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There is a critical need for new diagnostic and prognostic biomarkers with high specificity and sensitivity in patients with

colorectal cancer (CRC). Liquid biopsy could represent the new era for biomarkers detection: the term “liquid biopsy”

refers to the isolation of cancer-derived components, such as circulating tumor cells (CTC), circulating tumor DNA

(ctDNA), microRNAs (miRNAs), long non-coding RNAs (lncRNAs) and proteins, from peripheral blood or other body fluids

(i.e., ascites, urine, pleural effusion, and cerebrospinal fluid), and their genomic or proteomic assessment. Furthermore,

exosomes (EXOs) which are membrane-bound extracellular vesicles containing proteins and nucleic acids released in the

bloodstream by cancer cells, could represent potential biomarkers. 

Keywords: liquid biopsy ; colorectal cancer ; biomarkers ; circulating tumor cells ; circulating tumor DNA

1. Introduction

Colorectal cancer (CRC) is one of the most common solid cancers in developed countries, with approximately 1.8 million

incident cases and 900,000 deaths every year worldwide . The burden of CRC is growing in the majority of low- and

middle-income countries, probably due to environmental risk factors, such as changes in diet and life-style (i.e., obesity,

smoking, alcohol consumption, and suboptimal dietary habits) , aging, and urbanization . According to the American

Cancer Society (ACS), the 5-year survival rate ranges from 90% if CRC is diagnosed at a localized stage to 14% in

patients presenting with metastatic disease . Treatment decisions for CRC should take into account the stage of the

disease, the general condition, and performance status of the patient, and the molecular characteristics of the tumor .

The diagnosis of CRC is frequently made using colonoscopy, and confirmed by histological examination of the tumor

tissue biopsy. The TNM staging of CRC is based on the depth of invasion of the primary tumor, regional lymph node

involvement, and distant metastases, which may contribute to the choice of the most appropriate therapeutic approach,

including adjuvant chemotherapy . Surgical resection with lymph node dissection represents the base of curative

treatment for localized colon cancer. Patients with stage III colon cancer are treated with adjuvant therapy using the

FOLFOX (leucovorin, 5-fluorouracil and oxaliplatin) regimen; however more data are needed to confirm the efficacy of

such treatment for rectal cancer patients. Combination of doublet or triplet chemotherapy (i.e., 5-fluorouracil/leucovorin,

capecitabine, oxaliplatin, irinotecan) and a targeted agent (i.e., cetuximab, bevacizumab, panitumumab) are routinely

used for the treatment of metastatic CRC . Histopathological tumor tissue analysis cannot be considered to be a

reliable source of clinically helpful prognostic or predictive information for CRC at the individual patient’s level; thus,

research is constantly moving towards the identification of more accurate and personalized biomarkers . Indeed, there

is a critical need for new diagnostic and prognostic biomarkers with high specificity and sensitivity in patients with CRC

. In this context, liquid biopsy could represent the new era for biomarkers detection: the term “liquid biopsy” refers to

the isolation of cancer-derived components, such as circulating tumor cells (CTC), circulating tumor DNA (ctDNA),

microRNAs (miRNAs), long non-coding RNAs (lncRNAs) and proteins, from peripheral blood or other body fluids (i.e.,

ascites, urine, pleural effusion, and cerebrospinal fluid), and their genomic or proteomic assessment . Furthermore,

exosomes (EXOs) which are membrane-bound extracellular vesicles containing proteins and nucleic acids released in the

bloodstream by cancer cells, could represent potential biomarkers .
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Figure 1. Currently, there is a crucial need for novel diagnostic and prognostic biomarkers with high specificity and

sensitivity in patients with colorectal cancer. A “liquid biopsy” is characterized by the isolation of cancer-derived

components, such as circulating tumor cells, circulating tumor DNA, microRNAs, long non-coding RNAs, and proteins,

from peripheral blood or other body fluids and their genomic or proteomic assessment. The liquid biopsy is a minimally

invasive and repeatable technique that could play a significant role in screening and diagnosis, and predict relapse and

metastasis, as well as monitoring minimal residual disease and chemotherapy resistance in colorectal cancer patients.

