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EDITORIAL 
Liquid biopsies in cancer: Are we prepared to replace 
tumor tissue? 
Biopsias líquidas en cáncer: ¿estamos preparados  
para remplazar el tejido tumoral?
Andrés F. Cardona¹, Christian Rolfo², Umberto Malapelle³,  
Diego de Miguel-Pérez² 

The use of liquid biopsy (LB) has become highly relevant in the clinical 
field, and the acquisition of circulating free DNA (cfDNA) has become 
consolidated as an emerging biomarker and a tool for the research, di-

agnosis, and prognosis of solid tumors (1). Different studies have confirmed 
that this type of DNA contains information on specific tumor-related alter-
ations, such as mutations, methylations, and copy number variants (CNVs) 
(2). The most striking advantage of LB is its ability to isolate ctDNA through a 
minimally invasive technique (1,3).

ctDNA is released into the bloodstream due to cellular processes such as 
apoptosis, pyroptosis, mitotic catastrophe, autophagy, phagocytosis, or NE-
Tosis (4). In patients with cancer, the levels of ctDNA are higher, and thus, 
the structural and epigenetic changes in the DNA sequence can be observed 
and reflect the disease process (5,6). Also, LB provides real-time information 
about the tumor, which is relevant because it is temporary and spatially het-
erogeneous. The detection of these variations positively impacts timely treat-
ment modifications that could be beneficial for the patient (7,6). Notably, 
analyzing nucleic acids in tumor tissue from traditional biopsies provides 
predominant tumor cells. In contrast, the tumor analysis through cfDNA is 
derived from all tumor sites. This allows LB to monitor a patient’s disease 
burden more accurately and progression in real-time, thus detecting informa-
tion about the heterogeneity of different tumors (8).
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Another significant advantage is that the cfDNA 
released by the tumor into the bloodstream has the 
same variants as those of the tumor cells. This al-
lows us to have information at different times of 
the disease, and given the ease of sampling, repeat-
ed sampling is possible without further inconve-
nience to the patient (8). This knowledge has led 
to significant technological advances, including 
the isolation of cancer cells and the collection of 
DNA derived from them, to have accurate and 
timely information through LB of oncogene-re-
lated variants taken into account for the design of 
targeted therapies (9). In this context, the LB is a 
powerful resource to determine the appearance of 
additional genetic changes, such as the drug resis-
tance mutations that appear with specific targeted 
therapies. In this way, the possibility of taking re-
peated samples allows adjusting the therapy to re-
spond to the evolution of the tumor (6). Likewise, 
it is also possible to obtain ctDNA in several body 
fluids such as urine, feces, cerebrospinal fluid, and 
saliva (8,9). Thus, advances in this field will un-
doubtedly change how the treatment of a patient 
with cancer is selected and monitored.

The development of precision medicine (PM) rep-
resented a breakthrough in cancer management 
(1,7). The application of individualized treat-
ments emphasizing tumor biology and predictive 
responses has significantly improved clinical out-
comes. Hence, the clinical applications of PM are 
broad, encompassing screening, diagnosis, prog-
nosis, prediction of treatment response and resis-
tance, early detection of recurrence/metastasis, 
and biological cancer stratification (2). However, 
challenges related to early diagnosis and real-time 
treatment monitoring remain. Some of these issues 
are due to previously described tumor biopsies, in-
cluding limited tissue availability, the continuous-
ly evolving tumor genetic landscape in response to 
treatment, the emergence of resistant subclones, 
and the need for knowledge on spatial and tem-
poral heterogeneity of tumoral cells  (3). Figure 1 
includes the major developments in the history of 
liquid biopsy for cancer diagnosis and monitoring.

