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been discussed.

Abstract: The liquid biopsy is the most promising technology in the modern days. It plays
a significant role in the diagnosis, management and finding out the minimal residual
disease in carcinoma. There are three components of the liquid biopsy: circulating tumour
cells (CTC), cell-free DNA (cf-DNA), and exosomes. These components carry vital
information, and with the help of sophisticated technology, one can extract a large amount
of data from them. The detection of the tumour-specific gene mutation in the CTC or cf-
DNA may guide the clinicians about the selection of the appropriate chemotherapeutic
agents. The liquid biopsy is still not applied for routine clinical use, and more research is
needed in this field. In this review, the techniques and applications of liquid biopsy have
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The conventional incision or excisional biopsy is the most
popular technique for histopathological examination.
Recently a newer technology is introduced, which is known
as “liquid biopsy”. The exact meaning of “liquid biopsy” is
the examination of the blood sample for the study of DNA
from the circulating cancer cells (CTC) or cell-free DNA
(cf-DNA) of the cancer cell [1]. Unlike conventional
biopsy, liquid biopsy is a noninvasive technique. It can
provide a plethora of valuable information on the detection
of the tumour, therapeutic response, and recurrence of the
tumour. In this review, the techniques and applications of
liquid biopsy have been discussed.

Conventional biopsy versus liquid biopsy

There are several advantages of liquid biopsy over the
conventional biopsy. The liquid biopsy is noninvasive and
simple blood or peritoneal fluid may provide a lot of
information. Unlike conventional biopsy, liquid biopsy can
be done repeatedly and even after the resection of the main
tumour. The conventional biopsy is often difficult to do
from the small and inaccessible deep-seated tumour, but the
liquid biopsy overcomes this problem as it can be done from
the blood or body fluid.

Moreover, it is unrelated to tumour heterogeneity. The
major drawback of the liquid biopsy is its cost. Liquid
biopsy is also a very advanced technology and needs a lot
of skill to do. Table 1 shows the merits and demerits of
liquid biopsy compared to conventional biopsy.
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The constituents of liquid biopsy

The predominant components of liquid biopsy include
(Figure 1): 1) circulating tumour cells (CTC), 2) cell-free
DNA (cf-DNA), and 3) extracellular vesicles.
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Figure 1: The components of the liquid biopsy and
their clinical applications.

1) Circulating tumour cells:

The sources of CTC are either from the primary tumour or
rarely from the metastatic tumour. The life span of CTC is
short, and the half-life of it is just one to two hours. These
cells are quickly removed from the circulation by
reticuloendothelial cells of the liver, and spleen. The
circulating tumour cells are opsonized by IgG antibody. The
Fc region of 1gG binds with Fc receptor of the histiocytes,
and the tumour cells are phagocytosed.

As the number of cells is less than 1 per 10 polymorphs, so
it may be challenging to identify and separate these cells
from the circulation. The presence of specific antigens on
the cell surface of CTCs is helpful to identify and isolate the
cells from the blood circulation. The epithelial cells express
EpCAM (epithelial cell adhesion molecule), and a cocktail
of cytokeratin. Besides, the tumour specific antigen is also
used for the identification of the CTC in blood circulation.
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Table 1: The merits and demerits of liquid biopsy compared to conventional biopsy

Factors Liquid biopsy Conventional biopsy
Procedure Noninvasive Invasive
Approach Easy and always approachable Difficult in deep-seated small tumour

Presence of tumour

Not dependent on the presence of tumour

It cannot be done if the tumour is already resected

Tumour heterogeneity

Mostly independent of tumour heterogeneity

A small biopsy may not represent the tumour
proper

Multiple biopsies
blood sample is needed

The repeated biopsy can be taken as an only

The repeated biopsy is not feasible

Cost Very high cost

Cheap

Technological skill
perform this complicated technique

Only specially trained technologist is able to

Any technologist can process the histopathology
section

2) Cell-free DNA (cf-DNA):

Cell-free DNA (cf-DNA) is another critical component of
liquid biopsy. The predominant sources of cf-DNA in the
blood are mainly from the primary or metastatic tumour,
CTC, and even from normal healthy cells of the body. The
cf-DNA comes into circulation by 1) active release from
these cells, 2) apoptotic death, and 3) necrosis (Figure 2).
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Figure 2: Schematic diagram showing the details of
cell-free DNA.

