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Background: Early diagnosis of non-small cell lung cancer (NSCLC) is crucial for treatment. Circulating
cell-free DNA (cfDNA) is an extracellular nucleic acid found in serum, and tumor ¢fDNA circulating in
the blood may be used as a biomarker for early diagnosis. The purpose of this study was to evaluate the
application value of ¢cfDNA as a biomarker for the diagnosis of NSCLC through meta-analysis.

Methods: We searched the China National Knowledge Infrastructure (CNKI), Wanfang, VIP, PubMed,
Cochrane Central Register of Controlled Trials, Embase, and Web of Science databases using the following
search terms: lung cancer, NSCLC, biomarkers, circulating ¢fDNA, ¢fDNA, circulating tumor DNA
(ctDNA), circulating cell-free tumor DNA, and diagnosis. The retrieval period was set until September
2021. According to PICOS (patients, intervention, comparison, outcomes, and study design) principles
the inclusion criteria were: aged >18 years; at least 10 NSCLC cases; NSCLC patients diagnosed by
histopathology or cytology; circulating ¢fDNA was detected; outcome data could be completely extracted.
Bias risk assessment was conducted according to the QUADAS (Quality Assessment of Diagnostic Accuracy
Studies). RevMan 5.3 was used for meta-analysis.

Results: Eight studies met the inclusion criteria, including a total of 618 NSCLC patients and 635 healthy
subjects. The overall sensitivity and specificity were 0.79 [95% confidence interval (CI): 0.75-0.82] and 0.81
(95% CI: 0.78-0.84), respectively. The area under the curve (AUC) of the summary receiving operating
characteristic (SROC) curve was 0.8941. The pooled positive likelihood ratio, pooled negative likelihood
ratio, and pooled diagnostic odds ratio were 5.37 (95% CI: 2.67-10.81), 0.24 (95% CI: 0.15-0.38), and 24.68
(95% CI: 8.85-68.84), respectively. The patient selection bias was high in two articles was high, unclear in
one article, and low in the remaining five ones. The risk of bias in the research index test was unclear in one
article, and low in the remaining seven articles. The reference standard bias, and flow and time bias of all
articles was low.

Conclusions: Circulating ¢fDNA is an efficacy biomarker in diagnosis of NSCLC. Its clinical application
technology is worthy of further research.
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Introduction

Lung cancer has one of the highest incidence rates among
all malignant tumors, with 1.6 million morbidities and
1.38 million deaths annually (1). Non-small cell lung cancer
(NSCLC), with an alarming incidence, accounting for 85%
of lung cancers (2), with the majority of patients already
at an advanced stage at diagnosis, and usually less than 5%
of patients survive 5 years (3-5). However, if NSCLC is
diagnosed early, the survival rate of patients after surgical
removal of the tumor can exceed 80% (6,7). At present, the
recommended low-dose computed tomography (LDCT)
screening method for early detection of lung cancer still
encounters some challenges (8,9), and there is a lack of
clinically good biomarkers for early diagnosis of NSCLC.

With the development of precision cancer medicine,
genome analysis has attracted increasing attention for the
diagnosis and treatment of tumors. Genome sequencing of
tumor biopsy specimens is currently a relatively advanced
auxiliary diagnostic technology. It has proven its application
value in confirming treatment efficacy and predicting
treatment response (10). At the same time, it can also
provide reference value in terms of disease activity and drug
resistance (11,12). For example, the sequencing of breast
cancer is of great reference in the selection of treatment
options, especially aromatase inhibitors (10). However,
genotyping requires biopsy specimens from cancer patients,
and its availability is limited (13,14). At the same time,
biopsy may not be able to obtain enough tumor tissue in
some patients, and there may also be operational risks and
false negative results.

Circulating cell-free DNA (cfDNA) in plasma, possibly
originate from necrosis, apoptosis, and/or macrophage
digestion. Circulating ¢cfDNA has been regarded as a new
biomarker for the diagnosis, treatment and prognosis
of malignant tumors (15). Even a very small tumor will
release enough cfDNA in the blood, which is well below
the detection limit of radiological methods (16). Most of
the circulating ¢fDNA is excreted from the cell after being
cut by endonuclease (17). In healthy individuals, circulating
cfDNA enters the blood in two ways, through the
circulation of lymphocytes and through apoptosis of other
nucleated cells (18). In cancer patients, circulating ¢cfDNA
is produced after tumor necrosis, and includes the lysis of
circulating malignant cells or micro metastasis (19).