The completion of the Human Genome Project 
(HGP) in 2001 opened the floodgates to a deep-
er understanding of the diseases and their poten-
tial treatment (10). Therapeutic advances in ge-
nome-guided precision oncology rely upon the 
prospective molecular identification of oncogenic 
alterations and resistance mechanisms to guide ac-
curate treatments (5). Technological advances in 
the genetic sequencing of circulating free DNA 
(cfDNA) in plasma have enabled LB that has the 
potential to identify actionable alterations in tu-
mor-derived DNA present in blood and other flu-
ids and capture intra-tumoral heterogeneity not 
addressed by tumor tissue biopsy (that only cap-
tures a single site), potentially avoiding the need for 
invasive measures that consume time and generate 
unnecessary risks. Following the same perspective, 
ctDNA is often present in patients without detect-
able circulating tumor cells, suggesting that these 
two biomarkers represent distinct entities. As 
failure rates at large academic cancer centers from 
diagnostic tests derived from tissue biopsy-based 
next-generation sequencing (NGS) are approx-
imately 14%, ctDNA analysis may be helpful in 
guiding treatment selection in patients for whom 
tissue-based NGS is not an option (6).

LB has been recently gaining attention as an al-
ternative to traditional tissue biopsies, given their 
minimally invasive nature providing a vast amount 
of information (5). The most commonly used 
techniques are quantification of ctDNA and cir-
culating tumor cells (CTCs) (5,6). Detection of 
specific genetic abnormalities based on mutation 
identification and DNA methylation analyses, 
both genome-wide and site-specific, have also 
been gaining relevance (7). Furthermore, ctDNA 
carries some genomic and epigenomic alterations 
concordant to the tumor mutational spectrum, 
such as point mutations, degree of integrity, re-
arranged genomic sequences, copy number varia-
tion (CNV), microsatellite instability (MSI), loss 
of heterozygosity (LOH), and DNA methylation 
(8). These biological characteristics discriminate 
ctDNA from normal cfDNA and reinforce the 
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Figure 1. Major advances in the history of liquid biopsy for cancer screening, diagnosis, and monitoring.

latter as a specific biomarker that provides per-
sonalized information to detect residual disease 
or monitor tumor progression during therapy (9). 
Under normal circumstances, in healthy individu-
als, apoptotic and necrotic cells are cleared up by 
infiltrating phagocytes, and cfDNA levels are rela-
tively low. However, this mechanism does not act 
effectively with tumoral masses. In solid tumors, 
ctDNA can also be released through necrosis, au-
tophagy, and other physiological events induced by 
microenvironmental stress and treatment pressure 
(6). The size of most fragments ranges between 
180 and 200 base pairs (bp), suggesting apoptosis 

as the predominant source of ctDNA (9). Figure 
2 includes the main differential characteristics, 
indications, and opportunities of LB in solid and 
hematological tumors.

Advances in LB as prognostic and predictive tools 
are primarily associated with lung, colon, and 
breast cancer (BC). Interestingly, each histology 
has been preferably associated with a particular 
type of LB. While research in lung or colon can-
cer has been linked to ctDNA analyses, for BC, 
the combination of ctDNA and CTCs is more 
widely used (8). Advancements have been mainly 
achieved in the metastatic setting, as the amount 
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Figure 2. Main differential characteristics, indications, and opportunities of LB in cancer.

of CTCs and ctDNA, which increase with tumor-
al burden, is the greatest. This, in turn, offers the 
best disease model for monitoring and assigning 
new therapies (3).

Particularly in the case of lung cancer, many mul-
tidisciplinary efforts have been made to advance 
the clinical application of LB. In this regard, stan-
dardized isolation methods, such as solid-phase 
extraction techniques, have been used to iso-
late ctDNA, and many sequencing or mutation 

analysis methods have been developed to study 
and understand their clinical implication (11). 
Furthermore, with the current development of 
high-throughput techniques for NGS, the eval-
uation of gene panels is expected to be included 
as routine analysis, especially for the screening of 
high-risk individuals. Concerning treatment man-
agement, ctDNA has been used in non-small cell 
lung carcinoma (NSCLC) for targeted therapy 
selection, treatment monitoring, and detection 
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of resistance mechanisms using the identification 
of somatic mutations in the EGFR gene. The Co-
bas® EGFRMutation Test v2 (Roche) was the first 
LB test approved by the US-FDA in June 2016 for 
the detection of EGFR exon 19 deletions or exon 
21 (L858R) substitution mutations in NSCLC 
patients (12). This represented significant progress 
in the clinical utility of cDNAs. 

