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Abstract
Objective: To investigate the diagnostic performance of microRNA-21 detected in
serum or sputum as a biomarker for lung carcinoma identification through pooling
the open published data.
Methods: Clinical diagnostic studies related to microRNA-21 as a biomarker for lung
carcinoma identification were electronically searched in the databases of Pubmed,
EMBASE, Cochrane Library, Chinese National Knowledge Infrastructure, Wanfang,
and Google Scholar. The data of the included studies was extracted and made pooling
of diagnostic sensitivity, specificity, diagnostic odds ratio (DOR), area under the sum-
mary receiver operating characteristic curve (ROC) (AUC) for microRNA-21 expres-
sion in serum or sputum as a biomarker for lung carcinoma identification. The
publication bias was evaluated by Deek’s funnel plot.
Results: Seventeen diagnostic studies were finally included and made data pooling.
For the included 17 studies, 4 investigated the microRNA-21 expression in sputum
and 13 studies in serum. The pooled diagnostic sensitivity and specificity were 0.73
(95% CI, 0.67–0.78) and 0.81 (95% CI, 0.75–0.85), respectively, under random effect
model. The combined DOR was 9.65 (95% CI, 6.64–14.03) with the AUC of 0.84
(95% CI, 0.80–0.87). Given a pre-test probability of 50%, the post-test positive proba-
bility and post-test negative probability were 79% and 25%, respectively, by using
microRNA-21 as a biomarker for lung carcinoma diagnosis. Deek’s funnel was obvi-
ously asymmetry and indicated significant publication bias (p < 0.05).
Conclusion: MicroRNA-21 in serum or sputum was a promising biomarker for lung
cancer identification with relative high diagnostic sensitivity and specificity.
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INTRODUCTION

Carcinoma of the lung is considered as the leading cause of
death in both males and femalse for cancer-related diseases.1

It was reported that 2 206 771 new cases of lung cancer and
1 796 144 deaths from lung carcinoma were identified in the
year 2020, which accounted for 11.4% and 18.0% of all can-
cers diagnosis or death of the same year.2 Lung cancer has
become a major problem of public health and has imposed a
heavy burden for the government health care system.3 How-
ever, the general prognosis and long-term survival of lung

cancer is low, especially for advanced stage cases mainly
due to lack of effective early diagnosis or screening
methods.4 At present, the chest computed tomography
(CT) examination and X-ray are major tools for lung can-
cer screening in high risk subjects such as heavy smokers,
elderly people, or people with family history of malignant
tumor.5,6 Bronchoscopy was mainly applied for cases with
suspected lung disease or carcinoma, but rarely applied as
routine lung cancer screening because of its invasive char-
acter. However, chest CT examination and bronchoscopy
both have their limitations (eg, low specificity, sensitivity,
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or invasive). Serum and sputum are optimal humoral com-
ponents for lung cancer diagnosis.7–9

MicroRNA-21 expression levels in serum or sputum
applied as a diagnostic biomarker of lung cancer was reported
in previously studies.10,11 However, the exact diagnostic per-
formance was not clear because of the small sample size and
clinical heterogeneity between each relevant study. In the pre-
sent work, we identified all the open published studies rele-
vant to microRNA-21 as a biomarker for lung carcinoma
diagnosis and performed data pooling to further evaluate its
diagnostic performance and clinical application.

MATERIAL AND METHODS

Publication searching in the databases

Clinical diagnostic studies related to microRNA-21 as a bio-
marker for lung carcinoma identification were electronically
searched in the databases of Pubmed, EMBASE, Cochrane
Library, Chinese National Knowledge Infrastructure, Wan-
fang, and Google Scholar. The key words of “lung cancer,”
“carcinoma of the lung,” “non-small cell lung cancer,”
“NSCLC,” “microRNA-21,” “miR-21,” and “has-mir-21”
were applied for publication electronic databases searching.

Publication inclusion and exclusion criteria

The trials inclusion criteria included: (i) prospective diagnostic
studies about microRNA-21 as a biomarker for lung carcinoma
diagnosis; (ii) pathology or cytology were applied as gold lung
cancer diagnosis standard; (iii) microRNA-21 level was detected
in serum or sputum; (iv) the data of true-positive (tp), false-
positive (fp), false-negative (fn), and true-negative (tn) can be
extracted or calculated form the original study; and (v) the study
was published in English or Chinese.The publication exclusion
criteria included: (i) studies in animal or case report or literature
review; (ii) microRNA-21 expression detected in tumor or
corresponding normal tissue not serum or sputum;
(iii) duplicated publication or data; and (iv) publication without
enough data to calculate tp, fp, fn, and tn.

