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Liquid biopsy using extracellular vesicle—derived DNA
in lung adenocarcinoma
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Blood liquid biopsy has emerged as a way of overcoming the clinical limitations of repeat biopsy by testing for the presence of ac-
quired resistance mutations to therapeutic agents. Despite its merits of repeatability and non-invasiveness, this method is currently
only used as a supplemental test due to a relatively low sensitivity rate of 50%-60%, and cannot replace tissue biopsy. The circulating
tumor DNAs used in blood liquid biopsies are passive products of fragmented DNA with a short half-life released following tumor cell
death; the low sensitivity seen with liquid blood biopsy results from this instability, which makes increasing the sensitivity of this test
fundamentally difficult. Extracellular vesicles (EVs) are ideal carriers of cancer biomarkers, as cancer cells secret an abundance of EVs,
and the contents of tumor cell-originated EVs reflect the molecular and genetic composition of parental cells. In addition, EV-derived
DNAs (EV DNAs) consist of large-sized genomic DNAs and tumor-specific oncogenic mutant DNAs. For these reasons, liquid biopsy
using EV DNA has the potential to overcome issues arising from tissue shortages associated with small biopsies, which are often seen
in lung cancer patients, and the biopsy product can be used in other diagnostic methods, such as epidermal growth factor receptor
(EGFR) mutation testing and next-generation sequencing (NGS). A higher sensitivity can be achieved when EV DNAs obtained from
bronchoalveolar lavage fluid (BALF) are used rather than those from blood. BALF, when obtained close to the tumor site, is a promis-
ing liquid biopsy tool, as it enables the gathering of both cellular and non-cellular fractions of the tumor microenvironment, and pro-

vides increased diagnostic sensitivity when compared to blood.

Key Words: Lung adenocarcinoma; EV-based EGFR genotyping; Liquid biopsy; Extracellular vesicles; EV-derived DNA

Received: May 29, 2020 Revised: July 22,2020 Accepted: August 13, 2020

Corresponding Author: Kye Young Lee, MD, PhD, Precision Medicine Lung Cancer Center, Konkuk University Medical Center and Department of Pulmonary Medicine, Konkuk

University School of Medicine, 120-1 Neungdong-ro, Gwangjin-gu, Seoul 05030, Korea

Tel: +82-2-2030-7521, Fax: +82-2-2030-7784, E-mail: kyleemd@kuh.ac.kr
*These authors contributed equally to this work.

A growing trend in identifying biomarkers in diseases has
brought on a dramatic rise in the number of tissue biopsies per-
formed in the era of precision medicine. With advanced non-small
cell lung cancer NSCLC) patients often relying on small biopsies,
the clinical need for an established liquid biopsy protocol has be-
come an urgent necessity. Unlike gastrointestinal cancer, where
tumor lesions in all locations can generally be visualized, lung
cancers can only be approached by bronchoscopy, which limits
visualization to central tumors. Even with the use of endobron-
chial ultrasound, peripheral lung cancers, such as adenocarcino-
ma before metastasis to the mediastinal lymph node, must rely
on the invasive percutaneous needle biopsy (PCNB).

Recent trends have shown a decrease in the incidence of cen-
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tral lung cancers, such as squamous cell carcinoma and small cell
carcinoma, with a concomitant increase in the incidence adeno-
carcinoma, where testing to identify driver oncogenic mutations
is essentially useful [1-3]. With the development of target ther-
apy drugs, the clinical need for rebiopsy or even repeated biop-
sies is increasing in order to identify drug resistance mechanisms
in the targeted tissues [4,5]. Lung cancer tumor lesions are often
small in size or positioned in a way that makes them difficult to
target. In the case of ground-glass nodules (GGNS), a biopsy is
not possible until enough of a solid portion develops to obtain
tumor tissue by PCNB. For these reasons, “tissue is the issue” is
a challenge faced by many clinicians, especially by those treating
lung cancers. Liquid biopsy using blood was introduced to over-
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come the difficulties of obtaining a quality solid tumor tissue
sample, but remains a secondary diagnostic technique to tissue
biopsies due to its low sensitivity [6-8].

