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Background and Objective: The value of circulating tumor DNA (ctDNA) in neoadjuvant therapy 
(NAT) for lung cancer remains controversial. Therefore, we conducted a review to further investigate 
the role of ctDNA in non-small cell lung cancer (NSCLC) patients undergoing NAT for individualized 
management.
Methods: A search of online databases (PubMed, Embase, Web of Science, Science Direct, and Cochrane 
Library) was conducted to evaluate the value of ctDNA in predicting relapse, risk stratification, and efficacy 
of NAT in NSCLC. Only articles published in English within the last 25 years, between January 1st, 1998 
and November 30th, 2023, were included. Additionally, the application of ctDNA in NSCLC is briefly 
reviewed.
Key Content and Findings: ctDNA is a non-invasive and dynamic method that plays an important 
role in future treatment guidance. Additionally, ctDNA successfully predicted the effect of neoadjuvant 
immunotherapy before surgery, and positive testing was strongly correlated with a lower major pathological 
response or complete pathological response rate. Sequential testing of ctDNA may serve as a secondary 
indicator to guide the adjustment of treatment programs. However, the application of this method has been 
limited by false negative results, a lack of objective indicators, and high costs. These issues must be addressed 
by researchers.
Conclusions: ctDNA has strong potential in NAT, based on positive preliminary studies. However, its 
widespread use is limited by the high cost of testing. Further research is needed to explore its value in risk 
stratification and treatment guidance in the future.

Keywords: Non-small cell lung cancer (NSCLC); neoadjuvant therapy (NAT); circulating tumor DNA (ctDNA); 

biomarker; individualized treatment

Submitted Feb 18, 2024. Accepted for publication May 24, 2024. Published online Jul 04, 2024.

doi: 10.21037/jtd-24-265

View this article at: https://dx.doi.org/10.21037/jtd-24-265

4755

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-24-265


Journal of Thoracic Disease, Vol 16, No 7 July 2024 4743

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(7):4742-4755 | https://dx.doi.org/10.21037/jtd-24-265

Introduction

Lung cancer is one of the most lethal malignancies globally 
and continues to be the leading cause of death from 
malignancy. Non-small cell lung cancer (NSCLC) accounts 
for about 85%. Although there has been an increase in the 
proportion of early-stage NSCLC, approximately 60% 
of patients still present with locally advanced or advanced 
NSCLC when diagnosed initially (1). Lung cancer exhibits 
a suboptimal prognosis and high probability of recurrence. 
Stage I–II NSCLC with high-risk pathologic subtypes has 
up to 40–50% recurrence rate within 5 years post-radical 
resection (2-4). Improving long-term survival of patients is 
the priority. Neoadjuvant therapy (NAT) is believed to be 
beneficial in staging down and increasing the R0 resection 
rate, ultimately improving patients’ survival (5). Recent 
studies have demonstrated that neoadjuvant immunotherapy 
and targeted therapies can improve overall survival (OS), 
progression-free survival (PFS), or event-free survival (EFS) 
in patients with stage IB–IIIA NSCLC (6-8). Developing 
an individualized treatment plan for patients undergoing 
composite treatment modality requires additional tools.

Circulating tumor DNA (ctDNA) is a non-invasive 
assay that has recently emerged with advances in vitro 
assay counting and detection. It is fragment of DNA 
derived from tumor cells that is actively shed or passively 
released into the peripheral circulation (9). ctDNA contains 
numerous tumor-associated characteristics enabling 
the identification of highly diverse individual features 
(10,11). Meanwhile, ctDNA detection relies on peripheral 
blood, with or without tumor information obtained from 
tissue biopsy. These detection strategies correspond to 
two application focuses. For tumor-informed approach, 
individual information is obtained by lung cancer tissue. 
These idiosyncratic features serve as internal controls, 
enabling ctDNA to achieve greater accuracy and more 
comprehensive mutation capture with lower detection 
limits. CtDNA can also act as complementary for missed 
variations in tissue detection (12-14). In contrast, tissue-
free ctDNA detection focuses more on same variations like 
driven genes with faster process. It does have relatively 
reliable specificity, but defect in sensitivity (15,16). Former 
studies have established its significance in predicting early 
recurrence of lung cancer and determining the prognosis 
of advanced stages, in addition to assessing treatment 
effectiveness and risk stratification (17,18). It is also utilized 
to monitor patients post-treatment who are undergoing 
NAT (19). We conducted a literature review to elucidate 

the research progress and limitations of ctDNA in NAT for 
NSCLC, specifically in precision treatment. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-265/rc).

