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Abstract 14 

Background Molecular residual disease (MRD) is a well-established prognostic biomarker in 15 

non-small cell lung cancer (NSCLC) following radical resection. This study aimed to explore 16 

the applicability of the circulating tumor DNA (ctDNA)-derived MRD status in determining 17 

adjuvant therapy in patients with stage IB-IIIB NSCLC.  18 

Methods Patients with stage IB-IIIB NSCLC were retrospectively enrolled into standard 19 

management group or to the MRD-guided group. The standard management group received 20 

standard treatment according to pathological type, stage, and molecular subtype. The MRD 21 

guidance group have additionally incorporated postoperative MRD results. The primary 22 

endpoint of this study was the 2-year recurrence-free survival (RFS) rate.  23 

Results A total of 80 patients were included in this study. The 2-year RFS rate was 78% 24 

(95% CI, 66–92) in the MRD-guided group versus 53% (95% CI, 40–72) in the standard 25 

management group (hazard ratio [HR], 0.289; 95% CI, 0.144-0.579; P < 0.001). The 2-year 26 

overall survival (OS) rate of two groups was 95% (95% CI, 88–100) and 76% (95% CI, 63–27 

92), respectively, and the corresponding HR was 0.104 (95% CI, 0.039–0.281; P <0.001).  28 

Conclusions Our study provides ctDNA-MRD-guided adjuvant therapy significantly 29 

improved RFS in patients with stage IB-IIIB NSCLC. 30 

Key words molecular residual disease, non-small cell lung cancer, adjuvant therapy, 31 

recurrence-free survival, circulating tumor DNA. 32 

 33 

 34 
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Introduction 35 

In solid tumors, molecular residual disease (MRD) refers to tumor-derived molecular 36 

abnormalities that remain after treatment but are undetectable by conventional imaging or 37 

laboratory methods. Liquid biopsy techniques, such as circulating tumor DNA (ctDNA) 38 

analysis, can identify MRD, which serves as a biomarker for assessing tumor persistence and 39 

predicting clinical progression [1]. Many studies have shown that high-sensitivity methods 40 

such as next-generation sequencing (NGS) can be used to evaluate the MRD status of lung 41 

cancer patients by detecting circulating tumor DNA (ctDNA) in blood samples [2-6]. The 42 

postoperative ctDNA-MRD status can be used to effectively identify patients at high risk of 43 

recurrence, while persistently negative MRD results may reflect potential curing [5, 7, 8]. In 44 

addition, observational studies have shown that for postoperative MRD-positive patients, 45 

adjuvant therapy can improve the recurrence-free survival (RFS) of patients, whereas patients 46 

with negative postoperative MRD do not benefit from adjuvant therapy [5, 7-9]. The results 47 

of the LUNGCA study [10] revealed that for patients without targetable mutations in their 48 

tumor tissues, adjuvant chemotherapy failed to significantly prolong the RFS among MRD-49 

positive patients before they underwent adjuvant therapy. Conversely, among postoperative 50 

MRD-positive patients whose primary tumors harbored targetable mutations, tyrosine kinase 51 

inhibitor (TKI) therapy significantly improved RFS, whereas chemotherapy failed to provide 52 

a benefit. These results indicate that for MRD-positive patients, the treatment regimen should 53 

be selected according to tumor gene mutation status to ultimately improve survival. 54 

Currently, no published prospective interventional studies have utilized MRD to guide 55 
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postoperative adjuvant therapy in early-stage lung cancer. Therefore, prospective studies 56 

using MRD to guide postoperative treatment decisions in patients with early-stage NSCLC 57 

are urgently needed. The LUNGCA study [5, 10], initiated in 2017, has demonstrated the 58 

technical reliability of the MinerVa NGS platform for MRD detection. In this retrospective 59 

observational study, the postoperative and dynamic ctDNA-MRD status of patients was 60 

detected using the MinerVa technology platform. MRD status was combined with the 61 

pathological type, stage, and molecular subtype of the patients to explore the application 62 

value of a comprehensively assessed treatment strategy in guiding adjuvant therapy decisions 63 

for patients following radical resection for stage IB-IIIB NSCLC.  64 

 65 

Materials and Methods 66 

Study design and patient cohort 67 

This retrospective, observational, single-center, and exploratory study aimed to investigate 68 

whether comprehensive treatment regimens designed on the basis of postoperative MRD 69 

status combined with pathological type, stage, and molecular subtype could increase RFS in 70 

patients with early-stage NSCLC. This study enrolled 80 patients with stage IB-IIIB NSCLC 71 

who underwent radical surgery in the Department of Cardiothoracic Surgery of Guiqian 72 

