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• Circulating tumor DNA (ctDNA) fragments are released by tumor cells into the bloodstream and 
contain, in principle, defects identical to the tumor cells they originate from.

• Molecular alterations, which can be detected in cell-free DNA (cfDNA), span the types of 
genomic alterations identified in tumors and include point mutations, rearrangements, and 
gene copy number variations.

• Free DNA (although fragmented) is quite stable in the circulation with a half-life between 16 minutes 
and 2.5 hours (”real-time” snapshot of disease burden).

• On the contrary, free RNA molecules do not generally survive in the bloodstream with the 
exception of microRNAs.

Bodily fluids (blood,urine, saliva, etc.)
1. Circulating Tumor Cells (CTCs)
2. Cell-free circulating DNA (cf-DNA)
3. Cell-free circulating tumor DNA (ct-DNA)
4. Small/Long noncoding RNAs
5. Exosomes 
6. Tumor-Educated Platelets (TEPs)           

(interaction  between blood platelets and tumor cells that  
alters the RNA profile of platelets and affects tumor growth)

.............................................................................

The Biological Basis of Liquid Biopsy











Tissue

• Gold Standard
• Diagnosis and subtyping
• Detection of alterations in early stage 

of disease
• Histologic transformation (EMT, etc.)

Liquid  biopsy

• Insufficient or no available tissue or cells
(20-30% of patients do not have accessible tissue)

• Tumor accessibility
• Poor performance status of patient
• Profiling of a “more comprehensively genomic 

landscape” of alterations
• Cost
• Turn Around Time (TAT)
• Source of fresh material
• Minimally invasive
• Possibility of repeating blood sampling

and/or analysis
• Dynamic monitoring of disease

(response, stability or progression)
• Early identification of targetable resistance

driver alterations



Areas of application of ctDNA analysis

Cancer diagnosis : - earlier diagnosis of disease (both in symptomatic and 
presymptomatic patients)

Prognosis and risk of relapse : - assessment of risk of progression
- identification of patients at high risk of relapse

(undertreatment vs overtreatment)

Treatment selection : - tools for molecular profiling of patients and treatment 
stratification

Monitoring disease burden : - treatment monitoring to identify response or 
progression (the ideal monitoring assay should be repeatable
serially over time with minimal risk to patient and should provide an 
accurate read-out of tumor burden)







Categories of resistance mechanisms in patients at progression with 
EGFR-TK inhibitors :

1. Secondary mutations in the EGFR gene
(p.T790M, p.L747S, p.D761Y,p.T854A)

2. Activation of bypass pathways
(HER2 ampl./mutations, MET ampl./mutations, HGF overexpression, IGF-IR activation, VEGF-VEGFRs    
interaction, FGFRs activation, PDGF-PDGFRs interaction, AXL overexpression, excess secretion of IL-6) 

3. Abnormal downstream pathways
(KRAS, BRAF and PIK3CA mutations, loss of PTEN, aberrant expression of NF1) 

4. Histologic transformation (EMT, SCLC, SCC, ecc.)









A proposed paradigm for use of plasma genotyping for 
epidermal growth factor receptor (EGFR) T790M





Mechanisms of resistance to 3rd-generation EGFR TKIs
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CAncer Personalized Profiling by deep sequencing (CAPP-seq) 
a NGS-based method that tracks multiple mutations per patient, 
achieving lower limits of detection ∼0.002%

We retrospectively profiled 255 blood and tissue samples
from 40 patients with localized lung cancers being treated 
with curative-intent first-line therapies and 54 healthy adults



Post-treatment 
disease progression
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• Current evidence from the various validation studies support the use of plasma 
genotyping in patients with newly diagnosed disease before they begin treatment 
and in patients with acquired resistance to treatment and clear disease progression.

• Patients with metastatic NSCLC and acquired resistance to targeted therapy 
represent an additional population in which validated plasma genotyping assays are 
useful in identifying resistance mechanisms and guiding subsequent therapy.

• The presence of increased disease burden (increasing number of metastatic sites, 
liver and bone metastases in particular) has been previously demonstrated to 
predict for increased sensitivity of plasma genotyping assays.

• Studies in primary central nervous system tumors suggest that the capability to 
detect tumor cfDNA in the plasma in this setting has limited sensitivity.

• Individual clinical situations in which initial biopsy yielded insufficient tissue for 
genotyping, repeat biopsy is anatomically difficult or an urgent clinical need exists 
to identify potentially targetable genomic alterations represent scenarios in which 
plasma genotyping may be potentially useful.

In which patients and clinical situations can plasma 
genotyping assays be utilized ?



• The clinical use of liquid biopsies will depend on the practical 
advantages for patients and clinicians, the infrastructure required and 
its cost-effectiveness.

• Tissue biopsies currently represent the standard of tumor diagnosis

• They only reflect a single point in time of a single site of the tumor

• Such a sampling method is thus inadequate for a comprehensive 
characterization of a tumor, as it has been demonstrated that various 
areas within the primary tumor or metastases can in fact harbor 
different genomic profiles

• Whether or not ctDNA does actually indeed offer a full representation 
of a patient’s cancer (all existing metastases contribute to the ctDNA, CTCs, and 
exosomes found in the bloodstream, or if all tumor cells release an equal amount of 
ctDNA into the  circulation)

Existing challenges for liquid biopsy applications



• The molecular genetic diversity within a tumor can also alter over time, 
rendering future treatment decisions based on historical biopsy information 
potentially inaccurate and suboptimal

• A more mature understanding of the biology behind ctDNA, CTCs,  
exosomes and platelets

• Variability in ctDNA levels in different stages of the disease

• Pre-analytical steps [collection of bioliquids (e.g., blood, serum, plasma), centrifugation 
settings, isolation reagents, and storage conditions] should be potentially standardized

• Analytical steps (mutational analysis procedures, NGS assays and sequencing platforms 
themselves, etc.) should be potentially validated for their use into clinical 
settings

• The need to evaluate the clinical relevance of ctDNA at various time points 
depending on the application (patient stratification, evaluation of treatment response, 
efficacy and resistance)

Existing challenges for liquid biopsy applications
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