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Abstract
Over the past decades, low-dose computed tomography (LD-CT) screening has been
widely used for the early detection of lung cancer. Increasing numbers of indetermi-
nate pulmonary nodules are now being discovered. However, it remains challenging
to distinguish malignant from benign pulmonary nodules, especially those considered
to be small or ground-glass (GGN) nodules. Liquid biopsies have been successfully
applied in the diagnosis of advanced lung cancer, and the potential value for early
detection of lung cancer has made great progress. Recent studies have demonstrated
the value of various blood-based tumor biomarkers in determining the nature of pul-
monary nodules, including cell-free DNA (cfDNA), microRNAs (miRNAs), circulat-
ing tumor cells (CTCs) and tumor-associated autoantibodies (AAbs). In this review,
we summarize the latest progress of liquid biopsies, and their potential applications
and challenges in the diagnosis of malignant pulmonary nodules.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death in
the world, including China. According to the cancer statis-
tics in 2018, there were 774 000 new cases of lung cancer
diagnosed and 691 000 lung cancer-related deaths in
China.1 One of the important reasons for the high mortality
of lung cancer is the lack of specific clinical symptoms in the
early stages. Most patients with lung cancer are at an
advanced stage at the time of first diagnosis. The postopera-
tive five-year survival rate of patients with stage 0 lung can-
cer can reach 90%, it is reduced to about 60% in patients at
stage IA, and is only about 17% in patients with advanced
lung cancer.2

Low-dose computed tomography (LD-CT) screening has
been widely used in the early detection of lung cancer, espe-
cially for the >45 age and smoker population. The early
stage of lung cancer (especially non-small cell lung cancer
[NSCLC]) mainly presents in the form of small nodules in
the lung, represented by a lesion with a diameter of less than
3.0 cm on CT scan, which is usually not accompanied by
atelectasis, lymphadenopathy and pleural effusion.3,4 Pulmo-
nary nodules are not the specific manifestations of early lung
cancer, and most pulmonary nodules are benign lesions of
which the most common benign lesions are granuloma
(inflammatory nodules), commonly caused by tuberculosis
infection or fungal infections such as spore bacteria. Pneu-
monia is also a common cause of inflammatory nodules.
Pulmonary nodules can also occur in immune-related dis-
eases, including rheumatoid arthritis and granulomatosis
with polyangiitis.5 A previous study of high-risk screening
for lung cancer by LD-CT scan has found that pulmonary
nodules were detected in 24.2% of 26 722 participants,
96.4% of which were benign.6 Judging the benign or malig-
nant nature of nodules is a key issue in the early detection of
lung cancer. Pulmonary nodules can be generally divided
into solid and subsolid nodules, with significantly different
morphological features. Ground-glass opacities on CT,
including pure ground-glass nodules (pGGNs) and mixed
ground-glass nodules (mGGNs), are particularly challenging
to diagnose owing to their malignant potential and heteroge-
neous characteristics.

In recent years, liquid biopsies have received increasing
attention in the diagnosis of pulmonary nodules by using
cell-free DNA (cfDNA), microRNAs (miRNAs), circulating
tumor cells (CTCs) and serum biomarkers (Figure 1). The
liquid biopsy specimens commonly used for lung cancer are
peripheral circulating blood, sputum and bronchoalveolar
lavage fluid, which contain tumor cells and tumor-derived
products released from lung tumors or precancerous tissues.
These specimens are easily obtained with noninvasive and
repeatable advantages. As the tissue biopsy is difficult for
small pulmonary nodules, liquid biopsy has become a prom-
ising clinical strategy. In this review, we summarize the lat-
est progress of liquid biopsies to aid in distinguishing
malignant from benign pulmonary nodules.

CT IMAGING CHARACTERISTICS OF
MALIGNANT PULMONARY NODULES

First, the malignant probability of pulmonary nodules can
be judged based on the patient’s clinical information, includ-
ing age, smoking history, tumor history and accurate CT
imaging characteristics. Some characteristics of CT imaging
including nodule size, lobar location, density and margin
characteristics, have been used to estimate the risk of
malignancy.

