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Abstract 

Circulating tumor DNA (ctDNA) in fluids has gained attention because ctDNA 

seems to identify tumor-specific abnormalities, which could be used for 

diagnosis, follow-up of treatment, and prognosis: the so-called liquid biopsy. 

Liquid biopsy is a minimally invasive approach and presents the sum of ctDNA 

from primary and secondary tumor sites. It has been possible not only to 

quantify the amount of ctDNA but also to identify (epi)genetic changes. Specific 

mutations in genes have been identified in the plasma of patients with several 

types of cancer, which highlights ctDNA as a possible cancer biomarker. 

However, achieving detectable concentrations of ctDNA in body fluids is not an 

easy task. ctDNA fragments present a short half-life, and there are no cut-off 

values to discriminate high and low ctDNA concentrations. Here, we discuss the 

use of ctDNA as a cancer biomarker, the main methodologies, the inherent 

difficulties, and the clinical predictive value of ctDNA. 
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1. Introduction 

 DNA circulates freely in the blood plasma of both healthy and sick 

individuals (Thierry et al., 2016). A crucial discovery was made when Mandel 

and Métais (1948) for the first time demonstrated the presence of extracellular 

nucleic acids in human plasma derived from patients with systemic lupus 

erythematosus (MANDEL and METAIS, 1948). Thirty years later, cfDNA (cell-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

©  2020 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202006.0263.v1
http://creativecommons.org/licenses/by/4.0/


free DNA) levels from patients with cancer were characterized by Leon and 

colleagues in 1977. It was shown that the total amount of circulating DNA was 

higher in patients than in healthy subjects (Leon et al., 1977). Although DNA is 

present in human body fluids, its molecular origin remains poorly understood, 

and several possible sources have been proposed. The term cirDNA (circulating 

DNA) or cfDNA describes any DNA existing in the extracellular environment, in 

spite of the structure (if associated with protein complexes or extracellular 

vesicles) (Aucamp et al., 2016; Bronkhorst et al., 2019). 

 Recently, the utility of molecular profiling of cfDNA in the diagnosis, 

prognosis and therapy of cancer and other diseases has been studied 

extensively, but the origin of cfDNA remains poorly understood (Aucamp et al., 

2018). To date, many endogenous and exogenous sources of cfDNA have been 

identified, such as apoptosis, necrosis, and bacterial and viral DNA. Apoptosis 

and necrosis are considered to be the main processes for cfDNA origin. 

Necrotic and apoptotic cells are usually phagocytosed by macrophages, which 

can release digested DNA into the tissue environment (Schwarzenbach et al., 

2011). On the other hand, numerous studies have demonstrated that cfDNA 

can be derived from an active cellular release mechanism (Anker et al., 1975; 

Gahan et al., 2008). Additionally, the terminal differentiation of erythrocytes and 

keratinocytes is a source of plasma and urine DNA. In this case, the 

differentiation of erythroid cells resembles apoptosis (Lichtenstein et al., 2001). 

This review will focus on the origin of cfDNA and ctDNA (circulating tumor DNA) 

in body fluids, with an emphasis on DNAs from blood and plasma and their 

clinical utility as a marker in liquid biopsy to diagnosis and follow-up the 

treatment and recurrence of tumors. 

 

2. Cell-free DNA origin 

 Distinctive mechanisms that permit the translocation of DNA from the 

intracellular to extracellular compartment while maintaining biological stability of 

the molecule can be contemplated. Two opponents for the main origins of 

cfDNA are (I) cellular breakdown mechanisms and (II) active DNA release 

mechanisms. The structural characterization of cfDNA is reflected in one of 

these origins: apoptosis, necrosis, phagocytosis, oncosis and active secretion 

for particular structures (Aucamp et al., 2018; Thierry et al., 2016). 

 As mentioned earlier, it was demonstrated that patients with cancer show 

a higher total amount of circulating DNA than healthy individuals (Leon et al., 

1977). In 1989, Stroun and colleagues suggested the presence of tumor-

derived cfDNA in plasma/serum (Stroun et al., 1989). Shortly thereafter, the 

presence of point mutations of the N-Ras gene in plasma originating from tumor 

cells in the bone marrow and mutated K-Ras sequences from the plasma of 

patients with pancreatic cancer were detected, confirming that the mutant DNA 
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fragments were of tumor origin (Sorenson et al., 1994; Vasioukhin et al., 1994). 

Nevertheless, an increase in cfDNA was not specific to malignancies. Elevated 

levels of cfDNA were also detected in the plasma of pregnant women (Dennis 

Lo et al., 1997) (Swaminathan and Butt, 2006). Other physiological and 

pathological processes also contribute to elevated cfDNA levels, such as 

exercise, inflammation, diabetes, sepsis and myocardial infarction (Kustanovich 

et al., 2019). 

 As cfDNA can be released by both dividing and nondividing cells and 

different cell populations, their fragment sizes range from 100 bp to up to 21 

kbp. The short fragments can be related to the histone octamer structure due to 

apoptosis, and the longer fractions originate from necrotic cells. The majority of 

DNA produced by apoptosis has a size of approximately 166 bp, which 

corresponds to 147 bp of DNA wrapped around a nucleosome plus the stretch 

of DNA on histone H1, which links two nucleosome cores. Depending on the 

nuclease action, apoptosis can produce longer DNA fragments consistent with 

di-, tri-, or polynucleosomes (Bronkhorst et al., 2019; Jahr et al., 2001). 

However, a high proportion of cfDNA originating from tumors is more 

fragmented, with fragments smaller than 100 bp (Mouliere et al., 2011). Patients 

with cancer have elevated levels of cfDNA than healthy individuals, which can 

be explained by augmented levels of necrotic death in large tumors at advanced 

stages and by the association with tumor aggressiveness (Kustanovich et al., 

2019). 

 Apart from the origin of apoptosis and necrosis, other DNA release 

mechanisms have been described. These include oncosis, pyroptosis, 

phagocytosis, active secretion, neutrophil extracellular trap release (NETosis) 

and excision repair (Aucamp et al., 2018). Active secretion occurs in live, 

functional cells that are facing the different forms of cell death, with the released 

DNA being either encapsulated in vesicles or in the form of complexes with 

glycolipoprotein and associated RNA, referred to as virtosomes (Gahan and 

Stroun, 2010). Recent studies have demonstrated the presence of cfDNA in 

culture medium at levels that do not correlate with the processes of apoptosis, 

necrosis or DNA replication (Bronkhorst et al., 2016). 

 The concentration of cfDNA in blood ranges from 0-5 to higher than 1000 

ng/mL in patients with cancer and between 0 and 100 ng/mL in healthy 

subjects. In patients with metastatic cancer, DNA fragments are found at higher 

concentrations than those in patients with localized cancers (Bettegowda et al., 

2014; Jahr et al., 2001). 

 It is necessary to consider the cellular origins of the DNA found in the 

blood of cancer patients. The demonstration that the tumor cell compartment is 

a source of cfDNA was possible due to the identification of genetic alterations 

specific to cancer cells. The tumor composition consists of a group of malignant 

tumor cells and cells that constitute the tumor microenvironment, such as 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


stromal cells, endothelial cells, lymphocytes and other immune cells, all of 

which can constitute a potential source of circulating tumor DNA (ctDNA) 

(Thierry et al., 2016). Other sources of ctDNA include circulating tumor cells 

(CTCs) and exosomes. CTCs were discovered by Thomas Ashworth in the 

1860s during an autopsy of a patient with metastatic cancer. These cells have 

the ability to detach from a primary or metastatic tumor site, penetrate the 

vessel wall and enter the circulatory system (Domínguez-Vigil et al., 2018; 

Zhang et al., 2017). CTCs can be isolated as single cells or clusters from the 

blood of patients with cancer. However, CTCs and exosomes are beyond our 

scope in this review. 

 Aside from the mechanisms of release, the characteristics of cfDNA are 

largely influenced by the rate of its clearance. The half-life estimated for cfDNA 

in circulation is between 16 minutes and 2.5 hours and depends on various 

factors, such as association with molecular complexes or the type and stage of 

the tumor, treatment and other factors (Yao et al., 2016; Yu et al., 2013). In 

blood, cfDNA degradation occurs essentially by circulating enzymes such as 

DNase I, renal excretion into urine, and uptake by the liver and spleen followed 

by macrophagic degradation, breakdown by nucleases and intake by cells 

(Bronkhorst et al., 2019; Gauthier et al., 1996; Kustanovich et al., 2019). The 

association of cfDNA with protein complexes, extracellular vesicles and serum 

proteins can influence the clearance mechanisms. Therefore, the rate of cfDNA 

uptake by different cells may affect its clearance rate (Bronkhorst et al., 2019). 

 

3. Liquid biopsy 

 In this fashion, the cfDNA/ctDNA profile present in a single blood sample 

comprises a combination of both wild-type and genetically and epigenetically 

altered DNA fragments released by different tissues and organs by different 

mechanisms (Figure 1A). Analysis of ctDNA can identify tumor-specific 

abnormalities that can be used for highly specific testing strategies (Husain and 

Velculescu, 2017). Tissue-based assays have limitations in the clinical setting, 

which leads to overdiagnosis, false positives and low specificity. Additionally, 

biopsies can miss important drivers due to tumor heterogeneity or distant 

metastatic lesions (Morgeson et al., 2018). In this regard, liquid biopsy is a 

promising approach that could overcome these shortcomings as a minimally 

invasive approach that can provide tumor diagnostic possibilities, determining 

therapy response and prognostic prediction. Specific DNA aberrations related to 

tumors can be recorded, such as point mutations, loss of heterozygosity (LOH), 

gene amplifications and hypermethylation of the tumor suppressor gene 

promoter (Kerachian et al., 2019). The term liquid biopsy was first used to 

describe methods that can derive the same diagnostic information from a blood 

sample that is typically derived from a tissue biopsy sample, and in oncology, 

the term is used to refer to sampling and analysis from various biological fluids 
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(Heitzer et al., 2019). Thus, liquid biopsy has a wide potential for clinical 

applications. 

 In addition to be a noninvasive alternative to surgical biopsies, advances 

in genomics and molecular technologies have created great interest in liquid 

biopsies. Liquid biopsy poses a relatively low risk to patients, and these 

measurements can be dynamic, permitting correlations between disease 

burden and progression to quantifiable biomarkers. Liquid biopsy based on 

ctDNA is superior to previous plasma biomarkers with respect to sensitivity and 

clinical correlations (Sun et al., 2018). 

 

4. Main methodologies to detect ctDNA 

 The challenge in liquid biopsy is the identification of very low amounts of 

ctDNA in blood samples with variable amounts of cfDNA and the choice of the 

right panel for each neoplasia. Therefore, highly sensitive and specific methods 

have been developed to detect ctDNA (Figure 1B). Some of these methods 

include BEAMing Safe-Seq, TamSeq and digital droplet PCR to detect single 

nucleotide mutations or whole genome sequencing for untargeted approaches 

(Alix-Panabières and Pantel, 2016). Each technique is able to detect mutant 

allele frequencies with a sensitivity of at least 2%, but the cost and the 

standardization of each for use in the clinic is a significant consideration and 

can pose diverse technical difficulties (Crowley et al., 2013). 

 The majority of available commercial kits for ctDNA are real-time PCR-

based, such as the Therascreen TM EGFR plasma RGQ PCR kit (Qiagen), 

cobas EGFR Mutation Test v2 (Roche Molecular Diagnostics) and Super-ARMS 

EGFR Detection Kit (Franczak et al., 2019). However, a variety of allele-specific 

assays have been introduced to improve the analytical sensitivity of 

conventional qPCR methods, and they can be characterized as targeted 

approaches. For example, digital PCR was developed by Vogelstein and Kinzler 

in order to transform the exponential nature of PCR to a linear and increasing 

the sensitivity (Vogelstein and Kinzler, 1999). Subsequently, different strategies 

have been developed using microchambers or microdroplets. In parallel to 

these systems, droplet-based digital PCR uses aqueous droplets dispersed in 

oil for compartmentalization of PCRs to realize high-throughput digital PCR by 

taking advantage of microfluidic circuits and surfactants. The sensitivity of this 

approach is approximately 0,1% (Franczak et al., 2019; Hindson et al., 2011; 

Postel et al., 2018). Today, numerous droplet-based digital PCR devices are 

being commercialized, including Raindrop ™ digital PCR (Raindance 

Technologies), Bio-Rad QX200™ Droplet Digital System (Bio-Rad Laboratories) 

and Naica™ System (Stilla Technologies) (Perkins et al., 2017). BEAMing 

(beads, emulsion, amplification and magnetics) was the first high-throughput 

droplet digital PCR system described for the detection and enumeration of 
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genetic variations (Diehl et al., 2006). The sensitivity of this method is one 

mutant DNA molecule for 10,000 wild-type molecules, but the system requires a 

complicated procedure for routine clinical use (Postel et al., 2018). Other PCR-

based methods are coamplification at lower denaturation temperature (COLD-

PCR), real-time bidirectional pyrophosphorolysis-activated polymerization (Bi-

PAP) and Intplex. 

