Asia region. CI, confidence interval; OR, odds ratio.
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active than CYP2A6 in activating the tobacco-specific nitro-
samine NNK, a major lung carcinogen.7 Our findings rein-
force the hypothesis that genetic variation in CYP2A13 may
influence lung cancer risk, particularly among smokers who
have higher exposure to NNK. However, the exact mecha-
nism by which different CYP2A13 variants modulate lung
cancer susceptibility remains unclear, necessitating further
functional studies.

There are several limitations to this meta-analysis. First,
significant heterogeneity was observed in some subgroup
analyses, which may have been influenced by differences in
study design, ethnicity, and smoking status. Second, due to
the relatively small number of eligible studies, particularly
for populations other than Asians, the findings may not be
generalizable across all ethnicities. Additionally, while our
study examined overall CYP2A13 polymorphisms, data on
gender-specific effects, cancer histological subtypes, and
environmental exposures were limited, preventing a more
detailed stratified analysis.

Despite these limitations, this study contributes valuable
insights into the association between CYP2A13 polymor-
phism and lung cancer risk. By combining available data,
our findings provide a foundation for future research explor-
ing the functional impact of CYP2A13 variants, particularly
in different ethnic groups and smoking populations. Further
large-scale studies with more comprehensive genetic and
environmental data are necessary to validate these findings
and elucidate the underlying biological mechanisms.

Conclusion

The findings of this study demonstrated that the occurrence
of CYP2A13 polymorphism is higher among active tobacco
smokers, which was highly associated with lung cancer. This
study also suggested that CYP2A13 homozygous variants

had a higher association with lung cancer than CYP2A13
combination variants, with a prominent result among East
Asians. These findings revealed a clinical significance that
the presence of homozygous variants in CYP2A13 gene may
increase the risk of developing lung cancer among tobacco
smokers, which provided a direction for future studies in
lung cancer on the gene variants of CYP2A13. Also, future
research on the association of CYP2A13 polymorphism and
lung cancer should take various factors into consideration
such as ethnicities, genders, cancer histological types, ge-
notype variants, and environmental tobacco smoke.
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