The half-life of cf-DNA is very short (5 to 30 minutes) and
these are rapidly cleared from the circulation by the liver,
spleen and kidney [2]. The exact mechanism of removal of
cf-DNA is still a mystery. The plasma DNase has a limited
role in the removal of cf-DNA from the plasma because of
the protection of the cf-DNA by the entangled nucleosomal
protein complex. The methylation status of DNA also bears
little effect in the clearance of the circulating DNA. The cf-
DNA is mostly fragmented DNA, and so the molecular
weight of such DNA is lower than the normal cellular DNA.
It is important to note that not only tumour cells, but normal
healthy cells also release cf-DNA. In a healthy individual,
the cf-DNA value ranges from 2 ng/ml to 27 ng/ml [3]. The
range may be widely variable, and the mean value of cf-
DNA may vary with a very high standard deviation
(450ng/ml). The extremely variable cf-DNA level may be
due to the lack of proper standardization of the

measurement and absence of valuable information
regarding the structure and function of the cf-DNA. In
malignancy, the level of cf-DNA depends on the 1) tumour
size, 2) tumour grade, and 3) tumour aggressiveness and 4)
metastasis. As there is no reference value of cf-DNA, so one
has to careful in the application of its use in clinical practice.

Cell-free RNA (cf-RNA): The importance of cf-RNA was
ignored for many years. It is challenging to study cf-RNA
in circulation as the half-life of it is only 15 seconds. The
RNA is relatively unstable in the circulation because of its
rapid degradation by minor changes of pH and also by
hydrolyzing enzymes. Unlike cf-DNA, the cf-RNA comes
to the circulation by active release instead from the death of
the cells. The cf-RNA derived from the tumour cells are
noted in the blood, sputum, urine etc. Recently it has been
shown that the tumour-derived m-RNA plays a vital role in
cancer progression. The cf-RNA as a cancer biomarker is
still not properly explored [4].

3) Extracellular vesicles (EV):

The EVs are another critical part of liquid biopsy. These are
small vesicles encased by a membrane. The EVs are derived
from the tumour cells and are present not only in blood but
also in saliva, urine and effusion fluid. EVs contain
exosomes (EXQO), apoptotic bodies and micro-vesicles.

The EXOs are vesicle of 50 to 100 nano micron diameter
and are generated by the budding of the plasma membrane.
EXO contains mMRNA, DNA, and micro RNA (mi-RNA).
As previously believed, they are not the simple waste
products of the cells; it is proved that EXOs carry vital
molecules from one cell to the other distant cells [5, 6].
EXOs take an essential role in the tumour metastasis.

These EXOs are protected from various enzymes (DNase
and RNase) due to the lipid bilayer. So, they give valuable
information about tumours such as tumour diagnosis,
progression, response to therapy and recurrence.

Detection and enrichment of the constituents

As mentioned before, the CTCs, cf-DNA and EXO are
present in a meagre amount in the blood or body fluids.
Therefore, it is a great challenge to identify and enrich those
components for different molecular tests. Table 2 highlights
the different techniques to isolate and enrich the CTC. The
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predominant ways to isolation and enrichment of the CTCs
are:

1) Immunological method: The magnetically tagged
antibody is used to identify the cells [7]. The epithelial

1) Polymerase chain reaction (PCR) based techniques:
The PCR technologies include Droplet Digital PCR
(ddPCR), beads, emulsion, amplification, and magnetics
PCR (BEAMing PCR), and enhanced ice-cold PCR (E-ice-
COLD-PCR) [10-14].

Table 2: Techniaues to detect and enrich the circulatina tumour cells

Enrichment technology |Methods

Comments

Immunological method The magnetic tagged specific

cells.

antibodies are used for the tumour

CTCsare removed by the immunogenic method.
EpCAM and pan-cytokeratin for carcinomas.
Besides. the epithelial cells are negative for
CD45.

Leukocyte removal
sample.

The leukocytes are removed from the

Immunologic separation of leukocytes by using
CD45 tagged magnetic bid.
Alternatively, batch cell lysis can be done.

Microfluidic chips
chips can separate the CTC.

Immunomagnetic based microfluidic

The target cells from the minimal volume of
fluid can be isolated

Physical properties

used to separate the cells.