 Characterized as an untargeted approach, next-generation sequencing 

(NGS) is theoretically applicable to all patients, as it allows de novo 

identification of molecular alterations, including single nucleotide substitutions, 

structural rearrangements and copy number variations (Volckmar et al., 2018). 

Notwithstanding, strategies such as whole exome or whole genome sequencing 

usually generate approximately 30 to 100 times average sequencing coverage, 

which leads to too low sensitivity to analyze rare mutations in ctDNA. Different 

improved NGS technologies, such as the Safe-Sequencing System (Safe-Seq) 

(Kinde et al., 2011) and Cancer Personalized Profiling by deep sequencing 

(CAPP-seq) (Newman et al., 2014), have allowed greatly improved detection 

sensitivity of ctDNA. 

 The first cfDNA-based test approved by the FDA was the Cobas EGFR 

Mutation Test v2 in 2015. This device is a real-time PCR test for the qualitative 

detection of exon 19 deletions and exon 21 substitution mutations of the EGFR 

gene from non-small cell lung cancer (NSCLC) patients (Kwapisz, 2017). 

Another FDA-approved test is Epi proColon (Epigenomics AG), which reports 

on the methylation status of the SEPT9 promoter in the plasma of colorectal 

cancer (CRC) patients (Heitzer et al., 2019). The clinical utility of these tests 

emphasizes the potential of ctDNA as a biomarker. In the next sections, we will 

further discuss the use of ctDNA as a biomarker in both diagnostic and 

treatment follow-up and assistance in choosing the suitable therapy. 

 

5. Using plasma ctDNA in cancer diagnosis 

 

The gold standard in the diagnosis of oncology is tissue biopsy, which 

has been used by clinicians for over 100 years. Biopsies allow histological 

definition, and with the advancement of molecular biology, it is also possible to 

describe the genetic profile of the tumor (Crowley et al., 2013). Although tissue 

biopsy is the gold standard for cancer diagnosis, there are some disadvantages. 

For example, they are invasive procedures, and they show heterogeneity with 

different genetic profiles depending on the fragment removed from the tumor, 

sometimes at high cost and with some risk to the patient (Diaz and Bardelli, 

2014; Doval et al., 2017; Finotti et al., 2018; Mathai et al., 2019) To address the 

limitations of tissue biopsy, methodologies such as liquid biopsy have been 

extensively studied, as mentioned in sections 3 and 4. In terms of diagnosis, 
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liquid biopsy can be a major contributor to early detection, metastasis, 

prognosis and case confirmation (Castro-Giner et al., 2018; Doval et al., 2017; 

Grölz et al., 2018; Mathai et al., 2019; Palmirotta et al., 2018). 

Liquid biopsies, in addition to blood sampling, can be performed with 

other body fluids, including cerebrospinal fluid, urine, saliva, bronchial lavage, 

and pleural fluid. Many studies report that depending on the location of the 

tumor, non-blood samples are more sensitive in liquid biopsy, as many authors 

have shown that the combination of different fluids may increase the sensitivity 

of the tests (Lousada-Fernandez et al., 2018; Thierry and Tanos, 2018). 

The detection of circulating DNA has been observed by qualitative and 

quantitative changes. Studies describe the relationship between cfDNA levels 

and prognosis and disease stage. Qualitative changes include genetic changes, 

such as point mutations, specific methylation and ctDNA copy number 

variations (Okajima et al., 2017). ctDNA analysis was officially employed as a 

diagnostic tool in leading reference center laboratories during the course of 

2016 (Castro-Giner et al., 2018). Several genetic alterations have been studied 

in several existing tumor types. Studies show mutations in different genes as 

possible biomarkers for the diagnosis of cancer by liquid biopsy (Table 1) 

(Castro-Giner et al., 2018; Mathai et al., 2019) 

Liquid biopsy is not yet a routine test in clinical practice, but its diagnostic 

potential for cancer is drawing the attention of oncologists (Palmirotta et al., 

2018). Few of these biomarkers have been validated so far for clinical use 

(Thierry and Tanos, 2018). 

Here, we highlight some studies that have demonstrated the importance 

and possibility of liquid biopsy for diagnosis in different types of neoplasms, 

classifying them in accordance with the relative abundancy of ctDNA found 

usually in the patient´s blood sample. The quantity of ctDNA in blood varies 

depending on the tumor localization (Méhes, 2019). Bettegowda et al. (2014) 

demonstrated that tumors such as lung cancer, CRC, breast cancer (BC), liver 

cancer and prostate cancer have higher quantities of ctDNA in blood than 

others. Instead, oral, pancreatic, gastric cancer and gliomas are described as 

yielding lower concentrations of ctDNA in the patient´s blood (Bettegowda et al., 

2014). 

 

 

5.1 Tumors with higher quantities of ctDNA in the patient´s blood 

 

Prostate cancer is the second most common cancer in men worldwide, 

with mortality in the fifth position of cancer deaths (Neuhaus and Yang, 2018). 

Studies show that prostate cancer patients have higher plasma cfDNA levels 

than healthy individuals, and cfDNA levels may be related to disease stage 

(Moyer, 2012). The main genomic profile findings in prostate cancer describe 

changes in TP53, RB1, PTEN, AR, FOXA1, MYC, ERG, PI3K, and WNT 

(Hodara et al., 2019). 
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In turn, CRC is described as the third most common cancer worldwide, 

representing one of the leading causes of cancer deaths (Klein-Scory et al., 

2018; Mathai et al., 2019). Approximately half of patients with localized CRC 

have been reported to have metastases (Siegel et al., 2017). The gold standard 

for early CRC detection is colonoscopy, which can be supported by the 

detection of occult blood DNA mutations (Hench et al., 2018). Studies using 

CRC tissue biopsy often describe mutations in the BRAF, KRAS, APC, TP53, 

CEA, and SEPT9 genes. Therefore, these genes have been studied as possible 

biomarkers for liquid biopsy (Mathai et al., 2019). There are already studies 

demonstrating the relationship between ctDNA levels in CRC cases and the 

poor prognosis of these cases (Alix-Panabières and Pantel, 2016; Hardingham 

et al., 1995). Qualitative ctDNA detection studies have shown a high correlation 

between tissue biopsy and liquid biopsy (Hench et al., 2018). 

Lung cancer represents one of the most common tumors in the world and 

the most common cause of cancer deaths (Ferlay et al., 2019; Mathai et al., 

2019; Siegel et al., 2017). The high mortality rate of lung cancer patients can be 

attributed to the fact that these tumors are more frequently detected in 

advanced stages of the disease. Therefore, early detection in these cases 

demonstrates a life-enhancing possibility for patients (Santarpia et al., 2018). 

Studies report a broad spectrum of cfDNA concentrations in the blood of 

patients with lung cancer, and levels may be related to disease prognosis and 

tumor stage (Hench et al., 2018). Several studies describe mutations in different 

genes in lung cancer patients at different stages (Mathai et al., 2019). 

In a study of blood samples from patients with small cell lung cancer 

(SCLC), mutations in the TP53 gene were detected in 49% of the cases tested 

(Thierry and Tanos, 2018). In another study, a mutation in TP53 was detected 

in patients with SCLC and in 11% of control patients (Aceto et al., 2014). A 

study in patients with NSCLS reported mutations in the KRAS gene (Ying et al., 

2015). Other studies in patients with advanced lung cancer have found 

mutations in the EGFR, BRAF, ERBB2 and PIK3CA genes (Couraud et al., 

2014; Del Re et al., 2017). In lung cancer patients, alterations in the growth 

factor receptor 1 (FGFR1), HER2, KRAS, ROS1 and RET genes are also 

commonly found (Doval et al., 2017). 

Among liver tumors, the most common is hepatocarcinoma or 

hepatocellular carcinoma (HCC). HCC is the sixth most common cancer in the 

world and the second most common cause of cancer deaths (Howell and 

Sharma, 2016; Okajima et al., 2017; Su et al., 2018), featuring an overall 

survival rate of 0 to 10% over 5 years (Yin et al., 2016). The occurrence of 

genetic mutations in blood and urine samples from patients with HCC has been 

demonstrated in several studies (Lin et al., 2011). Mutations in the TP53, 

CTNNB1, PTEN, CDKN2A, ARID1A, MET, CDK6, EGFR, MYC, BRAF, RAF1, 

FGFR1, CCNE1, PIK3CA genes and ERBB2/HER2 have been described 

(Mathai et al., 2019). One study demonstrated the possible prognostic utility of 

ctDNA hTERT mutations, observing higher mutated ctDNA levels in patients 
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with multinodular HCC than in patients with early-stage disease, and found that 

higher ctDNA levels could be associated with shorter survival (Howell and 

Sharma, 2016). Liquid biopsy proved useful in the early detection of HCC, and 

the detection of changes in DNA copy number in HBV patients with no previous 

history of HCC was observed in patients who developed HCC afterwards, 

demonstrating the possibility of liquid biopsy as a screening tool for the early 

detection of HCC (Jiang et al., 2015). 

BC is considered the second most common cancer in the world and the 

fifth leading cause of cancer deaths (Mathai et al., 2019). This neoplasm 

presents with a heterogeneous set of diseases with distinct biological 

characteristics (Hench et al., 2018). Studies have shown the possibility of 

detecting ctDNA genetic alterations for diagnosis using liquid biopsy in BC 

patients (De Mattos-Arruda and Caldas, 2016). However, reports show that 

mutated genes are rare in BC cases, and few mutations in the TP53 and 

PIK3CA genes have been demonstrated (Nik-Zainal et al., 2012; Shah et al., 

2009). As with other tumor types, detecting and evaluating plasma ctDNA 

mutations contributes to the early diagnosis of relapses in BC patients (Garcia-

Murillas et al., 2015; Olsson et al., 2015). A correlation between cfDNA levels 

and disease malignancy was also demonstrated. There are studies describing 

the use of the HER2 receptor as a biomarker for liquid biopsy in BC patients, as 

well as mutations in the BRCA1 gene (Mathai et al., 2019). 

Therefore, many studies have demonstrated the possibility of using 

ctDNA in blood for early detection and prognosis in lung cancers, CRC, BC, 

HCC and prostate cancers. 

 

5.2 Tumors with a lower quantity of ctDNA in the patient´s blood 

 

Head and neck cancers are the sixth most malignancies in the world 

(Jemal et al., 2011). These include several malignancies common to the 

mucosal and upper aerodigestive tract epithelia (Bellairs et al., 2017; Payne et 

al., 2019). A significant increase in the incidence and mortality of these cancers 

is observed in developing countries (Payne et al., 2019). Studies using plasma 

and saliva samples have demonstrated the importance of ctDNA as a biomarker 

for these tumors (Wang et al., 2004). A cohort study of 93 patients using plasma 

and saliva samples to detect mutations in the TP53, PIK3CA, NOTCH1, 

FBXW7, CDKN2A, NRAS and HRAS genes demonstrated greater sensitivity for 

detection of plasma ctDNA in the oropharynx, hypopharynx and larynx, while in 

oral cancer, salivary ctDNA showed a higher sensitivity (100% vs. 80%), which 

can be explained by its closer proximity to the tumor. In addition, plasma and 

saliva samples were tested in combination, which demonstrated a higher 

sensitivity rate for all cases (Wang et al., 2015). Studies conducted on 200 

tumor patients showed a higher level of cfDNA, but there was no significant 

difference from the level in the control group (n = 15). However, it was noted 

that patients with oropharyngeal tumors had significantly higher levels of ctDNA 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


(Mazurek et al., 2016). In a study using 47 patients' plasma and saliva, ctDNA 

was detected in 96% of the cases. When divided by disease stage, ctDNA was 

identified in 100% of the initial disease cases and 95% of the advanced disease 

cases. As for location, ctDNA was identified in all patients with oral lesions 

ranging from the larynx to hypopharynx and in 91% of patients with 

oropharyngeal tumors (Wang et al., 2015). In addition to the genes already 

described, one study detected mutations in ctDNA in the CASP8 and PTEN 

genes in plasma samples from 42 patients with early oral cancer (Lousada-

Fernandez et al., 2018). 