International Hospital from December 2019 to February 2023. The main inclusion criteria 73 

were an age between 18 and 80 years, a pathological diagnosis of stage IB-IIIB NSCLC 74 

(according to the 8th edition of the American Joint Committee for Cancer (AJCC) staging 75 

system), and an Eastern Cooperative Oncology Group (ECOG) performance-status score of 76 

0–2. Patients were required to have complete medical records, medication histories and 77 



5 

follow-up data. Patients in the MRD group were additionally required to have serial MRD 78 

testing results. The main exclusion criteria were a history of other known primary tumors or 79 

the presence of other tumors; severe organ dysfunction (such as of the heart, liver, or kidney); 80 

prior treatment with therapies relevant to the investigational drugs (such as osimertinib or 81 

immune checkpoint inhibitors); severe immune-related diseases (such as autoimmune 82 

diseases); pregnancy or lactation; and other serious diseases or conditions that did not 83 

conform with the objectives or protocols of the study. 84 

 85 

Sample collection 86 

Surgically resected (and subsequently paraffin-embedded) tumor tissue specimens and 87 

control blood samples were collected from all enrolled patients for tumor molecular mutation 88 

detection. Tumor tissues were also used for immunohistochemical detection of PD-L1 89 

expression. Blood samples from patients in the MRD-guided group were collected at 90 

landmark timepoints (approximately 1 month after surgery to before adjuvant therapy), and 91 

20 ml of blood was collected for MRD detection approximately every 3 months or 6 months 92 

after surgery until recurrence/metastasis or up to 24 months after surgery. 93 

 94 

Next-generation sequencing and ctDNA analysis 95 

DNA extraction from tumor tissues and blood, library construction, and next-generation 96 

sequencing (NGS) were performed by Genecast Biotechnology Co., Ltd. (a CAP-certified 97 

laboratory). Hybridization capture was performed using a 2.4-MB NGS panel covering 769 98 
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cancer-related genes. The average sequencing depth for core region tissues was 6500×, that 99 

for blood cells was ≥4400×, and that for plasma was 58000×. ctDNA MRD detection was 100 

performed using the MinerVA platform from Genecast Biotechnology Co., Ltd. Detailed 101 

experimental procedures and data analysis methods can be found in publications related to 102 

the LUNGCA study [5, 10]. 103 

A tumor-informed analysis strategy was employed for MRD detection. For single-104 

nucleotide variants and insertion/deletion mutations (SNVs/InDels), each candidate ctDNA 105 

mutation was statistically tested against the internal noise baseline constructed from negative 106 

data to exclude technical artifacts. A mutation was considered positive if the P value was 107 

≤0.05. The combined P values of the sample levels were further calculated. A plasma sample 108 

was considered positive when the combined P value was ≤0.01. For gene fusion, if at least 109 

one crossing point completely matched the reference sequence of the fusion gene in the 110 

paired tissue sample, the plasma sample was determined to be positive. 111 

 112 

Immunohistochemical staining 113 

PD-L1 expression was measured using a Dako 22C3 kit (Dako; Agilent Technologies, Inc.). 114 

The tumor proportion score (TPS), which refers to the ratio of PD-L1-positive tumor cells to 115 

the total number of visible tumor cells, was calculated. The combined positive score (CPS) 116 

was calculated as the ratio of PD-L1-positive cells (the sum of the numbers of tumor cells, 117 

lymphocytes, and macrophages) to the total number of visible tumor cells multiplied by 100. 118 

 119 
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Procedure 120 

Patients were enrolled to either the MRD-guided group or the standard management group, 121 

with stratification based on pathological type and stage. The standard management group 122 

received standard treatment designed on the basis of the pathological type, stage, and 123 

molecular subtype of the patients; the medication regimens (including cycles) of the patients 124 

were developed with reference to the National Comprehensive Cancer Network (NCCN) and 125 

Chinese Society of Clinical Oncology (CSCO) guidelines. Patients in the MRD-guided group 126 

underwent blood MRD detection after surgery (landmark timepoint) and approximately every 127 

