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Abstract: Studies on the biology of cancer are multiplying and have been
giving significant repercussions on the care of cancer patients, and there is a
growing need to evaluate the biology of the tumor. Conventional tissue
biopsies currently represent the gold standard in the diagnosis of cancer, but
they are not suitable for serial analysis because of the need for invasive
procedures, besides being able to present a high risk of life and also
impossibility of reaching surgical in some tumors. To solve this obstacle, the
use of the Liquid Biopsy, which analyzes the presence of biomarkers
released by cancer cells, such as circulating tumor cells (CTCs), tumor cell
DNA (ctDNA) and exosomes is being discussed. These techniques are non-
invasive or minimally invasive and collect their samples from peripheral
blood, plasma and serum, urine, saliva and cerebrospinal fluid (CSF). As
they are already being used in the treatment of several histopathological
types of cancer, these new techniques generally represent a revolution in the
understanding of early diagnosis, choice of personalized treatment, follow-
up of the treatment response in real time, detection of minimal residual
disease and prognosis for malignant neoplasms. The objective of this study
was to present a literature review to clarify the fundamental molecular and
clinical aspects involved in this revolutionary diagnostic technique by
extracting the data from the sample.
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Introduction

Advances in the understanding of molecular biology of cancer have led to the
development of the Liquid Biopsy, which is a revolutionary new and reproducible technique,
serving for the early detection of malignant neoplasms, as well as for the initiation of
personalized and precise treatment, analysis of treatment response in real time, in addition to
the prognosis of patients.)™? This tool is currently called the Net Biopsy and uses the
detection of biomarkers of cancer cells, such as circulating tumor cells (CTCs), circulating
cell DNA (cfDNA), DNA of tumor cells (ctDNA) and exosomes, which can be detected in
various fluids, such as blood, plasma and serum, urine, saliva and cerebrospinal fluid (CSF) .%
11 This new diagnostic technique can be performed non-invasively or minimally invasive and
may offer many advantages over conventional tissue biopsies.1 871020 Thjs new technology
can develop a new concept of individualized or personalized therapy, favoring an
understanding that the same type of cancer and in the same stage of disease may have
different treatments in different patients, because the liquid biopsy may also verify the
heterogeneity and some types of tumor mutations and resistance to some types of drugs used
in chemotherapy.?4589.17

This approach, however, requires the development of reliable biomarkers and
biosensors.2* Conventional biopsies are often invasive, sometimes impractical and many
others technically challenging, while liquid biopsies can be performed serially.? © It is
important for the physician to analyze the advantages of the liquid biopsy, but also its
disadvantages, especially the difficulty of access to the examination and the still frequent
cases of false negative situation, which can be caused by inadequate pre-analytical
conditions.® Thus, the clinical impact of the net biopsy should be translated through the
standardization of the assay, followed by analytical validation.’

Therefore, for this analysis, one should ask: what are the main biomarkers and types of
fluids used for the liquid biopsy and the main advantages of using this new tool in the clinical,
diagnostic, therapeutic and prognostic context compared to conventional biopsy? The purpose
of this study is to perform a literature review to elucidate, through the sample data, these

fundamental questions that involve this revolutionary diagnostic technique.
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Method

This is a literature review whose content was studied in the PubMed database,
considered the main one in Medical Education, using the following search: 1) use of the
descriptors "liquid biopsy", 2) the use of the Boolean operator "And", and finally, 3) the
keyword "advances". The research was carried out for the first time on June 14, 2018, after
June 15, 2018 and, finally, June 16, 2018, obtaining the same results (129 articles).

After the search, the inclusion criteria were determined by consensus among the
authors. The inclusion criteria were: 1) to have a title in agreement with the researched
subject, that is, advances in liquid biopsy nowadays; 2) have been published in journals and in
English, 3) have been published in the period between January 19, 2018, which was the day
of publication of the largest randomized study on Net Biopsy published in the journal
Science21, until June 16, 2018, which was the last day of the survey in the PubMed database.
With this, the criterion of exclusion was also determined by consensus: to be published as an
editorial, comment or letter to the editor.