Size of nodules

In general, the risk of malignancy in pulmonary nodules is
related to their diameter. There is a higher risk of malig-
nancy in larger nodules. For pulmonary nodules with a
diameter of less than 5 mm, the risk of malignancy has
been reported to be only 0.4%, and the risk increased to
1.3% in those with a diameter between 5–10 mm.7 When
the diameter of nodules is above 10 mm, the risk of malig-
nancy has been reported to significantly increase from
33% to 60% at 10–20 mm and 64%–82% at greater than
20 mm.8 Therefore, the diameter of pulmonary nodules is
a major consideration in the management of pulmonary
nodules.

F I G U R E 1 Schematic representation of liquid biopsies to aid the diagnosis of pulmonary nodules detected by low dose computed tomography (LD-CT).
These biomarkers for liquid biopsies include cell-free DNA (cfDNA), microRNAs (miRNAs), circulating tumor cells (CTC) and autoantibodies (AAbs)
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Lobar location

The location of pulmonary nodules can also help to estimate
the risk of malignancy. A large-scale pulmonary nodule
study indicated that a nodule within the upper lobe indicates
a higher risk of lung cancer, and 45% of all malignant pul-
monary nodules are located in the right upper lobe, which
may be associated with the fact that the right upper lobe is
the first contact with an external carcinogenic gas.9 How-
ever, the upper lobe is also a site prone to tuberculosis in
Chinese patients, so not all nodules located in the upper lobe
are malignant.

Density

Pulmonary nodules can be divided into solid and subsolid
nodules according to their density. Subsolid nodules are also
called ground-glass nodules (GGNs), which can be classified
as pGGN and mGGN based on the presence of a solid com-
ponent. GGNs have a higher risk of malignancy than solid
nodules, while mGGNs have the highest malignant fre-
quency of 63%, followed by pGGN with a malignant
frequency of 18%, and solid nodules an incidence of malig-
nancy of only 7%.10 Moreover, the greater proportion of
solid components in mGGN, or the gradual increase of solid
components has been reported to indicate a greater proba-
bility of malignancy.8

Margin characteristics

Malignant pulmonary nodules are more likely to show
rough edges when they spread and invade surrounding lung
tissue. Therefore, some identified margin characteristics can
increase the probability of malignancy, such as spiculation
(a linear shadow of varying length extending from the nod-
ule margin to the surrounding lung tissue) and lobulation
(the edge of the lesion characterized by an uneven irregular
notch), while benign nodules are usually smooth and round-
like with an obvious boundary.11 In addition, there are some
special structural changes in the surrounding structure of
malignant pulmonary nodules, including vessel convergence
(the thickening of blood vessels near the nodules and the
accumulation of blood into the focal areas contributing to
the growth of malignant tumors) and pleural indentation
(indentation due to subpleural fibrosis or the invasion of
malignant tumors to the visceral pleura).12

However, CT imaging has several limitations in the diag-
nosis of malignant lung nodules as follows.13 (i) False posi-
tives. Studies have reported that LD-CT could produce 20%
or more false-positive results in baseline screens and 3% or
more in subsequent screens.14 (ii) Overdiagnosis. Studies
have reported that 25% of lung cancers found by LD-CT
screening were slow growing or indolent, which would not
become clinically significant or lead to death if left
untreated.15 (iii) Exposure to excess radiation. Prolonged CT

follow-up can cause exposure to excess radiation, which
may lead to a potential carcinogenic risk.16 (iv) Psychologi-
cal stress. Most patients with positive results detected by
LD-CT had psychological distress, which would affect life
and work.

A lung tissue biopsy for small lung nodules is invasive
and high risk, and some patients are not considered suitable
for this procedure, such as if they suffer from severe emphy-
sema, coagulation disorders, etc. Therefore, noninvasive
examinations such as liquid biopsy are needed to aid the
diagnosis of aggressive malignant pulmonary nodules.

LIQUID BIOPSIES FOR PULMONARY
NODULES

Recently, the use of liquid biopsies has enabled greater pro-
gress in cancer diagnosis for the detection of tumor cells and
tumor-derived products in body fluids such as blood, urine,
saliva, etc.17 Compared with traditional tissue biopsies that
require invasive surgery, liquid biopsies have an advantage
in that they are noninvasive and serial biopsies, which make
it possible to monitor the changes of tumor molecules in real
time.18 In addition, liquid biopsies detect the biomarkers
released from various tumor sites, which comprehensively
reflect the various molecular images of malignant tumors
and solve the problem of tumor heterogeneity.19 Recently,
biomarkers of liquid biopsies have been studied for the diag-
nosis of pulmonary nodules, including cfDNA, miRNAs,
CTCs and autoantibodies.20

