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Abstract: Despite the availability of advanced diagnosis and treatment methods, cancer is still a leading cause of morbidity. The
most readily and routinely available method for cancer diagnosis is tissue biopsy. Tissue biopsies are generally based on molecu-
lar profiling of primary tumors, which can change during the metastasis stage. Therefore, it’s unable to give sufficient informa-
tion about the tumor. These problems can be overcome by liquid biopsies which is considered as fast, non-invasive, and more
sensitive method for cancer diagnosis. It also has applications in early diagnosis and real-time monitoring of tumor prognosis and
development. This can be achieved by molecular profiling of circulating tumor cells (CTCs), cell-free DNA (cfDNA), exosomes,
microRNA (miRNA), and tumor-educated platelets (TEPs) from biological fluids which are considered as biomarkers. The ex-
pression of these biomarkers gives an entire snapshot of both the primary and metastasis stages of cancer. It is very useful to de-
termine different stages of cancer and to modify treatment strategies based on treatment response. Therefore, it opens up an op-
portunity to use liquid biopsies in the area of precision medicine. This review summarizes in-depth information on liquid
biopsies, cancer metastasis, various methods in liquid biopsies, biomarkers such as CTCs, cfDNA, miRNA, exosomes, TEPs, and
the role of these biomarkers in monitoring therapy.
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1. Introduction

A standard procedure to obtain a resected tumor for profiling in-
volves tissue biopsy or percutaneous biopsy, an invasive surgery
that makes acquiring a quality tumor sample cumbersome. Invas-
ive procedures pose a challenge during cancer treatment in the
case of metastasis. This is because real-time monitoring is diffi-
cult in such procedures, while tumor cells spread to distant or-
gans and might evolve and acquire resistance to therapy in re-
sponse to the treatment. An invasive tissue biopsy can require a
longer time and high cost for sample isolations since tissue
biopsy can involve organ penetration, and repeated surgeries are
not feasible! . It can be minimized by the analysis of biological
fluids for the profiling of cancer. This non-invasive technique is
known as liquid biopsy (LB) it is a repeatable, sensitive, and con-
venient diagnostic method that can be used. The samples ana-
lyzed during the diagnosis mainly include blood samples ob-
tained using Phlebotomy. Other body fluids sampled include

cerebrospinal fluid (CSF), urine samples, and pleural effusions’.
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A liquid biopsy involves obtaining peripheral venous blood from
the median cubital vein (Vena media cubiti) and isolating circu-
lating tumor markers such as cell-free nucleic acids and circulat-
ing tumor cells (CTCs). Apoptotic tumor cells release biomark-
ers into circulation, including circulating tumor DNA (ctDNA),
cell-free RNA (cfRNA), and exosomes. This ctDNA, ctRNA, and
exosomes along with CTCs can be detected in the venous blood
sample and analyzed for screening and diagnosis of different can-
cers™. The liquid biopsy technology improves the detection of re-
curring cancer for better monitoring and efficient cancer therapy.
Liquid biopsy can profoundly impact the diagnosis, screening,
and management of cancer while potentially reducing the risk of
other complications, such as hemorrhage or puncture wounds
which could lead to infection'.

1.1. Cancer cell dissemination and metastasis

Most solid tumors are either curable or at least manageable if
they are diagnosed and treated before metastasis occurs. This is
possible because of recent advances in the early detection and
treatment of cancers. However, cancer that detaches from the
primary tumor site and spreads is likely to be fatal®.

Cancer metastasis is a process in which cancer cells dissemin-
ate and migrate from the primary tumor to other sites in the body
and grow (Fig. 1). This dissemination occurs through the circulat-
ory and lymphatic systems. About 90% of cancer deaths are
primarily caused by metastasis’”. Metastasis involves multiple
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Fig. 1. The schematic representation indicates the process of cancer metastasis.

and complicated biochemical steps and events which are as fol-
lows: detachment, migration, invasion, and adhesion™. Though
cancer cells are daily released in blood circulation, less than 0.1%
of tumor cells metastasize according to melanoma studies™. The
metastatic properties are determined by the nature of primary
seeding cancer. This will determine their further growth and re-
sponse to the treatment!'”!.

A metastatic lesion consists of cells that acquire the ability to
deceive a series of molecular obstacles which would otherwise
pose a hurdle to their non-metastasized counterparts''’. A multi-
step cascade is involved in the process of metastasis, from the
dissemination of the cells to the formation of a new tumor
colony. This process includes a sequence of events referred to as
'the invasion-metastasis cascade’. This sequence involves the fol-
lowing steps in general; the primary tumor cells invade local sur-
rounding tissues, and local invasion of primary tumor cells into
surrounding tissues followed by intravasation into the circulatory
system. The cells need to survive this hematogenous transit.
These cells eventually undergo extravasation into the paren-
chyma of the distant tissues, where they form multiple micro-
metastatic colonies. This leads to colonization, where microscop-
ic colonies proliferate into unconcealed and clinically detectable
metastatic lesions!”.

1.1.1. Determinants and predisposing factors for metastasis

The invasive potential of cells is determined by different genes,
while specific mutations can also promote metastasis and inva-
sion*'¥. The genes that are predominantly involved in metastas-
is include cyclin-dependent kinase inhibitor 2A (CDKN2A),
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA), phosphatase and tensin homolog (PTEN), ret-
inoblastoma (RB1) and tumor protein p53 (TP53)!">'". Tumor in-
vasion and metastasis activation can be triggered by multiple epi-
genetic factors. These factors are induced by different stimuli

which include circadian misalignment, and aging. Mechanical
pressures, such as compression and tension in the extracellular
matrix (ECM) and adhesive signaling molecules released from
ECM components like collagen and fibrin also trigger metastasis.
Other epigenetic factors comprise the intra-tumoral microbiome,
cell-cell interactions, and growth factors!'”'®.

1.1.2. Pre-metastatic niche (PMN)

One of the most important steps during the establishment of
metastases is the formation of PMN. Primary cancer cells under-
go a transition into an unregulated proliferative state which res-
ults in the development of secondary tumors once they colonize
into a distant organ. The most frequent metastatic sites include
organs such as bone, lungs, and liver.

