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Abstract
Objective: To investigate O-6-methylguanine-DNA methyltransferase (MGMT) gene
promoter methylation in humoral tissue as biomarker for lung cancer diagnosis by
pooling relevant open published data.
Methods: Clinical studies relevant to MGMT gene promoter methylation and lung
cancer were systematic electronic searched in the databases of Medline, EMBASE,
Ovid, Web of Science, and CNKI. Data of true positive (tp), false positive (fp), false
negative (fn), and true negative (tn) were extracted from the included studies and
made combination. The diagnostic sensitivity, specificity, diagnostic odds ratio (DOR)
and summary receiver operating characteristic (SROC) of MGMT gene methylation
for lung cancer diagnosis were pooled.
Results: Twelve studies were included in the meta-analysis. The diagnostic sensitivity,
specificity, DOR were 0.39 (95% CI = 0.31–0.49) 0.92 (95% CI = 0.77–0.97), and 4.20
(95% CI = 2.09–8.44), respectively under random effect model. The SROC of MGMT
gene methylation for lung cancer diagnosis was 0.58 (95% CI = 0.53–0.62).
Conclusion: MGMT methylation rate was higher in plasma and bronchoalveolar
lavage fluid (BLAF) of lung cancer cases compared to controls. High diagnostic speci-
ficity indicated that MGMT methylation in plasma and BLAF can be applied as lung
cancer confirmation test.

K E YWORD S
biomarker, lung cancer diagnosis, meta-analysis, MGMT gene, promoter methylation

INTRODUCTION

Lung cancer including non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC) is the most common
malignant tumor and leading cause of cancer related death.1

Epidemiology study indicated that 235 760 new cases of
lung cancer and 131 880 deaths will be identified in the year
2021 in the United States (US).2 With the development of
radiation technology and target therapy, the general progno-
sis of lung cancer was improved. However, the overall long-
term survival of lung cancer was still unsatisfied because of
advanced stages when first diagnosis. How to identify the

lung cancer cases at early state is a key for improving the
general prognosis of the disease.3

In recent years, the research progress of epigenetics has
far reaching significance for the early diagnosis and treat-
ment of lung cancer.4–6 CpG island methylation in the pro-
moter region of tumor suppressor genes is an important
mechanism of gene silence.7–9 Transcriptional inactivation
of different genes will have different consequences, such as
affecting cell cycle, DNA repair, carcinogen metabolism, cell
adhesion, apoptosis, etc.10 In multiple human carcinomas,
the CpG island in the promoter region of tumor suppressor
genes showed different degrees of methylation, resulting in
transcriptional silencing. It was reported that CpG island
methylation in gene promoter region was a common phe-
nomenon in NSCLC patients and an early events.11
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Therefore, DNA methylation may be a potential biomarker
for lung cancer diagnosis or even screening.

O-6-methylguanine-DNA methyltransferase (MGMT) gene
encodes DNA repair protein that is involved in cellular defense
against mutagenesis and toxicity from alkylating agents.12

The protein catalyzes transfer of methyl groups from O(6)-
alkylguanine and other methylated moieties of the DNA to its
own molecule, which repairs the toxic lesions. Methylation of
the genes promoter has been associated with several cancer
types, including colorectal cancer,13 lung cancer, lymphoma,
and glioblastoma.14 MGMT promoter methylation was widely
discussed and found methylated in cancer and humoral tissues
of the lung cancer patients. However, its value as biomarker for
lung cancer diagnosis was not clear yet.

MATERIAL AND METHODS

Studies searching in the electronic databases

Clinical studies relevant to MGMT gene promoter methyla-
tion and lung cancer were systematic electronic searched in
the databases of Medline, EMBASE, Ovid, Web of Science,
and CNKI. The publication electronic searching was limited
to English and Chinese with the searching text word of
“MGMT”, “O-6-methylguanine-DNA methyltransferase”,
“non-small cell lung cancer”, “lung cancer”, “lung neo-
plasm. The references of included studies were also reviewed
to identify the further suitable publications. The studies elec-
tronic searching process was performed by B.C. and
X.Y. independently and cross checked.

Inclusion and exclusion criteria

The study inclusion was restricted to study design, patients,
methylation detection methods, results, and language. For
inclusion criteria, the publication limited to case–control,
cohort, diagnostic, or observation study. The patients were
restricted to lung cancer with pathology confirmation. The
methylation detection methods were methylation specific
PCR (MSP) or q-MSP. The result of the included studies
should provide the distribution of true positive (tp), false
positive (fp), false negative (fn), and true negative (tn). The
publication languages were limited to English and Chinese.