The several physical properties such as
size, density. electrical charges etc. are

Physical filtration technique. density gradient or
microfluidic can be used to separate CTCs.

tumours are usually separated with the help of EpCAM
(epithelial cell adhesion molecule). It is preferable to use
the combination of cytokeratin (CK), and EpCAM antibody
as these two antibodies detect most of the epithelial cells.
The isolated epithelial cells are further confirmed by the
various cytokeratins such as CK 8, CK 18, and CK 19. In
many tumours, there is a transition of epithelial to
mesenchymal cells (EMT). Due to the EMT, the tumour
cells may not express the epithelial markers (CK and
EpCAM). Moreover, the non-tumour epithelial cells may
also come into the circulation, creating the confusion. Due
to these difficulties, the immunological methods have been
replaced by the other techniques.

2) Leucocyte depletion method: Leukocytes are removed
from the sample by cell lysis or by magnetically tagged
antibody [3]. CD 45 antibody is useful to detect the
leucocytes in the blood.

3) Microfluidics: Immunomagnetic based microfluidic
chips isolate the CTCs and

4) physical methods.

Besides, nanotechnology is also used by applying
nanomaterials that can enhance the interaction of CTC and
antibodies which subsequently changes the electrical
property of the cells [8]. Cf-DNA isolation: The cf-DNA
are mainly isolated by silica-gel membrane technique or
fluorometric technique.

Exosomes isolation: The EXQOs are commonly isolated
with the help of Differential centrifugation, size exclusion
chromatography, Ultrafiltration, Polymer-based
precipitation, and Immunological separation [9].

The molecular techniques applied in liquid biopsy

The various molecular tests can be applied in the DNA or
RNA of the liquid biopsy samples that include:

2) Next-generation sequencing (NGS) based techniques:
Several types of NGS-based technologies are used in liquid
biopsy. These are

a) Tagged amplicon deep sequencing (Tam-Seq): Here, the
parallel amplification was done in the multiple regions of
the genes [15].

b) Cancer personalized profiling by deep sequencing
(CAPP-Seq): It is a “capture-based NGS” technology to
detect cell-free DNA [16].

¢) Safe sequencing system: It is a unique technology that
reduces the error rate of NGS to less than 1%. A unique
identifier is added to the template molecule, and the
molecules of the same unique identifier family are
recognized [17].

3) Epigenetic study: Methylation-specific polymerase
chain reaction protocol is applied to identify the DNA
hypermethylation. For the global assessment of DNA
methylation, the “Microarray-based DNA methylation
assay technology” is used.

Clinical implications of liquid biopsy

Table 3 highlights the details of genetic and epigenetic
changes of the common carcinomas that may help in the
diagnosis and management in related to liquid biopsy.

Cancer screening: The total quantity of cf-DNA is much
higher in cancer patients, and many studies suggest that
quantitation of cf-DNA may be useful in cancer screening
[3, 18]. However, the metanalysis study shows that the cut-
off value of cf-DNA is not effective due to the different
factors play a role in the cf-DNA level [3]. So simple
guantitation of cf-DNA may not be useful in the screening
for carcinomas. The circulating tumour DNA may show
specific changes that include mutation of an oncogene,
microsatellite changes, loss of heterozygosity and
hypermethylation of promoter genes. The demonstration of
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qualitative changes of tumour specific DNA may be helpful
in the detection of the tumours. However, the amount of cf-
DNA in the circulation may be very less in comparison to
the normal circulating cf-DNA, and therefore it may be
challenging to detect tumour [19].

Liquid Biopsy

detect the MY CN amplification in advanced neuroblastoma
cases [33].

Minimal residual disease (MRD): The most potential
application of the liquid-based biopsy is the detection of
MRD. The identification of the single or multiple tumour

Table 3: Tumour specific genetic changes in different cancers that are helpful for liquid biopsy

Tumour type

Genetic and epigenetic alterations

Early diagnosis and screening

Therapy and management

Breast cancer .

The detection of mutation in the gene PIK3CA is
related with early diagnosis of breast cancer [21]

Mutations in the PIK3CA gene related to resistance to
HER2-targeting therapy [23]

Higher expression of cancer antigenl5 to 3 (CA15-
3) is related to cancer screening and early relapse
1]

DNA amplification of oncogene BRFI.MTAI.and
JAG2 [22

Microsatellite DNA changes associated with
aggressive course [24]

High level of Lysine-specific demethylase 1 (LSDI)
expression in metastasis that can be blocked by
chemical LSD1 blockers [18]

Colorectal cancer

Mutation of APC KRAS, and PIK3CA for
detection of carcinoma [25]

Methylated SEPT9related to early cancer
screening [26]