PMN formation is a process that involves secretory factors, ex-
tracellular vesicles, secretory factors that lead to alteration of
ECM, extravasation, and tumor-induced angiogenesis. Normal
cells accept the vesicles carrying messenger RNA (mRNA)
which are transcribed by metastasis-associated genes released by
cancer cells. These genes allow the host cells to express a malig-
nant phenotype, migrate and invade to distant organs'* '\ Devel-
opment of PMN involves an interaction of the primary tumor
with the environment of organs. Once the cancer cells seed from
the secondary organ, they interact with their environment creat-
ing the metastatic niche, stromal cells, immune cells, ECM, and
the nutrient environment of the organ™*1. Thus, the formation of
PMN is a crucial step in the process of cancer invasion and meta-
static cascade by understanding and targeting these interacting
sites that are involved in the development of PMN, thus provid-
ing an opportunity to prevent metastases before it is evinced”".

1.1.3. Epithelial-mesenchymal transition (EMT) and Tumor mi-
croenvironment (TME)

EMT is a cellular process which is observed during embryogen-
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esis and in the healing of epithelial tissues damage in adults. Can-
cer cells utilize this process for their benefit by equipping them-
selves with certain malignant traits, where the epithelial features
are lost and are substituted with mesenchymal properties. Nor-
mal healthy epithelial cells are anchorage-dependent and are at-
tached to the Extracellular matrix (ECM). Whereas, Metastatic
cells survive by being detached from ECM. The neoplastic prop-
erties that are essential for metastatic dissemination and invasion,
include the invasiveness and degradability of extracellular matrix
(ECM) components. During this process, epithelial cells are
transformed from organized and well differentiated stage to un-
differentiated mesenchymal cells with migratory properties™ **,

The TME comprises stromal components which include ECM,
signaling factors, other macromolecules, and cellular elements
that surround the tumor. These components and other elements
may enter the bloodstream promoting local tumor growth and
metastasis. Increased permeability of tumor microvasculature and
cell migration can facilitate the leakage of these tumor elements
and cellular components containing genetic material from the
TME into the bloodstream. Thus, these elements in the blood-
stream can be sampled and taken as a liquid biopsy for tumor
analysis and profiling™*".,

2. Biological fluids used in liquid biopsies

Liquid biopsies (LBs) are minimally invasive methods that are
regularly and widely utilized in the surveillance, diagnosis, and
management of solid and liquid tumors. Wide arrays of body flu-
ids can be employed in LBs that are based on the type of cancer
that needs to be studied””. Genomics, proteomics, and metabolo-
mics are the most common omics techniques applied for the as-
sessment of LB elements including, circulating tumor DNA

(ctDNA), cell-free DNA (cfDNA), circulating tumor cells
(CTCs), miRNA and extracellular vesicles (EVs)®! (Fig. 2).

2.1. Blood

Blood samples are routinely used in LBs and are applicable for a
broad range of cancers because blood is the only body fluid that
is in contact with different parts of the body. Blood samples are
easy to collect, store, transport, and analyze. It contains a signi-
ficant amount of ctDNA, CTCs, circulatory miRNA, and EVs
which can be analyzed using NGS, Mass spectrometry, and Poly-
merase Chain Reaction (PCR)"?. For patients with advanced non-
small cell lung cancer (NSCLC), molecular profiling of the
EGFR T790M resistance mutation is essential for deciding the
treatment strategy. This detection of mutation in ctDNA can be
done by real-time allele-specific PCR and Sanger sequencing™**.,
In an observational study involving ctDNA as an analyte in the
blood samples of breast cancer patients, by using the targeted se-
quencing method for detection, it was found that the detection
rate of ctDNA in pre-treated breast cancer was 67% (Stage I),
59% (Stage II) and 46% (Stage III)*. Circulating free microR-
NA from blood can be targeted for early diagnosis of breast can-
cer. Over expression of miR-125b-5p, miR-21-5p, miR-505-5p,
and miR-96-5p was reported in a breast cancer patient before
treatment (before any curative practice such as surgery, radiation,
or systemic therapy) and decreased expression of miR-21-5p
miR-3656, and miR-505-5p, was observed after the treatment
The detection is carried out by using microarray and qRT-
PCRP?. The monitoring of circulating tumor cells (CTCs), en-
ables early cancer detection and treatment effectiveness in differ-
ent cancers. In the baseline CTCs count in the CTCs screening
test, half of the subjects (n = 133 out of 265) had a count ranging
from 0.2 to 50 CTC/mL (mean = 16 CTC/mL). About 20% (n =
24 out of 133) of screened people with a positive CTC count
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Fig. 2. The schematic representation of biological fluids and biomarkers in liquid biopsies.
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were observed with primary malignant lesions as confirmed by
conventual imaging®”.

2.2. Urine

Urine biopsies are routinely employed in the diagnosis and sur-
veillance of urological cancers due to the possibility that numer-
ous urological cancer-related substances will flow directly into
the urinary tract and to a smaller extent other cancer types. Cas-
tration-resistant prostate cancer (CRPC) is associated with An-
drogen-receptor splice variant 7 (AR-V7). The urinary EVs con-
tain mRNA of AR-V7 which can be considered as the biomarker
for CRPC and it is sensitively detected and quantified by using
droplet digital PCR (ddPCR). Additionally, patients with CRPC
had higher levels of AR-V7 expression and, more importantly, a
larger AR-V7/AR-FL ratio than those with HSPC (hormone-sens-
itive prostate cancer)P. The metabolic studies of 25 endometrial
cancer (EC) patients, Endometrial hyperplasia (EH) patients, and
25 healthy individuals were carried out by using Ultra-perform-
ance liquid chromatography (LC) quadrupole time of flight mass
spectrometry (Q-TOF-MS). The data revealed that acetylcysteine
and porphobilinogen were downregulated whereas Isobutyrylgly-
cine, N-acetylserine, and urocanic acid were upregulated in EC
individuals. The accuracy of this diagnostic model was 82.29%
and new methods are being developed on metabolomics and pro-
teomics platforms for discovering novel biomarkers in urine
biopsies®”. Long non-coding RNAs (IncRNAs) are potential bio-
markers of carcinogenesis™ and altered levels of various
IncRNAs found in urinogenital malignancies which can be isol-
ated and studied easily from urine samples. The levels of Pro-
state cancer antigen 3 (PCA3) (IncRNAs) was found to be elev-
ated in more than 95% of prostate cancer case™'l. Furthermore,
point of care (POC) devices can be applied to urine samples in-
cluding lateral flow assays (LFA) to detect the protein biomark-
ers for various urological cancers from urine samples. Wang et.al
2008 have shown that in bladder cancer cells, NMP22 (Nuclear
Metrix Protein 22) is overexpressed and can be detected in exfoli-
ated bladder cancer cells (EBCCs) present in urine The US FDA-
approved Bladderchek POC assay which can detect high concen-
trations of NMP22 protein (concentrations above 10 U/mL). It
has further shown that a sensitivity and specificity of this assay
by systematic review and quantitative meta-analysis is 56%
(52-59%) and 88% (87-89%), respectively*’. Due to the clear
and less complex nature of urine, it can be applied as a POC device
for rapid and accurate diagnosis of urological malignancies.