Methods

This is a narrative review that focuses on literature 
published between 1998 and 2023. We reviewed all relevant 
articles, including case series and clinical outcomes of 
case reports in retrospective studies, published between 
January 1, 1998, and November 30, 2023. We conducted a 
literature search using the following key words: ‘circulating 
tumor DNA’, ‘lung cancer’, ‘neoadjuvant’, ‘perioperative 
treatment’, and ‘biomarker’. The PubMed, Embase, Web 
of Science, Science Direct, and Cochrane Library databases 
were searched for relevant studies. Additionally, ongoing 
clinical trials were identified through www.clinicaltrials.gov.

Any type of publication was eligible for inclusion, 
including randomized controlled trial, observational 
study, case control study and case series with detailed 
clinical information. Detection techniques or tools were 
excluded. Abstracts of eligible literatures were evaluated 
independently by two investigators. Duplicate references 
were removed by software Endnote X9. The including 
criteria: English-language publications describing ctDNA 
detection in lung cancer, with more than one treatment 
option. Exclusion criteria: non-English language articles, 
editorials, commentary, abstracts, letters to the editor and 
the introduction of platform or other technique of ctDNA 
detection (Table 1).

Application of ctDNA in NSCLC 

NSCLC is a highly heterogeneous disease, with differences 
in prognosis even in same stage (20,21). Imaging and tumor 
markers were previously used as non-invasive methods to 
monitor recurrence in NSCLC patients before ctDNA 
detection available (22-24). However, both imaging and tumor 
markers have suboptimal specificity and sensitivity (25-27). 
Identifying recurrent lesions under a specific minimum size 
proves difficult for radiologists (28). Invasive peripheral 
percutaneous puncture or endobronchial ultrasound-guided 
(EBUS) puncture often leads to discomfort, along with risks 
of complications and false negatives (29-32). Limiting the 
follow-up strategy can negatively impact long-term survival. 
Additionally, ctDNA offers advantages in forecasting the 

https://jtd.amegroups.com/article/view/10.21037/jtd-24-265/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-265/rc
http://www.clinicaltrials.gov
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recurrence and prognosis of NSCLC patients (33). 

Postoperative surveillance

For lung cancer patients undergoing radical or salvage 
surgery, ctDNA can be used for risk stratification, and 
positive results often forecast unfavorable results like 
recurrence, which precedes imaging recurrence (34). Post-
operative results offer the strongest predictive ability 
for patient prognosis (35,36). Xia and Chaudhuri’s study 
highlights ctDNA’s significance as an important risk factor 
for postoperative recurrence of early-stage lung cancer. 
Patients with negative ctDNA are at a lower risk of early 
recurrence than those with positive results, while long-term 
prognosis for both groups remains unknown (37,38). Gale’s 
retrospective study showed that early ctDNA detection has a 
high clinical specificity (>98.5%) for predicting recurrence. 
In patients with recurrence, the median duration of 
positive ctDNA before positive imaging findings was about  
212.5 days. Totally 28 patients had a primary tumor relapse, 
18 of whom had a positive test after treatment (64.3%), and 
this correlated with shorter recurrence-free survival and  
OS (39). 

Monitoring ctDNA dynamically during surgery can be 
beneficial for patients with early-stage lung cancer. However, 
the significance of the changes in guiding postoperative 
treatment is uncertain. Similarly, postoperative sequential 
ctDNA detection has not exhibited superior performance 
to single ctDNA detection (37,40). Further exploration is 
necessary to determine its value in early-stage lung cancer.