Data and information extraction from included
study

The following information and data was extreacted from the
orignianl inlcuded studies: (i) first and corresponding
authors; (ii) year of the data published; (iii) area the work
performed; (iv) control type; (v) lung cancer type; and (vi)
data of tp, fp, fn, and tn.

Quality assessment of the included studies

H.W. and J.X. made the methodological qualities assessment
of each included study independently. The QUADAS was

applied to evaluate the methodological qualities of the
included diagnostic studies.12

Publication bias evaluation

The Deek’s funnel plot was used to evaluate the publication
bias. If the funnel plot was symmetrical and p > 0.05, the
publication bias was not obvious. Otherwise, it was consider
of significant publication bias.

Statistical analysis

Stata12.0 (Stata Corporation; http://www.stata.com) was
applied for data managing. Before pooling the data, the
statistical heterogeneity between the included 17 studies
was tested by χ2 test. If p < 0.05, the data was pooled by
random effect model, otherwise by fixed effect model.
p < 0.05 was considered of statistical significance.

RESULTS

Characteristic of the included studies

Initially, 824 publications relevant to microRNA-21 as a bio-
marker for lung carcinoma diagnosis were identified by
searching the electronic databases. After removing the dupli-
cated data and publications, 798 studies were screened in title
and abstract. Twenty-eight studies were reviewed in full text
and 17 publications were finally included for meta-analysis
(Figure 1). For the included 17 studies, four investigated the

F I G UR E 1 Publications searching and screening strategy in the
relevant electronic databases
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F I G U R E 2 Forrest plot of the diagnostic performance of sensitivity and specificity for microRNA-21 as a biomarker in lung carcinoma identification

T A B L E 1 The main features for the included studies

Author Year Country Tp Fp Fn Tn Tissue Race Cancer type Control type QUADAS score

Su et al.13 2015 United States 42 14 14 59 Sputum African, Caucasus NSCLC Smoker 11

Xing et al.14 2015 United States 47 17 13 45 Sputum Caucasus NA Benign lung disease 9

Yang et al.15 2013 China 20 6 4 18 Sputum Caucasus NSCLC Benign lung disease 7

Yu et al.16 2010 United States 26 7 10 29 Sputum African, Caucasus NSCLC Healthy control 7

Li et al.17 2011 China 16 0 4 10 Serum East Asian Lung
cancer

Healthy control 12

Wei et al.18 2011 China 48 9 15 21 Serum East Asian NSCLC Healthy control 11

Tang et al.19 2013 China 30 13 32 47 Serum East Asian Lung cancer Healthy smoker 10

Wei et al.20 2011 China 47 6 30 30 Serum East Asian NSCLC Healthy control 8

Chen et al.21 2014 China 76 27 24 73 Serum East Asian NSCLC Healthy control 11

Wang et al22 2012 China 27 10 4 29 Serum East Asian Lung cancer Normal control 9

Shen et al.23 2011 United States 66 46 42 96 Serum African American,
White

NSCLC Benign lung disease,
Healthy control

12

Abd-El-Fattah et al.24 2013 United States 56 5 9 32 Serum Egyptian Healthy control 12

Le et al.25 2012 China 38 4 44 46 Serum East Asian Normal control 11

Wang et al.26 2021 China 47 2 14 24 Serum East Asian Lung cancer Healthy control 8

Li et al.27 2019 China 27 0 5 44 Serum East Asian NSCLC Benign lung disease,
Healthy control

7

Zhao et al.10 2015 China 59 17 21 43 Serum East Asian NSCLC Healthy control 11

Yang et al.11 2015 China 105 87 47 213 Serum East Asian NSCLC Healthy control 10

Abbreviations: Fn, false negative; Fp, false positive; NA, not available; NSCLC, non-small cell lung cancer; Tn: true negative; Tp: true positive.
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microRNA-21 expression in sputum and 13 studies investi-
gated the microRNA-21 expression in serum. The general clin-
ical features of the included 17 studies are shown in Table 1.