Blood liquid biopsy uses circulating tumor DNAs, free-float-
ing DNA fragments found in the blood, has a low sensitivity, as
the sample is not from near the tumor site and the DNA is insta-
ble due to its nakedness [9]. Since blood is a complex body fluid
with many components, there is a need for a different biosource
for use in liquid biopsy. Also, the characteristics of cell-free DNAs
(cfDNAs) extracted from plasma after the removal of red blood
cells have never been properly defined, as these DNAs could
have originated from free-floating DNA, DNA-protein complex-
es, and/or inside of extracellular vesicles (EVs). Extracted cfDNAs
are mostly found in fragments of about 180 bp in length, which,
in the context of cancer patients, circumstantially indicates that
they are passively released byproducts from tumor cell death.
The free-floating nature gives cfDNAs a short half-life of 2-2.5
hours, and this instability makes them inadequate as biomark-
ers [10,11].

EVs, nano-sized vesicles secreted by almost all types of cells,
carry bioactive molecules, such as proteins, glycans, lipids, metab-
olites, RNAs, and DNAs, enclosed by a lipid bilayer, and act as
an essential mediator in cell-to-cell communication [12-15]. EVs
make an ideal cancer biomarker, as the contents of tumor cell-
originated EVs reflect the molecular and genetic composition of
parental cells, and are secreted in higher amounts than EVs of
normal cells [16]. DNAs inside of an EV have advantages over
cfDNAs as a biosource for liquid biopsy. Foremost, EV-derived
DNAs (EV DNAs) consist of large-sized genomic DNAs and tu-
mor-specific oncogenic mutant DNAs, unlike the fragmented cfD-
NAs [17]. However, EVs have yet to be precisely defined and
categorized. For the purpose of this review, our main focus will be
to classify the exosomes found in EVs and recapitulate the cur-
rent status of liquid biopsy in lung cancer, focusing on EVs.

BIOSOURCES FOR LIQUID BIOPSY

Most cancers, even when they remain localized to a single pri-
mary site, can have a systemic impact by releasing tumor cells
and byproducts into various body fluids. Liquid biopsy makes use
of these biofluids, such as blood, urine, cerebrospinal fluid, pleu-
ral effusion, and glandular secretions, to analyze the characteristics
of tumor cells in a continuous and noninvasive matter [18,19].
There are four major biosources used for liquid biopsy: circulating
tumor cells (CTCs), (fDNAs, tumor-educated platelets (TEPs),
and EVs [20].
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CTCs are shed by primary tumors and stay circulating in the
bloodstream until they metastasize to various parts of the body,
which can happen at any time, even in the early stages of cancer
development [21,22]. The advantage of using CTCs over other
biosources is that a multi-omics approach evaluating the genomic,
transcriptomic, and proteomic profiles of the tumor can be applied
[23]. However, due to their minimal presence (there are approxi-
mately 1-10 CTCs/mL in blood), identification and characteriza-
tion of cancer using CTCs is proving to be difficult [24,25], while
the heterogeneity of surface markers and size of CTCs makes them
challenging for clinical use [22]. The isolation of CTCs is also
quite complicated, due to their extreme rarity compared to sur-
rounding blood cells. The CellSearch system is the only U.S. Food
and Drug Administration (FDA)-approved commercial product
for CTC enumeration, but it is not widely used in a clinical set-
ting because of its shortcomings, such as its high cost, need for
manual processing, and high false-positive/false-negative rates
[26]. Microfluidic platforms that are affinity-based and that uti-
lize surface markers such as epithelial cell adhesion molecule to
distinguish CTCs from surrounding blood cells have been pro-
posed, but the matter of a high false-negative rate remains chal-
lenging due to the downregulation of surface epithelial markers
driven by the epithelial-mesenchymal transition (EMT) [27,28].
Despite extensive research, CTCs are currently not commonly used
in NSCLC mainly due to technical problems.