However, there are still some practical issues that need to be addressed before liquid biopsy can be widely used in clinical

practice. Potential challenges may include low amounts of circulating tumor cells and circulating tumor DNA in samples,

lack of pre-analytical and analytical consensus, clinical validation, and regulatory endorsement.

2. Current Issues and Limitations of Liquid Biopsy

Despite all the potential advantages of liquid biopsy in the management of CRC, there are still some practical issues that

need to be addressed before it can be widely used in clinical practice . Potential challenges may include low amounts of

CTCs and ctDNA in samples, lack of pre-analytical and analytical consensus, clinical validation, regulatory endorsement

and cost effectiveness . Currently, the use of CTCs in routine diagnostics is limited, mainly due to methodological

constraints, such as the lack of an established assessment practice, beyond enumeration . The epithelial cell

adhesion molecule (EpCAM)-dependent technique was approved by the U.S. Food and Drug Administration (FDA) in

2004, and represents the “gold standard” for CTC isolation in different cancers, including CRC . However, only CTCs

that maintain epithelial features can be detected by EpCAM, excluding CTCs with mesenchymal characteristics . On the

other hand, ctDNA analysis has been better optimized for routine diagnostic use . The concentration of ctDNA in the

peripheral blood depends on the site, volume, and vascularity of the tumor, which can also be responsible for the large

variations frequently observed in ctDNA levels . Analysis of ctDNA can be performed by either quantitative assessment

of ctDNA in a blood sample or by the identification of mutations. The introduction of next-generation sequencing (NGS)-

based technologies reduced the error rate and enhanced sensitivity in ctDNA detection . NGS technology enables the

analysis of thousands of DNA sequences in parallel followed by either sequence alignment to a reference genome or de

novo sequence assembly . Deep sequencing represents the first approach to identify mutations at a low allele

frequency (<0.2%) by sequencing the target regions with high coverage (>10,000×) . Therefore, the sensitivity of deep

sequencing for detecting mutations in ctDNA can achieve 100%, even if the specificity can be lower, around 80% .

Advantages of NGS included detection of genomic rearrangements, new mutations or alterations in genes, and the

possible evaluation of response to treatment . However, NGS-based approaches are rather expensive and time-

consuming. Furthermore, data should be analyzed and interpreted by experts in bioinformatics . Data storage and the

difficulty in interpreting massive quantity of information obtained with NGS may represent a computational challenge to

researchers. Also, the selection of proper validation methods to detect clinically significant mutations among a large

number of samples can represent a challenging task . Clinical validation of NGS data is carried out by assessing

various parameters such as analytical sensitivity (the ability of the test to identify true sequence variants e.g., false

negative rate), and analytical specificity (the probability of the test to not identify mutations where none are present (e.g.,

false positive rate) . Limitations of NGS, principally with regard to the overall clinical sensitivity, could be overtaken

implementing NGS with mutant allele enrichment or using digital PCR to improve reliability . Mass-spectrometry and
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Real-Time PCR are other promising techniques for ctDNA assessment, which are rapid and cheap, require small

quantities of input material, and have high sensitivity and specificity . If possible, ctDNA should be analyzed in

combination with CTCs and exosomal miRNAs, to obtain as much data as possible from a single blood sample .

However, different blood collection tubes, changes in storage temperatures and centrifugation may affect DNA or cells

stability . ctDNA degradation due to DNase activity could be avoided by isolating plasma within an hour after

blood draw . Reduction of cell lysis and stabilization of the total ctDNA pool can be obtained by means of specific blood

collection tubes containing preservatives and additives . Furthermore, accuracy and reproducibility of the liquid biopsy

represent a main issue for analytic validity . A study by Vivancos et al. showed that two liquid biopsy platforms,

OncoBEAM™ RAS CRC and Idylla™ ctKRAS Mutation Test, had different sensitivity for identifying KRAS mutations in

plasma samples from mCRC patients. The European Molecular Genetics Quality Network (EMQN) evaluated ctDNA

detection approaches, and underlined that multiple pre-analytical and analytical variants may produce variable results; the

EMQN pilot external quality assessment (EQA) scheme showed that the existing variability in multiple phases of ctDNA

processing and analysis (e.g., due to specimen volume, ctDNA quantification technique, and choice of genotyping

platform), resulted in an overall error rate of 6.09% . These results highlighted the critical need for better standardization

and validation of liquid biopsy assessment .
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