META-ANALYSIS RESULTS

Diagnostic sensitivity and specificity

The diagnostic sensitivity and specificity were pooled in ran-
dom effect model because of statistical heterogeneity. The
aggregated sensitivity, specificity were 0.73 (95% CI, 0.67–
0.78) and 0.81 (95% CI, 0.75–0.85), respectively (Figure 2).

Diagnostic odds ratio and area under the
summary receiver operating characteristic

Because of statistical heterogeneity, the diagnostic odds ratio
(DOR) was pooled in random effects model (Figure 3). The
combined DOR was 9.65 (95% CI, 6.64–14.03). The area
under the summary receiver operating characteristic
(SROC) was 0.84 (95% CI, 0.80–0.87) (Figure 4).

Fagan’s nomogram analysis

Given a pre-test probability of 50%, the post-test positive
probability, and post-test negative probability were 79% and
25%, respectively, using microRNA-21 as a biomarker for
lung carcinoma diagnosis (Figure 5).

Sub-group analysis

Sub-group analysis was performed according the
microRNA-21 detection in sputum or serum. The pooled
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F I G U R E 3 Forrest plot of diagnostic odds ratio for microRNA-21 as a
biomarker in lung carcinoma identification
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sensitivity, specificity, DOR, AUC, and post-test probability
were demonstrated in Table 2.

Publication bias

The publication bias was evaluated by Deek’s funnel plot.
The plot was obviously asymmetry, which indicated signifi-
cant publications bias (p < 0.05) (Figure 6).

DISCUSSION

At present, the diagnosis of lung cancer relies on chest imag-
ing and cell morphology examination. However, because of
poor sensitivity, the aforementioned diagnostic methods
cannot identify early stage lung carcinoma.28,29 Most of the
lung cancer cases are diagnosed at middle or advanced
stages with poor prognosis and a low long-term survival
rate.30,31 Therefore, it is urgent to find more sensitive and
non-invasive biomarkers to improve the lung cancer
diagnosis.

MicroRNA is a kind of non-coding RNA with a length
of <25 nucleotides, which is involved in the occurrence and
development of a variety of diseases such as cancer,32,33 car-
diovascular disease,34 infection,35,36 rheumatic immunity,
etc. Studies have confirmed that microRNA can stably exist
in body fluids, which provides an opportunity for cancer
diagnosis with non-invasive methods. MicroRNA-21 was
widely investigated in cancers and most of the studies dem-
onstrated that microRNA-21 was upregulated in cancer tis-
sue and corresponding serum.37,38 Therefore, the serum
level of microRNA-21 may provide useful information for
lung cancer identification. However, because of the small
sample size, different lung cancer stages, and different his-
tology type, the conclusion was not inconclusive for
microRNA-21 as a biomarker in detection lung cancer.

In the present work, we identified all the open published
diagnostic studies relevant to microRNA-21 as a biomarker
in detection lung cancer and made data combination. Seven-
teen diagnostic studies were made data pooling and the
results demonstrated that the pooled diagnostic sensitivity,
specificity were 0.73 (95% CI, 0.67–0.78) and 0.81 (95% CI,
0.75–0.85), respectively, with the diagnostic AUC of 0.84
(95% CI, 0.80–0.87). Given a pre-test probability of 50%, the
post-test positive probability and post-test negative proba-
bility were 79% and 25%. The pooled results indicated that
microRNA-21 in serum or sputum was a promising bio-
marker for lung cancer identification with relative high diag-
nostic sensitivity and specificity. The post-test positive
probability was elevated for lung cancer and post-test nega-
tive probability was decreased for healthy or non-lung can-
cer subjects.

There are several limitations that may affect the stability
of the conclusion: (i) there are obviously statistical heteroge-
neity in combination the sensitivity, specificity, and DOR;
(ii) publication bias existed and may decrease the reliability
of results; and (iii) language restriction may lead to studies
being omitted.

In conclusion, 17 studies were included and made data
combination. Pooled results indicated detection microRNA-
21 in sputum or serum can provided useful information
for lung cancer identification with high diagnostic per-
formance. However, because of the aforementioned
limitations, the conclusion should be further validated by
big sample size, well-designed, prospective diagnostic
studies.
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