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Spectrum of non-genetic signatures identified 
among circulating DNA molecules

Nicola Normanno

Dennis Lo Science 2021

➢ Tissue and cancer specific 

differentially methylated 

regions (DMRs) are 

potential biomarkers for 

ctDNA detection

➢ DNA methylation profiles 

differ between cells of 

differing tissues of origin, 

thus  providing information 

on the organ site of the 

cancer

➢ The ctDNA has a shorter

median length as compared

with DNA from non-

transformed cells (150 bp vs 

166 bp), reflecting

chromosomal, genomic and 

epigenetic alterations of 

cancer cells

➢ DNA fragmentation is a non-

random process: specific

sequences are found at the 

end of plasma DNA fragments

(preferred ends)



A Cell-free DNA Blood-Based Test for CRC Screening

Chung NEJM 2024

The test under assessment is a cfDNA blood based 

assay that interrogates:

✓ cfDNA genomic alterations

✓ aberrant methylation status

✓ fragmentomic patterns



Cell-Free DNA Fragmentome Assay for of Lung Cancer 
Early Detection

Mazzone Cancer Discov 2026











Multi-cancer detection and localization using methylation 

signatures in cfDNA

Klein Ann Oncol 2021Liu Ann Oncol 2020





Plasma signals of lung tumor promotion for molecular cancer 
prevention

Pandya Cell 2026



Clinical applications of ctDNA assays for patients with 
cancer and expected DNA levels in different phases of 
the disease

Pascual et al Ann Oncol 2022



Workflow for detection of ctDNA in patients with early stage 
cancer

Normanno Nat Rev Clin Oncol 2025



Clinical studies 

testing ctDNA in 

patients with 

NSCLC receiving 

neoadjuvant 

treatment

Normanno Nat Rev Clin Oncol 2025



Clinical studies 

testing ctDNA in 

patients with BC 

receiving 

neoadjuvant 

treatment

Panet npj Breast Cancer 2025

Decrease in ctDNA detection or 

tumor VAF is associated with 

improved pCR or RFS





ctDNA clearance and prediction of pCR in Patients with 

Solid Tumors Treated with Neoadjuvant ICIs

Valenza Ann Oncol 2025

➢ The lack of ctDNA clearance 

may identify patients unlikely 

to have a pCR

➢ The confirmatory power of 

ctDNA clearance is limited by 

low specificity and high 

heterogeneity due to the 

variability of the assays, and 

warrants further study



Heterogeneity of the ctDNA assays

Valenza Ann Oncol 2025





Prognostic significance 

of ctDNA status after 

NAT and pCR in 

patients with HER2- BC

Magbanua Cancer Cell 2023



The IMMUNOSTAR Trial

Principal Investigator Carmine Pinto

Coordinator Translational Studies Nicola Normanno



Clinical applications of ctDNA assays for patients with 
cancer and expected DNA levels in different phases of 
the disease

Pascual et al Ann Oncol 2022



MRD detection by ctDNA testing in CRC

Martinez-Castedo Ann Oncol 2025



MRD detection by cfDNA testing in NSCLC

Normanno Nat Rev Clin Oncol 2025



MRD detection by 

ctDNA testing in BC

Nader-Marta ESMO Open 2024



ctDNA Analysis Guiding 
Adjuvant Therapy in Stage 
II Colon Cancer: 
the DYNAMIC II trial

Tie NEJM 2022



DYNAMIC II: ctDNA, Clinical Risk and T Stage

Tie NEJM 2022



ctDNA-guided adjuvant therapy in locally advanced colon 
cancer: the DYNAMIC III trial

Tie Nat Med 2025



DYNAMIC III trial: 
RFS with ctDNA-
guided versus 
standard-of-care 
adjuvant therapy

Tie Nat Med 2025



DYNAMIC III trial: RFS with 
ctDNA-Guided versus 
Standard-of-Care Adjuvant 
Therapy for ctDNA-Negative 
Patients, According to 
Clinical Risk