In the case of colorectal cancer (CRC), detection 
of ctDNA in plasma has been associated with 
worse survival outcomes compared to undetect-
able levels (5). Additionally, a strong association 
between ctDNA positivity and recurrence-free 
survival (RFS) and overall survival (OS) in patients 
with CRC, irrespective of tumor stage, study size, 
tumor markers, detection methods, and sample 
type, is also worth noticing (5,13). The utility of 
ctDNA as a prognostic parameter and alternative 
modality for mutation detection before treatment 
in metastatic CRC (mCRC) was demonstrated 
in the randomized CORRECT phase III trial. 
The progression-free survival (PFS) of patients 
with KRAS mutations detected in plasma treated 
with regorafenib was shorter than those without 
mutations (14). Therefore, the prognostic value 
of KRAS mutations in plasma without requir-
ing tissue confirmation was established (5). This 
allowed the development of several ctDNA mu-
tation assays and platforms for KRAS mutation 
screening and treatment selection, such as the Idyl-
laTM and Cobas®, both FDA-approved. BC was 
one of the first tumor models in which different 
types of liquid biopsies were studied. In BC, the 
prognostic value of ctDNA was documented in 
numerous studies showing the clinical value of de-
tecting HER2 amplification, PIK3CA, and ESR1 
mutations in ctDNA (15). 

In recent years, ctDNA analyses have been re-
viewed in other different neoplasia such as liver, 
pancreas, ovarian, or prostate cancer (4). In the 
case of pancreatic cancer (PC), one of the most ag-
gressive and devastating malignancies, the absence 
of a reliable methodology for early identification 
and limited therapeutic options for advanced dis-

ease offer a possibility for broad LB implementa-
tion (16). In this context, a study conducted by 
Shapiro et al. reported that the presence of ctDNA 
in PC is markedly elevated compared to healthy 
controls, concluding that ctDNA may serve as a 
useful diagnostic and prognostic biomarker (17). 
Similar studies show that PC patients with notice-
able ctDNA experience worse survival and greater 
risk of diagnosis at an advanced disease stage (18). 
Tjensvoll et al. also noted that during chemother-
apy, changes in mutant KRAS circulation levels 
corresponded to radiological response assessments 
and CA19-9 values, suggesting the utility of ctD-
NA for monitoring treatment efficacy and tumor 
progression (19). These studies demonstrated the 
potential clinical utility of ctDNA as a prognostic 
marker in PC.

In the case of ovarian cancer, previously, there was 
a lack of reliable screening strategies. However, the 
clinical value of ctDNA-based assays was demon-
strated (3). The first study on LB for screening 
using copy-number variation (CNV) detection 
in cfDNA, conducted by Cohen et al., obtained 
satisfactory results (20). Similar studies are being 
developed for other solid tumors, including hepa-
tocellular carcinoma, head and neck, and prostate 
cancer (21,22). However, in other tumor types, 
ctDNA studies still need to be explored. Current 
standard clinical tools for diagnosing and moni-
toring central nervous system (CNS) tumors have 
several significant limitations (23). Mainly the re-
quirement of invasive tissue sampling with a high-
er risk of complications relative to other locations 
and the decreased feasibility of repetitive sampling. 
Therefore, using LB in patients with CNS malig-
nancies is particularly attractive. However, further 
studies are still necessary (24).

In conclusion, clinical evidence confirms increased 
levels of ctDNA, particularly in metastatic disease in 
patients with any of the solid tumors analyzed so far. 
Furthermore, ctDNA levels in cancer patients likely 
correlate with tumor burden, stage, vascularity, cel-
lular turnover, and response to therapy. However, 
not all metastatic tumors seem to have the same im-
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pact on ctDNA levels, and more research is required 
since critical clinical standards (including uniform 
pre-analytic and analytical phases) are scarce and 
need to be established (6). The harmonization of 
studies and comparative studies is crucial to provide 
clear evidence of the clinical utility of ctDNA in 
metastatic solid tumors.
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