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Abstract: Liquid biopsy, which analyzes biological fluids especially blood specimen to detect and quantify
circulating cancer biomarkers, have been rapidly introduced and represents a promising potency in clinical
practice of lung cancer diagnosis and prognosis. Unlike conventional tissue biopsy, liquid biopsy is noninvasive, safe, simple in procedure, and is not influenced by manipulators’ skills. Notably, some circulating
cancer biomarkers are already detectable in disease with low-burden, making liquid biopsy feasible in
detecting early stage lung cancer. In this review, we described a landscape of different liquid biopsy methods
by highlighting the rationale and advantages, accessing the value of various circulating biomarkers and
discussing their possible future development in the detection of early lung cancer.
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The importance of liquid biopsy for early stage
lung cancer
Lung cancer remains the most frequently diagnosed
cancer and the leading cause of cancer-related mortality
worldwide (1). In terms of its 5-year survival rate which
decreases as disease stage increases, there was a distinct
range from less than 5% in stage IV to over 70% in stage
I and specially, almost 100% for adenocarcinoma in situ
(AIS) and minimally invasive adenocarcinoma (MIA) (2,3).
However, approximately 57% of patients present lung
cancer at an advanced stage with metastasis at diagnosis (4).
Therefore, it is imperative to identify diagnostic methods
for early detection of lung cancer to differentiate patients
from healthy populations, which enables a timely treatment
at an initial stage of the disease and saves healthcare costs
as well.
Since the National Lung Screening Trial (NLST)
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demonstrated a 20% mortality rate reduction in patients
who had undergone chest low-dose computed tomography
(LDCT) screening, compared to patients screened with a
conventional chest X-ray (5), LDCT has been taken as a
routine method for lung cancer screening. However, some
limitations exist (5-9): (I) LDCT has a high false-positive
rate, causing excessive medical care and unnecessary
psychological burden; (II) LDCT is associated with
repeated radiation exposure. NLST revealed the association
of LDCT with the development of radiation-induced
lung cancer; (III) LDCT is difficult to be integrated with
early diagnosis approaches of other tumors. Known as
using a routine blood draw and capturing tumor-related
information from the blood by various techniques,
liquid biopsy has significant potential to make up for the
limitations of the traditional tissue-derived biomaterials
obtained by surgery or needle biopsy and to make huge
clinical practice in the detection of early lung cancer with
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the significant benefits as follows: non-invasive, easily and
objectively accessible, and can be performed repeatedly.
Biomarkers for the detection of early lung cancer
To date, varieties of circulating cancer biomarkers are
available for liquid biopsy including tumor-associated
antigens (TAAs) (10), tumor-associated autoantibodies
(TAAbs) (11), circulating tumor cells (CTCs) (12),
circulating tumor DNA (ctDNA) (13), microRNA
(miRNA) (14), exosomes (15) and so on. Herein, we present
the rationale and characteristics of these markers.
TAAs and autoantibodies (TAAbs)
Due to the rarity of TAAs released into the circulation
from early lung cancer and at the same time one or
several markers are difficult to fully cover the various and
heterogeneous lung cancer, conventional lung TAA markers
detectable in serum like carcinoembryonic antigen (CEA),
carbohydrate antigen (CA) 125, CA199, neuron specific
enolase (NSE), cytokeratin 19 fragment 21-1 (Cyfra21-1)
and squamous cell carcinoma (SCC) are hard to be used
in detection of early lung cancer with poor sensitivity
and specificity (16). They are more frequently used in the
auxiliary diagnosis and the evaluation of curative effect.
However, serum TAAbs, autoantibodies against
overexpressed, mutated, misfolded, or aberrant autologous
cellular antigens, may be associated with unique advantages
in identifying individuals with early lung cancer (16). That
has been theoretically supported for reasons, which include:
(I) immunosurveillance occurs in the early phase of cancer
immuno-editing process (17) and hence autoantibodies may
be detectable in early stage of lung cancer (11,18); (II) TAAbs
can be present at high titers even tumor mass is low and
are stable in blood. Detection using a panel of 7-AABs (19),
including p53, GAGE7, PGP9.5, CAGE, MAGEA1, SOX2
and GBU4-5, was the first approved liquid biopsy approach
by China Food and Drug Administration (CFDA) for
helping to distinguish lung nodules. Their concentrations
could be quantitated by enzyme-linked immunosorbent
assay (ELISA), which is relatively low cost and easy-toperform. Therefore, detection based on this AABs panel
hold promise for detection of early lung cancer.
CTCs
CTCs are cancer cells directly shed off from primary tumor
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sites and/or metastatic sites and float in the circulation,
which can be isolated as either single cells or clusters.
These cancer cells usually undergo epithelial-mesenchymal
transition (EMT) and become invasive and motile after
detaching from epithelial sheets. They migrate into the
bloodstream by overcoming the vessel walls to which
they normally adhere, in which way they become CTCs,
and then invade distant sites and proliferate (20,21).