 Pancreatic cancer (PC) is one of the most lethal cancers in the world, 

with a poor five-year survival, mainly due to the late diagnosis of the disease 

(Maire et al., 2002; Qi et al., 2018; Yadav et al., 2018). Shapiro et al. (1983) 

demonstrated elevated levels of ctDNA in PC patients compared to healthy 

controls, thus concluding that ctDNA may be a promising biomarker for 

pancreatic cancer diagnosis (Qi et al., 2018; Shapiro et al., 1983). The main 

mutation described for ctDNA in pancreatic cancer is the KRAS gene, which is 

often found in patients with this cancer (Lu et al., 2018; Qi et al., 2018). ctDNA 

PCR assays showed a sensitivity of 30-50% and a specificity of 90% in 

detecting blood KRAS (Maire et al., 2002). Thus, the KRAS mutation has been 

used for the diagnosis of the disease (Yadav et al., 2018). In addition to the 

KRAS mutation, genetic alterations in the BRAF gene have been identified and 

observed in 3% of PC patients without KRAS mutations (Witkiewicz et al., 

2015). 

Gastric cancer (GC) is the fourth most common cancer in the world and 

the second leading cause of cancer deaths (Matsuoka and Yashiro, 2019; 

Tsujiura et al., 2014). In recent years, certain studies have been performed 

yielding possible values for the diagnosis of gastric cancer by assessing cfDNA 

levels (Matsuoka and Yashiro, 2019). Most studies show a contribution to the 

detection of specific methylated promoter regions in the blood of patients with 

GC (Gao et al., 2017). An investigation involving liquid biopsy demonstrated the 

possibility of using HER2 gene ctDNA detection as a biomarker for the 

diagnosis of GC cases (Mathai et al., 2019). The use of new biomarkers, 

including proteins and genes such as FGFR, CDH1, PI3K, Met, VEGFR, TP53, 

and DP-1, enables new diagnostic and monitoring approaches for patients with 

GC (Matsuoka and Yashiro, 2019). 

In turn, the detection rate and plasma ctDNA concentration of patients 

with central nervous system (CNS) neoplasms have been shown to be low 

compared to other tumor types (Bettegowda et al., 2014; Okajima et al., 2017). 

A cohort of 41 patients with primary brain tumors was evaluated by Bettegowda 

et al., seeking detection of ctDNA changes in plasma using digital PCR 

methodology. In this study, unlike other tumor types, a low detection was found 

(<50% for medulloblastoma and <10% for gliomas). The low sensitivity of liquid 

plasma biopsy for the diagnosis of CNS tumors has been suggested by the 

presence of the blood brain barrier (BBB), which hinders the circulation of tumor 
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components in the blood. Therefore, the vast majority of liquid biopsy studies in 

these cases use cerebrospinal fluid as an alternative diagnostic sample, aiming 

at its direct contact with the CNS (Bertero et al., 2019). The feasibility of 

detecting ctDNA in patients with secondary CNS tumor involvement has been 

demonstrated in studies of breast carcinoma, melanoma and secondary 

hematologic malignancies (Li et al., 2016). 

Therefore, in different types of cancer, liquid biopsy from the blood of 

patients has demonstrated its clinical usefulness as a minimally invasive 

methodology for diagnosis, prognosis and prediction. In addition, liquid biopsy 

can be used in the laboratory to further analyze mechanisms for the acquisition 

of drug resistance, recurrence and dissemination, which are further discussed in 

the next section. Thus, new possibilities can be opened with the study of 

circulating DNA to unravel the mechanisms involved in all these processes. 

 

6. Using ctDNA to follow-up cancer treatment and recurrence 

The profile of mutations and the behavior of cancer cells change in a 

dynamic way and may show additional features over time (Brown et al., 2017; 

Kim et al., 2015; Zheng et al., 2018). Recurrence or metastases are related to 

the selection of factors that favor the survival of subclones that potentially have 

adapted well to applied therapies (Goranova et al., 2011). In different periods of 

a malignant disease, repeated tests are required to learn about molecular 

factors of resistance and new therapeutic targets that are applicable (Nemecek 

et al., 2016). However, repeated tissue samples are a challenge for patients 

and physicians, especially for restricted anatomical locations and in the case of 

multiple affected organs, regarding the decision of which sites should be 

included in biopsy. Histology would be informative at any phase of the disease, 

but immunohistochemical subclassification, even if evaluated in a meticulous 

manner, has limited value to predict treatment response without molecular 

characterization (Louis et al., 2016; Méhes, 2019). Histological subtypes call for 

the profiling of specific gene panels focusing on therapeutic sensitivity. Although 

the paraffinized sample can be used in DNA or RNA-based studies, individual 

variables and technical impairments contribute to the low representation of 

tissue and biological heterogeneity in tumor composition, complicating the 

clinical analysis. Specific alterations can be present in different proportions or 

can be masked by the amount of normal or non-neoplastic tissue. Therefore, 

medicine is moving toward a noninvasive genetic test for cancers (Méhes, 

2019). Tumor profiles in plasma, urine, liquor and other body fluids that are 

useful for the detection and follow-up of specific genes by the several methods 

already discussed here provide a good alternative (Savli et al., 2019). 

DNA extracted from the serum is variably fragmented, but representative 

sequences with characteristic cancer-related aberrations could reproducibly 

demonstrate suitable amplification and accurate sequencing (Ma et al., 2017). 

Recently, there has been consensus in the literature that ctDNA obtained by 

liquid biopsy is a convenient carrier of the actual genetic composition and is 
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potentially more informative than tissue-derived nucleic acids archived from the 

time of diagnosis (Li et al., 2019; Remon et al., 2019; Vitiello et al., 2019). 

Additionally, ctDNA is useful for finding therapeutic targets after several cycles 

of therapy (Bhangu et al., 2018; Garlan et al., 2017). Circulating free DNA, 

comparable with tissue-derived DNA, seems to work optimally for cancer-

related single nucleotide variant (SNV) (Table 2) or in/del mutation detection 

(Méhes, 2019). 

In an investigation of CRC patients, (Schøler et al., 2017) observed 
ctDNA post-surgery in all patients who relapsed but not in any of the 
nonrelapsing patients. The blood ctDNA detected cancer recidivism with an 
average lead-time of ~9 months compared to imaging. They also observed that 
changes in ctDNA levels induced by relapse showed agreement with changes 
in the tumor volume. Other studies achieved similar results (Lyskjær et al., 
2019; Reinert et al., 2016). Furthermore, driver mutations of the epithelial 
growth factor receptor (EGFR) pathway, including the receptor kinase domain 
itself, and downstream signaling members, such as KRAS and BRAF, are good 
predictors for the efficacy of EGFR tyrosine kinase inhibitor (TKI) therapies in 
epithelial cancers (Afrǎsânie et al., 2019; Lu et al., 2018; Roengvoraphoj et al., 
2013). Currently, it is possible to identify 42 EGFR mutations, including exon 19 
deletions, exon 20 insertions and S768I, L861Q, L858R and T790M mutations 
in both tissue and plasma that result in increased sensitivity to TKIs (St. Jude, 
2016). These alterations are strong predictors for increased progression-free 
survival (PFS) in patients who receive EGFR-targeted therapies such as 
erlotinib (Tarceva). Additionally, the test can be used to detect the T790M 
EGFR mutation in patients after treatment with EGFR-targeted TKIs because 
this mutation leads to therapy resistance, and its detection is indicative for 
switching the treatment from erlotinib to the third-generation drug osimertinib 
(Heitzer et al., 2019). 

CRC and NSCLC, for instance, share MAP kinase signaling as the most 
frequently targetable pathway (Liu et al., 2016; Méhes, 2019). RAS mutational 
status in plasma from 115 metastatic CRC patients showed 93% overall 
agreement with the analysis of RAS in tissue samples. Additionally, in patients 
with baseline mutant RAS tumors treated with antiangiogenic agents or 
chemotherapy, longitudinal analysis of RAS ctDNA reflected the response to 
these treatments (Vidal et al., 2017). 

Other factors, such as microsatellite instability in CRC and translocations 
of the ALK, ROS1 and NTRK genes in NSCLC, differentiate their predictive 
molecular profiles for the clinic. As more drugs are released in multiple 
indications, mutational testing is becoming more generalized to cover large 
common panels representing several oncogenes, suppressors and other related 
genes (Méhes, 2019). 

 Undetectable baseline or early decline to undetectable ctDNA levels 

during the first 6–9 weeks was correlated with prolonged progression-free 

survival (PFS) and overall survival (OS) in melanoma patients treated with anti-

PD1 therapy (Seremet et al., 2019). In addition, there was a case that reported 

a stage III hormone receptor-positive breast cancer (BC) patient who remained 

without symptoms after receiving surgery and adjuvant chemotherapy. Liquid 

biopsy analysis by NGS detected the presence of a ctDNA PIK3CA mutation 
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five months before the detection of a tumor relapse with multiple liver 

metastases by regular clinical follow-up (Cheng et al., 2019). 

In a study of epithelial ovarian cancer (OC) patients who were treated 

with bevacizumab, both PFS and OS were significantly shorter in patients with 

high levels of cfDNA in blood samples, suggesting that cfDNA could be an 

independent prognostic factor in patients treated with bevacizumab (Steffensen 

et al., 2014). Detection of mutant DNA in the plasma of patients with OC may 

also be useful in the follow-up of postsurgical assessments (Cheng et al., 2017). 

In another study analyzing plasma cfDNA from cisplatin-treated OC patients, an 

increase in truncating mutations of retinoblastoma 1 tumor suppressor (RB1) 

was observed (Murtaza et al., 2013). In addition, the loss of RB1 heterozygosity 

is associated with epithelial-mesenchymal transition (EMT) and linked with the 

chemotherapy response (Knudsen and Knudsen, 2008). Weigelt et al. found 

that BRCA1/2 reversion mutations were identified in cfDNA from 21% of 

platinum-resistant OC patients, indicating that cfDNA sequencing may aid the 

selection of patients for PARP inhibition therapy (Weigelt et al., 2017). 

Follow-up of HCC patients who received surgical resection followed by 

adjuvant therapies showed consistency of the somatic profile between pre- and 

postsurgery plasma-derived ctDNA and primary tumor tissue (Mezzalira et al., 

2019). A total of 44 samples collected from 35 HCC patients, with most having 

high-stage disease, analyzed 122 genetic alterations. Excluding variants with 

undetermined or synonymous alterations, the top genes altered in this cohort of 

patients were TP53 (18%), TERT (14%), CTNNB1 (13%), ARID1A (9%), MYC 

(5%), BRAF (4%), CCND1 (4%), CDK6 (4%), MET (4%), and EGFR (3%) 

(Mody et al., 2019). Another study showed that HCC tumors harboring 

oncogenic PI3K-mTOR mutations had worse outcomes on sorafenib treatment, 

while the presence of activating WNT/b-catenin alterations was associated with 

innate resistance to immune checkpoint inhibitors (Harding et al., 2019). 

Piciocchi and colleagues split the patient´s cohort into two groups with high or 

low levels of cfDNA (cut off: 2 ng/µL). The analysis revealed that patients with 

cfDNA levels below the cut off showed a median survival that was 13 months 

longer than patients with levels above the cut off (Piciocchi et al., 2013). 

Several reports also investigated the correlation between mutations in 

ctDNA matching tumor biopsy in patients with PC, especially in the KRAS gene, 

with a concordance ranging from 25 to 70% (Del Re et al., 2017). Although few 

analyses have been carried out in PC, data reported showed that longitudinal 

monitoring of ctDNA can predict the response to chemotherapy and disease 

progression, simultaneously or even 5 months earlier than conventional 

monitoring approaches, such as radiological imaging and CA 19-9 protein 

detection in blood (Del Re et al., 2017; Tjensvoll et al., 2016). Liquid biopsy has 

been used in challenging cases to confirm the early recurrence of PC where 

acquisition of tissue is not feasible (Soyano et al., 2019). 

Not only genetic alterations but also epigenetic changes have been 

studied in follow-up patients. Recently, for the first time, ESR1 methylation in 
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CTCs paired with ctDNA in BC patients was shown to be highly concordant. 

