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Abstract

Background: A meta-analysis was conducted to determine whether telomerase reverse tran-

scriptase (TERT) rs2736098 polymorphism was related to the incidence of lung cancer.

Methods: We systematically searched the following three electronic databases: PubMed, Embase,

and China National Knowledge Infrastructure (CNKI), for relevant articles. Statistical analysis was

performed using the odds ratio (OR) and the corresponding 95% confidence interval (CI).

Results: Seven articles involving 3836 healthy controls and 3637 patients were included in this

meta-analysis. TERT rs2736098 polymorphism was significantly related to lung cancer incidence

(AA vs. GG: OR¼1.83, 95% CI¼1.58–2.12; AG vs. GG: OR¼1.21, 95% CI¼1.10–1.34; Dominant

model: OR¼1.33, 95% CI¼1.22–1.46; Recessive model: OR¼1.66, 95% CI¼1.44–1.90).

Moreover, this polymorphism was found to be correlated with the susceptibility to lung

cancer when studies were stratified based on the sample size and the Hardy–Weinberg

equilibrium.

Conclusion: The present findings indicate that the TERT rs2736098 polymorphism may be a risk

factor for the development of lung cancer.
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Introduction

Lung cancer is the most prevalent malig-
nant tumor, and it is the leading cause of
cancer-associated mortality world-wide,1

with a 5-year survival rate remaining at
18% regardless of therapeutic progress.2

Early diagnosis is crucial for reducing the
present burden of lung cancer. However,
most patients with lung cancer are currently
diagnosed at an advanced stage, and these
patients are unlikely to be cured.
Additionally, the precise cause of lung
cancer remains unknown, although smok-
ing might play a predominantly etiological
role in lung cancer. Notably, less than 11%
of chain smokers develop lung cancer, sug-
gesting the vital effects of genetic factors in
the carcinogenesis of lung cancer.3

Telomeres are unique structures at each
end of a chromosome, and they consist of
the TTAGGG repeat sequence.
Functionally, telomeres are involved in
maintaining chromosomal integrity via the
protection of chromosome ends from end-
to-end fusions and DNA damage.4

However, telomeres with an aberrantly
short length could destroy chromosomal
stability, thereby causing carcinogenesis.
Telomerase, or terminal transferase, is a
reverse transcriptase enzyme that could cat-
alyze the telomere synthesis reaction to
extend to 30 end of chromosomal DNA.
Defective telomerase activity has been
widely reported in multiple human malig-
nancies, and telomere length is inversely
related to cancer morbidity and mortality.5

Telomerase reverse transcriptase (TERT),
the catalytic subunit of telomerase, main-
tains telomere stability.6

The TERT gene is localized on the short
(p) arm of chromosome 5 at position 15.33
(5p15.33), and it is critically involved in
maintaining telomere DNA length and
tumorigenesis. TERT coding region muta-
tions could influence telomere length and
telomerase activity, further triggering

severe clinical manifestations, such as sub-

stantially elevated cancer morbidity.7 The

TERT rs2736098 polymorphism, a synony-

mous coding single-nucleotide polymor-

phism (SNP) in exon 2 of TERT that is

located on chromosome 5p15, has been

demonstrated to be related to cancer risks.8

The relationship of TERT rs2736098

polymorphism to the lung cancer risk has

been reported in various studies, but the

outcomes have been controversial. Case–

control studies with a relatively limited

sample size might not comprehensively

illustrate the complicated relationship

because of inadequate statistical power.

However, a meta-analysis is a helpful

method to analyze complicated data from

case–control studies. This meta-analysis

was performed by retrieving all the avail-

able data, and it aimed to examine the rela-

tionship between TERT rs2736098

polymorphism and the lung cancer risk.

Materials and methods

Publication search

This study was conducted in accordance

with the preferred reporting items for sys-

tematic reviews and meta-analysis

(PRISMA) checklist.9 Related studies were

systemically collected from three electronic

databases, including China National

Knowledge Infrastructure (CNKI),

PubMed, and Embase, using the following

keywords: “cancer” OR “tumor”

combined with “telomerase reverse tran-

scriptase” OR “TERT” OR “rs2736098”

and “polymorphism” OR “variant” OR

“gene”. Studies in English that were pub-

lished before December 10, 2019 were

enrolled in this meta-analysis. Moreover,

we manually searched the related references

from the retrieved studies or reviews to

comprehensively acquire all eligible studies.
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Inclusion and exclusion criteria

The inclusion criteria were as follows: (a)
studies concentrating on the association of
TERT rs2736098 polymorphism with the
risk of lung cancer; (b) case–cohort or
case–control studies; and (c) studies with
available information for calculating geno-
type distribution. The exclusion criteria
were as follows: studies without controls;
reviews; and duplicated publications.
Typically, only studies with complete data
were enrolled if there were multiple over-
lapping or duplicated studies.