Driven gene detection and drug resistance monitoring 

Targeted therapy and immunotherapy have altered the 
treatment approach for advanced NSCLC, improved 
prognosis, and of life (41-44), while ctDNA is a non-
invasive means of obtaining tumor genetics information 
with good accuracy. Obtaining detailed pathological data is 
vital for antineoplastic therapy (45,46). Lyu’s meta-analysis 
found that the pooled sensitivity of ctDNA was 67.1% (95% 
CI: 0.647–0.695) for detecting epidermal growth factor 
receptor (EGFR) mutations. It was 65.1% (95% CI: 0.558–
0.736) in detecting Kirsten ratsarcoma viral oncogene 
homolog (KRAS) mutations, and was also able to detect 
anaplastic lymphoma kinase (ALK), v-raf murine sarcoma 
viral oncogene homolog B1 (BRAF), and mesenchymal to 
epithelial transition factor (MET), but few data from related 
studies limited further investigation (47). In advanced 
stages, patients showed concordance in 88.2% clinically (48). 
Additionally, the rapid turnaround time of ctDNA analysis 
results enables prompt medication administration and early 
implementation of interventions compared to conventional 
tissue analysis (49). Commonly, pathological specimens 
are obtained through invasive operations. However, they 
cannot always provide complete pathological specimens 
and can cause discomfort to patients. In advanced stages, it 
is very hard to obtain both primary and metastatic tumor  
samples (50). For elderly patients with poor physical 
condition, invasive biopsy poses a higher risk, especially for 
those who developed drug resistance. 

CtDNA offers a more convenient way. Several case 

Table 1 The search strategy summary

Items Specification

Date of search November 30th 2023

Databases and other sources searched PubMed, Embase, Web of Science, Science Direct, Cochrane Library

Search terms used “Circulating Tumor DNA” OR “ctDNA” OR “Biomarker” AND “Neoadjuvant therapy” OR “NAT” 
OR “Perioperative treatment”

Timeframe 1998–2023

Inclusion and exclusion criteria Inclusion: randomized controlled trial, observational study, case control study and case 
series with detailed clinical information

Exclusion: non-English language articles, editorials, commentary, abstracts, letters to the 
editor and the introduction of platform or other technique of ctDNA detection

Selection process Abstracts of eligible literatures were evaluated independently by two investigators

ctDNA, circulating tumor DNA.
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reports and retrospective studies suggest that sequential 
monitoring during therapy with EGFR or ALK mutation 
can recognize patients resistant to treatment (51-53). 
However, continuous ctDNA monitoring is controversial for 
rare mutations and developed rapid metastasis in several case 
reports while some were effective (54-57). These findings 
are undoubtedly concerning, and the inclusion criteria in 
future studies will pose a challenge for researchers.

Predictor of systemic therapy in prognosis

Positive ctDNA results predicted a poor prognosis in patients 
diagnosed with advanced lung cancer, regardless of their 
driver gene carrier status (58-60). Patients frequently worry 
about the side effects of chemotherapy in comparison to the 
advancement of their disease, and this influences their medical 
decisions. Patients with advanced lung cancer frequently have 
varying levels of metastatic disease, the Response Evaluation 
Criteria in Solid Tumours (RECIST) 1.1 criteria commonly 
used to assess imaging remission are inadequate, requiring 
WHO assessment criteria instead. Imaging remission 
correlates with a better prognosis remains uncertain. Hong’s 
study discovered that dual-energy CT imaging can predict 
the effectiveness of chemotherapy in patients with advanced 
lung adenocarcinoma (61). Birchard’s study, however, 
discovered no noteworthy discrepancy in survival rates 
between patients whose tumors initially receded and those 
whose disease initially advanced (62). In patients receiving 
targeted therapy compared to immunotherapy, there may 
be discrepancies between imaging remission and efficacy 
in practice (63-65). However, the results of ctDNA in the 
pre-treatment node should not be solely relied upon for 
aggressive or palliative treatment. Although ctDNA does 
indicate poor prognosis for advanced NSCLC, the value of 
prognosis prediction does not seem to be so imperative.