2.3. Saliva

Saliva is an ideal candidate for developing new approaches for
the management, diagnosis, and prognosis of oral cancers. Due to
its ease of collection and larger sample quantities, a wealth of in-
formation can be obtained for studying disease progression and
treatment response'™”’. In a comparative study of 8 head and neck
cancers, patients’ blood and saliva were analysed for five genes
i.e., MDM2, CDKNI1A, BBC3, DDB2, and BAX before and after
radiotherapy using microarray analysis, quantitative PCR, and
deep sequencing. The expression of these 5 genes remained the
same in the blood samples. However, in salivary CDKN1A and
DDB?2 expressions were found to be significantly higher, and the
degree of upregulation was associated with the dosage of radio-

therapy™!. Many miRNAs are discovered as potential biomark-
ers in salivary biopsies. One such study includes 22 nasopharyn-
geal carcinomas (NPC) patients and 25 healthy controls showed
significant downregulation of 12 salivary miRNAs i.e., miR-
3612, miR-4478, miR-937-5p, miR-650, miR-4259, miR-3714,
miR-4730, miR-1203, miR-30b-3p, miR-1321, miR-1202, and
miR575) which was validated with quantitative real-time-PCR.
This model showed high accuracy with 100.00%, sensitivity,
0.999, Area under the curve [AUC] and 96.00% specificity prov-
ing that salivary miRNAs are promising biomarkers in oral can-

2.4. Bronchoalveolar lavage (BAL)

Bronchoalveolar lavage (BAL) is a kind of liquid biopsy used for
lung cancer. It is obtained from a fibreoptic bronchoscopy pro-
cedure and it consider as minimally invasive process'”. Methyla-
tion studies of RASSF1A and SHOX2 genes in BAL were per-
formed on 130 healthy controls and 123 lung cancer cases to
study the correlation between the lung cancer with RASSF1A and
SHOX2 methylation levels. SHOX2 and RASSF1A had higher
methylation-positive rates in the lung cancer group (64.2% and
50.4%, respectively) than in the control group (7.7% and 3.8%).
The diagnostic efficiency of these two genes was high and has a
specificity of 90.0% and sensitivity of 71.5%, compared to cyto-
logical examinations with sensitivity and specificity of 99.2% and
5.7%, respectively!. Label-free mass spectrometry-based pro-
teomics approaches are used for the discovery of biomarkers
from the BAL. The total sample size was 68 (controls = 16,
NSCLC = 26, adenocarcinomas = 13, squamous cell carcinoma
of the lung = 13) and it was reported that levels of four proteins
(TIMP-1, Lipocalin-2, Cystatin-C, and HSP70/HSPA1) were
found to be elevated in BAL of lung cancer patients™*"). To differ-
entiate between non-cancerous patients (benign) suffering from
lung fibrosis, Chronic Obstructive Pulmonary Disease (COPD),
or asthma with lung cancer patients. The comparative study was
conducted on 30 sample sizes, which lead to the identification of
eight miRNAs (hsa-miR 1285, 1289, 1303, 217, 19b-1, 29a-5p,
548-3p, 650) using miRNA arrays. These results have shown dif-
ferential expressions between the lung cancer group and the non-
cancerous group. Five miRNAs such as U6 snRNA, hsa-miR
1303, 29a-5p, 1285, and 650, were considerably up-regulated in
lung cancer patients, validated by qPCR™"..

2.5. Cerebrospinal fluid (CSF)

The malignancies associated with the central nervous system
(CNS) are very difficult to diagnose and monitor. Therefore, it is
challenging to identify the grade of the tumor and the degree of
metastasis in brain cancers. The tissue biopsies from brain tu-
mors have a significantly higher risk of complications than most
other tumors, which leads to information void about the tumor
progression and this affects the treatment strategies’’.
Cerebrospinal fluid (CSF) is considered as the best liquid biopsy
containing biomarkers for diagnosing the malignancies associ-
ated with CNS. Leptomeningeal metastases (LM) is a condition
when a tumor spread through the inner membrane lining of the
brain and spinal cord and thus the diagnosis of LM relies on CSF
sampling®. The study conducted by Darlix et al. on CSF
samples of 49 LM patients for analysing the presence of CTCs
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shows that the 18 patients had positive cytology results. CTCs
were observed in 18 individuals, as well as in 5 patients with neg-
ative cytology. Clinical sensitivity for LM diagnosis was 100%
and specificity was 77.3%. In the CSF sample of 40.6% of pa-
tients with HER2 breast cancer (BC), the Human epidermal
growth factor receptor (HER2) + CTCs were found and the ana-
lysis was done on the CellSearch® system™. The presence of
ctDNA in CSF is very well characterized in different CNS can-
cers™]. The study was carried out on 38 telomerase reverse tran-
scriptase (TERT) mutant glioblastoma samples (34 primary and 4
recurrent glioblastomas). ctDNA was sequenced unidirectionally
on an Jon Torrent PGM NGS system, and the quantification cf-
DNA carried out on digital droplet PCR (ddPCR). These invest-
igators have shown the importance of CSF-ctDNA for the pre-
cise and reliable detection of telomerase reverse transcriptase pro-
tein (TERTp) mutations in glioblastoma samples. These findings
imply that high TERTp mutation in variant allele frequency
(VAF) levels in the CSF-ctDNA may serve as a reliable indicator
of poor survival in glioblastoma patients™".,