Data extraction

Two investigators independently reviewed
all possible articles and subsequently per-
formed data extraction. Discrepancies
were discussed with a third investigator.
The following relevant information was
retrieved from each paper: first author’s
surname, country, ethnicity, publication
year, total numbers of cases and controls,
genotype distributions in all subjects, and
the Hardy–Weinberg Equilibrium (HWE)
among healthy controls.

Quality evaluation. The authors assessed the
methodological quality of each included
article using the Newcastle–Ottawa quality
assessment scale (NOS).10 An ultimate
score of six stars or more was considered
to be a high-quality study.

Statistical analysis

Odds ratios (ORs) with 95% confidence
intervals (CIs) were used to determine
whether TERT rs2736098 polymorphism
was related to the lung cancer risk via a
homozygote comparison (AA vs. GG), a
heterozygote comparison (AG vs. GG),
a dominant model (AAþAG vs. GG), and
a recessive model (AA vs. AGþGG)
between groups. The I2 test was also used
to determine the potential heterogeneity

among these articles. An I2 of >50% was

suggestive of heterogeneity among studies

and the random-effects model was used;

otherwise, a fixed-effects model was used.

Subgroup analyses were conducted based

on the sample size and HWE. Sensitivity

test was conducted by sequentially eliminat-

ing one study each time to investigate

its effects on the pooled outcomes. The

Begg’s test was also performed to assess

the underlying publication bias (p<0.05

indicated statistical difference). Finally,

STATA version 12.0 (Stata Corp., College

Station, TX, USA) was used for statistical

analysis.

Results

Characteristics of the included studies

Initially, 478 studies were collected from the

following databases: Embase, PubMed, and

CNKI. The title, abstract, and full-text was

reviewed and screened, and seven eligible

studies were included in this meta-analy-

sis.11–16,18 The flow diagram of study selec-

tion was shown in Figure 1. The publication

years of the included studies ranged from

2009 to 2017. Overall, there were 3836

healthy controls and 3637 lung cancer

patients from the seven studies that were

included in this meta-analysis. When strat-

ified by sample size, the sample size of four

articles was >1000 participants each includ-

ing both patients and controls. The HWE

test was performed on the genotype distri-

bution of the controls in all the included

studies, and all of them were within the

HWE except for Xiao et al.18 The general

features of the seven included studies are

summarized in Table 1. The results of the

quality assessment based on the NOS for

case–control studies are shown in Table 1.

The overall scores of the included studies

ranged from six to seven stars. All studies

were defined as high-quality.
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Overall and subgroup analyses

The relationship between TERT rs2736098
polymorphism and lung cancer is summa-
rized in Figure 2 and Table 2. The TERT
rs2736098 polymorphism was significantly
related to lung cancer risk (AA vs GG:
OR¼1.83, 95%CI 1.58–2.12; AG vs. GG:
OR¼1.21, 95%CI 1.10–1.34; Dominant
model: OR¼1.33, 95%CI 1.22–1.46;
Recessive model: OR¼1.66, 95%
CI¼1.44–1.90). Subgroup analyses strati-
fied by sample size and HWE also showed

a significant correlation. The TERT

rs2736098 polymorphism was correlated

with the lung cancer risk in studies

with a sample size of >1000 and also in

studies with a sample size of �1000 partic-

ipants (Table 2). We further performed

a sensitivity analysis to reveal the

effects of each single paper on pooled OR

outcomes, showing that no single article

actually affected the pooled ORs, which

indicated the stability of the outcomes

(Figure 3).

Figure 1. Flow diagram of the included/excluded studies.

4 Journal of International Medical Research



Publication bias

The possible publication bias was examined
by visualizing the funnel plot, which
revealed that there was no publication
bias (Figure 4), and this indicated the low
publication bias in our meta-analysis in the
overall population (AA vs. GG: t¼0.2; AG
vs. GG: t¼0.2; Dominant model: t¼0.2;
Recessive model: t¼0.2).

Discussion

Global cancer statistical data indicates that
lung cancer is among the most common and
lethal human cancers,19 with a complicated
carcinogenesis mechanism. Air pollution
and smoking are considered to be critical
risk factors in lung cancer. In addition, to
better understand the possible mechanism
underlying lung cancer tumorigenesis, it is
necessary to identify and further evaluate
the relevant genetic variations. Over the
past decade, several meta-analyses have
revealed the relationship between TERT

rs2736098 polymorphism and cancer risk,

and previous studies have shown that

rs2736098 leads to the occurrence and

development of cancer.20–22 However,

there is no specific study on lung cancer.