The value of ¢fDNA in early-stage NSCLC is more
reflected, such as tumor discovery, tumor burden inspection,
and minimal residual tumor monitoring. CEDNA can be
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obtained through patient serum or minimally invasive
surgery, and reflects genetic changes in tumor tissues, and
thus, cfDNA testing is considered an important method for
the diagnosis of NSCLC. However, there is still controversy
about its accuracy in diagnosing NSCLC (18-21). For
example, a prospective study reported that the baseline
cfDNA levels may be not associated with progression-
free survival (PFS) or overall survival (OS), neither were
changes in ¢fDNA (15). While other scholars showed a
significant relationship between low DNA integrity and
OS between those patients with longer survival for patients
with low levels (22). The purpose of this work is to further
support that circulating ¢fDNA can be used as a biomarker
for the diagnosis of NSCLC. We present the following
article in accordance with the PRISMA-DTA reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-646/rc).

Methods
Search strategy

We performed a literature search of China National
Knowledge Infrastructure (CNKI), Wanfang, and VIP and
English (PubMed, Cochrane Central Register of Controlled
Trials, Embase, and Web of Science) biomedical databases
using the following search terms: lung tumors, lung cancer,
NSCLC, biomarkers, circulating ¢fDNA, ¢fDNA, ctDNA,
circulating cell-free tumor DNA, diagnosis, prognosis, and
monitoring. The retrieval period was set from the opening
of the database to September 2021.

Inclusion and exclusion criteria

According to the PICOS (patients, intervention,
comparison, outcomes, and study design) principles, the
inclusion criteria were as follows: (I) NSCLC patients
must be diagnosed by histopathology or cytology; (II)
diagnosis intervention by circulating cfDNA was the same
as histopathology or cytology; (III) patients aged >18 years
in the involved studies; (IV) studies that reported on at least
10 lung cancers in the study population; (V) articles using
circulating ¢fDNA as a biomarker to diagnosis of NSCLC
patients, the participants should include both the patients
and non-patient subjects; (VI) article outcome data could be
completely extracted.

The exclusion criteria were as follows: (I) tumor tissue
and blood samples are not matched; (II) the population
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of the research report is the same; and (III) no circulating
cfDNA was used to diagnose NSCLC.

Literature screening and data extraction

Two review authors were selected to read, analyze the
abstracts of the studies obtained according to the inclusion
criteria. In the case of different opinions among reviewers,
a third reviewer is recommended to review the manuscript
independently and blindly. After completing the review,
review authors independently reproduced useful data from
the screened articles, including first author, country of
study, year of publication, sample size, and true-positive,
true-negative, false-positive, and false-negative forms.
There are different opinions during data replication, and a
consensus is reached through discussion. Articles for which
no valid data could be obtained were excluded.

Risk of bias assessment

The research quality assessment scale QUADAS
(Quality Assessment of Diagnostic Accuracy Studies)-2
recommended by the Cochrane Collaborative Organization
was used to evaluate the methodological quality of the
included research. Patient selection for the study, reporting
index tests, reference content criteria, flow and timing
were all included in the assessment. Risk of bias analysis
was performed for each index, and the first three indexes
were evaluated according to the question of suitability. The
methodological quality indicator was rated as “low risk”,
“high risk”, or “unclear”. Publication bias was assessed
visually by funnel plots in RevMan.

Statistical analysis

The y’ test was used to test statistical heterogeneity, and the
I’ statistic was used to evaluate the degree of variation that
could be attributed to the statistical heterogeneity between
the trials. An I°<50% indicates low heterogeneity, while
an I’>50% represents significant heterogeneity. At first,
a fixed-effects model was used to drive the overall effect
sizes. If there was significant between-studies heterogeneity,
the random-effects model (DerSimonian-Laird) was
applied as an alternative. In this study, the random effects
model was used when I’>30%; otherwise, the fixed effects
model was applied. The forest plot was used to display the
sensitivity and specificity of the indicators in this study,
and the 95% confidence interval (CI) was calculated. For
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the accuracy of each result, a summary receiving operating
characteristic (SROC) curve and the respective area under
the curve (AUC) were constructed for analysis. The positive
likelihood ratio, negative likelihood ratio, and diagnostic
odds ratio (DOR) were also calculated and analyzed. Next,
funnel plot and Egger’s test were done to assess publication
bias. Statistical analysis was performed by RevMan version
5.3 software (Cochrane Collaboration, https://www.
cochranelibrary.com/). P<0.05 was considered to indicate a
statistically significant difference.

Results
Literature search results and study characteristics

Together, 737 records were confirmed, and 47 unavailable
records were eliminated. After screening, 313 articles were
retrieved, including 243 English articles and 70 Chinese
articles. Most articles did not meet the requirements, and
eight articles were screened for further analysis. The flow
chart is displayed in Figure 1. The eight articles included
618 NSCLC patients and 635 healthy subjects, and the
publication period was from 2008 to 2018. The basic data of
the articles, such as author, country, year, journal, research
type, and number of subjects, were extracted. The basic
characteristics of the eight articles are shown in Table 1.