2.6. Pleural fluid (PF)

The cellular and molecular characterization of pleural fluid can
give valuable insights into cancer management and monitoring. It
is extensively studied in lung and breast cancers”™ !, Pleural ef-
fusion (PE) is a condition of abnormal fluid accumulation
between the pleura lining of the lung and the wall of the chest
cavity. PE is mostly associated with lung and breast malignan-
cies and is found to have significant levels of ctDNA,
cfDNA/RNA, CTCs, EVs, and exosomes which can aid in mo-
lecular diagnosis of thoracic cancers”*"), In the past two decades,
genomics characterization of PE has identified various mutations
associated with lung and breast cancer. A study was conducted on
77 PFs and cell blocks, on 77 non-small cell lung cancer patients
and reported mutations in EGFR gene in exon 20, at T790M, E20
insertion, exon 18 at G719X, exon 19 del, and exon 21 at L858R
mutations. The RNA was extracted by PF sample and analysed
by RTqPCR followed by DNA sequencing. The multiplex RT-
PCR method is suitable for screening RET (protooncogene) re-
arrangements in NSCLCP”. A similar study on exosomal RNA
profiling was done and the exosomes were isolated from 36 plur-
al effusion (PE) samples from 18 adenocarcinoma patients and 18
patients with benign inflammatory processes. The result showed a
differential expression of 71 mRNAs and 17 miRNAs. It was
found that the miR-200 family miRNAs and Lipocalin-2 (LCN2)
were top differential expressed miRNA and mRNA transcripts re-
spectively, proving their potential as a diagnostic biomarker in
the PEs of the lung adenocarcinoma patients®”.

3. Biomarkers used for diagnosis and therapeutic mon-
itoring in liquid biopsy

3.1. Circulating tumor DNA (ctDNA)

The tissue biopsy is known as a general cancer diagnostic meth-
od, and it can be use for genotyping, which can support targeted
therapies. However, due to tumor heterogeneity and evolution,
tissue biopsy-based cancer diagnostic methods have some restric-
tions in evaluating tumor growth, prognosis, and genotyping. The
ctDNA is known to identify tumor-specific deformities, therefore,

it is used as a biomarker for diagnosis and cancer therapeutic
monitoring in liquid biopsies. The role of molecular profiling of
cell-free DNA (cfDNA) in cancer therapy and diagnosis has re-
cently been widely studied. The ctDNA exists in either single-
stranded or double-stranded form in plasma or serum the pres-
ence of ctDNA is acknowledged but the exact origin of ctDNA
remains unknown. It has been known that there are three pos-
sible ways of ctDNA origin 1) release through the breakdown of
a cell through the process of apoptosis, necrosis, phagocytosis,
and oncosis 2) active DNA release mechanism, and third is
through the circulatory tumor. In cancer patients, three different
sources of ctDNA are found either released by healthy cells, ma-
lignant cells, and TME cells™ * =, In 1948, Mandel and Metais
revealed from tumors that ctDNA is part of cfDNALY. In 1977,
Leon et al. found that cancer patients had more cfDNA than non-
cancer patients®). It has been found that the amount of circulat-
ory DNA increases with increasing tumor cells. The concentra-
tion of cfDNA in healthy patients ranges between 0-100 ng/mL
but the same in cancer patients found that more than 1000
ng/mL™*!. Numerous cancer-related molecular factors have been
found in ctDNA, including point mutations, methylation changes,
and cancer-derived viral sequences'®”.

The cfDNA is highly fragmented in which the ctDNA ac-
counts for 0.01% of the whole cfDNA and the half-life of ctDNA
is < 2.5 hours. These relatively low concentrations make their de-
tection difficult, especially in the early stages of the tumor ™,
There are three different methods involved in cfDNA isolation.
Phase isolation, silicon-membrane-based spin column, and mag-
netic beads isolation. Phase separation enables to achieve high
isolation yield of cfDNA; on the other hand, cfDNA purification
using magnetic bead isolation enables the recovery of more cf-
DNA compared to the silica membrane method. Although both
spin columns and magnetic beads exhibit preferential retrieval for
DNA fragments of a specific size. Markus et al., tested seven
markedly available cfDNA extraction kits and observed that the
QIAamp Circulating Nucleic Acid kit (Thermo Fisher) gave the
maximum cfDNA yield and low-molecular-weight fractions. Al-
ternative approaches which use the magnetic beads method for
DNA extraction could be more automatable, MagMAX cfDNA
extraction kit (Thermo Fisher) gives the maximum yield and low -
molecular weight fractions””””"). Furthermore, altering the methyl-
ation status of ctDNA has been suggested as an additional bio-
marker to study therapeutic response’”. The study conducted by
Reece et.al 201971 have shown that ctDNA is useful in measur-
ing the efficacy of surgical tumor clearance, and shifts in ctDNA
level act as an indicator of the response to systemic treatments. It
is possible to use ctDNA in targeted treatment. The emergence of
new mutations and the reccurrence or elevated ctDNA corres-
pond with tumor recurrence, development, and treatment resist-
ance, the ctDNA quantification enabling more sensitive monitor-
ing than presently used diagnostic tools.

The ctDNA levels depend on the cancer type. The tumor asso-
ciated with the central nervous system releases the least amount
of ctDNA in the blood because of the blood-brain barrier. The pa-
tients who have glioma there is a 90% chance that they do not
show any detectable level of ctDNAT*"" Xu et al. developed a
diagnostic prediction model using cfDNA samples from a large
group of 1,098 individuals with hepatocellular carcinoma and 835
normal subjects, which demonstrated high diagnostic sensitivity
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and specificity (P < 0.001). It was strongly linked to tumour load,
therapeutic response, and phase ", Osumi et al. studied the feas-
ibility of using ctDNA to monitor tumor evolution in colorectal
cancer patients. EVs and ctDNA have important roles in anti-PD-
1/PD-L1 immunotherapy”””. The findings suggest that tracking
the mutation load is critical for assessing the response to PD-1-
antibody-based immunotherapy™. To identify mutation-driven
resistance, ctDNA can also be used to monitor therapy efficacy.
Early diagnosis of ESR1 mutations, which is due to endocrine
therapy resistance, could help to improve the outcomes of ther-
apy before switching to another treatment in case of metastatic
breast cancer™'. The ctDNA can also use as a biomarker because
it has a key methylation pattern that can be used to identify the
epigenetic dysregulation of genes. hypermethylation of the
RASSF1A, FHIT, and APC promoters observe in plasma DNA
act as an ideal biomarker for diagnosis of early-stage renal can-
cer, with a sensitivity of 56.8% and a specificity of 96.7%.

