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Background
• Circulating tumor DNA (ctDNA)

• ctDNA is a fraction of cell-free DNA (cfDNA) usually isolated from plasma.

• Fragments of DNA shed from tumor cells into the bloodstream.

• Detected and quantified using sensitive molecular techniques (NGS).

• Non-invasive biomarker for tumor genotyping, monitoring treatment response, and 
identifying emerging resistance mechanisms.

• Molecular Residual Disease (MRD) in NSCLC

• Clinical state in which a small number of cancer cells remain in the body after curative-
intent treatment, undetectable by conventional imaging or pathology. 

• MRD is detected by the presence of ctDNA in plasma after treatment → strongly 
predictive of disease recurrence, often preceding radiologic relapse by several months.



ctDNA in early stage
• Greater risk of disease recurrence when detected before and/or after surgery or CT-RT.

• Longitudinal monitoring after surgery increase the prognostic value → detection 
recurrence earlier than clinical or radiological progression. 

• To date, limitations of studies do not support the routine clinical use of ctDNA monitoring: 

• Limited number of patients enrolled

• Different technologies used for ctDNA testing 

• Urgent need for interventional studies to provide evidence for implementing ctDNA testing 
in this setting.



Why MRD /ctDNA matters in NSCLC?
• Despite improvements in the management of early stages, 30%-50% of NSCLC patients 

will experience recurrence.

• TNM staging is the main prognostic factor for treatment decisions.

• Patients with early-stage lung cancer might be treated sub-optimally.

• Toxic treatment is often administered to patients who do not need it, while those 
who could benefit to prevent relapse do not receive it.

• Non-invasive biomarkers are urgently needed to help us to predict disease relapse.

• ctDNA detects recurrence months before it is visible.

• It may help for accurate risk stratification.

Rajaram R. Chest 2024



Testing strategies for the detection of ctDNA 
in early-stage NSCLC

Normanno N. Nature Review Clin Oncol 2025

Tumor 
Informed

Tumor 
Agnostic

• Tumor sequencing → identify 
mutations.

• Germline sequencing (to rule 
out CHIP).

• Create personalized panel
• Detection in blood before/ 

after surgery and follow-up.

• No tumor required.
• Detects tumor signal without

a custom panel.
• Analyzes mutational ctDNA, 

methylation patterns
• Bioinformatic algorithms



Testing strategies for the detection of ctDNA 
in early-stage NSCLC

Tumor 
Informed

Personalized panel  
with patient-specific 
mutations

• High specificity / 
sensibility

• Higher success rate
• Higher LOD

• Requires tumor tissue (No tumour tissue if 
pCR or near pCR)

• Longer TAT
• Higher cost
• WES or WGS affected by quality and amount 

of tissue samples (esp. for early biopsy)
• Does not detect temporal or spatial 

heterogeneity
• Number of targeted variants affects LOD

Tumor 
Agnostic

Predefined cancer 
gene panel.

• Rapid TAT 
• No need for tissue 

sample
• Lower cost
• Representative of 

temporal or spatial 
heterogeneity

• False-negative (limited coverage of 
tumour mutations) 

• False-positive: Interference of clonal 
hematopoiesis (CHIP)

• In study, new generation of assays and the 
use of methylation and fragmentomic 
profiles as highly sensitive biomarkers

Normanno N. Nature Review Clin Oncol 2025



Assays to Detect Minimal Residual Disease

O’Sullivan OncoTargets and Therapy 2023



ctDNA as a biomarker in early-stage NSCLC

1. Preoperative ctDNA testing

2. ctDNA testing during neoadjuvant therapy

3. Detection of MRD after NSCLC resection

4. ctDNA as a biomarker in locally advanced unresectable NSCLC



Preoperative 
ctDNA testing



Preoperative 
ctDNA testing

• ctDNA + before surgery or CTRT might 
correlate with progression and inform on 
the response to neoadjuvant therapy

• ctDNA testing after surgery or CTRT can 
enable detection of MRD or identify 
recurrence earlier during follow-up.