3 or 6 months after surgery until recurrence/metastasis or up to 24 months after surgery. The 128 

treatment plan was developed on the basis of a comprehensive assessment of the patient’s 129 

landmark ctDNA-MRD test results and pathological type, stage, and molecular subtype. If 130 

the plasma of landmark ctDNA-MRD test result was positive, the patient received 131 

appropriate targeted therapy or immunotherapy based on the tumor genetic profile. That is, 132 

patients with ALK fusions receive second-generation ALK-TKIs, those with EGFR driver 133 

mutations receive third-generation EGFR-TKIs, and those without driver gene alterations 134 

receive immunotherapy combined with chemotherapy. The treatment duration was planned 135 

for a predefined period (e.g., up to 2-3 years for targeted therapy) or until disease 136 

recurrence/unacceptable toxicity, with the MRD status being one of the considerations for 137 

treatment continuation. If the results of the landmark plasma ctDNA-MRD test were 138 

negative, the patients receive conventional chemotherapy. However, if the patient requests 139 

targeted therapy or immunotherapy, after shared decision-making, those with EGFR driver 140 



8 

alterations may receive third-generation EGFR-TKIs, while those who are EGFR-negative or 141 

ALK fusion-negative may receive immunotherapy combined with chemotherapy. 142 

The chemotherapy regimen for lung adenocarcinoma (AP regimen) was pemetrexed 143 

combined with platinum (cisplatin/carboplatin). The specific dosages were 500 mg/m² for 144 

pemetrexed, 200–400 mg/m2 for carboplatin, and 50–100 mg/m2 for cisplatin administered by 145 

intravenous (IV) infusion every 3 weeks (q3w) for 4–6 consecutive cycles. The chemotherapy 146 

regimen for lung squamous cell carcinoma (nab-PP) was albumin-paclitaxel combined with 147 

platinum (cisplatin/carboplatin). The specific dosages were 100 mg/m² for albumin-148 

paclitaxel, 200–400 mg/m2 for carboplatin, and 50–100 mg/m² for cisplatin, administered by 149 

IV infusion q3w for 4–6 consecutive cycles. For patients with wild-type EGFR and ALK, the 150 

immune checkpoint inhibitor treatment regimen included atezolizumab (1200 mg) or 151 

pembrolizumab (200 mg), administered by IV infusion q3w. For EGFR mutation-positive 152 

patients (19del/L858R/T790M), the third-generation EGFR-TKI osimertinib was used in 153 

targeted therapy at a dose of 80 mg administered orally once daily. Patients with ALK fusion 154 

were treated with alectinib (600 mg) administered orally twice daily with meals. 155 

 156 

Endpoints 157 

The primary endpoint was the 2-year RFS rate. In this study, RFS was defined as the time 158 

from the start of surgical resection to the first recorded occurrence of disease recurrence or 159 

death due to any cause, whichever occurred first. Secondary endpoints included the 2-year 160 

overall survival (OS) rate, and median RFS, as well as the 2-year RFS rates and 2-year OS 161 
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rates of the ctDNA-MRD-positive and ctDNA-MRD-negative patients in the MRD-guided 162 

group. The overall OS data will be reported in future analyses. 163 

 164 

Statistical analysis 165 

In this study, the R language (maftools package) was used to plot the mutation landscapes of 166 

the patients to determine the distribution of high-frequency mutated genes and mutation 167 

types. Kaplan‒Meier survival curves were plotted on the basis of the RFS and OS of the 168 

patients using the survival and survminer packages in R language, and the log-rank test was 169 

used to assess the survival differences between different groups. A pooled graph was 170 

generated to show the MRD detection time and status, treatment method, recurrence time, 171 

and survival status of each patient. Appropriate statistical methods were used to compare the 172 

distributions of different clinical characteristics (such as age, ECOG PS score, and 173 

pathological type) between the groups: continuous variables were compared with the t test, 174 

and categorical variables were compared with the chi-square test or Fisher’s exact test, as 175 

appropriate. The time between MRD positivity detection and recurrence according to patient 176 

imaging was calculated. In the subgroup analysis, the paired t test was used to assess 177 

differences between the patient subgroups. For all tests, P < 0.05 was considered to indicate 178 

statistical significance. 179 

 180 

Ethics Statement 181 
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This clinical trial was approved by the Ethics Committee of Guiqian International Hospital 182 