CfDNAs are the most commonly used biosource for liquid bi-
opsy in lung cancer, because they are easily obtained and their
concentration is significantly higher in cancer patients compared
to healthy persons, with this increase correlating with cancer
stage [22,29,30]. The Cobas EGFR mutation test v2 is clinically
used for detecting T790M resistance mutation and in the pre-
scription of osimertinib [31]. In recent years, next-generation se-
quencing (NGS) using blood-derived ¢fDNAs has been applied
for screening and early diagnosis, treatment selection and prog-
nosis, and residual disease and risk of relapse in NSCLC patients
[32]. Wee are not going to review this area deeply, as many research
articles and reviews have already explored blood fDNA liquid bi-
opsy, especially in epidermal growth factor receptor (EGFR)-
mutated NSCLC patients [32-36]. The most important thing in
blood ¢fDNA liquid biopsy in NSCLC is that cfDNA has fun-
damental limitations for liquid biopsy due to the fragmented
nature of fDNA and its instability, which leads to low test sen-
sitivity.

TEP was recently discovered as a potential noninvasive biomark-
er, as TEPs are involved in the initiation, progression, and metas-
tasis of tumors [37,38]. Cancer cells induce platelet activation
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and assist the production of TEPs, which can promote tumor cell
invasion through regulation of the p38MAPK-MMP9 pathway,
promoting metastasis through EMT and escaping immunity via
platelets-coated CTCs [39]. Also, alteration in a panel of RNAs
was observed in cancers, which could also be useful as a biomark-
er [40]. Best et al. [41] reported the development of a TEP algo-
rithm that can predict the presence of EGFR mutations, MET
amplification, and KRAS mutations with high accuracy, which
could potentially be used in the diagnosis of NSCLC.

FUNCTIONAL ASPECTS OF TUMOR-DERIVED
EXTRACELLULAR VESICLES
IN CANCER BIOLOGY

Tumor cells actively produce and release EVs that carry cyto-
plasmic components, including RNAs, DNAs, and proteins
(Fig. 1A) [15,42]. These tumor-derived EVs are found in all
bodily fluids, including saliva, blood, urine, and bronchoalveolar
lavage fluid (BALF) (Fig. 1B) [43,44]. Mechanisms through
which tumor-derived EVs select their cargo, serve the tumor, and
affect surrounding cells are under intense investigation. There are
multiple hypotheses for the original function of EVs in the con-
text of cancer, from containing toxin and quorum sensing mole-
cules in bacterial EVs to carrying information and conveying ge-
netic messages by the tumor cells [45-47].

Many reports have illustrated that EVs derived from tumors
play a significant role in intercellular communication by trans-
mitting signals and transferring their oncogenic contents. These
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roles include the promotion of oncogenic potential in acceptor
cells by increasing their cell proliferation potential [48], modu-
lation of metastatic ability [49], and up-regulation of angiogen-
esis [50]. Studies have demonstrated that EVs are sufficient to
recapitulate the formation of tumors through the neoplastic re-
programming of stem cells using prostate cancer cell-derived
EVs [51], and breast cancer cell-derived EVs can promote nor-
mal epithelial cells to form tumors in a Dicer-dependent manner
[52]. Recent studies have shown that cancer cells secrete immu-
nologically active EVs which mediate immune regulation in the
tumor microenvironment (TME) by acting as mediators of in-
tercellular communication [53]. In lung cancers, EVs are shown
to act as mediators of intercellular communication and play a vi-
tal role in tumor growth, progression, invasion, metastasis, and
targeted drug resistance [54-57]. Furthermore, as EVs contain
the bioactive molecules of the cells they are derived from, they
have great potential as diagnostic biomarkers [14,15,17].