3.2. Exosomes
The three main components of liquid biopsy are CTCs, ctDNA,
and exosomes. Compared to CTCs and ctDNA, exosomes play a
significant role in the monitoring of malignancies from liquid
biopsies, as exosomes are abundant in a biological fluid and easy
to isolate as compared to CTC and ctDNA. The quantity of exo-
somes in the blood sample is (~10° particles/ml) while there are
only few CTCs present in 1 ml of the blood sample™'. Exosomes
are small (<150 mm), membrane-bound heterogeneous subtypes
of EVs formed by the endocytosis pathway™!. Exosomes are
secreted by most the eukaryotic cell, and their function is to es-
tablish cell-cell communication apart from this they also act as
transport vehicles to transport biomolecules like nucleic acid,
protein, lipids, and other metabolites™. The exosomes that
emerge from cells carry similar characteristics to their parent
cells therefore, they can consider as a biomarker for disease dia-
gnosis®™!. The DNA, mRNA, miRNA, long noncoding RNA, and
cell-free circulating RNA (cfRNA) are constituents of exosomes,
and they have a significant role in monitoring tumor progression,
metastasis, and angiogenesis during cancer progression therefore,
itused as a predictive biomarker to evaluate the severity of tu-
mor in patients™”. Like normal eukaryotic cells, the exosomes are
also secreted by tumor cells. Exosomes secreted by tumor cells
have specific biological functions such as facilitating the growth
of cancer, involve in metastasis, and can modulate the immune
system™. Exosomes are appealing biological markers of cancer,
therapy resistance, and treatment response because they are sens-
itive and specific. Exosomes can provide an overview of the
whole tumor as they can origin from any type of cell in the tu-
mor cells®™*, The tumor creates TME, which is dominated by
tumor-induced interactions. The extracellular matrix, stromal
cells, and immune cells are constituted of TMEP". Exosomes
play a crucial role in TME by acting as efficient signaling mo-
lecules among cancerous cells and the surrounding TME cells.
Exosome content in the endothelial cell may be useful as a mark-
er for anti-angiogenic therapy potency, monitoring tumor cells,
and representing transient cellular stress conditions?.

The study conducted by Nakano et al. 2019”* have shown the
comparison between the level of expression of the exosomal
miR92b gene and circulating alpha-fetoprotein (AFP) in hepato-

cellular carcinoma (HCC) patients who had received liver trans-
plantation. They have concluded that exosomal miR-92b is more
sensitive to predicting early HCC recurrence compared to AFP.
The circulating exosome glypican 1 (GPC 1) is used as a poten-
tial biomarker in pancreatic ductal adenocarcinoma because of its
high accuracy and specificity. Furthermore, the thresholds of cir-
culating glypican before and after surgery have been correlated
with tumor burden suggesting that GPC-1 has the potential and a
reliable biomarker for both therapeutic and diagnostic monitor-
ing”™. The cancer cells are known to suppress the host immune
response the one strategy is an increased expression of pro-
grammed death ligand (PD-L1), which binds PD-1 antigen-spe-
cific CD8 T-cells. In clinical research, it is found that exosomal
PD-L1 is a possible indicator of response to anti-PD-1 therapy in
an individual with melanoma and non-small cell lung cancer
(NSCLC)®**®l. The prostate-specific antigen (PSA) is commonly
employed as a biomarker in prostate cancer. PSA is unable to dif-
ferentiate between benign prostatic hyperplasia (BPH) and pro-
state cancer (PCa). Exosomes are nanovesicles, that have been
directly detectable in plasma samples of patients. As a result, the
prospective use of plasmatic exosomes expressing PSA (Exo-
PSA) can be used to differentiate between healthy people, BPH,
and PCa®". According to Lin et al. 2018°" have shown that the
exosomal ephrin A2 derived from serum of prostate cancer pa-
tient is a good biomarker to distinguish between prostate cancer
and BPH patients. Due to the significant importance of exosomes
in liquid biopsy, exosome-based liquid biopsy has been evalu-
ated in clinical trials, and few of them are accepted and are avail-
able in the market. ExoDxTM Lung (ALK), the world's first exo-
some-based liquid biopsy, was introduced in 2016 by Exosome
Diagnostics for the separation and assessment of exosome RNA
from blood samples™!. Apart from the biomarker and early dia-
gnosis, exosome protein has an important role in precision medi-
cine and post-treatment disease monitoring.

3.3. Circulating tumor cells (CTCs)

Invasiveness and metastasis are two characteristic features of can-
cer cells. Metastasis is a multifaceted procedure in which cancer
cells are released into the peripheral blood circulation in this
mechanism they invade normal body cells. The CTCs were first
discovered by Dr. Thomas Ashworth in 1869 where he described
that "a few cells" from the blood of a metastatic cancer patient
were found identical to primary tumor cells®”. CTCs are the cells
that are derived from primary tumor cells and transported into the
peripheral blood circulation system. Therefore, the detection of
CTCs in clinical specimens could serve as a prominent strategy to
study cancer prognosis, metastasis, and diagnosis through liquid
biopsy!®). While being transported into the bloodstream, only a
small percentage of CTCs get to survive. They are capable of
forming a stable interaction with platelets, neutrophils, and mac-
rophages to escape immune system surveillance™. Most of them
are killed by either shear stress or through the process of anoikis.
CTC concentrations in blood are relatively low™, so a high
throughput detection accuracy system and methods are necessary
to identify such low concentrations in blood. A CTC screening
system must have the ability to identify and differentiate diverse
CTCs of all types, from whole blood and white blood cells"'".
Several recognition methods are available for the recognition of
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CTCs which include in-vitro detection methods, detection based
on their physical and immunological property, size-dependent
microfiltration, and biomarker-mediated detection methods. In-
vitro detection methods include flow cytometry, magnetic beads,
microfluidic chip, magnetic resonance imaging (MRI), positron
emission tomography (PET), optical coherence tomography
(OCT), and CT scan. A highly sensitive surface-charged super-
paramagnetic nanoprobe is currently a developed technique used
for the extraction of CTCs. The character traits of CTCs can be
used to recognize the tumor type. CTC recognition methodology
is widely utilized in the early diagnosis and treatment of a di-
verse range of tumors, such as prostate cancer, digestive tract
cancer, small cell lung cancer, and breast cancer''*”. Apart from
the biomarker and early diagnosis CTCs also play a significant
role in cancer treatment. Human epidermal growth factor
(HER2 +) CTCs are observed in a subset of HER2- breast cancer
patients! ],