cfDNA

cfDNA are fragments of double-stranded DNA, usually
150–200 bp, and are released into the blood as a result of
cellular apoptosis or necrosis, with a short half-life of 30 min
to 2 h in the blood. The content of cfDNA released into
blood is very low in healthy people, with an average of 10–
15 ng/ml, while the level of cfDNA increases in cancer
patients.21 Several studies have demonstrated that cfDNA
from healthy individuals consists of regular short fragments
(180–200 bp), produced via enzymatic cleavage during apo-
ptosis. However, cfDNA from patients with different cancer
types usually consists of large fragments over 10 000 bp,
which could be associated with necrosis.22 Thus, some stud-
ies have used the ratio of shorter to longer cfDNA frag-
ments, called cfDNA integrity, as cancer biomarkers.23

Furthermore, studies have shown that cfDNA in cancer
patients has the same genetic and epigenetic changes with
tumors, indicating that they are derived from tumor cells,
also called circulating tumor DNA (ctDNA).24 cfDNA
reflects genetic and epigenetic alterations including muta-
tions, deletions, rearrangements, abnormal copy numbers
and methylation, thereby making them important bio-
markers.25 Table 1 summarizes the recent studies on cfDNA
as a biomarker in pulmonary nodules.
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cfDNA level and integrity

cfDNA level and integrity have been studied to distinguish
malignant from benign nodules. Szpechcinski et al. have
reported that the level of cfDNA in the patients with NSCLC
was significantly higher compared with that in patients with
benign nodules (10.76 ± 13.15 ng/ml vs. 6.60 ± 8.70 ng/ml).
cfDNA integrity was calculated from the Ct values of the
100-bp and 400-bp qPCR products. There was a statistically
significant trend (p = 0.0584) between the value in patients
with benign lung nodules (3.06 ± 1.37) and the value in
patients with NSCLC (4.00 ± 1.60). According to the cfDNA
concentration (cutoff level: 2.80 ng/ml), the sensitivity and
specificity for distinguishing NSCLC cases from patients with
benign pulmonary nodules and healthy individuals were 86.4
and 61.4%, respectively. According to the cfDNA integrity
(cutoff level: 2.64), the sensitivity and specificity were 91%
and 68.2%, respectively.26 cfDNA level and integrity have
also been studied to distinguish NSCLC from tuberculosis. A
study has shown that patients with NSCLC had significantly
higher cfDNA levels (95.67 [51.28, 238.85] ng/μl) than those
in patients with tuberculosis (59.60 [34.25, 102.53] ng/μl)
and in healthy controls (44.66 [24.56, 66.54] ng/μl). The
integrity of cfDNA in patients with NSCLC was also higher
than that in patients with tuberculosis and healthy controls.
The study demonstrated that cfDNA level and integrity was
used to distinguish NSCLC and tuberculosis with a sensitiv-
ity of 57.50 and 55.70% and a specificity of 64.80 and
82.90%, respectively.27

cfDNA mutation

The occurrence and development of tumor is related to its
gene mutations. cfDNA contains the same mutations as

its source cells, and the detection of cfDNA mutations can be
used to distinguish malignant pulmonary nodules. Chen
et al. detected cfDNA and matched peripheral blood mono-
nuclear cells (PBMC) from 33 pulmonary nodules in
patients’ blood samples by whole exome sequencing (WES),
and the results demonstrated that the cfDNA of malignant
pulmonary nodules had more mutations than those of
benign groups (1083 ± 476 vs. 553 ± 519, p < 0.0046).28

However, WES is not clinically practical to distinguish malig-
nant pulmonary nodules, due to its high cost. A small panel
to detect lung cancer specific mutations, such as EGFR muta-
tions (pL858R and exon19 del, etc) could be developed in liq-
uid biopsy to distinguish malignant pulmonary nodules.

cfDNA methylation

In addition to carcinogenic factors causing changes in DNA
sequences, abnormal regulatory mechanisms are also common
in the course of tumorigenesis, such as DNA methylation.29

DNA methylation refers to the process of transferring a methyl
group to the fifth carbon of cytosine (5-methylcytosine, 5 mC)
by DNA methyltransferase (DNMT). DNA methylation often
occurs on gene promoter regions and play a key role in regu-
lating the expression of downstream genes.30 Studies have
shown that aberrant DNA methylation often occurs in the
early stages of cancer and persists throughout its development,
and these aberrant DNA methylations have been found in a
variety of tumors.21,31,32 The methylation of cfDNA as a bio-
marker in the diagnosis of pulmonary nodules has also been
studied.