• Preoperative ctDNA+ shorter RFS 
(heterogeneous studies, not confirmed in 
multivariate analyses) 

• ctDNA rate: Stage I 13% -stage III 88%

Normanno N. Nature Review Clin Oncol 2025



Black Natures Medicine 2025

• Baseline ctDNA level is prognostic of OS
• NeXT Personal → ultrasensitive, tumor-informed liquid-biopsy platform
• Identification of ultra-low-risk population with very low ctDNA levels within the adenocarcinoma 

cohort

TRACERx study



ctDNA testing during neoadjuvant therapy



ctDNA testing during neoadjuvant therapy

Normanno N. Nature Review Clin Oncol 2025

• ctDNA dynamics during NA therapy can 
provide relevant information on 
treatment efficacy in patients with early 
stage NSCLC

• NADIM TRIAL
• ctDNA <1% before and after NA had 

better PFS and OS.
• ctDNA clearance better PFS and OS.

• No association with pathological 
response.

• Not association with PFS nor OS 
in patients with a pCR.

• ctDNA dynamics retained prognostic 
value in patients without a pCR.



Normanno N. Nature Review Clin Oncol 2025

• CHECKMATE 816

• Tumor informed panel. 

• N: 86/358 patients.

• ctDNA clearance as a potential 
early predictor of favourable 
outcomes.
• CT-Nivolumab greater rate of 

ctDNA clearance. 
• ctDNA clearance longer EFS 

and greater pCR in both arms.

ctDNA testing during neoadjuvant therapy



Normanno N. Nature Review Clin Oncol 2025

• AEGEAN 

• Tumour-informed panel 

• ctDNA clearance before surgery
strong prognostic factor.

• Correlation between ctDNA
clearance and pCR.

ctDNA testing during neoadjuvant therapy



Blakely WCLC 2025

NeoADAURA trial

ctDNA testing during neoadjuvant therapy



• Baseline MRD ( ctDNA+) prognostic for EFS.
• Pre-surgical MRD clearance enriched with osimertinib-containing regimens and in pts with MPR.

Blakely WCLC 2025

ctDNA testing during neoadjuvant therapy

NeoADAURA trial



Detection of MRD after NSCLC resection



Detection of MRD after NSCLC resection

Normanno N. Nature Review Clin Oncol 2025

• Heterogeneous studies 
(unselected /EGFR, sample, 
endpoint, testing,...)

• Relevance of ctDNA reported in 
few studies.

• LUNGCA-1: RFS HR ctDNA + vs 
ctDNA -:8.6 and 14.3 (P < 0.001) 
at 3 days and 1 month. 

• Best prognostic value of ctDNA 
few weeks after surgery 
(reduction of DNA shedding). 



John ASCO 2024

ADAURA trial

Detection of MRD after NSCLC resection



John ASCO 2024

ADAURA trial

Detection of MRD after NSCLC resection



Goss ESMO 2025

BR.31 trial

MRD + is predictive for OS of durvalumab in PD-L1 + subpopulationsMRD + poor prognostic

Detection of MRD after NSCLC resection



• Adjuvant immunotherapy/targeted therapy may convert ctDNA + patients to 
negative and may delay progression in ctDNA-negative patients (exploratory data).

•  MRD detection after surgery identifies patients at high recurrence risk; ctDNA+ 
shows high PPV despite study limitations.

• Some MRD-negative patients still relapse, highlighting:

• the need for more sensitive assays to reduce false negatives.

• the fact that MRD-negative recurrences are often locoregional or intracranial, 
where ctDNA shedding is low.

• Adjuvant therapy decisions in early-stage NSCLC cannot rely solely on ctDNA/MRD 
results; clinical and pathological factors must also be considered.

Detection of MRD after NSCLC resection



MRD to guide adjuvant therapy (escalation and de-escalation)

• Escalation: intensified adjuvant therapy in MRD-positive patients (targeted therapy 
or immunotherapy, longer adjuvant treatment), 

• De-escalation: to avoid overtreatment in MRD-negative patients ( no adjuvant 
treatment or shorter), reduce toxicity and costs.