Values in NSCLC NAT

Currently conducted trials related to ctDNA

Numerous clinical trials investigating neoadjuvant 
immunotherapy and targeted therapies are currently in 
progress, incorporating ctDNA into monitoring metrics or 
secondary endpoints. Most of them were designed a single 
test during or after NAT for grouping (like NCT04965831 
and NCT04351555). The observational trials used the 
ctDNA for evaluating prognosis by dynamic monitor, and 
they focused more on perioperative or postoperative period 

in long-term (like NCT06111807 and NCT05778253). 
They are summarized in Table 2.

Current conducted trials  mainly use ctDNA as 
biomarker. The data from the current study indicate that 
ctDNA is a risk factor for poorer DFS in NAT. Additionally, 
variant allele frequencies (VAF) or mutant allele frequencies 
(MAF) have value as a cut-off, as previously demonstrated 
(66,67). Several high-quality studies have effectively 
demonstrated the predictive value of the subject (7,68,69). 
Ongoing studies will reveal its value in long-term survival 
and risk stratification. 

Identify patients benefit from NAT 

The NCCN guidelines have expanded the indication for NAT 
patients to stage IB–IIIA (70). NAT is undeniably effective 
for cases of locally advanced staging or direct invasion of vital 
structures by the primary tumor. However, there is a lack of 
studies exploring whether neoadjuvant or adjuvant therapy is 
preferable for patients with early-stage lung cancer who can 
undergo direct R0 resection (71). Similarly, certain patients 
receiving neoadjuvant immunotherapy have encountered 
swift disease progression, thus rendering them ineligible 
for surgery and necessitating exposure to concurrent or 
sequential radiochemotherapy (72). Although patients who 
initially receive treatment are typically in good condition, 
current research and clinical practice suggest that not all 
individuals will benefit from NAT (73). It is important to 
identify patients benefit from NAT potentially in order to 
avoid ineffective or even harmful treatments. Lebow’s study 
demonstrated the significance of baseline ctDNA testing 
for identifying treatment benefits in patients undergoing 
radiotherapy. Patients who tested negative at baseline had 
a better prognosis. However, positive patients had various 
clinical outcomes that necessitate continuous dynamic 
monitoring for assessment (74). The current process for 
NAT is briefly summarized in Figure 1.

Isolated baseline testing has limited value as a guide 
for subsequent treatment. Yang’s study demonstrated the 
difficulty in predicting whether a patient will benefit from 
receiving ctDNA as a measure of baseline value in patients 
who are primed for treatment, regardless of stage (75). 
There may be several reasons for this. Firstly, ctDNA has 
a short half-life, often only a few hours. Therefore, the 
point in time at which it is monitored can affect the results 
to varying degrees (9). Secondly, there are no standards 
for ctDNA results (76). Gale’s study demonstrated a direct 
correlation between the detection rate of ctDNA and the 
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diameter of the primary lesion and stage. Therefore, the 
clinical significance of ctDNA results varied at different 
stages, indicating the need for cautious interpretation and 
the elimination of confounding factors (39). With advances 
in testing and standardization, we believe that ctDNA can 
provide a more reliable basis for predicting outcomes at 
baseline.

Predict efficacy of NAT 

Several criteria exist for evaluating radiological response, and 
RECIST 1.1 stands out as the most economical and intuitive 
choice in assessment of antitumor therapy efficacy (77).  
Nevertheless, this criterion appears unsatisfied for predicting 
NAT efficacy in NSCLC, especially neoadjuvant immune 
or target therapy (78,79). Currently, postoperative resected 
pathological specimens are considered the most appropriate 
for assessing the response to NAT. Major pathological 
remission (MPR) and pathological complete remission 
(pCR) are regarded as indicators of good response (80).  
But without surgery, it is very hard to assess actual efficacy 
of NAT. Therefore, new imaging tools or other predictors 
are needed for pre-evaluation. For example, positron 
emission tomography/computed tomography (PET/CT) 
has a role in predicting the efficacy of NAT in NSCLC (81). 
In other types of tumors, clearance of ctDNA could partially 
reflect the efficacy of NAT, like pCR rate or prognosis 
(82-85). While no similar researches for NSCLC patients 
receiving NAT have been published yet. Forde found 
longer EFS and higher pCR rates in patients with ctDNA 
clearance present without significant difference, however (7). 