(Approval Number: 2023 Ethics Review No. 01). Clinical trial number: not applicable. All 183 

procedures were performed in accordance with the Declaration of Helsinki. Written informed 184 

consent was obtained from all participants or their legal representatives. 185 

 186 

Results 187 

Patient characteristics 188 

A total of 91 patients with stage IB-IIIB NSCLC who underwent radical surgery between 189 

December 2019 and February 2023 were enrolled. Three patients with multiple primary lung 190 

cancers, two patients with compound cancers, two patients with a previous history of 191 

malignant tumors, and four patients who refused chemotherapy were excluded. A total of 80 192 

patients were therefore ultimately included into the MRD-guided group (n=40 patients) and 193 

the standard management group (n=40 patients) according to pathological type and stage (Fig 194 

1). 195 

The median age of the patients in the MRD-guided group was 58 years. This group 196 

consisted of 16 female patients (40%) and 24 male patients (60%), and 23 patients (57.5%) 197 

had a history of smoking. A majority of patients in the MRD-guided group (87.5%) had an 198 

ECOG PS score of 0 or 1; 8 patients had stage IB disease, 1 had stage IIA disease, 9 had stage 199 

IIB disease, 20 had stage IIIA disease, and 2 patients had stage IIIB disease. A total of 31 200 

patients had lung adenocarcinoma, accounting for 77.5%; the remaining 9 patients had lung 201 

squamous cell carcinoma (22.5%; Table 1).  202 
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The average age of the patients in the standard treatment group was 61 years. This 203 

group consisted of 18 females (45%) and 22 males (55%) were included; among them, 18 204 

patients (45.0%) had a history of smoking. A total of 92.5% of the patients in this group had 205 

an ECOG PS score of 0 or 1; 8 patients had stage IB disease, 2 had stage IIA disease, 11 had 206 

stage IIB disease, 16 had stage IIIA disease, and 3 patients had stage IIIB disease. Thirty 207 

patients had lung adenocarcinoma, accounting for 75%; 9 patients had lung squamous cell 208 

carcinoma (22.5%), and 1 patient had adenosquamous carcinoma (Table 1). The baseline 209 

characteristics were well-balanced between the two groups, with no significant differences 210 

identified (Table 1 and Table S1). 211 

 212 

Tissue specimen and blood sample analysis 213 

The details of the gene mutations in the tumor tissues of the patients are shown in Fig 214 

2. The most commonly mutated genes were EGFR (58%), TP53 (56%), KRAS (16%), 215 

CDKN2A (14%), NTRK3 (12%), BRAF (11%), RB1 (11%), and RBM10 (11%). The tumor 216 

gene mutation spectra of the two groups were similar. The details of PD-L1 expression in the 217 

two groups of patients are shown in Table S1. In the MRD-guided group, 9 patients (22.5%) 218 

had positive landmark MRD results, and 31 patients (77.5%) had negative landmark MRD 219 

results (Table S1). 220 

 221 

Patient treatment details 222 

All patients in this study received adjuvant therapy. The median time from surgery to 223 
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the initiation of adjuvant therapy was 30 days (IQR, 22-40) in the MRD-guided group and 32 224 

days (IQR, 22-39) in the standard management group. The mean treatment duration was 205 225 

days in the MRD-guided group and 214 days in the standard management group (P=0.384). 226 

Within the MRD-guided group, the mean treatment duration was significantly longer in the 227 

landmark MRD-positive subgroup (466 days) than in the landmark MRD-negative subgroup 228 

(193 days; P=0.00018) (Table 2 and Table S2). 229 

As mentioned above, the MRD-guided group included 9 landmark MRD-positive 230 

patients. Among them, 4 patients had EGFR p.L858R mutations in their tumor tissues and 231 

received third-generation EGFR-TKI treatment after chemotherapy; 2 patients exhibited ALK 232 

fusion and received second-generation ALK-TKI targeted treatment after chemotherapy. The 233 

remaining 3 patients had no targetable driver mutations and low expression levels of PD-L1 234 

(CPS: 2, 5, and 8; TPS: 1% in two patients and <1% in the other patient). Treatment for these 235 

patients involved adjuvant chemotherapy combined with an immune checkpoint inhibitor. 236 