A study conducted by Romiti et al. has shown the role of CTCs
in cancer therapeutic monitoring by emphasizing the significance
of CTC count before and after chemotherapy in patients with
colorectal cancer. Sequencing of CTCs is also an important
strategy in CTCs monitoring, for example in patients whose
primary tumors are KRAS wild type in which the KRAS mutated
CTCs are observed. This is revealed by ultra-deep sequence ana-
lysis, which would be impossible to reveal with a single biopsy"*".
The Cell Search™ platform (Veridex LLC, USA) has become the
most used cytometric CTC technology currently under clinical
testing. It is the only technique to have obtained FDA approval
for the estimation of CTCs in whole blood of a patient with meta-
static breast, prostate, colorectal cancer!'””. However, this tech-
nique is unable to identify nonepithelial CTCs, such as epithelial-
mesenchymal transition (EMT) + CTCs, resulting in a missed de-
tection''*”. The monitoring of CTCs levels has an important role
in the monitoring and evaluating of the disease condition, espe-
cially after chemotherapy and surgery. The real-time identifica-
tion of CTCs levels in patients is required to track and assess
their conditions, as well as detect and evaluate survival period!"".

3.4. Tumor-educated platelets (TEPs)

Liquid biopsy is considered the most valuable and promising
method in the area of cancer diagnosis. CTCs, ctDNA, exosomes,
and TEP are considered a marker for liquid biopsy. Platelets and
tumor cells interact in a variety of ways, and they are known to
promote tumor growth and metastasis. Tumor-educated platelets
(TEP) are platelets altered by the tumor cells, usually, tumor cells
can alter the RNA pattern of platelets. So far, the available data
demonstrated that the mRNA (transcriptome level analysis) in
TEP can be employed for early diagnosis of cancer, with various
potential applications!**'*”), It is known that TEPs play a signific-
ant role in the growth and metastasis of cancer. The altered RNA
profile in TEPs is used as a biological marker for early diagnosis.
It also provides precise information about tumor biology and mo-
lecular characteristics. While the diagnosis of TEP specimens
from patients with various tumor types, such as lung, brain, and
breast cancers, it has been proved that the TEPs pattern of cancer
patients varies from those from inflammatory disease and other
noncancerous diseases'''”. The platelets can carry protein de-
rived from tumor cells. Therefore, the study of the alteration pro-

file of protein content in platelets can be used for the early detec-
tion of cancer. The study conducted by Peterson 2012"'" has
shown that the vascular endothelial growth factor (VEGF), plate-
let derived growth factor (PDGE), and platelet factor 4 levels are
more in plasma of colorectal cancer patients compared to the con-
trol. It is well known that transcriptomics level analysis of plate-
let RNA gives more insight into tumor pathology by taking this
concept ahead Best et al, designed a Thromboseq, a transcriptome-
based tool that can identify the RNA profile of platelets just from
a single drop of blood. The tool has 96% diagnostic accuracy and
71% accuracy to determine the location of the tumor. This study
was carried out on 228 individuals with different types of cancer
including glioblastoma, NSCLC, colorectal, pancreatic, hepato-
biliary, and breast cancer!'?. The Renal Cell Carcinoma (RCC)
based pan-cancer TEPs model was created by Xiao et.al 2022!""!
for early diagnosis and to investigate the clinical utility of TEPs
in RCC patients. The study was conducted on 24 RCC patients
and 25 healthy individuals. Platelet samples were collected for
transcriptomic analysis to distinguish the differences in gene ex-
pression between RCC patients and controls.

Apart from their role as a biomarker and early diagnosis tool,
platelet RNA does have the ability to integrate and make infer-
ences from therapeutic strategies in addition to being a prelimin-
ary diagnostic tool. TEP RNA sampling for EML4-ALK muta-
tions can indicate both positive and negative consequences in
ALK NSCLC patients who received alectinib or crizotinib!',
Furthermore, the overexpression of platelet-to-lymphocyte pro-
portions before the treatment is linked with the lower response
rate to nivolumab anti-PDL1 immunotherapy, suggesting that cir-
culatory platelets could strengthen a pro-tumorigenic impact in
the availability of an antitumor immune response!'"*''*,

3.5. MicroRNA (miRNA)

miRNAs are small non-coding RNAs which control the expres-
sion of genes. They are involved in a variety of biological pro-
cesses that occur under either normal or abnormal conditions,
such as development, metabolic activity, tumor growth, metastas-
is, and immune response''”, miRNA can be released by two
types of mechanisms. First it can govern mRNA expression by
entering a RNA-inducing silencing complex (RISC) or it can be
directly secreted into biological fluids. Circulatory miRNAs can
be classified into two types: vesicle-associated (which includes
microvesicle exosomes or apoptotic bodies), and non-vesicle-as-
sociated (which includes cell-free miRNAs)!"'"\. The expression
characterization of miRNA has been linked to tumorigenesis, and
treatment response, implying that they could be used as diagnost-
ic, prognostic, and predictive biological markers. Investigators
used miRNA as a biomarker tool to examine the miRNA expres-
sion status of head and neck squamous cell carcinoma (HNSCC)
and neighbouring normal tissues. They discovered that 6
miRNAs (miR-21, miR-1, miR-133a, miR-205, miR-206, and let-
7d) had low activity levels when comparing to normal
specimens!'®. The role of miRNA as a diagnostic biomarker is
well known, the relationship between the expression of miRNA
and their response in targeted therapy has also proposed their po-
tential application to assist cancer therapeutics. Predicting a re-
sponse to a particular therapy is clinically much more important.
Lower levels of miR-26 are an impartial predictor in hepatocellu-
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lar carcinoma (HCC); however, those who had low miR-26 did
respond well to interferon treatment, which results in better sur-
vival. Therefore, it concludes that the miR-26 act as a biomarker
to identify the patient who response very well to interferon-alpha
therapy™'”. The abnormal level of miRNA has been seen in vari-
ous phases of cancer. Therefore, it can be used as a useful clinic-
al biomarker for tumor differentiation, to determine treatment
strategy and monitor the treatment response. A group of miRNAs
found in non-small cell lung cancer (NSCLC) patients which ex-
press differentially at various stages of cancer*",