ESR1 methylation was associated with a lack of response to 

everolimus/exemestane. ESR1 methylation should be further evaluated as a 

potential liquid biopsy-based biomarker for the follow-up of BC patients treated 

with these therapy combinations (Mastoraki et al., 2018). 

In general, postoperative detection of ctDNA in blood and other body 

fluids is significantly correlated with relapse-free survival. Therefore, ctDNA 

analysis appears to be strongly predictive of recurrence among patients. In this 

context, ctDNA could be exploited to closely monitor patients before and after 

surgery to identify high-risk patients for disease recurrence (Ponti et al., 2019). 

Moreover, the identification of punctual mutations and epigenetic changes has 

been useful to direct or redirect therapeutic arsenal (Heitzer et al., 2019; 

Mastoraki et al., 2018). 

 

7. The “bottle neck” of ctDNA analysis 

Although ctDNA has been appointed as a predictive marker in several 

cancers (Hironaka-Mitsuhashi et al., 2019), this analysis has several obstacles, 

including the comparison and standardization of different methods. Additionally, 

its clinical relevance studies have only recently started (Volckmar et al., 2018), 

as we will discuss in this section. 

The amount and composition of free DNA is influenced by multiple 

factors, including the stage and anatomical localization of the cancer, the rate of 

tumor cell growth, death and necrosis, the relative mass of subclones, and the 

stromal and inflammatory components (Méhes, 2019). Aggressive cancers are 

generally poorly differentiated or undifferentiated and have considerable areas 

of necrosis, while well-differentiated tumors show a low cell-proliferation 

capacity with a limited area of necrosis. The total ctDNA represented in the 

body fluid is a sum of the tumor localization, phenotype and differentiation 

grade. Tumor samples with less than 10% neoplastic cell content may lose the 

low rate of genetic aberration sensitivity (Lorber et al., 2019; Méhes, 2019; 

Schwarzenbach et al., 2011). Therefore, the ctDNA concentration is not 

controllable, as tumor composition and localization are major preanalytical 

variables. The total amount of ctDNA is very diluted in the large body fluid 

volumes in a human body, and the concentration of ctDNA measurable in 

peripheral blood samples, for instance, is generally very low, highly variable and 

impairs the analysis (Fiala and Diamandis, 2018; Jahr et al., 2001). Other 

challenges associated with ctDNA analysis are the need for highly sensible 

technologies to distinguish mutant from wild-type alleles and the development of 

thresholds for mutations. Furthermore, ctDNA fragments present a short half-life 

of less than 2 h and must be processed quite shortly (Müller Bark et al., 2019). 

There is no consensus about the proper cut-off value to apply for the 

discrimination of high and low cfDNA concentrations; this cut-off is strongly 

laboratory-dependent, resulting in poor reproducibility of the data. Moreover, the 

concentration has been evaluated in different sources (Mezzalira et al., 2019). 
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The overall concordance between plasma and matched tumor tissues assessed 

by NGS is only approximately 25% (Pishvaian et al., 2017). Internal quality 

control guidelines and ctDNA reference materials are still not available to 

support strong and reliable liquid biopsy-based cancer diagnostics and follow-

up (Li et al., 2019). To date, there are no cross-platform validations, and 

therefore, the clinical predictive value of variant detection must be considered 

with caution (Merker et al., 2018). In addition, there is no clear indication for 

serum DNA analysis in the context of therapeutic target identification, since 

most of the clinical validation studies so far were performed using solid 

biopsies. The genetic heterogeneity and subclonal variability of tumors, better 

reflected by ctDNA, represent a new level of complexity and require further 

experience for clinical interpretation (Méhes, 2019; Volckmar et al., 2018) 

Furthermore, achieving detectable concentrations of ctDNA in a 

noninvasive way poses another difficulty for some types of tumors, including 

brain tumors such as gliomas (Bettegowda et al., 2014). These studies 

demonstrate a low yield of ctDNA in glioma patients’ blood, mostly justified by 

the presence of the blood brain barrier (BBB). However, another study showed 

that tumor size and cell proliferation influenced the release of ctDNA in mice 

prior to treatment, while BBB integrity did not. This study used a patient-derived 

orthotopic xenograft model and found that cell death post therapy is an 

additional factor that can augment ctDNA release (Mair et al., 2019; Müller Bark 

et al., 2019). Piccioni et al. analyzed 419 patients with primary brain tumors, 

detecting ctDNA mutations in blood samples from 50% of all brain tumor 

patients. This work also included 222 patients with glioblastoma (GB), and the 

authors were able to detect ctDNA mutations in 55% of these GB patients 

(Piccioni et al., 2019). Therefore, further studies are necessary to evaluate 

whether the BBB impairs ctDNA release in the blood and which approach would 

be necessary to detect ctDNA from brain tumors, such as gliomas. 

In addition to the cerebrospinal liquid already mentioned, analysis of 

circulating platelets seems to be another intriguing approach to achieve liquid 

biopsy of CNS tumors. Many biomolecules are transferred between tumors and 

platelets, and this process has been termed platelet “education” (Bertero et al., 

2019; Best et al., 2018). Platelets can sequester tumor-shed extracellular 

vesicles, which allow the detection of tumor-derived biomarkers, including 

proteins and nucleic acids, with high sensitivity and specificity (Klement et al., 

2009; Kuznetsov et al., 2012). In 114 samples (62 patients) with brain lesions, 

tumor-educated platelet analysis allowed assertive identification of cancer in 

91% of patients and discernment between the mutational subtypes in 82% of 

cases (Bertero et al., 2019; Best et al., 2018). 

We conclude that ctDNA seems to be a great predictive marker for 

certain types of cancer, such as lung, breast, ovarian, hepatic, pancreatic and 

colon cancer. However, especially for brain tumors and other poorly accessible 

tumors, it is necessary to pursue alternatives to detect ctDNA in an assertive 

manner to englobe the majority of positive patients. We are moving in the 
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correct direction, but further studies are still necessary to achieve clinical 

validation of ctDNA analysis for diagnostic and treatment monitoring. 

 

Funding 

This study was supported by Coordenação de Aperfeiçoamento de Pessoal 

de Nível Superior (CAPES), Conselho Nacional de Desenvolvimento Científico 

e Tecnológico (CNPq), Fundação de Amparo à Pesquisa do Estado do Rio de 

Janeiro (FAPERJ) and Pró-Saúde Associação Beneficente de Assistência 

Social e Hospitalar. 

 

Acknowledgements 

We thank Prof. Vivaldo Moura-Neto for having encouraged the three of 

us to study the fascinating world of liquid biopsy. 

 

Author contributions 

Designed and wrote the manuscript: LP, MH and VF. Supervised the 

involved coworkers and edited the manuscript: VF. 

We have no conflicts of interest to disclose. 

 

Legends 

Figure 1. Liquid biopsy by using blood/plasma samples. (A) The bloodstream 

close to the tumor mass receives circulating tumor cells, extracellular vesicles 

and free nucleic acids from the tumor. By taking blood samples from cancer 

patients, it is possible to analyze point mutations, epigenetic modifications and 

amplifications, deletions and translocations in ctDNA. (B) The main methods 

that have been used to analyze ctDNA in blood samples are real-time PCR, 

COLD-PCR, digital PCR, BEAMing and next-generation sequencing. 

 

References 

Aceto, N., Bardia, A., Miyamoto, D.T., Donaldson, M.C., Wittner, B.S., Spencer, 
J.A., Yu, M., Pely, A., Engstrom, A., Zhu, H., Brannigan, B.W., Kapur, R., 
Stott, S.L., Shioda, T., Ramaswamy, S., Ting, D.T., Lin, C.P., Toner, M., 
Haber, D.A., Maheswaran, S., 2014. Circulating tumor cell clusters are 
oligoclonal precursors of breast cancer metastasis. Cell. 
https://doi.org/10.1016/j.cell.2014.07.013 

Afrǎsânie, V.A., Marinca, M.V., Alexa-Stratulat, T., Gafton, B., Pǎduraru, M., 
Adavidoaiei, A.M., Miron, L., Rusu, C., 2019. KRAS, NRAS, BRAF, HER2 
and microsatellite instability in metastatic colorectal cancer-practical 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


implications for the clinician. Radiol. Oncol. https://doi.org/10.2478/raon-
2019-0033 

Alix-Panabières, C., Pantel, K., 2016. Clinical applications of circulating tumor 
cells and circulating tumor DNA as liquid biopsy. Cancer Discov. 
https://doi.org/10.1158/2159-8290.CD-15-1483 

Anker, P., Stroun, M., Maurice, P.A., 1975. Spontaneous Release of DNA by 
Human Blood Lymphocytes as Shown in an in Vitro System. Cancer Res. 

Aucamp, J., Bronkhorst, A.J., Badenhorst, C.P.S., Pretorius, P.J., 2018. The 
diverse origins of circulating cell-free DNA in the human body: a critical re-
evaluation of the literature. Biol. Rev. https://doi.org/10.1111/brv.12413 

Aucamp, J., Bronkhorst, A.J., Badenhorst, C.P.S., Pretorius, P.J., 2016. A 
historical and evolutionary perspective on the biological significance of 
circulating DNA and extracellular vesicles. Cell. Mol. Life Sci. 
https://doi.org/10.1007/s00018-016-2370-3 

Bellairs, J.A., Hasina, R., Agrawal, N., 2017. Tumor DNA: an emerging 
biomarker in head and neck cancer. Cancer Metastasis Rev. 
https://doi.org/10.1007/s10555-017-9685-x 

Bertero, L., Siravegna, G., Rudà, R., Soffietti, R., Bardelli, A., Cassoni, P., 2019. 
Review: Peering through a keyhole: liquid biopsy in primary and metastatic 
central nervous system tumours. Neuropathol. Appl. Neurobiol. 
https://doi.org/10.1111/nan.12553 

Best, M.G., Wesseling, P., Wurdinger, T., 2018. Tumor-educated platelets as a 
noninvasive biomarker source for cancer detection and progression 
monitoring. Cancer Res. https://doi.org/10.1158/0008-5472.CAN-18-0887 

Bettegowda, C., Sausen, M., Leary, R.J., Kinde, I., Wang, Y., Agrawal, N., 
Bartlett, B.R., Wang, H., Luber, B., Alani, R.M., Antonarakis, E.S., Azad, 
N.S., Bardelli, A., Brem, H., Cameron, J.L., Lee, C.C., Fecher, L.A., Gallia, 
G.L., Gibbs, P., Le, D., Giuntoli, R.L., Goggins, M., Hogarty, M.D., Holdhoff, 
M., Hong, S.M., Jiao, Y., Juhl, H.H., Kim, J.J., Siravegna, G., Laheru, D.A., 
Lauricella, C., Lim, M., Lipson, E.J., Marie, S.K.N., Netto, G.J., Oliner, K.S., 
Olivi, A., Olsson, L., Riggins, G.J., Sartore-Bianchi, A., Schmidt, K., Shih, 
I.M., Oba-Shinjo, S.M., Siena, S., Theodorescu, D., Tie, J., Harkins, T.T., 
Veronese, S., Wang, T.L., Weingart, J.D., Wolfgang, C.L., Wood, L.D., 
Xing, D., Hruban, R.H., Wu, J., Allen, P.J., Schmidt, C.M., Choti, M.A., 
Velculescu, V.E., Kinzler, K.W., Vogelstein, B., Papadopoulos, N., Diaz, 
L.A., 2014. Detection of circulating tumor DNA in early- and late-stage 
human malignancies. Sci. Transl. Med. 
https://doi.org/10.1126/scitranslmed.3007094 

Bhangu, J.S., Beer, A., Mittlböck, M., Tamandl, D., Pulverer, W., Schönthaler, 
S., Taghizadeh, H., Stremitzer, S., Kaczirek, K., Gruenberger, T., Gnant, 
M., Bergmann, M., Mannhalter, C., Weinhäusel, A., Oehler, R., Bachleitner-
Hofmann, T., 2018. Circulating free methylated tumor DNA markers for 
sensitive assessment of tumor burden and early response monitoring in 
patients receiving systemic chemotherapy for colorectal cancer liver 
metastasis. Ann. Surg. https://doi.org/10.1097/SLA.0000000000002901 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Bronkhorst, A.J., Ungerer, V., Holdenrieder, S., 2019. The emerging role of cell-
free DNA as a molecular marker for cancer management. Biomol. Detect. 
Quantif. https://doi.org/10.1016/j.bdq.2019.100087 