Li et al. examined the frequency of APC and RASSF1A
methylation in the plasma of 89 CT-detected pulmonary
nodule patients (58 early stage lung cancers and 31 benign
lung diseases) and 23 healthy controls. The results showed

T A B L E 1 Cell-free DNA (cfDNA) as biomarkers for distinguishing malignant from benign pulmonary nodules

Biomarkers Samples Genes
Detection
methods

Number of
patients Sensitivity (%) Specificity (%) References

Mutations Plasma and PBMC Whole exome WES 33 NA NA Tailor et al.28

Level and
integrity

Plasma NA qPCR 109 Level (86.4),
integrity (91)

Level (61.4),
integrity (68.2)

Szpechcinski
et al.26

Level and
integrity

Plasma NA qPCR 318 Level (57.5),
integrity (55.7)

Level (64.8),
integrity (82.9)

Leng et al.27

Methylation Serum, plasma and
tissues

APC, RASSF1A QMSP 89 56.9 90.3 Gao et al.33

Methylation Plasma Nine markers NGS 505 79.5 85.2 Liang et al.13

Methylation Tissues and serum RUNX3, RASSF1A QMSP 147 NA NA Zhang et al.34

Methylation Plasma SHOX2, PTGER4 QMSP 31 90 91 Chu et al.35

Methylation Plasma Set 1: CDO1, SOX17,
HOXA7

Set 2: CDO1, TAC1,
SOX17

QMSP 246 Set 1: 90,
Set 2: 89

Set 1: 71,
Set 2: 61

Chen et al.36

Note: Level, concentration of cfDNA in the blood; Integrity, the ratio of shorter to longer cfDNA fragments in the blood.
Abbreviations: NA, not available; PBMC, peripheral blood mononuclear cells; QMSP, quantitative methylation-specific PCR; qPCR, quantitative real-time PCR; WES, whole exome
sequencing.
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that the frequencies of APC and RASSF1A methylation were
24.1% and 43.1% in the plasma of lung cancer patients;
however, the frequencies were 3.2% and 6.5% in benign lung
disease. APC and RASSF1A methylation were not detected
in healthy controls. The sensitivity and specificity to distin-
guish lung cancers from benign lung diseases were 56.9%
and 90.3%.33

Recently, more specific methylation sites on pulmonary
nodules have been identified with the development of high-
throughput sequencing technology. Liang et al. first identi-
fied cancer-specific methylation markers using 230 tissue
samples (129 malignant lung cancers and 101 benign lesion
samples) by high-throughput bisulfite DNA methylation
sequencing. Moreover, using a training set of 66 plasma
samples, nine markers (cg19864007_cg22636429_cg1554
2994, cg26970841_cg03978375_cg24826.

867, cg04175417, cg21962423, cg23156742, cg06287318,
cg21963643, cg07568344 and cg12545252) were selected to
build a diagnostic prediction model. From an independent
validation set of additional 66 plasma samples, the sensitiv-
ity and specificity of the model for differentiating patients
with malignant tumors were 79.5 and 85.2%, respectively.13

In a study including 147 patients (89 benign and 58 malig-
nant) with small solitary pulmonary nodules ≤10 mm in
diameter, the methylation rate of RUNX3 and RASSF1A gene
in the serum cfDNA of patients with malignant solid pulmo-
nary nodules (SPNs) was higher than that in benign SPNs
(65.5 and 67.2% vs. 12.3 and 10.1%).34 Chu et al. detected
SHOX2 and PTGER4 gene methylation in the plasma cfDNA
of 20 patients with pathologically diagnosed lung cancer, of
which 18 were positive for DNA methylation of SHOX2 and
PTGER4.35 Chen et al. found that the methylation frequency
of CDO1, TAC1, SOX17 and HOXA7 in patients with malig-
nant pulmonary nodules was significantly higher than that in
the benign group. A three-gene combination including the
best individual genes (CDO1, SOX17 and HOXA7) had sensi-
tivity and specificity of 90% and 71% in distinguishing malig-
nant from benign pulmonary nodules, while the other three-
gene combination (CDO1, TAC1, and SOX17) had sensitivity
and specificity of 89% and 61%.36

