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Since the initial discovery of cell free DNA in blood (1), the 
evolution of molecular techniques has allowed the detection 
of gene alterations in plasma as well as in other biological 
fluids (2). Detection of molecular alterations in circulating 
tumor DNA (ctDNA) has now many potential clinical 
applications (3), in particular in non-small cell lung cancer 
(NSCLC) (4,5).

Today, ctDNA analysis is a commonly used approach to 
select NSCLC patients by identifying genomic alterations 
for first-line targeted treatments [such as epidermal growth 
factor receptor (EGFR)] and also for later lines identifying 
resistance mutations (6,7). The use of ctDNA testing in 
this setting has been approved by the Food and Drug 
Administration and by the European Medicine Agency. A 
recent study demonstrated that this approach increased the 
overall survival (OS) of patients (8).

Beside this  wel l  val idated use,  there are many 
other potential applications of ctDNA testing, such as 
cancer screening, treatment monitoring, detection of 
minimal residual disease (MRD) and molecular relapse  
monitoring (9).

The performance of ctDNA detection for the assessment 
of MRD (molecular MRD) in resected early-stage NSCLC 
patients has been evaluated in several studies. Michela 

Verzè and her colleagues performed a systematic review of 
these studies (10). They selected and included 13 studies 
in their analysis. All were retrospective series. The number 
of patients tested was limited (from 5 to 330 patients), 
with most of them (10 out 13) based on the analysis of less 
than 80 patients. The methodology used was also quite 
heterogeneous: the stage of tumors was not always the 
same, pre-operative ctDNA status and tumor genotyping 
were not available in all studies, blood samples were 
collected at different time points following surgery, and 
different blood processing and technical approaches were 
used to detect gene mutation. At the end, the detection 
rate of post-resection molecular MRD ranged between 
6.4% and 46.2%. Despite this heterogeneity, all 8 studies 
that evaluated the prognostic value of MRD demonstrated 
that ctDNA-positive patients after surgery had a shorter 
relapse-free survival (RFS) and OS than ctDNA-negative 
patients. Similar conclusions were drawn in recent studies 
based on the analysis of 88 (11) and 261 (12) stage I–III 
NSCLC patients. In both studies, molecular MRD was 
clearly prognostic, the detection of ctDNA indicating the 
persistence of clinically occult disease (locally or as micro-
metastases).

Clinical trials designed to further validate these findings 
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are presented in the review (10). We might also have 
in the near future results from clinical trials evaluating 
different treatments in the adjuvant setting, such as the 
ADAURA trial for EGFR-mutated NSCLC patients (13), 
and the Impower010 trial evaluating adjuvant atezolizumab 
after adjuvant chemotherapy in resected stage IB–IIIA  
NSCLC (14).

But more importantly, the clinical utility of molecular 
MRD detection in clinical practice remains to be evaluated 
in prospective interventional clinical trials. One potential 
application would be to prevent overtreatment in a 
potentially cured population and avoid unnecessary adjuvant 
treatments. This would reduce adverse events and also 
decrease the “financial toxicity” of expensive treatments.

A typical illustration of the clinical use of molecular 
MRD testing in this setting was recently demonstrated in 
colorectal cancer (15). Stage II colon cancer patients were 
randomized following R0 resection. In the experimental 
arm, patients with a ctDNA-positive result at 4 or  
7 weeks after surgery were treated by oxaliplatin-based or 
fluoropyrimidine chemotherapy, while ctDNA-negative 
patients were not treated. ctDNA-guided management 
was non-inferior to standard management for 2-year RFS 
(93.5% vs. 92.4%). But only approximately half of patients 
in the ctDNA-guided arm received adjuvant chemotherapy 
compared to standard management (15.3% vs. 27.9%, odds 
ratio 2.14; P=0.002). This demonstrated that a ctDNA-
guided approach can reduce adjuvant chemotherapy use 
without compromising RFS. Similar studies are ongoing 
in NSCLC: in the NCT04585477 trial, ctDNA-positive 
patients after surgery receive durvalumab, whereas 
ctDNA-negative patients receive standard of care and no 
treatment. The NCT05536505 trial explores the efficacy 
of postoperative adjuvant EGFR-TKIs therapy based 
on molecular MRD status in patients with stage IB–IIIB 
EGFR-mutant NSCLC: MRD positive patients receive 
icotinib, and MRD negative patients are followed-up (as 
long as ctDNA is undetectable). In the MeRmaiD-2 trial 
(NCT04642469) patients with stage II–III NSCLC are 
enrolled after complete resection plus optional neoadjuvant 
and/or adjuvant therapy. ctDNA-positive patients are 
randomized to receive durvalumab or placebo.

Another application of interest would be to identify 
patients at highest risk of relapse (based on the detection of 
ctDNA) thus allowing treatment escalation. The benefit of a 
treatment intensification in post-surgery is being evaluated. 
For instance, the NCT05460195 trial is evaluating the 
combination of sintilimab and anlotinib in MRD positive 

patients, whereas MRD negative patients will receive 
sintilimab as monotherapy.

In both setting, the performance (both sensitivity and 
specificity) of the MRD testing is a key issue, requiring 
standardization of pre-analytical and analytical processes. 
The nature of blood collection and its processing is not a 
matter of debate anymore. It is now well established that 
plasma must be used, and that blood must be processed 
within 3–4 hours if collected in EDTA tubes, or within  
7–10 days if collected in tubes which stabilizes nucleated 
blood cells (6,16,17). Other aspects must be clearly defined. 
When should the blood sample be collected after surgery? 
The half-life of ctDNA is rather short: 35 minutes, as 
measured in patients who underwent curative-intent lung 
resection (18). But to make sure that all circulating DNA 
molecules released by the tumor have disappeared following 
surgery, it would seem reasonable to perform the blood 
draw within 2 to 4 weeks post-surgery (18). And this would 
allow enough time to perform the test before treatment 
initiation. Finally, which molecular assay is the most 
appropriate? There are 2 main strategies to detect gene 
mutations:

Direct next-generation sequencing (NGS) of plasma 
to detect the presence of ctDNA (targeted sequencing, 
whole genome sequencing). No tumor biopsy is required, 
which is convenient, but requires the use of procedures 
(including bioinformatics) to correct for instance for clonal 
hematopoiesis of indeterminate potential. Otherwise false 
positive results will be produced, reducing the specificity of 
this approach.

In the tumor informed procedure, sequencing of tumor 
tissue is first performed, to identify molecular alterations. 
A personalized ctDNA assay (NGS or digital PCR) is 
developed to detect the mutations identified in the resected 
tumor in ctDNA. This strategy might overcome specificity 
issues. Several commercially available solutions are available 
and can be used in this setting.

Both strategies are based on the detection of gene 
mutations, but DNA methylation could also be a powerful 
approach in the future. The molecular MRD assay would 
not rely on the detection of specific DNA mutations, and 
a single “universal” assay could be used for all patients, as 
recently described for early detection (19). In all cases, the 
limit of detection of the assay must be perfectly established 
and controlled.

To conclude, MRD through ctDNA testing might be a 
promising approach to guide adjuvant therapy in resected 
NSCLC patients. But more work is required, in particular 
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to standardize the methods used in future specifically 
designed prospective interventional clinical trials.
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