Bronkhorst, A.J., Wentzel, J.F., Aucamp, J., van Dyk, E., du Plessis, L., 
Pretorius, P.J., 2016. Characterization of the cell-free DNA released by 
cultured cancer cells. Biochim. Biophys. Acta - Mol. Cell Res. 
https://doi.org/10.1016/j.bbamcr.2015.10.022 

Brown, D., Smeets, D., Székely, B., Larsimont, D., Marcell Szász, A., Adnet, 
P.Y., Rothé, F., Rouas, G., Nagy, Z.I., Faragó, Z., Tökés, A.M., Dank, M., 
Szentmártoni, G., Udvarhelyi, N., Zoppoli, G., Pusztai, L., Piccart, M., 
Kulka, J., Lambrechts, D., Sotiriou, C., Desmedt, C., 2017. Phylogenetic 
analysis of metastatic progression in breast cancer using somatic 
mutations and copy number aberrations. Nat. Commun. 
https://doi.org/10.1038/ncomms14944 

Castro-Giner, F., Gkountela, S., Donato, C., Alborelli, I., Quagliata, L., Ng, C., 
Piscuoglio, S., Aceto, N., 2018. Cancer Diagnosis Using a Liquid Biopsy: 
Challenges and Expectations. Diagnostics. 
https://doi.org/10.3390/diagnostics8020031 

Cheng, F.T.-F., Lapke, N., Wu, C.-C., Lu, Y.-J., Chen, S.-J., Yu, P.-N., Liu, Y.-
T., Tan, K.T., 2019. Liquid Biopsy Detects Relapse Five Months Earlier 
than Regular Clinical Follow-Up and Guides Targeted Treatment in Breast 
Cancer. Case Rep. Oncol. Med. https://doi.org/10.1155/2019/6545298 

Cheng, X., Zhang, L., Chen, Y., Qing, C., 2017. Circulating cell-free DNA and 
circulating tumor cells, the “liquid biopsies” in ovarian cancer. J. Ovarian 
Res. https://doi.org/10.1186/s13048-017-0369-5 

Couraud, S., Vaca-Paniagua, F., Villar, S., Oliver, J., Schuster, T., Blanché, H., 
Girard, N., Trédaniel, J., Guilleminault, L., Gervais, R., Prim, N., Vincent, 
M., Margery, J., Larivé, S., Foucher, P., Duvert, B., Vallee, M., Le Calvez-
Kelm, F., McKay, J., Missy, P., Morin, F., Zalcman, G., Olivier, M., Souquet, 
P.J., 2014. Noninvasive diagnosis of actionable mutations by deep 
sequencing of circulating free DNA in lung cancer from never-smokers: a 
proof-of-concept study from BioCAST/IFCT-1002. Clin. Cancer Res. 
https://doi.org/10.1158/1078-0432.CCR-13-3063 

Crowley, E., Di Nicolantonio, F., Loupakis, F., Bardelli, A., 2013. Liquid biopsy: 
Monitoring cancer-genetics in the blood. Nat. Rev. Clin. Oncol. 
https://doi.org/10.1038/nrclinonc.2013.110 

De Mattos-Arruda, L., Caldas, C., 2016. Cell-free circulating tumour DNA as a 
liquid biopsy in breast cancer. Mol. Oncol. 
https://doi.org/10.1016/j.molonc.2015.12.001 

Del Re, M., Vivaldi, C., Rofi, E., Vasile, E., Miccoli, M., Caparello, C., D’Arienzo, 
P.D., Fornaro, L., Falcone, A., Danesi, R., 2017. Early changes in plasma 
DNA levels of mutant KRAS as a sensitive marker of response to 
chemotherapy in pancreatic cancer. Sci. Rep. 
https://doi.org/10.1038/s41598-017-08297-z 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Dennis Lo, Y.M., Corbetta, N., Chamberlain, P.F., Rai, V., Sargent, I.L., 
Redman, C.W.G., Wainscoat, J.S., 1997. Presence of fetal DNA in 
maternal plasma and serum. Lancet. https://doi.org/10.1016/S0140-
6736(97)02174-0 

Diaz, L.A., Bardelli, A., 2014. Liquid biopsies: Genotyping circulating tumor 
DNA. J. Clin. Oncol. https://doi.org/10.1200/JCO.2012.45.2011 

Diehl, F., Li, M., He, Y., Kinzler, K.W., Vogelstein, B., Dressman, D., 2006. 
BEAMing: Single-molecule PCR on microparticles in water-in-oil emulsions. 
Nat. Methods. https://doi.org/10.1038/nmeth898 

Domínguez-Vigil, I.G., Moreno-Martínez, A.K., Wang, J.Y., Roehrl, M.H.A., 
Barrera-Saldaña, H.A., 2018. The dawn of the liquid biopsy in the fight 
against cancer. Oncotarget. https://doi.org/10.18632/oncotarget.23131 

Doval, D.C., Deshpande, R., Dhabhar, B., Babu, K.G., Prabhash, K., Chopra, 
R., Sripada, P. V., Deshmukh, C., Suryavanshi, M., 2017. Liquid biopsy: A 
potential and promising diagnostic tool for advanced stage non-small cell 
lung cancer patients. Indian J. Cancer. 
https://doi.org/10.4103/ijc.IJC_514_17 

Ferlay, J., Colombet, M., Soerjomataram, I., Mathers, C., Parkin, D.M., Piñeros, 
M., Znaor, A., Bray, F., 2019. Estimating the global cancer incidence and 
mortality in 2018: GLOBOCAN sources and methods. Int. J. Cancer. 
https://doi.org/10.1002/ijc.31937 

Fiala, C., Diamandis, E.P., 2018. Utility of circulating tumor DNA in cancer 
diagnostics with emphasis on early detection. BMC Med. 
https://doi.org/10.1186/s12916-018-1157-9 

Finotti, A., Allegretti, M., Gasparello, J., Giacomini, P., Spandidos, D.A., Spoto, 
G., Gambari, R., 2018. Liquid biopsy and PCR-free ultrasensitive detection 
systems in oncology (Review). Int. J. Oncol. 
https://doi.org/10.3892/ijo.2018.4516 

Franczak, C., Filhine-Tresarrieu, P., Gilson, P., Merlin, J.L., Au, L., Harlé, A., 
2019. Technical considerations for circulating tumor DNA detection in 
oncology. Expert Rev. Mol. Diagn. 
https://doi.org/10.1080/14737159.2019.1568873 

Gahan, P.B., Anker, P., Stroun, M., 2008. Metabolic DNA as the origin of 
spontaneously released DNA?, in: Annals of the New York Academy of 
Sciences. https://doi.org/10.1196/annals.1448.046 

Gahan, P.B., Stroun, M., 2010. The virtosome-a novel cytosolic informative 
entity and intercellular messenger. Cell Biochem. Funct. 
https://doi.org/10.1002/cbf.1690 

Gao, Y., Zhang, K., Xi, H., Cai, A., Wu, X., Cui, J., Li, J., Qiao, Z., Wei, B., 
Chen, L., 2017. Diagnostic and prognostic value of circulating tumor DNA 
in gastric cancer: A meta-analysis. Oncotarget. 
https://doi.org/10.18632/oncotarget.14064 

Garcia-Murillas, I., Schiavon, G., Weigelt, B., Ng, C., Hrebien, S., Cutts, R.J., 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Cheang, M., Osin, P., Nerurkar, A., Kozarewa, I., Garrido, J.A., Dowsett, 
M., Reis-Filho, J.S., Smith, I.E., Turner, N.C., 2015. Mutation tracking in 
circulating tumor DNA predicts relapse in early breast cancer. Sci. Transl. 
Med. https://doi.org/10.1126/scitranslmed.aab0021 

Garlan, F., Laurent-Puig, P., Sefrioui, D., Siauve, N., Didelot, A., Sarafan-
Vasseur, N., Michel, P., Perkins, G., Mulot, C., Blons, H., Taieb, J., Di 
Fiore, F., Taly, V., Zaanan, A., 2017. Early evaluation of circulating tumor 
DNA as marker of therapeutic efficacy in metastatic colorectal cancer 
patients (PLACOL study). Clin. Cancer Res. https://doi.org/10.1158/1078-
0432.CCR-16-3155 

Gauthier, V.J., Tyler, L.N., Mannik, M., 1996. Blood clearance kinetics and liver 
uptake of mononucleosomes in mice. J. Immunol. 

Goranova, T.E., Ohue, M., Shimoharu, Y., Kato, K., 2011. Dynamics of cancer 
cell subpopulations in primary and metastatic colorectal tumors. Clin. Exp. 
Metastasis. https://doi.org/10.1007/s10585-011-9381-0 

Grölz, D., Hauch, S., Schlumpberger, M., Guenther, K., Voss, T., Sprenger-
Haussels, M., Oelmüller, U., 2018. Liquid Biopsy Preservation Solutions for 
Standardized Pre-Analytical Workflows—Venous Whole Blood and Plasma. 
Curr. Pathobiol. Rep. https://doi.org/10.1007/s40139-018-0180-z 

Harding, J.J., Nandakumar, S., Armenia, J., Khalil, D.N., Albano, M., Ly, M., 
Shia, J., Hechtman, J.F., Kundra, R., Dika, I. El, Do, R.K., Sun, Y., Peter 
Kingham, T., D’Angelica, M.I., Berger, M.F., Hyman, D.M., Jarnagin, W., 
Klimstra, D.S., Janjigian, Y.Y., Solit, D.B., Schultz, N., Abou-Alfa, G.K., 
2019. Prospective genotyping of hepatocellular carcinoma: Clinical 
implications of next-generation sequencing for matching patients to 
targeted and immune therapies. Clin. Cancer Res. 
https://doi.org/10.1158/1078-0432.CCR-18-2293 

Hardingham, J.E., Kotasek, D., Sage, R.E., Eaton, M.C., Pascoe, V.H., 
Dobrovic, A., 1995. Detection of circulating tumor cells in colorectal cancer 
by immunobead-PCR is a sensitive prognostic marker for relapse of 
disease. Mol. Med. https://doi.org/10.1007/bf03401893 

Heitzer, E., Haque, I.S., Roberts, C.E.S., Speicher, M.R., 2019. Current and 
future perspectives of liquid biopsies in genomics-driven oncology. Nat. 
Rev. Genet. https://doi.org/10.1038/s41576-018-0071-5 

Hench, I.B., Hench, J., Tolnay, M., 2018. Liquid biopsy in clinical management 
of breast, lung, and colorectal cancer. Front. Med. 
https://doi.org/10.3389/fmed.2018.00009 

Hindson, B.J., Ness, K.D., Masquelier, D.A., Belgrader, P., Heredia, N.J., 
Makarewicz, A.J., Bright, I.J., Lucero, M.Y., Hiddessen, A.L., Legler, T.C., 
Kitano, T.K., Hodel, M.R., Petersen, J.F., Wyatt, P.W., Steenblock, E.R., 
Shah, P.H., Bousse, L.J., Troup, C.B., Mellen, J.C., Wittmann, D.K., Erndt, 
N.G., Cauley, T.H., Koehler, R.T., So, A.P., Dube, S., Rose, K.A., 
Montesclaros, L., Wang, S., Stumbo, D.P., Hodges, S.P., Romine, S., 
Milanovich, F.P., White, H.E., Regan, J.F., Karlin-Neumann, G.A., Hindson, 
C.M., Saxonov, S., Colston, B.W., 2011. High-throughput droplet digital 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


PCR system for absolute quantitation of DNA copy number. Anal. Chem. 
https://doi.org/10.1021/ac202028g 

Hironaka-Mitsuhashi, A., Sanchez Calle, A., Ochiya, T., Takayama, S., Suto, A., 
2019. Towards Circulating-Tumor DNA-Based Precision Medicine. J. Clin. 
Med. https://doi.org/10.3390/jcm8091365 

Hodara, E., Morrison, G., Cunha, A., Zainfeld, D., Xu, T., Xu, Y., Dempsey, 
P.W., Pagano, P.C., Bischoff, F., Khurana, A., Koo, S., Ting, M., Cotter, 
P.D., Moore, M.W., Gunn, S., Usher, J., Rabizadeh, S., Danenberg, P., 
Danenberg, K., Carpten, J., Dorff, T., Quinn, D., Goldkorn, A., 2019. 
Multiparametric liquid biopsy analysis in metastatic prostate cancer. JCI 
insight. https://doi.org/10.1172/jci.insight.125529 

Howell, J.A., Sharma, R., 2016. The clinical role of ‘liquid biopsy’ in 
hepatocellular carcinoma. Hepatic Oncol. https://doi.org/10.2217/hep.15.38 

Husain, H., Velculescu, V.E., 2017. Cancer DNA in the circulation: The liquid 
biopsy. JAMA - J. Am. Med. Assoc. 
https://doi.org/10.1001/jama.2017.12131 

Jahr, S., Hentze, H., Englisch, S., Hardt, D., Fackelmayer, F.O., Hesch, R.D., 
Knippers, R., 2001. DNA fragments in the blood plasma of cancer patients: 
Quantitations and evidence for their origin from apoptotic and necrotic cells. 
Cancer Res. 