Among the 31 patients with negative landmark MRD status, 15 (15/31, 48.4%) received 237 

chemotherapy alone, 4 received chemotherapy followed by third-generation EGFR-TKI 238 

targeted therapy, and 12 received chemotherapy combined with immunotherapy (Table S1). 239 

In the standard management group, 15 patients (37.5%) received chemotherapy alone, 15 240 

patients (37.5%) received chemotherapy combined with immunotherapy, 1 patient (2.5%) 241 

received sequential chemotherapy followed by ALK-TKI targeted therapy, and 9 patients 242 

(22.5%) received third-generation EGFR-TKI targeted therapy after chemotherapy (Table 243 

S1). 244 
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The treatment-related adverse events (AEs) in both groups were mainly grade 1–2. In 245 

the MRD-guided group, grade 1-2 AEs occurred in 39 patients (97.5%), and one patient 246 

(2.5%) experienced a grade 5 AE (immune-mediated myocarditis) resulting in death. In the 247 

standard management group, 36 patients (90%) had grade 1–2 AEs, 3 (7.5%) had a grade 3 248 

AE, and 1 patient (2.5%) had a grade 5 AE, immune-related pneumonia, which resulted in the 249 

patient’s death. There was no difference in the incidence of AEs between the two groups (P = 250 

0.304) (Table 2). In the MRD-guided group, the AEs in the positive and negative landmark 251 

MRD subgroups were also mainly grades 1–2. In the positive landmark MRD subgroup, 5 252 

patients (55.6%) had grade 1 AEs, and 4 patients (44.4%) had grade 2 AEs; in the negative 253 

landmark MRD subgroup, 11 patients (35.5%) had grade 1 AEs, and 20 (64.5%) had grade 2 254 

AEs. There was no difference in the incidence of AEs between the two subgroups (P = 0.413) 255 

(Table S2). 256 

 257 

Efficacy according to treatment group 258 

The median follow-up time was 1048 (192–1529) days in the MRD-guided group and 730 259 

(237–1528) days in the standard management group (Table 2). In the MRD-guided group, 10 260 

patients experienced radiologic recurrence/metastasis or death. The sites of 261 

recurrence/metastasis were the lung in 1 patient, the brain in 1 patient, the bone in 1 patient, 262 

the lymph nodes (metastasis) in 2 patients, and the thoracic cavity in 1 patient; three patients 263 

experienced multiple organs recurrences/metastases, while the location of 264 

recurrence/metastasis could not be defined in one patient who died. In the standard 265 
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management group, 23 patients experienced radiologic recurrence/metastasis or death. The 266 

locations of recurrence/metastasis were the lung in 8 patients, the brain in 1 patient, the bone 267 

in 1 patient, the lymph nodes (metastasis) in 1 patient, and the pleura in 1 patient; seven 268 

patients experienced multiple organs recurrences/metastases, and four patients died without 269 

having their sites of recurrence/metastasis defined (Table 2). The median RFS in the MRD-270 

guided group and the standard management group were not reached and 26.3 (21.7–could not 271 

be calculated [NC]) months, respectively. The 2-year RFS rate in the MRD-guided group and 272 

the standard management group were 78% (95% CI, 66–92) and 53% (95% CI, 40–72), 273 

respectively. These data indicate that compared with standard management, MRD guidance 274 

significantly reduced the risk of disease recurrence by approximately 71% (total hazard ratio 275 

[HR] 0.289, 95% CI, 0.144–0.579; P < 0.001) (Fig 3A and Table 2). The median OS of the 276 

MRD-guided group was not reached, and that of the standard management group was 34.7 277 

(29.3–-[NC]) months. The 2-year OS rate of the MRD-guided group and the standard 278 

management group was 95% (95% CI, 88–100) and 76% (95% CI, 63–92), respectively, and 279 

the overall HR was 0.104 (95% CI, 0.039–0.281; P <0.001), corresponding to a reduction in 280 

the risk of death with MRD guidance by approximately 89.6% (Fig 3B and Table 2). 281 