EXTRACELLULAR VESICLES AS IDEAL
CANCER BIOMARKERS

In the era of personalized medicine, liquid biopsy is becom-
ing an indispensable method for dealing with medical issues,
such as the early detection of diseases, improving the accuracy of
diagnosis, predicting responses of patients to drugs, and select-
ing follow-up of treatments [18,19]. In this sense, the discovery
of target bio-molecules that can be used as biomarkers is as im-
portant as the advancement of technology used for liquid biopsy.

Fig. 1. Contents and image of extracellular vesicle. (A) Diagram of extracellular vesicle (EV) contents. (B) Transmission electron microscopy

image of bronchoalveolar lavage fluid EVs.
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The EVs secreted by cancer cells, enriched with various proteins,
DNAs, and RNAs, have diagnostic value as biomarkers for clin-
ical applications [12,13]. It is well known that EVs carry various
types of proteins and RNAs from the cells that originally secret-
ed them, which make them particularly fit as biomarkers for hu-
man disease, especially cancer. Many different types of protein,
including membrane and cytosolic proteins, involved in various
biological functions have been identified in EVs.

In recent years, an increasing number of studies have described
the possible use of EV-derived proteins and RNAs as biomark-
ers. For example, Logozzi et al. [58] developed a method to detect
and quantify a tumor-associated marker, a membrane protein
called caveolin-1, from EVs. Recent identification of distinct
integrin expression patterns in different types of cancer, includ-
ing through the use of EV proteomics in lung cancer [59], mea-
suring delta-catenin in prostate cancer-derived EVs [60], measur-
ing DEL-1 levels from plasma EVs for early detection of breast
cancer [61] and using proteomic profiling to identify subtype-spe-
cific protein clusters in breast cancer-derived EVs [62], has revealed
the potential to use these expression patterns as cancer detection
biomarkers. Many studies have identified elevation or downreg-
ulation of specific miRNAs in cancer patients that could be
used as markers in the prognosis of NSCLC [63,64]. EV DNAs
have been identified in both the double-stranded genomic and
mutated fragmented forms [14,16,65].

It is commonly accepted that EV cargo packaging is not a
random process, but rather a selective process that represents the
cell of origin, which makes EVs and their contents a good repre-
sentation of cancer. Also, EVs have a long half-life and are well
protected in the human body by having an outer membrane. All
of these studies indicate that EVs can be used as noninvasive bio-
markers. Moreover, from the perspective of liquid biopsy, EVs
can offer many advantages.

ADVANTAGES OF EXTRACELLULAR VESICLE
DNA IN LIQUID BIOPSY

Unlike the relatively well-characterized proteins and RNAs

Table 1. Comparison of EV DNA and cfDNA

found in EVs, until recently EV DNAs have not been the center
of attention among researchers. Thakur et al. [65] identified tu-
mor-derived EVs carrying double-stranded DNA (dsDNA) and
EV DNA that represented the entire genome, including reflect-
ing the mutational status, of parental tumor cells. Several studies
also have identified that while EV DNAs exist in short and long
sizes, most are 10 kb or longer, and have demonstrated that de-
tection of cancer-related mutations can be done sufficiently with
EV DNAs [16,66,67]. A study characterized subpopulations with-
in the EV population with different DNA and RNA content and
topology. In addition, they identified two types of DNAs, inter-
nally protected and external surface-related DNA, that could be
used as a basis for developing diagnostic methods [68,69].