miRNA

miRNA is a non-coding, short, single-stranded RNA with
an average size of 22 nucleotides, which is involved in the
pathophysiological processes of the organism by regulating
gene transcription and translation.37 miRNA can regulate
gene expression at the post-transcriptional level by binding
mRNA 30 UTR, leading to the degradation or transcriptional
inhibition of mRNA.38 Many studies have shown that
abnormal expression of miRNA is involved in the prolifera-
tion, metastasis, invasion and angiogenesis of tumor cells.39

miRNA can be secreted into body fluids by normal cells in
physiological or pathological conditions, or by apoptotic
and necrotic cells.40 miRNA as a biomarker to judge the
nature of pulmonary nodules has also been recently studied.

Many studies have used quantitative PCR to detect
miRNA levels in patients’ blood or sputum to assist in the
diagnosis of benign and malignant pulmonary nodules
(Table 2). Recent studies have shown that the sensitivity of
miRNA as a biomarker to differentiate malignant pulmonary
nodules ranged from 54.8% to 92.9%, and the specificity was
69.2% to 90.9%. The study has shown that the expression
levels of plasma miR-21 and miR-210 in the malignant SPN
group were higher than those in the benign SPN group and
healthy control group, while miR-486-5p had lower expression
level in the malignant SPN group than the others. The sensitiv-
ity and specificity of three plasma miRNAs (miR-21, miR-210
and miR-486-5p) for differentiating lung tumors from benign
SPN were 75.00% and 84.95%.41 Ten miRNAs (miRNA-17,
�146a, �200b, �182, �155, �221, �205, �126, �7, �21) in
plasma were reported to aid in nodule diagnosis with the sensi-
tivity ranging from 54.8% to 83.3% and the specificity ranging
from 73.3% to 86.7%.42 Lin et al. developed a classifier with
two plasma miRNAs (miRs-205–5p and miRs-126) and the
diameter of SPN for distinguishing malignant from benign
SPNs, which had 89.9% sensitivity and 90.9% specificity.43 This
study indicates that the combination of plasma biomarkers
and radiologic features is more accurate to identify lung cancer
from uncertain pulmonary nodules. A recent study also dem-
onstrated that a prediction model containing three miRNAs
(miRNA-146a, miRNA-200b, miRNA-7) in plasma and CT
features (pleural indentation and speculation) can judge the
nature of SPNs with the sensitivity and specificity of 92.9%
and 83.3% in the training set as well as 71.8% and 69.2% in
the validation set.44

Serum can also be used as a medium for detecting
miRNA, although studies have showed that the coagulation
process may affect miRNA levels in serum.45 Li et al. used
the levels of serum miRNA-21-5p and miRNA-574–5p to
determine the nature of pulmonary nodules with a positive
predictive value (PPV) of 55%, and a negative predictive
value (NPV) of 84.2%.46 miR-199a-3p, miR-148a-3p, miR-
210-3p, miR-378d and miR-138-5p in the serum were also
reported to aid in the early diagnosis of pulmonary nod-
ules.47 Fan et al. found that five miRNA ratios (miR-15b-5p/
miR-146b-3p, miR-20a-5p/miR-146b-3p, miR-19a-3p/miR-
146b-3p, miR-92a-3p/miR-146b-3p, and miR-16-5p/miR-
146b-3p) were higher in the malignant than the benign
group.48

miRNA in sputum, tissues and peripheral PBMC can
also be used as a diagnostic marker for pulmonary nodules.
Three miRNA biomarkers (miR-21, 31, and 210) were found
in sputum to identify malignant SPNs with 80.52%–82.93%
sensitivity and 86.08%–88.41% specificity.49 Seven miRNAs
(miR-199a-3p, chr17_10932, miR-148a-3p, miR-210-3p,
chr1_1402, miR-378d and miR-138-5p) in tissues and two
miRNA (miR-19b-3p, miR-29b-3p) in the PBMC of pulmo-
nary nodule patients have been reported for early lung can-
cer diagnosis.50,51 A more recent study also indicated that
exosome miRNAs in plasma could aid in the diagnosis of
pulmonary nodules, especially GGNs. miR-185-5p/miR-
32-5p and miR-140-3p/let-7f-5p showed the highest
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diagnostic value, with a sensitivity (59.3%–85.1%) and speci-
ficity (75%–100%).52

Circulating tumor cells (CTCs)