Jemal, A., Bray, F., Center, M.M., Ferlay, J., Ward, E., Forman, D., 2011. 
Global cancer statistics. CA. Cancer J. Clin. 
https://doi.org/10.3322/caac.20107 

Jiang, P., Chan, C.W.M., Chan, K.C.A., Cheng, S.H., Wong, J., Wong, V.W.S., 
Wong, G.L.H., Chan, S.L., Mok, T.S.K., Chan, H.L.Y., Lai, P.B.S., Chiu, 
R.W.K., Lo, Y.M.D., 2015. Lengthening and shortening of plasma DNA in 
hepatocellular carcinoma patients. Proc. Natl. Acad. Sci. U. S. A. 
https://doi.org/10.1073/pnas.1500076112 

Kerachian, M.A., Poudineh, A., Thiery, J.P., 2019. Cell free circulating tumor 
nucleic acids, a revolution in personalized cancer medicine. Crit. Rev. 
Oncol. Hematol. https://doi.org/10.1016/j.critrevonc.2019.102827 

Kim, S.T., Lee, W.S., Lanman, R.B., Mortimer, S., Zill, O.A., Kim, K.M., Jang, 
K.T., Kim, S.H., Park, S.H., Park, J.O., Park, Y.S., Lim, H.Y., Eltoukhy, H., 
Kang, W.K., Lee, W.Y., Kim, H.C., Park, K., Lee, J., Talasaz, A.A., 2015. 
Prospective blinded study of somatic mutation detection in cell-free DNA 
utilizing a targeted 54-gene next generation sequencing panel in metastatic 
solid tumor patients. Oncotarget. https://doi.org/10.18632/oncotarget.5465 

Kinde, I., Wu, J., Papadopoulos, N., Kinzler, K.W., Vogelstein, B., 2011. 
Detection and quantification of rare mutations with massively parallel 
sequencing. Proc. Natl. Acad. Sci. U. S. A. 
https://doi.org/10.1073/pnas.1105422108 

Klein-Scory, S., Maslova, M., Pohl, M., Eilert-Micus, C., Schroers, R., 
Schmiegel, W., Baraniskin, A., 2018. Significance of Liquid Biopsy for 
Monitoring and Therapy Decision of Colorectal Cancer. Transl. Oncol. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


https://doi.org/10.1016/j.tranon.2017.12.010 

Klement, G.L., Yip, T.T., Cassiola, F., Kikuchi, L., Cervi, D., Podust, V., Italiano, 
J.E., Wheatley, E., Abou-Slaybi, A., Bender, E., Almog, N., Kieran, M.W., 
Folkman, J., 2009. Platelets actively sequester angiogenesis regulators. 
Blood. https://doi.org/10.1182/blood-2008-06-159541 

Knudsen, E.S., Knudsen, K.E., 2008. Tailoring to RB: Tumour suppressor 
status and therapeutic response. Nat. Rev. Cancer. 
https://doi.org/10.1038/nrc2401 

Kustanovich, A., Schwartz, R., Peretz, T., Grinshpun, A., 2019. Life and death 
of circulating cell-free DNA. Cancer Biol. Ther. 
https://doi.org/10.1080/15384047.2019.1598759 

Kuznetsov, H.S., Marsh, T., Markens, B.A., Castaño, Z., Greene-Colozzi, A., 
Hay, S.A., Brown, V.E., Richardson, A.L., Signoretti, S., Battinelli, E.M., 
McAllister, S.S., 2012. Identification of luminal breast cancers that establish 
a tumor-supportive macroenvironment defined by proangiogenic platelets 
and bone marrow-derived cells. Cancer Discov. 
https://doi.org/10.1158/2159-8290.CD-12-0216 

Kwapisz, D., 2017. The first liquid biopsy test approved. Is it a new era of 
mutation testing for non-small cell lung cancer? Ann. Transl. Med. 
https://doi.org/10.21037/atm.2017.01.32 

Leon, S.A., Shapiro, B., Sklaroff, D.M., Yaros, M.J., 1977. Free DNA in the 
Serum of Cancer Patients and the Effect of Therapy. Cancer Res. 

Li, G., Pavlick, D., Chung, J.H., Bauer, T., Tan, B.A., Peguero, J., Ward, P., 
Kallab, A., Bufill, J., Hoffman, A., Sadiq, A., Edenfield, J., He, J., Cooke, M., 
Hughes, J., Forcier, B., Nahas, M., Stephens, P., Ali, S.M., Schrock, A.B., 
Ross, J.S., Miller, V.A., Gregg, J.P., 2019. Genomic profiling of cell-free 
circulating tumor DNA in patients with colorectal cancer and its fidelity to 
the genomics of the tumor biopsy. J. Gastrointest. Oncol. 
https://doi.org/10.21037/jgo.2019.05.05 

Li, Y., Pan, W., Connolly, I.D., Reddy, S., Nagpal, S., Quake, S., Gephart, M.H., 
2016. Tumor DNA in cerebral spinal fluid reflects clinical course in a patient 
with melanoma leptomeningeal brain metastases. J. Neurooncol. 
https://doi.org/10.1007/s11060-016-2081-5 

Lichtenstein, A. V, Melkonyan, H.S., Tomei, L.D., Umansky, S.R., 2001. 
Circulating nucleic acids and apoptosis. Ann. N. Y. Acad. Sci. 945, 239–49. 
https://doi.org/10.1111/j.1749-6632.2001.tb03892.x 

Lin, S.Y., Dhillon, V., Jain, S., Chang, T.T., Hu, C.T., Lin, Y.J., Chen, S.H., 
Chang, K.C., Song, W., Yu, L., Block, T.M., Su, Y.H., 2011. A locked 
nucleic acid clamp-mediated PCR assay for detection of a p53 codon 249 
hotspot mutation in urine. J. Mol. Diagnostics. 
https://doi.org/10.1016/j.jmoldx.2011.05.005 

Liu, J., Hu, J., Cheng, L., Ren, W., Yang, M., Liu, B., Xie, L., Qian, X., 2016. 
Biomarkers predicting resistance to epidermal growth factor receptor-
targeted therapy in metastatic colorectal cancer with wild-type KRAS. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Onco. Targets. Ther. https://doi.org/10.2147/OTT.S86966 

Lorber, T., Andor, N., Dietsche, T., Perrina, V., Juskevicius, D., Pereira, K., 
Greer, S.U., Krause, A., Müller, D.C., Savic Prince, S., Lardinois, D., 
Barrett, M.T., Ruiz, C., Bubendorf, L., 2019. Exploring the spatiotemporal 
genetic heterogeneity in metastatic lung adenocarcinoma using a nuclei 
flow-sorting approach. J. Pathol. https://doi.org/10.1002/path.5183 

Louis, D.N., Perry, A., Reifenberger, G., von Deimling, A., Figarella-Branger, D., 
Cavenee, W.K., Ohgaki, H., Wiestler, O.D., Kleihues, P., Ellison, D.W., 
2016. The 2016 World Health Organization Classification of Tumors of the 
Central Nervous System: a summary. Acta Neuropathol. 
https://doi.org/10.1007/s00401-016-1545-1 

Lousada-Fernandez, F., Rapado-Gonzalez, O., Lopez-Cedrun, J.L., Lopez-
Lopez, R., Muinelo-Romay, L., Suarez-Cunqueiro, M.M., 2018. Liquid 
biopsy in oral cancer. Int. J. Mol. Sci. https://doi.org/10.3390/ijms19061704 

Lu, L., Bi, J., Bao, L., 2018. Genetic profiling of cancer with circulating tumor 
DNA analysis. J. Genet. Genomics. 
https://doi.org/10.1016/j.jgg.2017.11.006 

Lyskjær, I., Kronborg, C.S., Rasmussen, M.H., Sørensen, B.S., Demuth, C., 
Rosenkilde, M., Johansen, A.F.B., Knudsen, M., Vang, S., Krag, S.R.P., 
Spindler, K.L.G., Andersen, C.L., 2019. Correlation between early 
dynamics in circulating tumour DNA and outcome from FOLFIRI treatment 
in metastatic colorectal cancer. Sci. Rep. https://doi.org/10.1038/s41598-
019-47708-1 

Ma, X., Zhu, L., Wu, X., Bao, H., Wang, X., Chang, Z., Shao, Y.W., Wang, Z., 
2017. Cell-free DNA provides a good representation of the tumor genome 
despite its biased fragmentation patterns. PLoS One. 
https://doi.org/10.1371/journal.pone.0169231 

Mair, R., Mouliere, F., Smith, C.G., Chandrananda, D., Gale, D., Marass, F., 
Tsui, D.W.Y., Massie, C.E., Wright, A.J., Watts, C., Rosenfeld, N., Brindle, 
K.M., 2019. Measurement of plasma cell-free mitochondrial tumor DNA 
improves detection of glioblastoma in patient-derived orthotopic xenograft 
models. Cancer Res. https://doi.org/10.1158/0008-5472.CAN-18-0074 

Maire, F., Micard, S., Hammel, P., Voitot, H., Lévy, P., Cugnenc, P.H., 
Ruszniewski, P., Puig, P.L., 2002. Differential diagnosis between chronic 
pancreatitis and pancreatic cancer: Value of the detection of KRAS2 
mutations in circulating DNA. Br. J. Cancer. 
https://doi.org/10.1038/sj.bjc.6600475 

MANDEL, P., METAIS, P., 1948. Les acides nucléiques du plasma sanguin 
chez l’homme. C. R. Seances Soc. Biol. Fil. 

Mastoraki, S., Strati, A., Tzanikou, E., Chimonidou, M., Politaki, E., Voutsina, A., 
Psyrri, A., Georgoulias, V., Lianidou, E., 2018.  ESR1 Methylation: A Liquid 
Biopsy–Based Epigenetic Assay for the Follow-up of Patients with 
Metastatic Breast Cancer Receiving Endocrine Treatment . Clin. Cancer 
Res. https://doi.org/10.1158/1078-0432.ccr-17-1181 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Mathai, R., Vidya, R., Reddy, B., Thomas, L., Udupa, K., Kolesar, J., Rao, M., 
2019. Potential Utility of Liquid Biopsy as a Diagnostic and Prognostic Tool 
for the Assessment of Solid Tumors: Implications in the Precision 
Oncology. J. Clin. Med. https://doi.org/10.3390/jcm8030373 

Matsuoka, T., Yashiro, M., 2019. Precision medicine for gastrointestinal cancer: 
Recent progress and future perspective. World J. Gastrointest. Oncol. 
https://doi.org/10.4251/wjgo.v12.i1.1 

Mazurek, A.M., Rutkowski, T., Fiszer-Kierzkowska, A., Małusecka, E., 
Składowski, K., 2016. Assessment of the total cfDNA and HPV16/18 
detection in plasma samples of head and neck squamous cell carcinoma 
patients. Oral Oncol. https://doi.org/10.1016/j.oraloncology.2015.12.002 

Méhes, G., 2019. Liquid biopsy for predictive mutational profiling of solid 
cancer: The pathologist’s perspective. J. Biotechnol. 
https://doi.org/10.1016/j.jbiotec.2019.04.002 

Merker, J.D., Oxnard, G.R., Compton, C., Diehn, M., Hurley, P., Lazar, A.J., 
Lindeman, N., Lockwood, C.M., Rai, A.J., Schilsky, R.L., Tsimberidou, 
A.M., Vasalos, P., Billman, B.L., Oliver, T.K., Bruinooge, S.S., Hayes, D.F., 
Turner, N.C., 2018. Circulating tumor DNA analysis in patients with cancer: 
American society of clinical oncology and college of American pathologists 
joint review. J. Clin. Oncol. https://doi.org/10.1200/JCO.2017.76.8671 