For studies exclusion criteria: case report, literature
review, or meta-analysis studies were excluded. Lung cancer
patients without pathology or cytology validation were
excluded. The studies did not provide enough data to calcu-
late tp, fp, fn, and tn were also excluded.

Data extraction

Two reviewers (B.C. and L.B.) reviewed the included original
studies and extracted the data independently. The extracted
data includes the general information such as first author,

country, year of publication, methylation detection methods,
and humoral tissue type. The distribution of tp, fp, fn, and
tn was directly extracted or calculated.

Statistical methods

All the data was managed by STATA12.0 statistical software.
Before combination, the data was tested for statistical het-
erogeneity by χ2 test and demonstrated by I2 (I2 > 50% indi-
cated significant heterogeneity, otherwise without statistical
heterogeneity). The publication bias was evaluated by
Deeks’ and Begg’s funnel plot.

RESULTS

Studies included in the meta-analysis

A total of 165 clinical studies relevant to MGMT gene pro-
moter methylation and lung cancer were initially identified
in the electronic database and other source. After removing
the unsuitable studies through reviewing the title, abstract,
and full text, 12 studies were finally included for meta-analy-
sis. The studies identification procedure was demonstrated
in Figure 1, and the general characteristics of the included
12 studies were shown in Table 1.

Statistical heterogeneity

Significant statistical heterogeneity for MGMT gene pro-
moter methylation in humoral tissue as biomarker for lung
cancer diagnosis was identified in effect size of sensitivity
(I2 = 81.03%, p < 0.05), specificity (I2 = 81.03%, p < 0.05) and
diagnostic odds ratio (DOR) (I2 = 66.70%, p < 0.05). The sta-
tistical heterogeneity may originate from the clinical features of
the included cases and controls of each included original study.

Meta-analysis

Because of significant statistical heterogeneity across the
included 12 studies, the data was pooled in random effect
model. The diagnostic sensitivity, specificity, DOR were 0.39
(95% CI = 0.31–0.49), (Figure 2) 0.92 (95% CI = 0.77–0.97),
(Figure 2) and 4.20 (95% CI = 2.09–8.44), (Figure 3), respec-
tively, under random effect model. The area under the sum-
mary receiver operating characteristic (SROC) of MGMT gene
methylation for lung cancer diagnosis was 0.58 (95%
CI = 0.53–0.62), (Figure 4).

Subgroup analysis

Subgroup analysis was performed according to the
humoral tissue type of plasma and bronchoalveolar
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lavage fluid (BLAF). The diagnostic performance of
plasma and BLAF for MGMT promoter methylation as
biomarker for lung cancer diagnosis is demonstrated
in Table 2.

Publication bias

The Begg’s funnel plot was left–right asymmetry espe-
cially at bottom. However, the Deeks’ funnel plot

F I G U R E 1 Flow chart of studies
identification according to inclusion and
exclusion criteria

T A B L E 1 The general features of the included 12 studies

Author Year Sample size

Cancer Control

TNM (I/II/III/IV) Tissue Country Methods(M+/M�) (M+/M�)

Yao et al.15 2005 106 21/32 18/35 NA Plasma China MSP

Kang et al.16 2011 106 19/34 15/38 NA Plasma China MSP

Russo et al.17 2005 66 18/15 6/27 NA Plasma US MSP

Topaloglu et al.18 2004 62 12/19 7/24 17/9/5/� BLAF US MSP

Begum et al.19 2011 20 3/7 1/9 NA Plasma US q-PCR

Guo et al.20 2004 40 14/6 11/9 NA Plasma China MSP

Belinsky et al.21 2007 144 11/61 4/68 NA Plasma US MSP

Wang and Song22 2020 100 51/34 1/14 NA BLAF China MSP

Zhong and Fan23 2019 200 36/64 0/100 37/34/29/� Plasma China MSP

Zhong and Li24 2015 60 15/15 7/23 5/13/9/3 Plasma China q-MSP

Zhao et al.25 2013 108 17/45 0/46 1/10/24/27 Plasma China MSP

Yan and Zhang26 2018 180 21/59 0/100 NA Plasma China MSP

Abbreviation: BLAF, bronchoalveolar lavage fluid; M+, methylation positive; M-, methylation negative; MSP, methylation specific PCR; NA, not avaiable.
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did not demonstrated significant publication bias
(p = 0.09) (Figure 5). We considered that the publica-
tion bias was existed in the present meta-analysis.