CTCs are cancer cells that have entered the blood circulation
from primary or metastatic tumor lesions, which are closely
related to tumor metastasis and proliferation.53 As an
important biomarker for liquid biopsy, CTC has a good
application prospect in cancer diagnosis, management and
treatment.53 The CTC count has been proven to be a prom-
ising biomarker for the diagnosis, prognosis and monitoring
of therapeutic response in lung cancer.54–56 The biggest
challenge for CTC application in the early detection of can-
cer is the enrichment of very few CTC cells, which usually
exist as single tumor cell in the context of millions of blood
cells.57 The smaller the size of the lesion, the lower the
amount of CTCs in the blood, thereby causing low diagnos-
tic sensitivity of CTCs for malignant SPNs. Several tech-
niques dependent on the physical and biological properties
of CTCs have been used for CTC enrichment, such as
immunomagnetic positive/negative enrichment, microfluidic
immunocapture, membrane filtration and so on.58

Great progress has been made in the diagnosis of benign
and malignant pulmonary nodules by CTC in recent years.
The presence of CTC or circulating tumor microemboli
(CTM) in the blood enriched by the ScreenCell Cyto filtra-
tion method has been used to aid in the diagnosis of suspi-
cious malignant lung nodules in a study containing
75 patients with SPNs, indicating a low sensitivity of 70.1%
and high specificity of 100%.59 Zheng et al. collected CTCs
from patients’ blood with SPNs by the immunomagnetic
positive enrichment and SE i-FISH method, which detected
gene copy number in eight chromosomes and tumor-

associated antigen (TAA) CK18. The results demonstrated
that CTCs combined with CEA had high diagnostic effi-
ciency for upper, subsolid and ≥8 mm nodules with a sensi-
tivity of 77.8% and specificity of 90%.60

The limitation of the current techniques is the small
blood volume available for CTC enrichment, which could
result in the low sensitivity of CTC detection. To overcome
the limitation, a novel in vivo CTC enrichment device,
GILUPI CellCollector has been designed. In the study by
Saucedo-Zeni et al., the GILUPI CellCollector functional
area was coated with EpCAM antibody and a guidewire was
inserted into the patient’s veins via an indwelling catheter
and maintained for 30 min to isolate the CTCs.61 Using the
CellCollector CTC detection method, He et al. have shown
that 15.6% (5/32) of the patients were positive (≥1 CTC) in
the GGN group, 73.3% of patients were positive in the lung
cancer group, while no “CTC-like” events were detected in
the healthy group.62

The other challenge for CTC application in the early
detection of cancer is the accurate identification of CTCs origi-
nating from primary tumors. Previous studies have reported
that folate receptor (FR) is highly expressed in several types of
cancers including lung cancer.63 Moreover, apart from a rare
subgroup of activated macrophages, no cells express FR in the
blood, which makes it possible to be a potential biomarker for
identifying CTCs in the peripheral blood.64 Chen et al. have
detected FR-positive CTCs from peripheral blood of
200 patients (80 with SPNs and 120 diagnosed with lung
cancer) by immunomagnetic negative enrichment and ligand-
targeted PCR, and demonstrated that CTC level is an indepen-
dent risk factor for malignant SPNs.65 The same method has
been used in another two studies to indicate that FR-positive
CTCs levels can be used to distinguish malignant from benign
pulmonary nodules with a sensitivity of 78.6%–82.7%/80%
and a specificity of 68.8%–78.4%/75%.66,67

T A B L E 2 MicroRNAs (miRNAs) as biomarkers for distinguishing malignant from benign pulmonary nodules

Biomarkers Samples Detection methods Number of patients Sensitivity (%) Specificity (%) References