The fragmented nature of fDNAs makes it difficult to gener-
ate a reliable genomic characterization for NGS, which in turn
requires barcode and deep sequencing [70,71]. Contrarily, long-
stranded and concentrated EV DNA is easy to amplify and there-
fore makes it a suitable candidate for NGS. In short, the use of
EV DNA for NGS requires the same processes as those required
in the well-established methods which use a tissue sample [72].
It has been suggested that NGS using EVs isolated from pleural
effusions and urine could effectively replace tissue-based NGS in
cases where there is a shortage of tissue [73,74]. EV DNAs have
several important differences from the more clinically established
cfDNA, as shown in Table 1. The encapsulation of DNA with-
in the lipid bilayer of EVs seems to enhance the stability of the
DNA by shielding it from the outer environment, unlike the ‘na-
ked’ ¢fDNA, which is directly exposed to bodily fluids. The
amount of cfDNA released by tumors is normally low, and rep-
resents only the fraction of the tumor genomic heterogeneity re-
leased by dying tumor cells. By contrast, the process for isolating
EVs from fluids increases the final concentration of EV DNAs
obtained, and EVs are secreted by both viable and dying tumor
cells [44,75]. In a study comparing the use of plasma EV DNAs
and fDNAs of NSCLC patients in liquid biopsies, EV.DNA
improved the detection sensitivity in EGFR profiling of the exon
19 deletion, L858R, and T790M mutations. This study also
highlighted the ongoing diagnostic and prognostic ability of EV

EV DNA cfDNA
Origin Actively shed or secreted by cancer cells Passive product of cell death
Size Long (~10 kb) ~200 bp
Stability High stability due to protection by double layered membrane Short half-life (2-2.5 hr)

Isolation Technically sophisticated

Easy and convenient

EV, extracellular vesicle; cfDNA, cell-free DNA.
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DNA by showing that the mutations identifiable by EV DNA
liquid biopsy included the acquired resistance specific mutation
T790M. Furthermore, the specificity and sensitivity of liquid bi-
opsy increased even more with the use of BALF EV DNA [16,76].
Similar to NSCLC, analysis of serum EV DNA from pancreatic
cancer patients also demonstrated the presence of clinically rele-
vant KRAS-specific mutations [14,77,78].

As previously described, EVs are widely distributed in various
body fluids, which make them more easily accessible with less
invasive methods than tumor cells. More importantly, the specific-
ity and sensitivity can be significantly increased when EV DNAs
are used for liquid biopsy compared to fDNAs. For these reasons,
liquid biopsy of EV DNAs could be a clinically useful means of
isolating cancer-specific DNA, while achieving a higher sensi-
tivity and stability than the current diagnostic methods.

LIQUID BIOPSY USING BLOOD

Compared to the relatively invasive and expensive tissue biop-
sies, liquid biopsies using blood better allows for repeatable eval-
uation of the disease status of cancer patients, making it an espe-
cially useful tool in clinical practice. Recently, many have studied
liquid biopsy using fDNA, which is released into blood through
cell death mechanisms, such as necrosis and apoptosis, has a short
half-life, and is detected at very low concentrations (5-10 ng/mL).
Because of these characteristics, high-sensitivity approaches are
needed when using cfDNA. For example, the FDA-approved Co-
bas tool for detecting mutations with plasma (fDNA has a 69%—
86% sensitivity for EGFR mutations and a 55-75% sensitivity
for T790M mutation [79-81]. Also, the mutation detection rate
in intrathoracic metastatic diseases (M1a) is much lower (39%
for activation mutations, 27% for T790M) [82]. To overcome
this low sensitivity, various high technology platforms, such as
droplet digital polymerase chain reaction (PCR) [81] or BEAM-
ing (Beads, Emulsion, Amplification, and Magnetics) technology,
were introduced by several research institutes [79,32]. Briefly, the
BEAMing assay uses individual DNA molecules that are at-
tached to magnetic beads in water-in-oil emulsions and processed
by compartmentalized PCR amplification. However, the cost of
these ultra-fast sequencing technologies is too high for use in
most clinics.