Thus, this meta-analysis was performed by

including case–control studies to examine

the above possible relationship of TERT

rs2736098 polymorphism with the lung

cancer risk.
In this meta-analysis that included seven

case–control studies involving 3836 healthy

controls and 3637 lung cancer patients, we

comprehensively assessed the relationship

between TERT rs2736098 polymorphism

and lung cancer risk. The TERT

rs2736098 polymorphism was significantly

related to enhanced lung cancer risk in the

overall population. When the sample size of

the study was investigated, the TERT

rs2736098 polymorphism was correlated

with the lung cancer risk in studies with a

sample size of >1000 and �1000 partici-

pants. Moreover, in consideration of

Table 1. Included studies of the TERT rs2736098 polymorphism with lung cancer.

First author Country Ethnicity

Cases/

Controls

rs2736098 polymorphism

(Case/control)

HWE

test Score

AA

AGGG

Choi et al. 200911 Korea Asian 720/720 87/55 322/320 0.10 7

311/345

Li et al. 201312 China Asian 468/544 88/67 207/250 0.89 6

173/227

Wu et al. 201313 China Asian 539/627 102/86 232/278 0.36 6

205/263

Gao et al. 201414 China Asian 309/310 42/28 145/143 0.28 6

122/137

Zhao et al. 201415 China Asian 980/1000 177/106 438/443 0.36 7

337/406

Xing et al. 201616 China Asian 418/410 47/23 161/123 0.09 6

210/264

Xiao et al. 201718 China Asian 203/225 30/25 95/77 0.02 6

78/123

HWE, Hardy–Weinberg equilibrium; TERT, telomerase reverse transcriptase.
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possible between-study heterogeneity that is

caused by allelic distribution deviation from
HWE, subgroup analysis that was con-

ducted by restricting this meta-analysis to
studies that were consistent with the HWE

showed that our findings were reliable.
Additionally, the publication bias was

assessed as well as the robustness of our

outcomes using a sensitivity analysis.
The details of the mechanism that is

involved in lung cancer remains to be fur-

ther elucidated. Inter-gene and genetic–

environmental interactions play vital roles

in tumorigenesis, while single genetic

Figure 2. Forest plot for the association between TERT rs2736098 polymorphism and lung cancer risk.
TERT, telomerase reverse transcriptase.
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variations might present only a modest
effect. Previous evidence has suggested
that TERT rs2736098 and CLPTMlL
rs401681 polymorphisms synergistically
increase the lung cancer risk.12

Additionally, a previous study found a syn-
ergistic effect of the TERT rs2736098 poly-
morphism and smoking on the lung cancer

risk.10 Interaction between other risk fac-

tors and this polymorphism in lung cancer

needs to be further studied.
There are some limitations in this study.

First, some of the original data on the rel-
evant risk factors were unavailable in the

enrolled studies, which restricted the assess-
ment of gene–gene and gene–environment

Figure 3. Sensitivity analysis of the association between TERT rs2736098 polymorphism and lung cancer
risk.
TERT, telomerase reverse transcriptase.

Table 2. Summary of ORs and 95%CI for the TERT rs2736098 polymorphism and lung cancer risk.

Variables Na

AA vs. GG AG vs. GG Dominant model Recessive

model

OR (95%CI) Model OR (95%CI) Model OR (95%CI) Model OR (95%CI) Model

Total 7 1.83 (1.58–2.12) F 1.21 (1.10–1.34) F 1.33 (1.22–1.46) F 1.66 (1.44–1.90) F

Sample size

>1000 4 1.77 (1.50–2.10) F 1.13 (1.00–1.26) F 1.25 (1.12–1.39) F 1.65 (1.41–1.92) F

�1000 3 2.04 (1.48–2.80) F 1.51 (1.24–1.83) F 1.61 (1.34–1.93) F 1.69 (1.25–2.29) F

HWE

yes 6 1.89 (1.57–2.12) F 1.18 (1.06–1.30) F 1.30 (1.18–1.43) F 1.67 (1.45–1.93) F

no 1 / / / /

aNumber of comparisons.

OR, odds ratio; CI, confidence interval; HWE, Hardy–Weinberg equilibrium; TERT, telomerase reverse transcriptase; F,

fixed-effects model; /, no results.
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correlation. Second, all enrolled studies had

a retrospective design, which might cause

subject selection bias and further affect

the reliability of the final outcomes.