CellSearch technology, the first and only U.S. Food and
Drug Administration (FDA) approved CTC detection
system, has been cleared for clinical CTC detection in
metastatic prostate, breast and colorectal cancers (22-25).
However, their low concentrations in blood (1–10 CTCs
per 10 mL) (26) and lack of cancer-specific surface
markers (27) (especially after EMT) make a low early
identify rate, therefore, posing serious challenges in
application of CTC detection in early diagnosis. A
multitude of enrichment technologies have been developed,
the CTC-based Folate Receptor PCR, for instance,
providing an increase in sensitivity but is limited to
adenocarcinoma types (12,28). To date, the clear clinical
application of CTC detection is still under investigation and
it provides potential application in intracellular pathology
diagnosis and as a prognostic marker.
ctDNA
ctDNA is cell-free fragments of DNA shed into the
bloodstream by tumor cells undergoing necrosis, apoptotic
or active secretion events (29). It is tumor specific and
provides molecular clues about fragmented DNAs of
tumor cells and their specific mutations. Quantitative
and qualitative analysis respectively on the amount and
biological characteristics of ctDNA provide real-time
evaluations for diagnostic and prognostic assessments.
Firstly, in general, the amount of normal circulating cfDNA
is significantly higher in patients with tumors than that in
patients who are healthy or with benign diseases (30-35).
Furthermore, the amount of ctDNA was demonstrated
to be associated with tumor burden, tumor response,
and survival outcome (36,37). Secondly, with the same
genomic alterations that are present in the corresponding
tumor, ctDNA has biological characteristics containing
the information such as genetic mutation, fusion, deletion,
insertion, rearrangement, methylation and other forms
of tumor-specific such as abnormalities microsatellite
instability (MSI) and loss of heterozygosity (LOH) (38).
Therefore, ctDNA might be a highly promising biomarker
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in the detection of early lung cancer, response to therapy,
emerging drug resistance mechanisms and relapse.
In recent years, our team has been trying to detect the
presence of small lesions in patients with lung cancer by
chip capturing and high-throughput sequencing. Using
this method, we previously conducted two studies. In the
first study, we screened out the most important genetic
mutations in Asian population based on a large-sample
next generation sequencing (NGS) based profiling (39).
Using this information, a panel of the most frequent gene
mutation that could cover more than 80% of mutation
sites was designed. Subsequently, we recruited 38 patients
with suspected lung nodules which were diagnosed to be
malignant in 34 patients according to the histopathological
findings. For all patients, we performed ultra-deep
sequencing (>30,000× on average) to screen lung cancerassociated mutations in both formalin-fixed paraffin
embedded (FFPE) samples for tissue biopsies and matched
blood plasma samples for cfDNA detecting. The results of
tissue biopsies revealed no mutations were present in the
4 patients with benign nodules and 157 mutations in 32
patients with Lung adenocarcinoma were consistent with
the Catalogue of Somatic Mutations in Cancer (COSMIC)
database, in which 76 mutations were reported under
cfDNA measurements in 12 patients. Only 6 identical
mutations were present in both tissue-derived DNA and
plasma-derived cfDNA mutation profile. We established
an algorithm, showing that the sensitivity is only 33% with
100% specificity (40).
In the other study, we performed high-throughput
DNA sequencing using Illumina 450k Bead Methylation
chip array in lung cancer tissue samples to identify
cancer-specific methylation sites, and then match ctDNA
methylation signatures in the corresponding plasma sample.
From an independent validation set of 129 plasma samples
in 63 patients with malignant lung nodules and 66 patients
with benign nodules, we were able to achieve a sensitivity
of 82.5% for identification of malignant nodules, with a
specificity of 83.3%. Specifically, our assay is demonstrated
to be highly sensitive towards early-stage lung cancer
detection, with a sensitivity of 81.5% in a total of 27
patients with stage Ia lung cancer (41). To the best of our
knowledge, this ctDNA methylation-based diagnostic assay
is the most sensitive tool for identification of early stage
lung cancer to date and a large-scale multicenter study is
undertaken to validate its clinical value in early detection of
lung cancer.
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Other significant biomarkers
There is some other source of liquid biopsy-based
biomarkers can be considered for early detection of
lung cancer. Exosomes, which could be secreted by
either normal or tumor cells, are extracellular nanosized vesicles in spherical shape with a diameter of
30–100 nm (42). Normal cell-derived exosomes play a role
in maintaining stable homeostasis (43), whereas tumor
cell-derived exosomes are related to tumor progression,
such as ensuring the growth and survival of tumor cells,
helping in their escape from immune surveillance and
guiding their metastasis and proliferation (44-47). In
general, Exosomes contain various nuclear acids, proteins
and lipids (15), which provide a possibility that exosomes
could be used as a diagnostic biomarker for lung cancer
with the help of specific extraction techniques. MiRNAs are
small noncoding RNA gene products in a length of about
22 nucleotides and have a key role in various biological
processes through the regulation of gene expression (48). A
significantly difference was observed between primary lung
cancers and corresponding normal lung tissues from the
genome-wide expression profiling analysis of miRNAs (49).