Mutated KRAS genes may escape anti-EGFR therapy
[27]

Methylated BCAT1 and IKZF1 gene detection related
to the detection of minimal residual disease [26]
somatic structural variants associated with prognosis
and monitoring [26]

Lung cancer

Lung cancer-specific methylation sites may help in
the early detection of lung cancer such as SHOX?
gene hypermethylation is related to squamous cell

Higher expression of Ep-CAM and other genes
(PIK3CA.AKT2, TWIST and ALDH1) is related with
metastasis and aggressiveness [28]

carcinoma of lung [28]

e EGFR T790M mutation in non-small cell lung cancer
causes resistance of EGFR inhibitor therapy [29]

Prostate cancer .
cancer screening [30]

GSTP1 promoter methylation helps in prostate .

Androgen receptor amplification. mutations are related
to primary drug resistance [30]

e  Androgen receptor L702H and AR-T878A mutations
related to acquired drug resistance [30]

Management and prognosis: Liquid biopsy play a vital
role in the treatment and assessment of prognosis of the
tumour. The CTC is the direct ‘dynamic diagnostic tool’,
and the count of CTC in the circulation before and after
therapy indicates the response of the therapy [20].

Specific mutational changes of genes such as p53, K-ras and
APC are highly correlated with the stage of cancer. It is
particularly true in cases of breast, ovary and colonic
carcinomas. Liquid biopsy can show these mutational
changes in CTC and may predict the tumour stages [19]. It
was shown that microsatellite DNA changes demonstrated
in cf-DNA are related to a more aggressive course in
carcinoma of the breast [24]. In the resectable tumour, the
liquid biopsy may not have much role to play. However, in
the case of advanced cancer, a liquid biopsy may have a
significant role. The presence of K-RAS mutation in non-
small cell lung carcinoma (NSCLC), predicts poor
prognosis. This mutational change s can be demonstrated in
the cell-free DNA of the plasma of the patient [31]. The
development of EGFR T790M mutation in NSCLC causes
resistance of EGFR inhibitor therapy. Therefore, the
identification of such mutational changes in lung carcinoma
cases in the blood of the patient by liquid biopsy may help
to decide to start ‘third-generation EGFR inhibitors’
therapy [29]. The amplification of ‘MYC related oncogene
(MYCN)’ is related to the aggressiveness of neuroblastoma
[32]. This particular information is essential for the decision
to start immunotherapy. Liquid biopsy can successfully

specific mutational changes are helpful to detect the
recurrence of malignancy. Diehl et al. detected mutant gene
fragments in the cf-DNA in the plasma of operated case of
colorectal carcinoma by BEAMing PCR method. They
identified the recurrence of colorectal carcinoma with 100%
sensitivity and specificity [19]. The various other studies
also highlighted the importance of the demonstration of
tumour specific mutational changes in cf-DNA to identify
the recurrence of breast, lung and oral carcinomas [34, 35].

Conclusions and future perspectives

The liquid biopsy is a relatively new area with vast
potential. It may help significantly in the early detection of
cancer, individualized therapeutic management, treatment
response, prognosis and identification of minimal residual
disease. However, there are several challenges in this field.
As the number of CTCs is very less in circulation, so the
technology to identify and enrich these cells should be
robust. Till date, FDA has approved only two systems for
CTC enrichment: 1) CellSearch assay (Menarini Silicon
Biosystems, Italy) and image cytometry [36]. The second
challenge is the cost of the liquid biopsy, which is several
thousand times higher than conventional biopsy. Moreover,
the technology is too advanced to implement in routine
laboratories.

The third challenge is the interpretation of the data
generated from CTC and cf-DNA. We need to know the
important genetic alteration of the tumour in the course of
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the tumour progression. Therefore, a thorough knowledge
of the dynamic alteration of CTC, and cf-DNA are needed
[37].

The fourth challenge in this filed is variable sensitivity and
specificity of liquid biopsy. The various method of
separation of the components of liquid biopsy and
application of different sophisticated PCR and NGS
technologies are often responsible for variable results.
Therefore, proper standardization and validation are
necessary for the implementation of liquid biopsy in
laboratory [37].

In brief, the liquid biopsy is the most promising technology
in the diagnosis, and monitoring of therapy of carcinoma.
Till now, there are many hurdles for the routine application
of liquid biopsy as most of the studies are for research
purposes. The more number of studies are needed to solve
many important questions and also to standardize and
clinically implement newer technology.
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