Finally, we only included published studies,

but there are some relevant unpublished

studies, which might cause a potential pub-

lication bias.
In summary, our findings indicate that

the TERT rs2736098 polymorphism might

be associated with the risk of developing

lung cancer. Large-scale case–control stud-

ies are required to investigate the possible

gene–gene and gene–environment interrela-

tionships with the lung cancer risk.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Yaping Sun https://orcid.org/0000-0002-

6454-0861

References

1. Bray F, Ferlay J, Soerjomataram I, et al.

Global cancer statistics 2018: GLOBOCAN

estimates of incidence and mortality world-

wide for 36 cancers in 185 countries. CA

Cancer J Clin 2018; 68: 394–424.
2. Siegel RL, Miller KD and Jemal A. Cancer

statistics, 2016. CA Cancer J Clin 2016; 66:

7–30.
3. Cavic M, Krivokuca A, Spasic J, et al. The

influence of methylenetetrahydrofolate

reductase and thymidylate synthetase gene

polymorphisms on lung adenocarcinoma

occurrence. J BUON 2014; 19: 1024–1028.
4. Blasco MA. Telomeres and human disease:

ageing, cancer and beyond. Nat Rev Genet

2005; 6: 611–622.
5. Willeit P, Willeit J, Mayr A, et al. Telomere

length and risk of incident cancer and cancer

mortality. JAMA 2010; 304: 69–75.
6. Blackburn EH. Switching and signaling at

the telomere. Cell 2001; 106: 661–673.

Figure 4. Begg’s funnel plot analysis to detect potential publication bias for TERTrs2736098 polymorphism.
TERT, telomerase reverse transcriptase.

8 Journal of International Medical Research

https://orcid.org/0000-0002-6454-0861
https://orcid.org/0000-0002-6454-0861
https://orcid.org/0000-0002-6454-0861


7. Baird DM. Variation at the TERT locus and
predisposition for cancer. Expert Rev Mol

Med 2010; 12: e16.
8. Gago-Dominguez M, Jiang X, Conti DV,

et al. Genetic variations on chromosomes
5p15 and 15q25 and bladder cancer risk:
findings from the Los Angeles-Shanghai
bladder case-control study. Carcinogenesis

2011; 32: 197–202.
9. Tricco AC, Lillie E, Zarin W, et al.

PRISMA extension for scoping reviews
(PRISMA-ScR): Checklist and explanation.
Ann Intern Med 2018; 169: 467–473.

10. Stang A. Critical evaluation of the
Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 2010; 25:
603–605.

11. Choi JE, Kang HG, Jang JS, et al.
Polymorphisms in telomere maintenance
genes and risk of lung cancer. Cancer

Epidemiol Biomarkers Prev 2009; 18:
2773–2781.

12. Li C, Yin Z, Wu W, et al. Genetic variations
in TERTCLPTM1L genes and risk of lung
cancer in Chinese women nonsmokers.
PLoS One 2013; 8: e64988.

13. Wu H, Qiao N, Wang Y, et al. Association

between the telomerase reverse transcriptase
(TERT) rs2736098 polymorphism and
cancer risk: evidence from a case-control
study of non-small-cell lung cancer and a
meta-analysis. PLoS One 2013; 8: e76372.

14. Gao L, Thakur A, Liang Y, et al.
Polymorphisms in the TERT gene are asso-
ciated with lung cancer risk in the Chinese
Han population. Eur J Cancer Prev 2014; 23:
497–501.

15. Zhang Y, Zhao M, Shen L, et al. Genetic
polymorphisms of TERT and CLPTM1L
and risk of lung cancer: a case-control
study in northeast Chinese male population.
Med Oncol 2014; 31: 18.

16. Zhao MM, Zhang Y, Shen L, et al. Genetic
variations in TERT-CLPTM1L genes and
risk of lung cancer in a Chinese population.
Asian Pac J Cancer Prev 2014; 15:
2809–2813.

17. Xing YL, Liu F, Li JF, et al. Case-control
study on impact of the telomerase reverse
transcriptase gene polymorphism and addi-
tional single nucleotide polymorphism
(SNP) - SNP interaction on non-small cell
lung cancers risk in Chinese Han popula-
tion. J Clin Lab Anal 2016; 30: 1071–1077.

18. Xiao X, He W. Genetic polymorphisms in
the TERT-CLPTM1L region and lung
cancer susceptibility in Chinese males.
Oncol Lett 2017; 14: 1588–1594.

19. Ren J, He BZ, Zhang TS, et al. Meta-anal-
ysis of correlation between the CYP1A2
-3860 G>A polymorphism and lung
cancer risk. Genet Mol Res 2016; 15.

20. Zhou M, Jiang B, Xiong M, et al.
Association between TERT rs2736098 poly-
morphisms and cancer risk-a meta-analysis.

Front Physiol 2018; 9: 377.
21. Li T, Xian Y, Tian T, et al. New evidence of

TERT rs2736098 polymorphism and cancer
risk: an updated meta-analysis. J BUON

2016; 21: 491–497.
22. Pang T, Zhou M, Liu R, et al. TERT

rs2736098 (Ex2-659G>A) polymorphism
and cancer susceptibility: evidence from a
comprehensive meta-analysis. Oncotarget

2017; 8: 96433–96441.

Wang and Sun 9


	table-fn1-0300060520936173
	table-fn2-0300060520936173
	table-fn3-0300060520936173