The main hurdle in cancer treatment is chemoresistance this is
due to tumor heterogeneity; a few kinds of tumor cells could de-
velop resistance upon prolonged therapy. Gemcitabine is a
chemotherapy medication generally used for the treatment of
pancreatic ductal adenocarcinoma (PDAC). It was found that pro-
longed administration of gemcitabine develops chemoresistance
and it was associated with increased expression of miR-155-5p
which stimulates gemcitabine resistance via anti-apoptotic action.
Therefore, the expression profile of miR-155-5p can be used for

therapeutic monitoring in PDAC patients who received gemcit-
abine therapy!'*". The overexpression of miR-125b indicates a
lower response to Taxol-based therapies. However, the same
finding was observed in the overexpression of miR-21 in pancre-
atic cancer patients who are undergoing treatment with gemcit-
abine!**'**), Similarly, the lower expression of miR-146-5P con-
centration in serum exosomes is associated with cisplatin resist-
ance!™]. The overexpression of miR-127-3p, miR-92a, and miR-
486-3p and lower expression of miR-378 were linked with the
occurrence of the KRAS mutation in colorectal cancer. Therefore,
the miRNA expression profile can identify colorectal cancers that
show resistance to EGF antagonists!'*’). These putative-resistant
miRNAs could be useful in assessing treatment resistance and ac-
ceptance, as well as selecting a clinical treatment strategy. Based
on these findings, these miRNAs and their targets could be a
unique approach to studying chemoresistance in metastatic can-
cer. In addition, you can the list of biological fluids and biomark-
ers used in liquid biopsies for diagnosis in Table 1.

Table 1. The list of biological fluids and biomarkers used in liquid biopsies for diagnosis.

Liquid

No. Biopsies Analyte Application Analytical Techniques Cancer Diagnosed References
Treatment strategy ~ Real-time allele-specific PCR, sanger
IDNA and responsiveness, sequencing, TEC seq, NGS, whole- NSCLC, Colorectal cancer, [33-35,
Stratification of stages genome sequencing (WGS), ddPCR, Breast cancer, Lung cancer 126,127]
Diagnosis, whole-exome sequencing (WES)
. Diagnosis, prognosis, ,,. Breast cancer, lung cancer,
1 Blood miRNA risk stratification Microarray, qRT-PCR, ddPCR, NGS HNSCC, Prostate cancer [36,128-130]
. Isolation-by-Size-of epithelial-Tumor Medulloblastoma,
Detection, treatment . .
effectiveness. tumor (ISET) Methodology, Flow cytometry, Gastrointestinal Cancers,
CTCs ’ CellSearch®, AdnaTest®, Breast cancer, Colorectal [37,131,132]
relapse, drug L e
. fluorescence in-situ hybridization cancer, Lung cancer, Prostate
resistance .
(FISH) cancer, skin cancer
D.|agnos.|s, tumor Proteomics, Immunoblotting, ELISA, Melanoma, Lung cancer,
Exosomes diagnosis, . [133-135]
e gRT-PCR hepatocellular carcinoma
stratification of stages,
Urinary EVs Dlagn03|§, disease  ddPCR, mlcrparray, qRT-PCR, Prostate cancer, bladder [38,136]
progression western blotting cancer
Ultra-High Performance Liquid
Chromatography (UHPLC) .
2 Urine  Metabolites Diagnosis Quadrupole Time of Flight Mass i’;‘i‘ffgfrgr‘;ﬁn";ﬁ; ANSCC. 139 137,138]
Spectrometry (TOF-MS), LCMS,
LCMS/MS
. . . ddPCR, WES, WGS, multiplex Bladder cancer, ovarian
ctDNA Diagnosis, prognosis RTPCR cancer [139,140]
LI L (10 (] A6 (Sl Oral squamous cell carcinoma
Metabolites Diagnosis electrophoresis time-of-flight mass q [141,142]
(OSCC), Lung cancer
spectrometry
. . . . Reverse transcriptase real-time- Nasopharyngeal carcinoma,
3 Saliva miRNA  Diagnosis PCR (RT-qPCR) Gastric cancer [45,143]
ctDNA Diagnosis NGS, WES, multiplex PCR, HNSCC [144]
DNA Diagnosis Sanger sequencing, qPCR, ddPCR  Lung cancer, NSCLC [47,145]
label-free mass spectrometry, direct
. . . infusion high-resolution mass
4 BAL Metabolites Diagnosis spectrometry (DI-ESI-QTOF-MS), Lung cancer [48,146]
(GC-MS)
CTCs Diagnosis FISH Lung cancer [147]
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(Continued)
Liquid o . . .
No. Biopsies Analyte Application Analytical Techniques Cancer Diagnosed References
EVs Diagnosis qPCR NSCLC [148]
CTCs Diagnosis, metastasis CellSearch® system, Single-cell Leptomeningeal metastases [52,149]
RNA sequencing (LM), lung cancer
Diagnosis, survival Glioblastoma
5 CSF ctDNA rate, characterization, NGS, ddPCR, WES ’ [54,150]
o medulloblastoma
monitoring
. . Medulloblastoma, Primary
Disease progression central nervous system
miRNA  and stratification, NGS gRT-PCR, microarrays y [151,152]
diaanosis lymphoma (PCNSL),
9 Glioblastoma
CtDNA  Diagnosis NGS, qRT-PCR, qPCR, Lung cancer, lung [153,154]
adenocarcinoma
Pleural Diagnosis, prognosis, Small cell lung cancer
6 fluid CTCs mesenchymal- Western blot arrays, cell search (SCLC), malignant [155,156]
epithelial transition mesothelioma
EVs Biagnosis, prognosis MicroRNA microarray, Esophageal cancer, ovarian [157,158]