Detection of MRD after NSCLC resection



Tie ASCO 2025; Goss ESMO 2025

Detection of MRD after COLON resection



ctDNA as a biomarker in locally advanced 
unresectable NSCLC



ctDNA as a biomarker in locally advanced 
unresectable NSCLC

• Prognostic role for ctDNA detection 
after CTRT.

• ctDNA + → worse prognosis.

• ctDNA/MRD +, consolidation ICIs 
improve PFS. 

• “All-negative” or “early clearance” 
→ best PFS and do not benefit 
from consolidation ICIs.

• Consolidation mainly helpful for 
high-risk patients defined by 
ctDNA kinetics.

Normanno N. Nature Review Clin Oncol 2025



Arriola ESMO 2025

LAURA TRIAL

ctDNA as a biomarker in locally advanced 
unresectable NSCLC



Arriola ESMO 2025

• Irrespective of post-CRT MRD status, patients benefited 
from osimertinib treatment vs placebo

ctDNA as a biomarker in locally advanced 
unresectable NSCLC

• MRD clearance exclusively in osimertinib arm 
• Molecular progression less frequently with osimertinib

LAURA TRIAL



Longitudinal ctDNA testing in NSCLC

Normanno N. Nature Review Clin Oncol 2025



Longitudinal ctDNA testing in NSCLC
• MRD + correlates with disease recurrence. 

• Detection of ctDNA during follow-up  → significantly poorer RFS.

• MRD + can precede radiological recurrence in 20%-84% of patients, ranging between 

2.8 and 12.6 months.

• More sensitive NGS assays might improve ctDNA detection.

• N: 261 pts stage I–III NSCLC → 97% MRD - free from disease after a median follow-up of 

19.7m → potentially cured subpopulation.

• Clinical trials are need to demonstrate an advantage of starting treatment before 

clinical or radiological evidence of progression. 

Normanno N. Nature Review Clin Oncol 2025



John ASCO 2024; Arriola ESMO 2025

LAURA TRIAL

Longitudinal ctDNA testing in NSCLC
ADAURA TRIAL



MERMAID-2

Longitudinal ctDNA testing in NSCLC



Need for prospective clinical trials



Need for prospective clinical trials
ctDNA testing in patients with early-stage NSCLC eligible for neoadjuvant therapy

Normanno N. Nature Review Clin Oncol 2025



Normanno N. Nature Review Clin Oncol 2025

Need for prospective clinical trials
ctDNA/MRD testing in patients with resected early-stage NSCLC



Ongoing clinical trials in NSCLC

O’Sullivan OncoTargets and Therapy 2023



Limitations of clinical implementation of 
ctDNA testing

• Lack of standardization, leading to high variability across platforms and laboratories.

• Limited prospective evidence; most data come from small, exploratory studies.

• Limited access to ctDNA/MRD assays in many healthcare settings.

• Need for harmonized assay performance and standardized operating procedures.

• Requirement for ultra-sensitive assays (very low LOD) to improve risk stratification and 

reduce false negatives.

• Short turnaround times are essential to inform timely clinical decisions.

• Adequate tumor tissue is not always available for tumor-informed approaches.

• Optimal timing of blood collection (post-surgery and during follow-up) remains undefined.

• High cost of testing limits widespread implementation.



Conclusions 
• ctDNA/MRD is a promising tool for managing advanced NSCLC, allowing non-

invasive disease monitoring and treatment guidance.

• In early-stage and locally advanced NSCLC, ctDNA/MRD serves as a potential 
prognostic marker for recurrence risk and a predictive marker of response to 
neo/adjuvant therapy.

• Well-designed, adequately powered clinical trials are required to validate its 
clinical utility and support routine adoption.

• Overcoming current technical, logistical, and standardization challenges is 
essential for effective clinical implementation.