Mezzalira, S., De Mattia, E., Guardascione, M., Fratte, C.D., Cecchin, E., 
Toffoli, G., 2019. Circulating-free DNA analysis in hepatocellular 
carcinoma: A promising strategy to improve patients’ management and 
therapy outcomes. Int. J. Mol. Sci. https://doi.org/10.3390/ijms20215498 

Mody, K., Kasi, P.M., Yang, J.D., Surapaneni, P.K., Ritter, A., Roberts, A., 
Nagy, R., Borad, M.J., 2019. Feasibility of circulating tumor DNA testing in 
hepatocellular carcinoma. J. Gastrointest. Oncol. 
https://doi.org/10.21037/jgo.2019.02.10 

Morgeson, F.P., Aguinis, H., David,  a. W., Donald, S.S., 2018. The Value of 
Cell-free DNA for Molecular Pathology. J. Pathol. 1–29. 
https://doi.org/10.1002/path.5048 

Mouliere, F., Robert, B., Peyrotte, E., Del Rio, M., Ychou, M., Molina, F., 
Gongora, C., Thierry, A.R., 2011. High fragmentation characterizes tumour-
derived circulating DNA. PLoS One. 
https://doi.org/10.1371/journal.pone.0023418 

Moyer, V.A., 2012. Screening for prostate cancer: U.S. preventive services task 
force recommendation statement. Ann. Intern. Med. 
https://doi.org/10.7326/0003-4819-157-2-201207170-00459 

Müller Bark, J., Kulasinghe, A., Chua, B., Day, B.W., Punyadeera, C., 2019. 
Circulating biomarkers in patients with glioblastoma. Br. J. Cancer. 
https://doi.org/10.1038/s41416-019-0603-6 

Murtaza, M., Dawson, S.J., Tsui, D.W.Y., Gale, D., Forshew, T., Piskorz, A.M., 
Parkinson, C., Chin, S.F., Kingsbury, Z., Wong, A.S.C., Marass, F., 
Humphray, S., Hadfield, J., Bentley, D., Chin, T.M., Brenton, J.D., Caldas, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


C., Rosenfeld, N., 2013. Non-invasive analysis of acquired resistance to 
cancer therapy by sequencing of plasma DNA. Nature. 
https://doi.org/10.1038/nature12065 

Nemecek, R., Berkovcova, J., Radova, L., Kazda, T., Mlcochova, J., 
Vychytilova-Faltejskova, P., Slaby, O., Svoboda, M., 2016. Mutational 
analysis of primary and metastatic colorectal cancer samples underlying 
the resistance to cetuximab-based therapy. Onco. Targets. Ther. 
https://doi.org/10.2147/OTT.S102891 

Neuhaus, J., Yang, B., 2018. Liquid Biopsy Potential Biomarkers in Prostate 
Cancer. Diagnostics. https://doi.org/10.3390/diagnostics8040068 

Newman, A.M., Bratman, S. V., To, J., Wynne, J.F., Eclov, N.C.W., Modlin, 
L.A., Liu, C.L., Neal, J.W., Wakelee, H.A., Merritt, R.E., Shrager, J.B., Loo, 
B.W., Alizadeh, A.A., Diehn, M., 2014. An ultrasensitive method for 
quantitating circulating tumor DNA with broad patient coverage. Nat. Med. 
https://doi.org/10.1038/nm.3519 

Nik-Zainal, S., Alexandrov, L.B., Wedge, D.C., Van Loo, P., Greenman, C.D., 
Raine, K., Jones, D., Hinton, J., Marshall, J., Stebbings, L.A., Menzies, A., 
Martin, S., Leung, K., Chen, L., Leroy, C., Ramakrishna, M., Rance, R., 
Lau, K.W., Mudie, L.J., Varela, I., McBride, D.J., Bignell, G.R., Cooke, S.L., 
Shlien, A., Gamble, J., Whitmore, I., Maddison, M., Tarpey, P.S., Davies, 
H.R., Papaemmanuil, E., Stephens, P.J., McLaren, S., Butler, A.P., 
Teague, J.W., Jönsson, G., Garber, J.E., Silver, D., Miron, P., Fatima, A., 
Boyault, S., Langerod, A., Tutt, A., Martens, J.W.M., Aparicio, S.A.J.R., 
Borg, Å., Salomon, A.V., Thomas, G., Borresen-Dale, A.L., Richardson, 
A.L., Neuberger, M.S., Futreal, P.A., Campbell, P.J., Stratton, M.R., 2012. 
Mutational processes molding the genomes of 21 breast cancers. Cell. 
https://doi.org/10.1016/j.cell.2012.04.024 

Okajima, W., Komatsu, S., Ichikawa, D., Miyamae, M., Ohashi, T., Imamura, T., 
Kiuchi, J., Nishibeppu, K., Arita, T., Konishi, H., Shiozaki, A., Morimura, R., 
Ikoma, H., Okamoto, K., Otsuji, E., 2017. Liquid biopsy in patients with 
hepatocellular carcinoma: Circulating tumor cells and cell-free nucleic 
acids. World J. Gastroenterol. https://doi.org/10.3748/wjg.v23.i31.5650 

Olsson, E., Winter, C., George, A., Chen, Y., Howlin, J., Tang, M.E., Dahlgren, 
M., Schulz, R., Grabau, D., Westen, D., Fernö, M., Ingvar, C., Rose, C., 
Bendahl, P., Rydén, L., Borg, Å., Gruvberger‐Saal, S.K., Jernström, H., 
Saal, L.H., 2015.  Serial monitoring of circulating tumor DNA in patients 
with primary breast cancer for detection of occult metastatic disease . 
EMBO Mol. Med. https://doi.org/10.15252/emmm.201404913 

Palmirotta, R., Lovero, D., Cafforio, P., Felici, C., Mannavola, F., Pellè, E., 
Quaresmini, D., Tucci, M., Silvestris, F., 2018. Liquid biopsy of cancer: a 
multimodal diagnostic tool in clinical oncology. Ther. Adv. Med. Oncol. 
https://doi.org/10.1177/1758835918794630 

Payne, K., Brooks, J., Spruce, R., Batis, N., Taylor, G., Nankivell, P., Mehanna, 
H., 2019. Circulating tumour cell biomarkers in head and neck cancer: 
Current progress and future prospects. Cancers (Basel). 
https://doi.org/10.3390/cancers11081115 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Perkins, G., Lu, H., Garlan, F., Taly, V., 2017. Droplet-Based Digital PCR: 
Application in Cancer Research, in: Advances in Clinical Chemistry. 
https://doi.org/10.1016/bs.acc.2016.10.001 

Piccioni, D.E., Achrol, A.S., Kiedrowski, L.A., Banks, K.C., Boucher, N., 
Barkhoudarian, G., Kelly, D.F., Juarez, T., Lanman, R.B., Raymond, V.M., 
Nguyen, M., Truong, J.D., Heng, A., Gill, J., Saria, M., Pingle, S.C., Kesari, 
S., 2019. Analysis of cell-free circulating tumor DNA in 419 patients with 
glioblastoma and other primary brain tumors. CNS Oncol. 
https://doi.org/10.2217/cns-2018-0015 

Piciocchi, M., Cardin, R., Vitale, A., Vanin, V., Giacomin, A., Pozzan, C., 
Maddalo, G., Cillo, U., Guido, M., Farinati, F., 2013. Circulating free DNA in 
the progression of liver damage to hepatocellular carcinoma. Hepatol. Int. 
https://doi.org/10.1007/s12072-013-9481-9 

Pishvaian, M.J., Bender, R.J., Matrisian, L.M., Rahib, L., Hendifar, A., Hoos, 
W.A., Mikhail, S., Chung, V., Picozzi, V., Heartwell, C., Mason, K., Varieur, 
K., Aberra, M., Madhavan, S., Petricoin, E., Brody, J.R., 2017. A pilot study 
evaluating concordance between blood-based and patient-matched tumor 
molecular testing within pancreatic cancer patients participating in the 
Know Your Tumor (KYT) initiative. Oncotarget. 
https://doi.org/10.18632/oncotarget.13225 

Ponti, G., Manfredini, M., Tomasi, A., 2019. Non-blood sources of cell-free DNA 
for cancer molecular profiling in clinical pathology and oncology. Crit. Rev. 
Oncol. Hematol. https://doi.org/10.1016/j.critrevonc.2019.06.005 

Postel, M., Roosen, A., Laurent-Puig, P., Taly, V., Wang-Renault, S.F., 2018. 
Droplet-based digital PCR and next generation sequencing for monitoring 
circulating tumor DNA: a cancer diagnostic perspective. Expert Rev. Mol. 
Diagn. https://doi.org/10.1080/14737159.2018.1400384 

Qi, Z.H., Xu, H.X., Zhang, S.R., Xu, J.Z., Li, S., Gao, H.L., Jin, W., Wang, W.Q., 
Wu, C.T., Ni, Q.X., Yu, X.J., Liu, L., 2018. The significance of liquid biopsy 
in pancreatic cancer. J. Cancer. https://doi.org/10.7150/jca.24591 

Reinert, T., Schøler, L. V., Thomsen, R., Tobiasen, H., Vang, S., Nordentoft, I., 
Lamy, P., Kannerup, A.S., Mortensen, F. V., Stribolt, K., Hamilton-Dutoit, 
S., Nielsen, H.J., Laurberg, S., Pallisgaard, N., Pedersen, J.S., Ørntoft, 
T.F., Andersen, C.L., 2016. Analysis of circulating tumour DNA to monitor 
disease burden following colorectal cancer surgery. Gut. 
https://doi.org/10.1136/gutjnl-2014-308859 

Remon, J., García-Campelo, R., de Álava, E., Vera, R., Rodríguez-Peralto, J.L., 
Rodríguez-Lescure, Á., Bellosillo, B., Garrido, P., Rojo, F., Álvarez-Alegret, 
R., 2019. Liquid biopsy in oncology: a consensus statement of the Spanish 
Society of Pathology and the Spanish Society of Medical Oncology. Clin. 
Transl. Oncol. https://doi.org/10.1007/s12094-019-02211-x 

Roengvoraphoj, M., Tsongalis, G.J., Dragnev, K.H., Rigas, J.R., 2013. 
Epidermal growth factor receptor tyrosine kinase inhibitors as initial therapy 
for non-small cell lung cancer: Focus on epidermal growth factor receptor 
mutation testing and mutation-positive patients. Cancer Treat. Rev. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


https://doi.org/10.1016/j.ctrv.2013.05.001 

Santarpia, M., Liguori, A., D’Aveni, A., Karachaliou, N., Gonzalez-Cao, M., 
Daffinà, M.G., Lazzari, C., Altavilla, G., Rosell, R., 2018. Liquid biopsy for 
lung cancer early detection. J. Thorac. Dis. 
https://doi.org/10.21037/jtd.2018.03.81 

Savli, H., Sertdemir, N., Aydin, D., Dursun, B., Kurtas, O., Reka, S., Sunnetci-
Akkoyunlu, D., Eren-Keskin, S., Uygun, K., Ozden, E., Isik, U., Cabuk, D., 
Demir, G., Guzdolu, E., Gokbayrak, M., Aksu, M.G., Canturk, N.Z., Cine, 
N., 2019. TP53, EGFR and PIK3CA gene variations observed as prominent 
biomarkers in breast and lung cancer by plasma cell-free DNA genomic 
testing. J. Biotechnol. https://doi.org/10.1016/j.jbiotec.2019.05.005 

Schøler, L. V., Reinert, T., Ørntoft, M.B.W., Kassentoft, C.G., Arnadøttir, S.S., 
Vang, S., Nordentoft, I., Knudsen, M., Lamy, P., Andreasen, D., Mortensen, 
F. V., Knudsen, A.R., Stribolt, K., Sivesgaard, K., Mouritzen, P., Nielsen, 
H.J., Laurberg, S., Ørntoft, T.F., Andersen, C.L., 2017. Clinical implications 
of monitoring circulating Tumor DNA in patients with colorectal cancer. Clin. 
Cancer Res. https://doi.org/10.1158/1078-0432.CCR-17-0510 

Schwarzenbach, H., Hoon, D.S.B., Pantel, K., 2011. Cell-free nucleic acids as 
biomarkers in cancer patients. Nat. Rev. Cancer. 
https://doi.org/10.1038/nrc3066 