miR-21, miR-210, miR-486-5p Plasma qRT-PCR 250 75.00 84.95 Shen et al.41

miR-21, miR-31, miR-210 Sputum qRT-PCR 413 80.52–82.93 86.08–88.41 Xing et al.49

Seven miRNAs Tissues NGS, qRT-PCR 208 86.40 60.60 He et al.50

miR-21-5P, miR-574–5p Serum qRT-PCR 39 55 (PPV) 84.2 (NPV) Li et al.46

miR-205-5p, miRs-126 and
diameter

Plasma microarray and ddPCR 359 89.9 90.9 Lin et al.43

miR-19b-3p, miR-29b-3p,
spiculation and smoking pack-
year

PBMC qRT-PCR 248 80.3 89.4 Ma et al.51

Five miRNA ratios Serum qRT-PCR 321 70 90 Fan et al.48

miR-199a-3p, miR-148a-3p, miR-
210-3p, miR-378d, miR-138-5p

Serum qRT-PCR 369 34.0 90.2 He et al.47

10 miRNAs Plasma qRT-PCR 57 54.8–83.3 73.3–86.7 Xi et al.42

miRNA-146a, miRNA-200b,
miRNA-7

Plasma qRT-PCR 92 Set 1: 92.9
Set 2: 71.8

Set 1: 83.3
Set 2: 69.2

Xi et al.44

Abbreviations: dd PCR, droplet digital PCR; NGS, next generation sequencing; NPV, negative predictive value; PBMC, peripheral blood mononuclear cells; PPV, positive predictive
value; qRT-PCR, quantitative reverse-transcription PCR.
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Autoantibody test

The presence of tumor cells with TAAs can activate the
immune system to produce autoantibodies (AAb). AAb can
be detected in the early stages of asymptomatic malignan-
cies. In addition, AAb can be found in serum with a long,
stable, and high level, so they can be used as biomarkers for
differentiating benign and malignant pulmonary nodules.68

The AAb to lung cancer used in clinic include seven AAb
(7AAb) (P53, NY-ESO-1, CAGE, GBU4-5, SOX2, HuD and
MAGE A4). The serum of 296 patients with pulmonary
nodules were tested with 7AAb in a study, which demon-
strated that patients with a positive test result represented a
>two-fold risk for the development of lung cancer as com-
pared to a negative result group in 4 mm to 20 mm nod-
ules.69 Edelsberg et al also indicated that the sensitivity and
specificity of 7AAb test for aiding in the diagnosis of inter-
mediate pulmonary nodules were 41 and 93%, and the use
of 7AAb test combined with CT examination for pulmonary
nodules can reduce the cost of medical treatment.70 In a
recent study, Lastwika et al. defined 11 AAb isolated from B
cells of 10 resected lung tumors by high-density protein
arrays, and demonstrated that a combination of four AAb
(FCGR2A, EPB41L3, LINGO1 and S100A7L2) could detect
indeterminate (8–20 mm) pulmonary nodules with a sensi-
tivity and specificity of 91.7 and 57.1%.71

CHALLENGES OF LIQUID BIOPSY IN
CLINICAL APPLICATION

It should be noted that the sensitivity and specificity of
cfDNAd, miRNAd, CTCd and autoantibodies as biomarkers
for the diagnosis of pulmonary nodules are not sufficiently
high for clinical use. The possible reasons for this are as fol-
lows. First, for malignant pulmonary nodules (early-stage
lung cancer), the concentrations of these biomarkers in the
blood are extremely low. The detection methods may not be
sensitive enough, thereby leading to false negative results.
Second, lung tumors have different histological types, which
exhibit various genetic and epigenetic alterations. Thus, it is
difficult for these biomarkers to cover all tumor-related
changes, thereby leading to false negative results. Third,
these biomarkers may not be specific enough to lung cancer,
thereby leading to false positive results. For example, some
biomarkers have been previously reported to be detected in
some noncancerous diseases, such as bronchitis, fibrosis,
pneumonia, granuloma and scleroderma.72 Therefore, in
order to accurately distinguish malignant pulmonary nod-
ules, the more sensitive detection methods, combination of
more biomarkers, and more specific biomarkers need to be
developed in the future.

In conclusion, it is difficult to diagnose pulmonary nod-
ules by CT imaging alone, especially for small nodules
(<10 mm) of ground-glass nature. Liquid biopsies provide
new approaches for noninvasive diagnosis of pulmonary nod-
ules, including ctDNA, miRNAs, CTCs and autoantibodies.

However, the sensitivity and specificity of liquid biopsy in dis-
tinguishing malignant nodules still requires improvement.
The development of high-throughput sequencing has led to
the discovery of more specific mutations, methylation sites
and miRNAs in malignant pulmonary nodules, which need
large-scale clinical studies to confirm their diagnostic ability.
Overall, liquid biopsy is a promising and challenging
approach in the clinical diagnosis of pulmonary nodules. It is
hoped that in the future the combined strategy of CT imaging
with liquid biopsy will significantly improve the diagnostic
ability of pulmonary nodules.
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