DISCUSSION

In the present meta-analysis, 12 clinical studies relevant to
MGMT gene promoter methylation in plasma and BLAF

F I G U R E 2 Forest plot of diagnostic sensitivity and specificity of MGMT gene methylation for lung cancer diagnosis

F I G U R E 3 Forest plot of
diagnostic odds ratio (DOR) of
MGMT gene methylation for lung
cancer diagnosis
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were included and made quantitative analysis. The results
indicated that the MGMT methylation rate was higher in
plasma and BLAF of lung cancer cases compared to

controls. High diagnostic specificity indicated that MGMT
methylation in plasma and BLAF can be used as lung cancer
confirmation test. However, the diagnostic sensitivity of
MGMT promoter methylation as reference for lung cancer
is extremely low, which indicated it may not be suitable for
lung cancer screening. Gu et al.27 evaluated the association
between MGMT promoter methylation and NSCLC by
meta-analysis methods. In that study, the authors included
18 studies and compared the MGMT promoter methylation
in cancer tissue and normal control tissue. The authors
found that the MGMT promoter methylation rate in cancer
tissue was significantly higher than that of the controls and
a strong association between methylation of MGMT gene
and NSCLC was identified. In the present meta-analysis, we
also found that the MGMT methylation rate in plasma and
BLAF was higher than controls and could be applied as a
biomarker for lung cancer confirmations test.

Lung cancer is the most common malignant tumor.
However, there were few effective and convenient methods
for early diagnosis and screening of lung cancer.28,29

Although histology and cytology are the gold standard for
the diagnosis of lung cancer, patients are often of advanced
stage at the time of diagnosis by pathology and cytology.30

Therefore, new diagnostic methods to improve the early
diagnosis rate and reduce the mortality are needed. Tumor
suppressor gene methylation analysis in plasma and BALF
was considered to be a promising diagnostic method with

F I G U R E 4 Summary receiver operating characteristic (SROC) of
MGMT gene methylation for lung cancer diagnosis

T A B L E 2 Subgroup analysis of MGMT gene methylation for lung cancer diagnosis

Group SEN SPE DOR AUC

Plasma 0.34(0.50–0.38) 0.88(0.85–0.91) 4.12(1.87–9.04) 0.56

BLAF 0.54(0.45–0.64) 0.83(0.69–0.92) 5.74(0.58–57.06) –

Abbreviations: AUC, area under roc curve; DOR, diagnostic odds ratio; SEN, sensitivity; SPE, specificity.

F I G U R E 5 Deeks’ and Begg’s funnel plot in evaluation the publication bias of MGMT gene methylation for lung cancer diagnosis (a) Deeks’ funnel plot;
(b) Begg’s funnel plot)
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convenient clinical application and mini invasive.31,32

Therefore, MGMT gene methylation detection combined
with histology, cytology can improve the diagnostic accuracy
of lung cancer.

In humans, MGMT gene was located in chromosome
10q26.3 and coded a protein that is involved in the cellular
defense against the biological effects of O-6-methylguanine
(O6-MeG) and O-4-methylthymine (O4-MeT) in DNA and
repairs the methylated nucleobase in DNA by stoichiometri-
cally transferring the methyl group to a cysteine residue in
the enzyme. Previous studies have shown that,33,34 the
expression level of MGMT gene is downregulated in a vari-
ety of tumor tissues, suggesting that the inactivation of
MGMT gene is related to the occurrence of a variety of
tumors. Limitations of the present meta-analysis: (i) small
sample size with only 12 original studies included in the
meta-analysis; (ii) language restriction with only English
and Chinese publications included; (iii) statistical heteroge-
neity across the included studies were existed; and
(iv) potential publications bias was also identified in the
preset work.

In conclusion, MGMT methylation rate was higher in
plasma and BLAF of lung cancer cases compared to con-
trols. High diagnostic specificity indication MGMT methyla-
tion in plasma and BLAF can be used as lung cancer
confirmation test. However, because of the statistical hetero-
geneity and small sample size, the conclusion should be fur-
ther validated by well-designed prospective diagnostic
studies.
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