Risk of bias and applicability judgments

The risk of patient selection bias was unclear in one article
high in two articles, and low in the remaining five articles
is low. As for the index test bias, one article had an unclear
risk, and the remaining seven articles were low risk. The
reference standard bias and flow and timing bias of all
articles were low. As for applicability bias, one article had
an unclear risk of patient selection bias, one article had an
unclear risk of index test bias, and the applicability bias of
the remaining articles was low. The risk of bias analysis is
shown in Figure 2.

Meta-analysis results

Overall analyses

After analysis, the effect of analysis suggested circulating
cfDNA as a biomarker with a pooled sensitivity of 0.79 (95%
CI: 0.75-0.82) for NSCLC diagnosis and prognosis (Figure 3),
and the pooled specificity was 0.81 (95% CI: 0.78-0.84)
(Figure 4). In addition, the sensitivity and specificity I’ were
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Figure 1 Flow diagram of the search, screening, and inclusion process.

Table 1 Basic characteristics of the study articles

Author Country Year Journal Type Patients Controls
Ulivi et al. (20) Italy 2008 Thorax Case-control 128 1083

van der Drift et al. (21) The Netherlands 2010 Lung Cancer Prospective 46 21

Ulivi et al. (22) Italy 2013 PLoS One Prospective 100 100
Chiappetta et al. (23) Italy 2013 Clin Chim Acta Prospective 30 26
Catarino et al. (24) Portugal 2012 PLoS One Prospective 104 205
Kumar et al. (25) India 2010 Lung Cancer Prospective 100 100
Soliman et al. (26) Egypt 2018 Biochem Biophys Rep Prospective 60 40
Szpechcinski et al. (27) Poland 2015 Br J Cancer Prospective 50 40

Risk of bias _ Applicability concerns 80.8% and 89.7%, respectively, and were thus analyzed

using random effects models. The SROC showed a higher
accuracy (AUC =0.8941) (Figure 5).

The positive likelihood ratio refers to the multiple of
the correctly diagnosed disease and the wrongly diagnosed

Catarino 2012 disease in the diagnostic experiment. Therefore, the greater

the positive likelihood ratio, the higher the accuracy of the
diagnosis. In this study, the pooled positive likelihood ratio of
circulating ¢fDNA in the diagnosis of NSCLC was 5.37 (95%
CI: 2.67-10.81), indicating that circulating ¢fDNA is more
reliable as a diagnostic biomarker for NSCLC (Figure 6).
The negative likelihood ratio refers to the ratio of the

Chiappetta 2013

Kumar 2010

Soliman 2018

Szpechcinski 2015

Ulivi 2008

Ulivi 2013
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Figure 2 Details of literature quality evaluation. indicating better diagnostic methods. The negative
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Figure 3 Sensitivity analysis. Statistical method: inverse variance of the random effects model. CI, confidence interval.
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Figure 4 Specificity analysis using inverse variance of the random effects model. CI, confidence interval.
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Figure 5 SROC curve for individual studies on the accuracy
analysis of circulating ¢fDNA as a diagnostic and prognostic
biomarker for NSCLC. SROC, summary receiving operation
characteristic; AUC, area under the curve; cfDNA, cell-free DNA;

NSCLC, non-small cell lung cancer; SE, standard error.
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likelihood ratio suggests that the possibility of falsely being
judged as negative is a multiple of the possibility of being
correctly judged as being negative. The negative likelihood
ratio summarized in this study was 0.24 (95% CI: 0.15-
0.38), indicating that circulating cfDNA is more accurate as
a diagnostic biomarker for NSCLC (Figure 7).

The DOR refers to the ratio of the positive likelihood

ratio to the negative likelihood ratio, which is a response to
the closeness of the relationship between the outcome and
the disease. When this value is greater than 1, larger values

denote that the diagnostic test has a better discriminatory

effect; however, when this value is less than 1, healthy
people are more likely to be judged as positive by the
diagnostic test than the patient. Furthermore, when this
value is equal to 1, this signifies that the diagnostic test
unable to distinguish between healthy people and patients.
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Figure 6 Positive LR analysis. Comparison of positive LR between the gold standard diagnosed and prognostic (NSCLC patients and

healthy people) group and circulating ¢fDNA diagnosed and prognostic (NSCLC patients and healthy people) group. Statistical method:
inverse variance of the random effects model (LR and 95% CI). LR, likelihood ratio; CI, confidence interval; cfDNA, cell-free DNA;

NSCLC, non-small cell lung cancer.
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Figure 7 Negative LR analysis. Comparison of negative LR between the gold standard diagnosed and prognostic (NSCLC patients and

healthy people) group and circulating ¢fDNA diagnosed and prognostic (NSCLC patients and healthy people) group. Statistical method:
inverse variance of the random effects model (LR and 95% CI). LR, likelihood ratio; CI, confidence interval; cfDNA, cell-free DNA;

NSCLC, non-small cell lung cancer.