Reck’s research did show clearance of ctDNA was necessary 
for pCR (100% negative predictive value), but not sufficient 
(40.5% positive predictive value) (86). Conventional next 
generation sequencing (NGS)-based assay can partially 
reflect the trend but have unsatisfactory accuracy. While the 
ctDNA-based minimal residual disease (MRD) detection 
showed unique advantages like high sensitivity, which 
may be more suitable for NAT assessment (87). Current 
research involving NSCLC is imperfect, although some 
studies have demonstrated the role of ctDNA in predicting 
the response to NAT. Yue conducted a retrospective study 
on ctDNA dynamics during NAT in NSCLC patients. The 
study found that negative test results were associated with 
higher MPR rates, with a sensitivity of 100%, a specificity 
of 83.33%, and an overall accuracy of 91.67%. However, 
the study’s limitation is small sample size, which only 
included 22 cases (88). Deutsch’s study is significant because 
he demonstrated that residual tumor volume (RVT) can 
predict the prognosis of patients undergoing NAT. After 
grouping patients according to RVT, it was found to be 
highly correlated with 2-year EFS [area under the curve 
(AUC) =0.74]. Pathologic response may serve as a survival 
surrogate, simplifying the process of evaluating NAT in 
NSCLC. Additionally, ctDNA has shown positively, as its 
clearance is associated with better pathologic response (89). 
Provencio’s study in 2022 analyzed ctDNA in baseline, 
and found it was not a significant predictor of NAT 
clinical response, while pathological response was not fully 
discussed (67). Therefore, the role of ctDNA in predicting 
response to NAT needs to be validated by additional high-
quality prospective studies.

Figure 1 The current process for neoadjuvant therapy. NAT, neoadjuvant therapy; NSCLC, non-small cell lung cancer.
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Not benefit from NAT potentially
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Evaluate perioperative and long-term prognosis

Positive ctDNA test is a marker of a worse prognosis. It has 
been used as a grouping criterion and predictor in several 
clinical studies (90,91). Based on the available studies, it 
appears that ctDNA cannot be used as a perioperative 
risk factor in patients receiving NAT due to its lack of 
predictability for drug side effects and surgical risk (92). 
Several researchers demonstrated that perioperative ctDNA 
positivity is associated with worse recurrence-free survival 
and OS in lung cancer, revealing that neoadjuvant and 
adjuvant therapies did not affect this association (93-95). Two 
studies from Provencio et al. proved baseline ctDNA could 
be predictor of disease-free survival (DFS) and OS (67,68).

Some investigators argued that in NAT, EFS or DFS 
can serve as a surrogate for 5-year OS, which is considered 
the golden standard for long-term prognosis (96). Some 
considered that prognosis can be predicted by pathological 
remission, but larger trials are needed to confirm this (89).  
The long-term prognosis is a crucial factor in determining 
the effectiveness of a treatment. Therefore, neoadjuvant 
immune and targeted therapies for NSCLC must 
demonstrate their superiority in long-term survival 
compared to surgery with adjuvant therapy or concurrent 
radiotherapy (97). To reach this conclusion, more real-world 
studies are necessary, in addition to tightly designed clinical 
studies. Unfortunately, there are no clinical studies that 
reveal 5-year OS rates due to the late conduct of relevant 
clinical trials. Additionally, there is a lack of studies related 
to long-term postoperative monitoring of ctDNA, which 
is limited by various factors. However, as more studies are 
published, we will have more systematic and authoritative 
evidence to elaborate on the role of ctDNA in long-term 
prognosis.