 282 

Efficacy in the MRD-guided subgroups 283 

Among the patients with landmark MRD positivity, 5 experienced relapse/metastasis 284 

according to their imaging results or death. The sites of recurrence/metastasis were the lymph 285 

nodes (metastasis) in 1 patient; three patients experienced multiple organs 286 
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recurrences/metastases, and 1 patient died before their site(s) of recurrence/metastasis could 287 

be identified. Five landmark MRD-negative patients experienced recurrence/metastasis on the 288 

basis of their imaging results or death. The locations of recurrence/metastasis were the lung 289 

in 1 patient, the brain in 1 patient, the bone in 1 patient, the lymph nodes (metastasis) in 1 290 

patient, and the thoracic cavity in 1 patient; 1 patient died due to the original tumor (Table 291 

S2). The 2-year RFS rates of patients with negative and positive landmark ctDNA-MRD 292 

results were 84% (95% CI, 72–98) and 56% (95% CI, 31–100), respectively. The median 293 

RFS of the landmark ctDNA-MRD-negative subgroup was not reached, and that of the 294 

landmark ctDNA-MRD-positive subgroup was 31.7 (95% CI, 18.9–NC) months; the total HR 295 

for RFS between the two groups was 0.247 (95% CI, 0.052–1.170; P = 0.016) (Fig 3C and 296 

Table S2). The median OS was not reached in either the ctDNA-MRD-negative or ctDNA-297 

MRD-positive subgroups, while the 2-year OS rates were 97% (95% CI, 91–100) and 86% 298 

(95% CI, 63–100), respectively. The corresponding HR was 0.261 (95% CI, 0.009–7.985; P = 299 

0.31) (Fig 3D and Table S2). 300 

For MRD-negative patients at the landmark time point in the MRD-guided group, we 301 

compared the additional RFS benefit of EGFR-TKI versus chemotherapy in those with EGFR 302 

mutations and found no difference between the two groups (Fig S1 A) (HR (95% CI) = 0.69 303 

[0.06, 7.59]; P = 0.758). Likewise, in MRD-negative patients without EGFR mutations or 304 

ALK fusions, we compared immunotherapy versus chemotherapy and also observed no RFS 305 

benefit (Fig S1 B) (P = 0.999). These findings indicate that in landmark MRD-negative 306 

patients, neither targeted therapy nor immunotherapy provides additional RFS benefit, 307 
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regardless of the presence of actionable driver mutations, which is consistent with previously 308 

reported observational studies. 309 

In the MRD-guided group, among the 10 patients who experienced tumor 310 

metastasis/recurrence or death, MRD was positively detected at least once before recurrence, 311 

metastasis, or death in 7 patients, while for 2 patients (P24 and P29), MRD was positively 312 

detected immediately after recurrence. For both of these patients, the time between MRD 313 

testing prior to recurrence and recurrence confirmation was 4 months, which may have led to 314 

underdetection of MRD. The median lead time in which MRD detected recurrence earlier 315 

than imaging was 76 days (Fig 4A). Among the 9 MRD‑positive patients in the MRD‑guided 316 

group at the landmark time point, 3 received adjuvant immunotherapy and 6 received 317 

adjuvant targeted therapy. We present the changes in ctDNA concentration during treatment 318 

for the two groups. CtDNA concentration (hGE/ml) fluctuated markedly in patients receiving 319 

immunotherapy, whereas they remained generally low in those receiving targeted therapy 320 

(Fig 4B). 321 

In the landmark MRD-positive subgroup, 6 patients were positive for MRD during 322 

follow-up dynamic monitoring, among whom 3 experienced recurrence, metastasis or death, 323 

indicating that the MRD-positive patients had a high risk of recurrence and that any patients 324 

exhibiting MRD positivity should be closely monitored and followed up even after intensive 325 

treatment. Seven of the landmark MRD-negative patients were MRD-positive on follow-up 326 

dynamic monitoring, four of whom experienced recurrence, metastasis or death. This finding 327 

indicates that even in patients with landmark MRD negativity, dynamic ctDNA-MRD 328 
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monitoring can identify those at potential risk of recurrence in a timely manner (Fig 4C and 329 