For the research and selection of the studies, the articles were analyzed by an
evaluation of the main author (AMDM) and the other authors reviewed the search based on
the mentioned criteria. There was no disagreement between the searches. A sample of 20
articles was determined in the PubMed database (n = 20). The 21st reference was the
publication of the mentioned Sciente Magazine itself and the 22nd reference was mentioned
in the study of the 2nd reference, which is within the sample.

The data extracted from the selected articles were directed to address the advances,
innovations, particularities, future aspects, advantages of the use of the liquid biopsy in the
clinical oncological practice: 1) Biosensors and biomarkers used in the liquid biopsy; 2)
Types of fluids used for molecular analysis; 3) Advantages of the liquid biopsy over
conventional; 4) Aspects regarding early detection, mutations, prognostic value and treatment
follow-up using liquid biopsy; 5) Detection of minimal residual disease (DRM) through the

biomolecular method.
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Results and Discussion

Biosensors

Biosensors are small devices that use tumor biomarkers as recognition elements or
analytes, and are linked to a system of detection, transduction and amplification of the signal
generated in the reaction with the target analyte, being in the oncology to detect the
characteristics of tumors, as well as obtaining valuable clinical information that can guide
treatment.®> CTCs, for example, are enumerated from the CellSearch ™ platform, which is the
only one authorized by the FDA.? It is crucial that these techniques are studied and developed

in order to increase analytical sensitivity.®

The biomarkers

There are several biomarkers used in liquid biopsies, such as circulating tumor cells,
free-cell DNA, tumor cell DNA and exosomes.?>7810.1112-20 The choice of biomarkers for
early detection of cancer is crucial, but it is important to note that they may have high

sensitivity and specificity.*

Circulating Tumor Cells (CTCs)

CTCs are cancer cells that have been eliminated to the systemic circulation of primary
or even metastatic tumors, which may facilitate the propaedeutic analysis of the presence of
metastases, in addition to analyzing tumor heterogeneity.>>’® CTCs are also the main
metastatic mechanism of a malignant solid tumor.> They are non-invasive biomarkers that
detect cancer early, and provide valuable genomic, phenotypic, and functional information on
the prognosis and real-time prediction of response to treatment and mechanisms of drug
resistance that are evolving, behaving as the most extensively tested prognostic marker at the
time.2%78

CTCs are captured in various ways using immunological recognition based on size or

rigidity and other methods of chemical recognition and, once captured, can provide important
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information about the dynamic characteristics of the disease without requiring surgical access
to the tumor.> ” However, the detection of a CTC is difficult because it is rare in the peripheral
circulation, but the sample is positive when there are 1 to 50 CTCs per 7.5 mL of blood at any
time.2>"® Therefore, the count of CTCs has prognostic value before, during and after
treatment®, and is even superior to other conventional markers such as CEA. In addition, an
increase in the CTC count from low to high levels after systemic therapy is associated with a

Worse prognosis.?

Free-cell DNA (cfDNA)

Circulating cell free DNA (cfDNA) is a biomarker that refers to all DNA fragments
deleted by cells (malignant and non-malignant) for the peripheral circulation and can also be
used in the liquid biopsy that is generally eliminated from dying cells as part of the cellular

tumor, exercise, inflammation or tissue injury.?’

Tumor cell DNA (ctDNA)

Tumor cells can release DNA fragments into the circulation through apoptosis,
necrosis and active secretion, but the former is the most common form of this release.®>"®
Tumor cell DNA (ctDNA) is another promising circulating biomarker which is being
developed to complement the study of liquid biopsy; can be very variable and correlate with
tumor burden and can provide diagnostic accuracy and predict responses to real-time
therapy.289111415 |n addition to having prognostic value, both CTCs and ctDNA are used for
molecular analyzes that may guide the individual and personalized selection of therapies, both
of which are complementary, but ctDNA is perhaps more appropriate for large-scale serial
detection of mutations that may be present, in addition to being more commonly found than
CTCs .20