gRT-PCR

cancer

The blood, saliva, urine, CSF, BAL, and pleural fluid are routinely used as a liquid biopsy and ctDNA, exosomes, CTCs, tumor-educated platelets (TEPs), and miRNA are used

as targeted biomarkers.
Conclusion

The most routinely available diagnostic method for cancer is tis-
sue biopsy. The sample collected from the tissue biopsy is typic-
ally taken from the primary tumor and they represent the molecu-
lar profile of the tumor at the time when samples were taken.
Therefore, there is a chance that some of the property can remain
undetected. In contrast, in liquid biopsies, samples are directly
taken from biological fluids which makes it possible to study the
malignancy property of the tumor as well as real- time monitor-
ing of treatment response. Liquid biopsy has started a new era in
the field of early-stage cancer diagnostic and therapeutic monitor-
ing. The biomarkers analysed in liquid biopsies can be used for
real-time monitoring of cancer prognosis, development, and re-
sponse to the therapy. Available studies have shown that liquid
biopsies can be used to study different stages of metastatic can-
cer. Therefore, it is possible to modify treatment strategies based
on the cancer stages and their response. This highlighted the role
of liquid biopsies in precision medicines and use of a targeted
therapy for better treatment of metastatic cancer. The biomarkers
used for diagnosis and monitoring in liquid biopsies are mainly
circulating tumor DNA, circulating tumor cells, miRNA, exo-
somes, and TEPs which are isolated from biological fluids such
as blood, urine, cerebral spinal fluid, saliva, bronchoalveolar lav-
ages are analysed by using molecular biology techniques such as
NGS, molecular profiling etc. Therefore, the use of liquid
biopsies in conjunction with otther diagnostic tests, such as ima-
ging tests and tissue biopsies, can provide a clearer picture of
cancer and help to guide treatment decisions. The role of liquid
biopsies in the area of cancer diagnosis is a subject of great in-
terest and importance, that can be used in the area of personal-
ized cancer medicine.

Abbreviation

AFP, Alpha-fetoprotein; AR-V7, Androgen-receptor splice vari-

ant 7; AUC, Area under the curve; BAL, Bronchoalveolar lavage;
BPH, Benign prostatic hyperplasia; CDKN2A, Cyc-lin-depend-
ent kinase inhibitor 2A; ¢cfDNA, Cell free DNA; CNS, Central
nervous system; COPD, Chronic Obstructive Pulmonary Disease;
CRPC, Castration-resistant prostate cancer; Cell free DNA; CNS,
Central nervous system; COPD, Chronic Obstructive Pulmonary
Disease; CRPC, Castration-resistant prostate cancer; CSF,
Cerebrospinal fluid; CTCs, Circulating tumor cells cell-free
DNA; ddPCR, Droplet digital polymerase chain reaction; EB-
CCs, Exfoli-ated bladder cancer cells; EC, Endometrial cancer;
ECM, Extracellular matrix; EGFR, epidermal growth factor re-
ceptor; EH, Endometrial hyper-plasia; EMT, Epithelial-mesen-
chymal transition; EVs, Extracellular vesicles; Exo-PSA, Exo-
some expressing prostate specific antigen; FISH, Florescence in-
situ hybridization; GPC 1, Glypican 1; HCC, Hepatocellular car-
cinoma; HER, Human epidermal growth factor receptor;
HNSCC, Head and neck squamous cell carcinomas; HPLC, High
performance liquid chromatography; HSPC, Hormone specific
prostate cancer; LBs, Liquid biopsies; LC, Liquid chromato-
graphy; LC-MS/MS, Liquid chromatography mass spectrometry;
LCN2, Lipocalin-2; LFA, Lateral flow assay; LM, Leptomenin-
geal metastases; IncRNAs, long non coding RNAs; miRNA, Mi-
croRNA; miRNA, MicroRNA; MRI, Magnetic resonance ima-
ging; NGS, Next generation sequencing; NMP22, Nuclear mat-
rix protein 22; nbsp;Hormone specific prostate cancer; LBs, Li-
quid biopsies; LC, Liquid chromatography; LC-MS/MS, Liquid
chromatography mass spectrometry; LCN2, Lipocalin-2; LFA,
Lateral flow assay; LM, Leptomeningeal metastases; IncRNAs,
long non coding RNAs; miRNA, MicroRNA; miRNA, MicroR-
NA; MRI, Magnetic resonance imaging; NPC, Nasopharyngeal
carcinomas; NSCLC, Non-small cell lung cancer; OCT, Optical
coherence tomography; PCA, Prostate cancer antigen; PCa, Pro-
state cancer; PDAC, Pancreatic ductal adenocarcinoma; PDGE,
Platelet derived growth factor; PDL1, Program death ligand; PE,
Pleural effusion; PET, Positron emission tomography; PF, Pleur-
al fluid; PC, Nasopharyngeal carcinomas; NSCLC, Non-small
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cell lung cancer; OCT, Optical coherence tomography; PCA, Pro-
state cancer antigen; PCa, Prostate cancer; PDAC, Pancreatic
ductal adenocarcinoma; PDGE, Platelet derived growth factor;
PDL1, Program death ligand; PE, Pleural effusion; PET, Positron
emission tomography; PF, Pleural fluid; PMN, Pre-metastatic
niche; POC, Point of care; PSA, Prostate specific antigen; PTEN,
Phosphatase and tensinhomolog; qRT-PCR, Quantitative real
time polymerase chain reaction; Q-TOF MS Quadrupole time of
flight mass spectrometer; RB1, Retinoblastoma; RCC, Renal cell
carcinoma; RISC, RNA-induced silencing complex; TEPs, Tu-
mor educated platelets; MN, Pre-metastatic niche; POC, Point of
care; PSA, Prostate specific antigen; PTEN, Phosphatase and
tensinhomolog; qRT-PCR, Quantitative real time polymerase
chain reaction; Q-TOF MS Quadrupole time of flight mass spec-
trometer; RB1, Retinoblastoma; TERT, Telomerase reverse tran-
script; TME, Tumor microenvironment; TP53, Tumor protein
p53; UHPLC, Ultra high performance liquid chromatography;
VEGF, Vascular endothelial growth factor.
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