EV miRNAs have been shown to be promising biomarkers
for the diagnosis of NSCLC, because EVs have a large amount
of tumor-derived RNA [83], and RNAs within EVs are resistant
to the activity of external RNases. MiRNAs are short, non-cod-
ing, single-stranded RINA molecules (19—22 nucleotides) that tar-
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get complementary mRINA sequences and play important roles
in regulating gene expression at the post-transcriptional level.
For example, miR-660-5p [84], miR-17-5p [85], miR-126 [86],
and a multiple miRNAs combination panel [87] are expressed
at higher levels in NSCLC patients compared to healthy controls.
MiRNAs from circulating EVs seem to be associated with the
stage, tumor grade, histology, and prognosis of cancer patients
[87,88], but the sensitivity and specificity of these connections
remained at only 60%-80%.

The analysis of EV nucleic acids in plasma showed that they are
more sensitive in identifying relevant mutations than cfDNAs.
Krug et al. [89] showed the EV RNA was significantly more sen-
sitive in detecting activating EGFR mutations (98%) and T790M
mutation (90%) compared to the matched cfDNA (82% for ac-
tivating EGFR mutations, 84% for T790M). The RNAs from
the captured EVs are reverse transcribed to cDNAs, and subse-
quently analyzed by targeted NGS. These methods increase the
sensitivity of detecting EGFR mutations but require the high-
cost NGS assay. A number of studies on liquid biopsy using EVs
isolated from blood have been performed, but the sensitivity of
this assay reported in these studies was not yet high enough to re-
place tissue biopsy. Thus, more sensitive assays must be developed.

LIQUID BIOPSY USING MALIGNANT
EFFUSIONS

Malignant pleural effusions are a clinical problem in up to
one-third of patients with advanced NSCLC [90,91]. Liquid bi-
opsy of malignant pleural effusions has a relatively low sensitivi-
ty for the diagnosis of NSCLC, at approximately 60% [92]. For
EGFR genotyping, cellular components, including cell block
or cytology, are conventionally used, while supernatant fractions are
usually discarded. Blind or closed needle pleural biopsy is some-
times indicated, although the diagnostic yield is typically low.
Pleuroscopy, also known as medical thoracoscopy, has a higher di-
agnostic yield and provides better diagnostic sensitivity, but it
is a highly invasive procedure. Even with pleuroscopy, adequate
tissue biopsies are frequently unavailable due to co-morbidities
or for other reasons.

A recent study demonstrated the superiority of using the
cell-free supernatant from pleural effusions for EGFR mutation
detection over using cell pellets [93-95]. EGFR genotyping us-
ing EV DNAs and fDNAs from the supernatant of pleural ef-
fusions resulted in 100% agreement with tissue EGFR genotyp-
ing in both EGFR~tyrosine kinase inhibitor (TKI) naive patients
and patients who had acquired resistance to EGFR-TKI [96]. In
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addition, it showed that the T790M detection rate using EV
DNAs as a biosource was superior to using cell blocks or ¢fD-
NAs. These results suggest that the supernatant of pleural effu-
sions is particularly effective for EGFR genotyping for patients
with pulmonary adenocarcinoma when compared to doing con-
ventional cytology or using cell block samples. Therefore, using
EV DNAs from the supernatant of pleural effusions is promis-
ing for EGFR genotyping, including T790M detection, in pul-
monary adenocarcinoma patients who develop pleural effusions.

LIQUID BIOPSY USING BRONCHOALVEOLAR
LAVAGE FLUID

Bronchoalveolar lavage (BAL) is a procedure primarily done
for diagnostic purposes by which the cellular and non-cellular
contents of bronchial and alveolar spaces are obtained [97]. The
advantages of BAL are that it is a minimally invasive method and
provides access to the disease-located site of diffuse interstitial
lung diseases. For lung cancer, BAL can provide a unique gate-
way to access the TME, where tumor cells are known to shed an
abundance of EVs [98]. Correspondingly, the results of liquid
biopsy using EVs isolated from the BALF of NSCLC patients
have been shown to be superior to liquid biopsy using plasma
cfDNAs.