The ctDNA is highly fragmented and represents only a small fraction of the total DNA
fragments circulating in the peripheral blood (cfFDNA) and may correspond to less than 1% .>®

With this, ctDNA has become a non-invasive cancer biomarker, with applications on the
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detection of metastases and tumor heterogeneity, but this method needs further studies to be

able to cover the entire genome and, in addition, have a higher sensitivity.®8914.15

Exosomes

The exosomes are extracellular vesicles released from tumor cells into the peripheral
blood and are also used in this strategy of liquid biopsy, since they may contain micro-
ribonucleic acid (miRNA), messenger RNA (mRNA), protein and ctDNA, also having a high
value in this new propaedeutics.>>"#1%17 The capture of exosomes on the chip can be useful
in the creation of an exosomes database for analysis.®

Exosomes can be found in many types of body fluids such as blood, urine, breast milk
and saliva, and are actively involved in the development of cancer and the presence of
metastasis. Therefore, exosomes, formerly considered as "cell garbage bags" with liquid
biopsy, have determined its importance in understanding the molecular mechanisms of cancer

biology.0’

Types of fluids for liquid biopsies

Body fluids can provide, more easily and repeatedly, the pathological characterization
of tumors. Such body fluids may be peripheral blood, plasma and serum, urine, saliva,
cerebrospinal fluid (CSF), and can be obtained easily and repeatedly from patients and are
useful for pathological and molecular characterization by means of " liquid biopsies ". 2
Most studies have focused on peripheral blood, serum and plasma, but saliva has been used
primarily for lung and oral cancer, whereas CSF in central nervous system cancers and urine

for tumors of the treatment urinary tract infection.5

Blood

Peripheral blood is the most widely used body fluid for CTC analysis and is a

common starting point for deriving plasma or serum for studies involving ctDNA and
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exosomes. Starting with peripheral blood is interesting because it does not require sample
preparation between patient collection and analysis.®

Plasma and serum

Both plasma and serum are derived from the peripheral blood without the cell
centrifugation process of the blood, therefore not being able to quantify the CTCs because
these are already eliminated by the process. Basically, the difference between serum and
plasma is that plasma still has anticoagulants present in the blood; therefore, serum requires
even more sophisticated equipment to prepare a sample. Thus, in health services, plasma is
easier to acquire than serum, although the difference is small, but both are consecratedly used
in the net biopsy for a variety of cancers.’

Saliva, urine and cerebrospinal fluid (CSF)

Saliva is composed of water, cells and other organic and inorganic molecular
substances that can be interpreted for clinical purposes, being a truly non-invasive method. It
is employed especially in the analysis of head and neck cancer and lung cancer.>®

Urine is a non-invasive sample and is most commonly used in the diagnosis and
analysis of bladder and prostate cancer, which are urologic tumors. Furthermore, it has been
shown that the level of mutant circulating DNA in the urine of patients with non-invasive
bladder cancer is directly proportional, linearly, to tumor size and stage. CSF is the fluid that
involves the central nervous system (CNS) and requires a relatively invasive procedure for
collection, which is lumbar puncture; therefore it should be used only for the investigation of
specially selected tumors, which are those of CNS, since the ctDNA captured from the CSF
presents better the genomic alterations during brain cancer than the ctDNA removed from the
plasma. The obtaining of biomarkers in the CSF in relation to other tumors of other sites can

be difficult due to the presence of the blood-brain barrier.>!!
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Net biopsy versus conventional biopsy (tissue)

Conventional biopsy is currently considered a gold standard test for evidence of
cancer.>?® However, because it detects gene mutations and non-invasive tumor heterogeneity,
the net biopsy may guide the initial treatment, avoiding the use of chemotherapy or
immunotherapy that would not have therapeutic response, prescribing the ideal therapy for
that type of tumor with those genetic alterations observed in this more current method; in
addition to detecting the presence of minimal residual disease after treatment, 35781011