Tie Nat Med 2025





MRD detection: open issues

Xia Clin Cancer Res 2022

MRD: Minimal residual disease

➢ A fraction of MRD negative patients still

has a disease recurrence

➢ It is not clear whether this is due to 

limited sensitivity of the assays or to 

biological features of the tumor

➢ In MRD negative patients, recurrence is

more frequently lorocoregional or in 

lymph nodes or intracranial

➢ Almost all MRD positive patients have a 

disease recurrence

➢ Interventional studies are needed to 

develop effective therapeutic strategies 

to eradicate MRD

Prognostic value of postoperative ctDNA in NSCLC patients



Prospective interventional studies testing perioperative 
ctDNA in patients with early stage NSCLC

Normanno Nat Rev Clin Oncol 2025



Clinical applications of ctDNA assays for patients with 
cancer and expected DNA levels in different phases of 
the disease

Pascual et al Ann Oncol 2022



ctDNA assays can be 

undertaken in treatment-

naive patients and is 

especially recommended 

when a significant delay is 

expected in obtaining 

tumour tissue for 

genotyping, when invasive 

procedures may be risky or 

contraindicated, or bone is 

the only site that could be 

biopsied









Pilot EQA for Multibiomarker Testing in cfDNA 

➢ Sixty laboratories from 17 different countries  

➢ Five artificial plasma samples were distributed for testing 

➢ Two samples contained multiple biomarkers and 

participating laboratories were assessed for genotyping

➢ The program is coordinated by GenQA (Jenny Fairley) on 

behalf of IQN Path



Actionable genomic alterations in breast cancer

Mosele Ann Oncol 2024

It is recommended to carry out 

tumour NGS of a tumour (or 

plasma) sample from a patient 

with hormone receptor-

positive/HER2-negative 

advanced breast cancer as 

standard of care. 



ctDNA testing identifies more ESR1 positive patients 

compared to tissue testing

Turner et al, Circulating tumour DNA analysis to direct therapy in advanced breast 

cancer (plasmaMATCH), suppl mat, Lanc. Onc.2020

ctDNA tested with 

Guardant360® CDx



ELACESTRANT in ESR1 mutation positive BC pts

Bidard JCO 2022

➢ ESR1 testing in cfDNA at a central laboratory 

using the Guardant360 CDx assay

➢ ESR1 mutations were defined as any missense 

mutation in codons 310-547

➢ Frequency of ESR1 variants: 47.8%

➢ VAF up to 0.03%

ALL PTS

ESR1+ PTS





42% ESR1m Detection Rate (138/331)

EMBER3

>43% ESR1m Detection Rate (136/313; 134/311)

VERITAC-2



Tissue/liquid biopsy concordance in CRC 

Normanno et al Ann Oncol 2018

Baseline 8 weeks PD 3mo from PD

Cases KRAS/NRAS/BRAF 

mutant on plasma/ wt on 

tissue at baseline

6/37 (16.2%)
6/31

(19.3%)
14/37

(37.8%)
2/21

(9.5%)

Normanno et al  ASCO 2018
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The LIBImAb study

PIs Carmine Pinto & Nicola Normanno; Funded by AIFA (Italian Drug Agency)

I Random

Blood samples collected into two 10.0 mL 

Cell-free DNA BCT (Streck) at: 

- baseline for all enrolled patients 

(screening); 

- after 8 cycles of treatment for patients 

with RASWT liquid biopsy at baseline, 

who did not progress (re-screening);

- at progression of the disease, for all 

randomized patients. 

- Plasma samples at baseline and after 8 

cycles will be immediately tested, while 

samples at progression will be also 

stored for retrospective analyses. 

II Random







Nesselbush Nature 2025

Detection of ctRNA in 
plasma from patients 
with NSCLC



Zhang Nature 2026

Non-invasive detection 
of the TME from 
plasma cell-free DNA







Take home messages

➢ Multi-omic and multi-modal approaches are under development for early cancer diagnosis

➢ In patients receiving neoadjuvant therapy, ctDNA clearance is highly prognostic and correlates 

with pCR

➢ After surgery, detection of MRD by ctDNA testing is associated with a significantly increased risk 

of recurrence

➢ Novel technologies will allow detection of complex biomarkers by ctDNA and ctRNA testing

➢ Results of interventional clinical trials demonstrating the clinical utility of ctDNA testing in 

directing treatment are needed to move this biomarker in clinical practice

➢ Standardization of methods for ctDNA testing is necessary to harmonize results from clinical 

trials
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