Table S3). In two patients who initially tested MRD-negative but later converted to positive 330 

before recurrence, we compared the plasma ctDNA mutation profile at recurrence with that of 331 

the original tumor (Fig S2). No plasma-naive mutations were detected, and all mutations 332 

identified in plasma originated from the tumor tissue. 333 

 334 

Discussion 335 

Currently, the choice of postoperative adjuvant therapy for NSCLC mainly involves 336 

consideration of pathological type, stage, molecular subtype, and clinical risk factors; 337 

however, some patients still experience recurrence or death. The utility of MRD-guided 338 

therapy is increasingly recognized in other malignancies. For instance, in stage II colorectal 339 

cancer, downgrading treatment based on negative postoperative ctDNA-MRD test results 340 

reduced the administration of unnecessary adjuvant chemotherapy for approximately half of 341 

the patients while unaffecting the 5-year RFS or OS rates [11, 12]. However, to date, no 342 

large-scale prospective interventional studies have investigated MRD-guided adjuvant 343 

therapy for lung cancer patients. Despite its exploratory nature, this study addresses a critical 344 

evidence gap in lung cancer and provides a foundation for designing larger prospective trials 345 

and potentially informing clinical practice. 346 

At the time of this study, adjuvant immunotherapy and targeted therapy for NSCLC 347 

were not included in the guidelines for treating NSCLC; nevertheless, targeted therapy and 348 

immunotherapy have shown good efficacy in the treatment of advanced lung cancer. In this 349 
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study, targeted and immunotherapeutic interventions were retrospective reviewed. For 350 

patients negative for tumor driver genes, the treatment regimen could be chemotherapy 351 

combined with immunotherapy, while for those with positive tumor driver genes, sequential 352 

targeted therapy, which may include chemotherapy. Compared with the standard treatment 353 

group, the MRD-guided group showed significant improvements in RFS and OS, indicating 354 

that comprehensive treatment involving comprehensive clinical information and molecular 355 

mutations combined with dynamic ctDNA-MRD data indeed improved patient survival. In 356 

the MRD-guided group, 9 MRD-positive patients received adjuvant targeted therapy or 357 

immunotherapy, while in the MRD-negative group, nearly half of the patients received only 358 

chemotherapy; nevertheless, the RFS of the MRD-negative patients was significantly better 359 

than that of the MRD-positive patients, suggesting that high -risk patients identified by MRD 360 

screening indeed have a very high risk of recurrence. For MRD-positive patients, intensive 361 

treatment was performed mainly through dynamic monitoring of MRD status to determine 362 

whether the treatment time should be extended. More treatment regimen optimization or 363 

exploration is needed to reduce recurrence in MRD-positive patients.  364 

Many studies have confirmed that the postoperative, dynamic monitoring of ctDNA in 365 

NSCLC can effectively predict the risk of tumor recurrence [2-8]. In this study, although 366 

some patients in the MRD-guided group were positive for MRD during the monitoring 367 

process, none experienced recurrence, reflecting the value of the dynamic monitoring of 368 

MRD status. Meanwhile, in the standard treatment group, 23 patients experienced recurrence 369 

or metastasis, and 14 patients died. Although more intense treatment and extended treatment 370 
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cycles were associated with an increased risk of treatment-related adverse events, the overall 371 

number of treatment-related adverse events was not significantly different. As postoperative 372 

adjuvant immunotherapy and its targeted application are standardized in treatment guidelines, 373 

the grades of AEs faced by intensive treatment are expected to decrease. 374 

Among the MRD-negative patients who recurred, two tested MRD-positive prior to 375 

radiological recurrence, while three remained MRD-negative until recurrence was detected. 376 

This suggests that the 6-month monitoring interval for MRD-negative patients might have 377 

been too long to reliably detect MRD lead-time in all cases. 378 

This study has several limitations. It is a retrospective analysis with a non-prospective, 379 

non-interventional design. The sample size is moderate, and this is a single-center exploratory 380 

study. Furthermore, although a statistically significant overall survival (OS) benefit was 381 

observed, the median OS in the MRD-guided group was not reached, indicating that longer 382 

follow-up is required to fully characterize its long-term survival benefit. 383 

 384 

Conclusions 385 

Although this study has several limitations, our findings demonstrate that ctDNA-MRD-386 

guided adjuvant therapy significantly improves RFS in patients with stage IB–IIIB NSCLC, 387 

which may providing implications for the design of future large interventional MRD studies. 388 