Tissue biopsies provide only pathological and molecular information on the parts of
the tumor that are not always representative of the global characteristics.>®° Tumor
heterogeneity may increase even after therapy, which may make it difficult to overcome
resistance to treatment. Peripheral blood from cancer patients may contain CTCs and ctDNA,
both of which can be used for more accurate tumor characterization.®

CTC analyzes may evidence rare subclone genetic changes that are not usually
captured in standardized tissue biopsy analyzes.? In clinical practice, it is often difficult to
obtain tumor tissue suitable for molecular characterization in tissue biopsies, which creates
the need for new interventions surgical procedures to achieve the desired information, while
the net biopsy does not have this limitation and still provides more important clinical
information, such as the resistance mechanism after the failure of the first-line treatment
("Real-time biopsy").

Despite its advantages over conventional biopsies, net biopsies remain only as an
alternative due to the reduced supply of services.®

Early detection of cancer, mutation, prognostic value and follow-up of treatment using
liquid biopsy

A French study?? used smokers and 3% of patients with Chronic Obstructive
Pulmonary Disease (COPD) presented positivity for CTCs; They were followed up with a
low-dose CT scan every year and all patients with CTCs developed lung cancer within one to

four years of detection, which resulted in definitive and early surgical resection.
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A prognostic biomarker informs the overall cancer outcome regardless of treatment,
while a predictive biomarker provides information on the effect of the therapy performed.
Predictive biomarkers, therefore, are based on the molecular characteristics of CTCs and are
being used to provide valuable information in order to identify therapeutic targets,
mechanisms of resistance and probability of response to specific therapies, allowing the
optimization of treatment.>® 1% Genetic mutations, translocations and rearrangements in
chromosomes are some of the innumerable molecular alterations that can occur in tumors and,
therefore, the liquid biopsy, when directing the use of drugs indicated for those alterations,
can serve to improve the overall prognosis of patients with cancer.? Thus, it is known that
serial analyzes of cfDNA during the course of therapy may imply the early detection of the

onset of mutations associated with resistance.*

Minimum Residual Disease Detection (MRD)

Minimal residual disease is persistence of tumor at the site of origin, even in small
amount, after therapy. Liquid biopsies are also being developed for monitoring therapy and
for detecting MRD in early stage cancer patients, but face challenges common to other tests
for early detection because of the low concentration of ctDNA in the blood in those early
stages of the disease; however, ctDNA detection required studies on tumor-specific mutations
and the mutational spectrum, which may change the course of MRD for an evident metastatic
disease.*®! Currently, most evidence on early diagnosis of cancer and MRD post-treatment,
using circulating cancer biomarkers, such as ctDNA, has potentially higher sensitivity
compared to other biomarkers such as detectable CTCs.24811

Although there is evidence to show ctDNA as a promising biomarker for MRD
monitoring, early identification of these resistant patients even before the first treatment could
improve patient survival, which still needs to be elucidated in large clinical trials.®
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Conclusions and future aspects

Therefore, it is fundamentally important to evidence the net biopsy as a major advance
in the study to assist in the early diagnosis of cancer, as well as the orientation to a
personalized therapy, real-time follow-up of the treatment result, detection of minimal
residual disease, metastasis and prognosis for the patient.

Liquid biopsy may decrease the role of conventional biopsy in the present day, thus
reducing invasive procedures, mainly because it is noninvasive, reproducible, and offers
basically all the molecular information necessary to guide the precise treatment of the cancer.
The liquid biopsy is performed from biosensors that use the biomarkers as analyte, which can
be the circulating tumor cells, tumor cell DNA, exosomes.

These biomarkers can be found in blood, plasma and serum, urine, cerebrospinal fluid,
saliva and these can be selected depending on the primary site of the lesion. In addition, it will
be imperative for oncology to develop the technique, so that it has more sensitivity, reduces
false negatives, and makes the method more present in the services that treat patients with
cancer. Liquid biopsy is a great promise, but new studies, of course, are needed to supplement

knowledge.
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