Indicating optional perioperative treatment

Studies related to adjuvant therapy in NSCLC patients 
predate NAT. Previous studies have shown that adjuvant 
chemotherapy is beneficial in reducing the recurrence rate 
of stage IB-IIIA lung cancer (98-100). The ADAURA study 
demonstrated that osimertinib is better option for EGFR-
positive patients in adjuvant therapy (101). NAT has been 
formally incorporated into the treatment regimen for 
NSCLC like “neoadjuvant + surgery + adjuvant” process. 
Some researchers are exploring its safety and efficacy. 
Wakelee’s phase III trial demonstrated that this model 
significantly improved EFS, major pathologic response 
and pathologic complete response rate. Yan’s phase Ib trial 

showed similar results (102,103). However, there are still 
some controversies that need clarification. The staging of 
patients currently recommended for NAT covered that 
of postoperative adjuvant therapy in the past. However, 
the safety and necessity of receiving both neoadjuvant 
and adjuvant therapy are not well understood (104). The 
incidence of immune-related adverse events (irAEs) tends 
to increase with the number of cycles in patients receiving 
long-term immunotherapy (105). Patients receiving 
adjuvant targeted therapy experience few drug-related side 
effects. However, prolonging the treatment cycle increases 
the risk of rapid failure of the first-line therapeutic regimen 
due to distant drug resistance (106). Therefore, further 
studies are needed to explore the use of dynamic monitoring 
during adjuvant therapy as a basis for downstaging and 
identify high risk of recurrence with standardized adequate 
adjuvant therapy. Meanwhile, the reappearance of ctDNA 
positivity during the postoperative period is linked to a high 
risk of recurrence, which occurs 5–6 months earlier than 
a positive imaging result. Is it possible to decrease the risk 
of recurrence by undergoing salvage therapy again during 
this period (107)? The available research does not provide 
sufficient evidence. 

The criteria for NAT, including the optimal cycle and 
dose, have not been clearly defined. Deng’s retrospective 
study suggests  that  longer cycles  of  neoadjuvant 
immunotherapy may be beneficial, even when imaging 
suggests remission, which indicated superior median 
relapse-free survival rates and MPR rates (108). However, 
in another study, this advantage appears to be less  
evident (109). There is no exact standard for the timing of 
surgery according to relevant publications (110). Therefore, 
ctDNA may assist in determining the appropriate cycle 
and dosage of treatment for the patient before surgery, 
optimizing surgical conditions. In high-risk patients, it is 
necessary to evaluate the recommended dose and prolong 
the induction cycle during induction and postoperative 
adjuvant therapy (111). This can improve the prognosis 
and quality of life of patients while avoiding unnecessary 
treatments (112). For patients who experience complications 
during treatment, ctDNA can assist physicians in 
determining whether to continue treatment.

Future prospects and challenges

Future prospects

As a representative of liquid biopsy, ctDNA is a non-invasive, 
dynamic, and rapidly accurate method that determines 
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its important role in treatment guidance. Neoadjuvant 
immunotherapy has proven to improve patient prognosis while 
neoadjuvant targeted therapies require additional phase III 
clinical studies to authenticate their efficacy (113). Additionally, 
ctDNA successfully predicted the effect of neoadjuvant 
immunotherapy before surgery, and testing positively was 
strongly correlated with lower major pathological response 
or complete pathological response rate. 

The NAT needs collaboration of doctors from different 
disciplines. For example, some surgeons reported difficulty 
in pulmonary resection after NAT, with increased rate of 
thoracotomy, longer duration of surgery and bronchopleural 
fistula. But some researches showed rate of postoperative 
complications did not reflect significant difference  
(114-116). The development of modified risk model is 
necessary. Meanwhile, there is no consensus on the dose 
of NAT and best time point of surgery, relying more on 
the experience of the thoracic surgeon or oncologist (109). 
Furthermore, neoadjuvant regimens are founded on the 
principles of advanced lung cancer treatment. ctDNA 
demonstrated its role in predicting prognosis versus NAT 
efficacy, although the evidence was not strong (88).