 389 

Abbreviations 390 

NSCLC        non-small cell lung cancer 391 
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MRD           molecular residual disease 392 

ctDNA         circulating tumor DNA 393 

RFS            recurrence-free survival 394 

OS             overall survival 395 

IQR            Interquartile Range 396 

HR             hazard ratio 397 

NC             not calculated 398 

NR             not reached 399 

CI              denotes confidence interval 400 

NGS            next-generation sequencing 401 

AJCC           the American Joint Committee for Cancer 402 

ECOG          Eastern Cooperative Oncology Group 403 

PD-L1          programmed death-ligand 1 404 

SNVs           single-nucleotide variants 405 

InDels          insertion/deletion mutations 406 

TPS             the tumor proportion score 407 

CPS             the combined positive score 408 

NCCN           the National Comprehensive Cancer Network 409 

CSCO           Chinese Society of Clinical Oncology 410 

ALK             Anaplastic Lymphoma Kinase 411 

EGFR            Epidermal Growth Factor Receptor 412 
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CT scan          computed tomography scan 413 

AEs              adverse events 414 

hGE              haploid genome equivalent 415 

CT               chemotherapy 416 

TKI              tyrosine kinase inhibitor 417 

ICB              immune checkpoint blockade 418 

NA               not available 419 
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 493 

 494 

Tables 495 

TABLE 1 ︳Patient characteristics at baseline.  496 

Abbreviation: MRD, molecular residual disease; ALK, anaplastic lymphoma kinase; EGFR, 497 

epidermal growth factor receptor; CT, chemotherapy; TKI, tyrosine kinase inhibitor; ICB, 498 

immune checkpoint blockade. 499 

TABLE 2 ︳Tumor recurrence and death events. 500 

Abbreviation: MRD, molecular residual disease.NR, not reached.NC, could not be 501 

calculated.CI, denotes confidence interval. RFS, recurrence-free survival. OS, overall 502 

survival. 503 

 504 

Figures 505 

Fig.1 Study flow chart and patient enrollment. NSCLC, non-small cell lung cancer; MRD, 506 

molecular residual disease; ctDNA, circulating tumor DNA; NGS, next-generation 507 

sequencing; CT, chemotherapy; TKI, tyrosine kinase inhibitor; ICB, immune checkpoint 508 

blockade. 509 

Fig. 2 Heatmap of the top 30 mutated genes from the tumor tissues of the patients. MRD, 510 

molecular residual disease. 511 

Fig. 3 Kaplan–Meier analysis of survival outcomes in the MRD-guided and standard 512 

management groups. (A) Kaplan–Meier curves of RFS in the MRD-guided and standard 513 

management groups. (B) Kaplan–Meier curves of OS in the MRD-guided and standard 514 

management groups. (C) Kaplan–Meier curves of RFS stratified by landmark ctDNA status. 515 

(D) Kaplan–Meier curves of OS stratified by landmark ctDNA status. MRD, molecular 516 

residual disease; RFS, recurrence-free survival; OS, overall survival. 517 

Fig. 4 Longitudinal analysis of MRD and survival outcome in the MRD-guided cohort. (A) 518 

Analysis of the median time from MRD detection of re-positive to imaging relapse for 9 519 

patients. Each point on the plot represents a single patient. (B) The changes in ctDNA 520 

concentration during treatment for the adjuvant immunotherapy and targeted therapy patients 521 
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of the 9 MRD-positive patients in the MRD-guided group. (C) Longitudinal analysis of MRD 522 

status (positive or negative) and survival outcome (relapse or death) in the MRD-guided 523 

cohort. MRD, molecular residual disease; ALK, anaplastic lymphoma kinase; EGFR, 524 

epidermal growth factor receptor; CT, chemotherapy; TKI, tyrosine kinase inhibitor; ICB, 525 

immune checkpoint blockade. 526 

 527 

Supporting information 528 

Figure S1. Kaplan–Meier analysis of survival outcomes in the MRD-guided and MRD-529 

negative patients at the landmark time point. a Kaplan–Meier curves of RFS in the EGFR 530 

mutations patients. b Kaplan–Meier curves of RFS in the EGFR wild type and no ALK fusion 531 

patients. MRD, molecular residual disease; RFS, recurrence-free survival. 532 

Figure S2. Analysis of two patients’ plasma ctDNA mutation profile at recurrence with the 533 

original tumor. 534 

Table S1. Details of patient characteristics. 535 

Table S2. Tumor recurrence and death events in the MRD-guided subgroup. 536 

Table S3. Postoperative MRD status and hGE. 537 

 538 
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ⅠB-ⅢB NSCLC 
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