Seremet, T., Jansen, Y., Planken, S., Njimi, H., Delaunoy, M., El Housni, H., 
Awada, G., Schwarze, J.K., Keyaerts, M., Everaert, H., Lienard, D., Del 
Marmol, V., Heimann, P., Neyns, B., 2019. Undetectable circulating tumor 
DNA (ctDNA) levels correlate with favorable outcome in metastatic 
melanoma patients treated with anti-PD1 therapy. J. Transl. Med. 
https://doi.org/10.1186/s12967-019-2051-8 

Shah, S.P., Morin, R.D., Khattra, J., Prentice, L., Pugh, T., Burleigh, A., 
Delaney, A., Gelmon, K., Guliany, R., Senz, J., Steidl, C., Holt, R.A., Jones, 
S., Sun, M., Leung, G., Moore, R., Severson, T., Taylor, G.A., 
Teschendorff, A.E., Tse, K., Turashvili, G., Varhol, R., Warren, R.L., 
Watson, P., Zhao, Y., Caldas, C., Huntsman, D., Hirst, M., Marra, M.A., 
Aparicio, S., 2009. Mutational evolution in a lobular breast tumour profiled 
at single nucleotide resolution. Nature. https://doi.org/10.1038/nature08489 

Shapiro, B., Chakrabarty, M., Cohn, E.M., Leon, S.A., 1983. Determination of 
circulating DNA levels in patients with benign or malignant gastrointestinal 
disease. Cancer. https://doi.org/10.1002/1097-
0142(19830601)51:11<2116::AID-CNCR2820511127>3.0.CO;2-S 

Siegel, R.L., Miller, K.D., Jemal, A., 2017. Cancer statistics, 2017. CA. Cancer 
J. Clin. https://doi.org/10.3322/caac.21387 

Sorenson, G.D., Pribish, D.M., Valone, F.H., Memoli, V.A., Bzik, D.J., Yao, S.L., 
1994. Soluble Normal and Mutated DNA Sequences from Single-Copy 
Genes in Human Blood. Cancer Epidemiol. Biomarkers Prev. 

Soyano, A.E., Baldeo, C., Kasi, P.M., 2019. Adjunctive use of circulating tumor 
DNA testing in detecting pancreas cancer recurrence. Front. Oncol. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


https://doi.org/10.3389/fonc.2019.00046 

St. Jude, 2016. Summary of Safety and Effectiveness Data ( Ssed ). U.S. Food 
Drug Adm. https://doi.org/10.1017/CBO9781107415324.004 

Steffensen, K.D., Madsen, C.V., Andersen, R.F., Waldstrøm, M., Adimi, P., 
Jakobsen, A., 2014. Prognostic importance of cell-free DNA in 
chemotherapy resistant ovarian cancer treated with bevacizumab. Eur. J. 
Cancer. https://doi.org/10.1016/j.ejca.2014.06.022 

Stroun, M., Anker, P., Maurice, P., Lyautey, J., Lederrey, C., Beljanski, M., 
1989. Neoplastic characteristics of the DNA found in the plasma of cancer 
patients. Oncology. https://doi.org/10.1159/000226740 

Su, Y.H., Kim, A.K., Jain, S., 2018. Liquid biopsies for hepatocellular carcinoma. 
Transl. Res. https://doi.org/10.1016/j.trsl.2018.07.001 

Sun, Y., Haglund, T.A., Rogers, A.J., Ghanim, A.F., Sethu, P., 2018. Review: 
Microfluidics technologies for blood-based cancer liquid biopsies. Anal. 
Chim. Acta. https://doi.org/10.1016/j.aca.2017.12.050 

Swaminathan, R., Butt, A.N., 2006. Circulating nucleic acids in plasma and 
serum: Recent developments, in: Annals of the New York Academy of 
Sciences. https://doi.org/10.1196/annals.1368.001 

Thierry, A.R., El Messaoudi, S., Gahan, P.B., Anker, P., Stroun, M., 2016. 
Origins, structures, and functions of circulating DNA in oncology. Cancer 
Metastasis Rev. https://doi.org/10.1007/s10555-016-9629-x 

Thierry, A.R., Tanos, R., 2018. Liquid biopsy: A possible approach for cancer 
screening. Medecine/Sciences. https://doi.org/10.1051/medsci/2018208 

Tjensvoll, K., Lapin, M., Buhl, T., Oltedal, S., Steen-Ottosen Berry, K., Gilje, B., 
Søreide, J.A., Javle, M., Nordgård, O., Smaaland, R., 2016. Clinical 
relevance of circulating KRAS mutated DNA in plasma from patients with 
advanced pancreatic cancer. Mol. Oncol. 
https://doi.org/10.1016/j.molonc.2015.11.012 

Tsujiura, M., Ichikawa, D., Konishi, H., Komatsu, S., Shiozaki, A., Otsuji, E., 
2014. Liquid biopsy of gastric cancer patients: Circulating tumor cells and 
cell-free nucleic acids. World J. Gastroenterol. 
https://doi.org/10.3748/wjg.v20.i12.3265 

Vasioukhin, V., Anker, P., Maurice, P., Lyautey, J., Lederrey, C., Stroun, M., 
1994. Point mutations of the N-ras gene in the blood plasma DNA of 
patients with myelodysplastic syndrome or acute myelogenous leukaemia. 
Br. J. Haematol. https://doi.org/10.1111/j.1365-2141.1994.tb04828.x 

Vidal, J., Muinelo, L., Dalmases, A., Jones, F., Edelstein, D., Iglesias, M., 
Orrillo, M., Abalo, A., Rodríguez, C., Brozos, E., Vidal, Y., Candamio, S., 
Vázquez, F., Ruiz, J., Guix, M., Visa, L., Sikri, V., Albanell, J., Bellosillo, B., 
López, R., Montagut, C., 2017. Plasma ctDNA RAS mutation analysis for 
the diagnosis and treatment monitoring of metastatic colorectal cancer 
patients. Ann. Oncol. https://doi.org/10.1093/annonc/mdx125 

Vitiello, P.P., De Falco, V., Giunta, E.F., Ciardiello, D., Cardone, C., Vitale, P., 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Zanaletti, N., Borrelli, C., Poliero, L., Terminiello, M., Arrichiello, G., Caputo, 
V., Famiglietti, V., Iacono, V.M., Marrone, F., Di Liello, A., Martini, G., 
Napolitano, S., Caraglia, M., Lombardi, A., Franco, R., De Vita, F., Morgillo, 
F., Troiani, T., Ciardiello, F., Martinelli, E., 2019. Clinical practice use of 
liquid biopsy to identify RAS/BRAF mutations in patients with metastatic 
colorectal cancer (mCRC): A single institution experience. Cancers (Basel). 
11. https://doi.org/10.3390/cancers11101504 

Vogelstein, B., Kinzler, K.W., 1999. Digital PCR. Proc. Natl. Acad. Sci. U. S. A. 
https://doi.org/10.1073/pnas.96.16.9236 

Volckmar, A.L., Sültmann, H., Riediger, A., Fioretos, T., Schirmacher, P., 
Endris, V., Stenzinger, A., Dietz, S., 2018. A field guide for cancer 
diagnostics using cell-free DNA: From principles to practice and clinical 
applications. Genes Chromosom. Cancer. 
https://doi.org/10.1002/gcc.22517 

Wang, J.Y., Hsieh, J.S., Chang, M.Y., Huang, T.J., Chen, F.M., Cheng, T.L., 
Alexandersen, K., Huang, Y.S., Tzou, W.S., Lin, S.R., 2004. Molecular 
detection of APC, K-ras, and p53 mutations in the serum of colorectal 
cancer patients as circulating biomarkers. World J. Surg. 
https://doi.org/10.1007/s00268-004-7366-8 

Wang, Y., Springer, S., Mulvey, C.L., Silliman, N., Schaefer, J., Sausen, M., 
James, N., Rettig, E.M., Guo, T., Pickering, C.R., Bishop, J.A., Chung, 
C.H., Califano, J.A., Eisele, D.W., Fakhry, C., Gourin, C.G., Ha, P.K., Kang, 
H., Kiess, A., Koch, W.M., Myers, J.N., Quon, H., Richmon, J.D., 
Sidransky, D., Tufano, R.P., Westra, W.H., Bettegowda, C., Diaz, L.A., 
Papadopoulos, N., Kinzler, K.W., Vogelstein, B., Agrawal, N., 2015. 
Detection of somatic mutations and HPV in the saliva and plasma of 
patients with head and neck squamous cell carcinomas. Sci. Transl. Med. 
https://doi.org/10.1126/scitranslmed.aaa8507 

Weigelt, B., Comino-Méndez, I., De Bruijn, I., Tian, L., Meisel, J.L., García-
Murillas, I., Fribbens, C., Cutts, R., Martelotto, L.G., Ng, C.K.Y., Lim, R.S., 
Selenica, P., Piscuoglio, S., Aghajanian, C., Norton, L., Murali, R., Hyman, 
D.M., Borsu, L., Arcila, M.E., Konner, J., Reis-Filho, J.S., Greenberg, R.A., 
Robson, M.E., Turner, N.C., 2017. Diverse BRCA1 and BRCA2 reversion 
mutations in circulating cell-free DNA of therapy-resistant breast or ovarian 
cancer. Clin. Cancer Res. https://doi.org/10.1158/1078-0432.CCR-17-0544 

Witkiewicz, A.K., McMillan, E.A., Balaji, U., Baek, G.H., Lin, W.C., Mansour, J., 
Mollaee, M., Wagner, K.U., Koduru, P., Yopp, A., Choti, M.A., Yeo, C.J., 
McCue, P., White, M.A., Knudsen, E.S., 2015. Whole-exome sequencing of 
pancreatic cancer defines genetic diversity and therapeutic targets. Nat. 
Commun. https://doi.org/10.1038/ncomms7744 

Yadav, D.K., Bai, X., Yadav, R.K., Singh, A., Li, G., Ma, T., Chen, W., Liang, T., 
2018. Liquid biopsy in pancreatic cancer: The beginning of a new era. 
Oncotarget. https://doi.org/10.18632/oncotarget.24809 

Yao, W., Mei, C., Nan, X., Hui, L., 2016. Evaluation and comparison of in vitro 
degradation kinetics of DNA in serum, urine and saliva: A qualitative study. 
Gene. https://doi.org/10.1016/j.gene.2016.06.033 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1


Yin, C.Q., Yuan, C.H., Qu, Z., Guan, Q., Chen, H., Wang, F.B., 2016. Liquid 
biopsy of hepatocellular carcinoma: Circulating tumor-derived biomarkers. 
Dis. Markers. https://doi.org/10.1155/2016/1427849 

Ying, M., Zhu, X.X., Zhao, Y., Li, D.H., Chen, L.H., 2015. KRAS mutation as a 
biomarker for survival in patients with non-small cell lung cancer, A meta-
analysis of 12 randomized trials. Asian Pacific J. Cancer Prev. 
https://doi.org/10.7314/APJCP.2015.16.10.4439 

Yu, S.C.Y., Lee, S.W.Y., Jiang, P., Leung, T.Y., Chan, K.C.A., Chiu, R.W.K., Lo, 
Y.M.D., 2013. High-resolution profiling of fetal DNA clearance from 
maternal plasma by massively parallel sequencing. Clin. Chem. 
https://doi.org/10.1373/clinchem.2013.203679 

Zhang, W., Xia, W., Lv, Z., Ni, C., Xin, Y., Yang, L., 2017. Liquid Biopsy for 
Cancer: Circulating Tumor Cells, Circulating Free DNA or Exosomes? Cell. 
Physiol. Biochem. https://doi.org/10.1159/000458736 

Zheng, P., Liang, C., Ren, L., Zhu, D., Feng, Q., Chang, W., He, G., Ye, L., 
Chen, J., Lin, Q., Yi, T., Ji, M., Niu, Z., Jian, M., Wei, Y., Xu, J., 2018. 
Additional biomarkers beyond RAS that impact the efficacy of cetuximab 
plus Chemotherapy in mCRC: A retrospective biomarker analysis. J. Oncol. 
https://doi.org/10.1155/2018/5072987 

Zachariah, M. A., Oliveira-Costa, J. P., Carter, B. S., Stott, S. L., & Nahed, B. 
V., 2018. Blood-based biomarkers for the diagnosis and monitoring of gliomas. 
Neuro-Oncology. https://doi.org/10.1093/neuonc/noy074 
 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202006.0263.v1

https://doi.org/10.20944/preprints202006.0263.v1