In the future, it may be possible to classify patients 
earlier using more advanced testing techniques. This would 
enable each patient to receive appropriate treatment. 
Measurable, data-driven metrics are needed to capture the 
specific characteristics that differentiate prognoses and 
allow us to treat comparable patients (117,118). Recent 
studies have emphasized the value of ctDNA-based MRD 
detection (119,120), particularly in cases where tumor 
samples can be obtained before the start of NAT (86). In 
the future, more robust evidence may emerge regarding the 
value of ctDNA-based MRD detection in assessing NAT 
efficacy, predicting prognosis and facilitating escalation or 
de-escalation treatment. But the feasibility of this approach 
requires confirmation of substantial prospective study.

Challenges

We must acknowledge that current ctDNA application in 
NAT for NSCLC is imperfect and facing more challenges 
in the future. Despite improved specificity, a limit to the 
detection ability of ctDNA is evident from the existence of 
false-negative results in various studies (121). Even continuous 
negative-testing results may occur in recurrence of early 
NSCLC incidence, thereby creating challenges in the treatment 
of patients at stages IB–II undergoing NAT (122). A few studies 
have also shown recurrence in patients with consistently 

negative results during surveillance (66,95,123,124). It is 
unclear whether this recurrence is due to errors in ctDNA 
testing or heterogeneity between primary and recurrent 
lung cancer.

Secondly, there is a dearth of standardized evaluation 
criteria, and most of the present studies are confined to 
detecting or not detecting ctDNA. Nevertheless, it is 
undeniable that quantitative metrics are more favorable to 
analysis. Certain researchers have regarded VAF or MAF 
as a supplementary indicator or threshold for detection. 
Consequently, they have proved that such quantitative 
indicators can indicate the prognosis of tumor patients to 
some extent (125-127). The standardization level in the 
detection of these quantitative indicators and the specific 
data reflections require further investigation by researchers.

Thirdly,  the cost of routine ctDNA testing far 
exceeds traditional imaging monitoring. For example, 
the recommended enhanced CT scan and related tumor 
marker screening two cycles after NAT costs about 
1,400–1,600 CNY (193.6–221.3 USD), while ctDNA 
detection for targeted driven gene costs about 5,000–6,000 
CNY (691.6–829.9 USD), ctDNA-MRD detection costs 
about 13,000–16,000 CNY (1,383.1–2,213.0 USD) in our 
hospital. In Europe, one single NGS-based ctDNA test 
costs over 1,000 EUR (1,073.20 USD) (128). It imposes a 
significant financial burden on patients. There is an urgent 
need to improve ctDNA testing techniques and reduce 
the associated costs (129,130). Current sequential ctDNA 
testing falls significantly short of expectations for dynamic 
monitoring, and repeated monitoring does not demonstrate 
superior predictive utility (37). This limitation becomes 
especially notable in early-stage lung cancer patients, further 
restricting the potential application of ctDNA in NAT (39).

Conclusions

NAT for lung cancer provides additional treatment options 
for patients. It is important to evaluate its efficacy accurately. 
The related study included ctDNA early on due to its 
unique advantages. Several studies have shown that ctDNA 
can predict the effectiveness of NAT (69,88,89). Positive 
test results or low clearance rates may be associated with a 
higher recurrence rate and worse prognosis. At the same 
time, ctDNA has the potential to assist in the development 
of current treatment regimens and to assess step-up or 
step-down therapy. Many studies have used ctDNA as a 
secondary or primary assessment, and with the completion 
of appropriate studies, we will be able to explore the value 
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of ctDNA more fully. Meanwhile, researchers believe that 
combining ctDNA testing with tissue samples is more 
appropriate for today’s neoadjuvant treatment paradigm. 
Although value of ctDNA in lung cancer is recognized by 
clinicians, and it is the most effective biomarker in liquid 
biopsy, its accuracy, standardization and costs remain to be 
solved for its wider application in NAT. To better evaluate 
the validity and cost-effectiveness of this test, large-scale, 
multicenter clinical trials are necessary, including additional 
testing and subsequent analysis.
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