Recent studies have demonstrated that EVs successfully isolat-
ed from the BALF of lung cancer patients contain an abundant
amount of dsDNAs, and that liquid biopsy for EGFR genotyp-
ing using BALF is tissue-specific and extremely sensitive compared
to using cfDNAs [16,76]. In a study petformed with pathologi-
cally confirmed NSCLC patients, the sensitivity and specificity
of BALF EV-based EGFR genotyping were high, and this assay
showed an even better mutation detection rate than tissue/cytol-
ogy-based typing. Also, the sensitivity increased as the stage pro-
gressed, reaching 100% with stage IV patient samples [76]. These
results seem to suggest BALF EV-based EGFR genotyping is a
highly promising liquid biopsy method, and particularly efficient
for patients that require repeat biopsies throughout progtession
of the disease.

CONCLUSION

Tissue shortages caused by small biopsy sizes is emerging as a
hurdle to the adequate treatment of advanced NSCLC patients
in the era of precision oncology. A variety of molecular, genetic,
and/or genomic tests, including real-time PCR, reverse transcrip-
tion polymerase chain reaction, fluorescence in situ hybridization,
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immunohistochemistry, and NGS, are performed to match the
right drugs to the right patients. A second or even third biopsy is
frequently performed to investigate the acquired resistance to tat-
geted therapeutic agents, such as EGFR or T790M mutations.
The incidence of peripheral lung cancers, such as adenocarcino-
ma, which is usually confirmed by PCNB, is increasing. More-
over, the location of lung cancer development is clearly moving
from central airways, in the past, to small airways or alveoli at
present. GGNs detected by low-dose computed tomography are
typically not accessible without surgical resection. Lung biopsy
is an indispensable procedure for the diagnosis and treatment of
lung cancer patients, but it is difficult to obtain adequate tissue
for precision oncology in lung cancer. All of these are essential rea-
sons for adopting liquid biopsy rapidly into the diagnosis and
treacment of lung cancer, especially for NSCLC. As mentioned
above, although ¢fDNA has been popularly used, it has intrinsic
defects as a biosource for liquid biopsy due to its low stability.
Although the use of improved technology with superior sensi-
tivities, like digital PCR, BEAMing, and ultra-deep sequencing,
can improve its utility to some degree, blood liquid biopsy using
cfDNA cannot ultimately replace tissue biopsy due to its short-
comings. Specifically, that (fDNA is passively released from
dead or dying tumor cells is a critical limitation, while EV DNA
is actively released by living tumor cells, thereby reflecting their
characteristics in real time.

Liquid biopsy will likely face challenges to becoming a reliable
biosource despite technological advances. In this regard, EV-
based BALF liquid biopsy is a highly-anticipated liquid biopsy
platform for lung cancers. In the light of recent increases in the
occurrence of peripheral lung adenocarcinomas, which carry a
high risk of complications, the use of BALF is advantageous as it
provides a unique, direct access route to the TME and a way to
collect tumor-derived EVs in vivo. Studies on EGFR genotyping
using BALF EV DNAs demonstrated that the use of EV DNAs,
which are representative of genomic DNA, could yield results
equivalent to those obtained using tissue DNA.

EV-based liquid biopsies are not widely available in hospitals
and medical labs at present, as they require specific technology and
equipment. For example, multiple different methods are being
used to isolate EVs, such as differential centrifugation or density
gradients used to remove larger cellular debris and isolate EVs,
which means the biological properties and contents of the EVs
are largely influenced by the method of isolation. Therefore, the
optimization and validation of EV isolation methods remains
crucial to establish EVs as a biomarker for diagnostic use. Never-
theless, with its high sensitivity and specificity, the application of
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liquid biopsy using EV DNAs is expected to become more widely

used clinically in the near future when an established method be-

comes available.
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