Additionally, different cancers are associated with different
miRNAs expression and such as the Let-7 family are novel
biomarkers for lung cancer (50). With other characteristics
such as usually highly stable in blood (51), miRNAs may
become ideal biomarkers for lung cancer detection.
Combination of biomarkers
The liquid biopsy-based biomarkers we described above
contain abundant genomic, proteomic and other information
reflecting the tumor progression. As lung cancer is the most
heterogeneous cancer in terms of genesis and progression,
detecting single type of these biomarkers is limited by
low coverage of all types of lung cancer. The limitations
are likely to be overcome by combining different markers
with relatively high detection efficiency to make an
improvement in sensitivity and specificity of lung cancer
diagnosis. Researchers from Johns Hopkins University
(JHU) published their latest research on Science (52), they
developed a liquid biopsy called CancerSEEK that can
simultaneously detect eight common cancer types at their
early stage through assessment of the levels of 8 circulating
proteins and 16 mutations in cell-free DNA. In addition,
another recent research (53) published on Annals of Oncology
focused on EGFR mutation detection in NSCLC patient
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plasma where exosomal RNA and ctDNA (exoNA) were
co-isolated using ExoLution™ Plus extraction technology
(Exosome Diagnostics Inc.). An increased sensitivity was
obtained when using exoRNA compared with only ctDNA
for detection. In terms of our previous work on mutation and
methylation detection, we found that there was no obvious
co-occurring pattern between the major driver mutations
and methylations, suggesting that the detection of genetic
mutations and methylations could complement each other in
diagnosing the early lung cancer (data not shown). Such codetection field is currently under investigation.
Applications of liquid biopsy for early lung cancer
The immediate clinical applications of liquid biopsy
for early lung cancer are disease auxiliary diagnosis and
screening.
Firstly, once suspicious lesions were found by CT scan,
the identification of their properties could be further
confirmed by liquid biopsy (54). Considering the cost,
most of studies at present focus on the value of liquid
biopsy used as an auxiliary diagnosis tool to improve CT
scan effectiveness, however, the advanced development
of artificial intelligence in medical care may rapidly blur
such necessity. Secondly and notably, liquid biopsy is
developing with an aim to replace CT scan as a new lung
cancer screening approach, because biomarkers present
early enough in the bloodstream, even before the presence
of abnormal images, and are detectable for the diagnosis
of early stage lung cancer. TracerX study (55) concluded
that up to 6-12 months was earlier in lung cancer diagnosis
using specific and sensitive ctDNA than using imaging
techniques. In addition, CT screening results in a rate of
overdiagnosis and radiation risk and raised concern on the
its real cost-effectiveness.
At present, the associated TAABs are the only available
biomarkers for large-scale lung cancer studies done in
governmental screening settings. A randomized controlled
trial, the biggest lung cancer screening program involving
12,000 participants in Scotland with high risk of developing
lung cancer, was conducted based on a panel of 7-AABs (56).
It revealed a specificity of 93% for the EarlyCDT-lung test
detecting autoantibodies to proteins in the earliest stages of
lung cancer.
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factors, we have no more information on what kind
cancer people may develop. At this point, the integration
of screening service including all canners should be
highlighted in health care system. Liquid biopsy, as one
of the contributors, will be developed into more advance
in correct qualitative diagnosis and causative localization.
DNA methylation has showed a considerable localization
feature (57). Furthermore, the nucleosomes in cfDNA
carry some genetic information of the cells from which they
originated and can be utilized for qualitative diagnosis (58).
There are several companies have committed to the
development of whole-cancer screening by liquid biopsy.
For instance, the company GRAIL, spun out from Illumina,
attracted founds from Google, Microsoft and Amazon and
raised $1 billion in total to develop its technology of cancer
blood detecting. In 2016, its plan of whole-cancer screening
was launched to promote the process of early cancer
detection (potentially before a tumor or any symptoms are
noticeable) using blood samples and would be generalized
in the later 3 years. The blood detection of lung cancer is
just one of the branches.
Summary
We have reviewed the current state of liquid biopsy for lung
cancer and provide an outlook of its clinical utility. With
a wide variety of promising biomarkers, liquid biopsy for
lung cancer can generate valuable information about cancer
genetic characteristics almost in real time. We believe this
non-invasive technology can be generally used as a key tool
for detection of early lung cancer and even replace CT scan
in lung cancer screening. Further efforts are warranted,
including transomics analysis and validation studies.
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Footnote

Leaving out the cancer-related genetic and environmental
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