The greater the DOR, the greater the ability to accurately
diagnose the disease. The results of this study showed
that the pooled DOR was 24.68 (95% CI: 8.85-68.84).
Therefore, it can be considered that circulating ¢cfDNA
is highly authentic as a diagnostic biomarker for NSCLC
(Figure 8).

Risk of bias
After quality assessment, we observed that the patient
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selection bias of patients was high in two articles was high
(20,23), unclear in one article (21), and low in the remaining
five articles (22,24-27). The risk of bias in the research
index test was unclear in one article (27), and low in the
remaining seven articles (20-26). The reference standard
bias, and flow and time bias of all articles was low. Regarding
the risk of applicability bias, one article had an unclear risk of
patient selection bias (20) and index test bias (27), while the
remaining articles had a low risk (Figure 9).
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Figure 8 Diagnostic odds ratio analysis. Comparison of diagnostic odds ratio between the gold standard diagnosed and prognostic (NSCLC

patients and healthy people) group and circulating cfDNA diagnosed and prognostic (NSCLC patients and healthy people) group. Statistical
method: inverse variance of the random effects model (diagnostic OR and 95% CI). OR, odds ratio; CI, confidence interval; cfDNA, cell-

free DNA; NSCLC, non-small cell lung cancer.
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Figure 9 The intensity and distribution of the quality risk of the articles included in the study.

Discussion

NSCLC is one of the main causes of cancer-related death
worldwide. Since most patients are diagnosed as advanced
NSCLC, the 5-year survival rate of patients is very low
(3,4,28), and the survival of NSCLC patients largely
depends on early detection and diagnosis. Therefore, the
development of new biomarkers that can be used in the
early diagnosis of NSCLC is meaningful for patients, so
that they may receive corresponding treatment as soon as
possible (6,29). For patients with advanced NSCLC, only
a few biopsies can be used for histological diagnosis and
genetic testing, and there is a lack of tissue for genomic
analysis after the initial histological diagnosis. For timely
adjustment of the treatment plan when drug resistance
develops, it is necessary to encourage patients to undergo
a second biopsy to obtain cancer tissue for genetic analysis;
however, this involves potential harm and operational risks
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to already weak patients. Finding new sources of cancer
tissue genes may improve the diagnosis monitoring of
patients.

For cancer patients, circulating serum cfDNA released
by tumor cells represents a clue or evidence of the biological
manifestations of cancer. Therefore, circulating serum
cfDNA can be used as a suitable tool for early diagnosis
monitoring. Blood-based tests are safer and easier for
patients to accept (12,30). Therefore, this study aimed to
analyze the published data in order to evaluate the value of
circulating ¢fDNA for the diagnosis evaluation of NSCLC,
in order to promote the use of circulating cfDNA as a
reliable biomarker for the diagnosis of NSCLC patients.

We conducted a comprehensive meta-analysis to evaluate
the potential significance of circulating ¢fDNA in the
diagnosis of NSCLC patients. The overall sensitivity and
specificity of circulating cfDNA as a biomarker for diagnosis
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of NSCLC were 0.79 (95% CI: 0.75-0.82) and 0.81 (95%
CI: 0.78-0.84), respectively, and the AUC was 0.8941. The
positive and negative likelihood ratios were 5.37 (95% CI:
2.67-10.81) and 0.24 (95% CI: 0.15-0.38), respectively,
and the DOR was 24.68 (95% CI: 8.85-68.84). The
comprehensive analysis results suggested that circulating
c¢fDNA has high accuracy and considerable potential
application value as a biomarker for the clinical diagnosis of
NSCLC.

However, there are several limitations in this meta-
analysis that should be noted. Firstly, some of the included
studies are retrospective in design. Secondly, the sample size
of included studies was relatively small. Thirdly, there was
no uniform threshold standard for the included research
articles. These limitations may reduce the reliability of
our findings. It is necessary to implement a large-sample,
multi-center, prospective cohort study to further determine
the value of circulating ¢fDNA in the clinical diagnosis of
NSCLC patients.

Conclusions

This study concluded that circulating serum cfDNA
provides a promising non-invasive blood-detection prospect
for the early diagnosis of NSCLC. It can be used as a
reliable and accurate clinical biomarker for NSCLC and
can be applied to distinguish healthy individuals from
NSCLC patients. However, due to technical difficulties,
the practicability and accuracy of circulating cfDNA is
restricted by the testing methods to a large extent, and
further development of detection technology is needed.
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