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Abstract 

Primary results of the CORIN trial indicated that, compared with chemotherapy, 

icotinib significantly improved 3-year disease-free survival (DFS) in patients with 

Epidermal Growth Factor Receptor (EGFR)-mutated stage IB non-small cell lung 

cancer (NSCLC). However, evidence regarding the outcomes of adjuvant icotinib 

in patients with high-risk factors remains limited. This retrospective study evaluated 

the efficacy and safety of adjuvant icotinib in patients with EGFR-mutated high-risk 

stage IB NSCLC. We enrolled 37 patients with completely resected EGFR-mutated 

high-risk stage IB NSCLC. The median follow-up time was 31 months, and the 3-year 

DFS rate was 91.4%. Two patients experienced disease recurrence and were suc-

cessfully switched to osimertinib upon identification of an EGFR (T790M) mutation. 

Although overall survival (OS) and central nervous system (CNS)-DFS data were 

not mature, no deaths or central nervous system metastases were observed by the 

end of follow-up. 29 (78.4%) patients experienced grade 1–2 adverse events (AEs), 

no grade 3 or higher AEs occurred. This study suggests a potential DFS benefit and 

well-tolerated profile of adjuvant icotinib in patients with EGFR-mutated high-risk 

stage IB NSCLC. However, longer-term follow-up is necessary to assess the long-

term outcomes.

Introduction

Lung cancer remains one of the most prevalent malignancies worldwide and is asso-
ciated with high morbidity and mortality [1]. The two primary types of lung cancer are 
non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). Data from 
the World Health Organization (WHO) in 2022 indicated that NSCLC accounts for 
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approximately 81.3% of all lung cancer cases [2]. Although a comprehensive treat-
ment strategy centered on surgery can improve survival in patients with early-stage 
NSCLC, long-term outcomes remain unsatisfactory. The 5-year overall survival (OS) 
rate ranges from 67% at stage IB to 39% at stage IIIA disease [3]. Consequently, 
identifying strategies to further improve the therapeutic efficacy of early-stage NSCLC 
remains a important topic in the field of lung cancer.

Epidermal growth factor receptor (EGFR) gene is one of the most frequently 
mutated driver genes in NSCLC [4]. Due to their remarkable efficacy and safety pro-
files, EGFR tyrosine kinase inhibitors (TKIs) have been established for the first-line 
therapy in advanced EGFR-mutated NSCLC [5]. Moreover, numerous studies have 
also confirmed the superior efficacy of EGFR-TKIs over platinum-based chemother-
apy in the adjuvant setting for radically resected EGFR-mutated early-stage NSCLC. 
According to findings of the ADAURA trial [6], osimertinib can significantly reduce the 
risk of recurrence and death in patients with EGFR-mutated stage IB to IIIA NSCLC. 
The ICTAN trial [7] demonstrated that adjuvant icotinib for 6 or 12 months after che-
motherapy significantly improved survival outcomes in patients with stage II–IIIA dis-
ease. Furthermore, the CORIN trial [8] specifically reported that icotinib significantly 
extends the 3-year disease-free survival (DFS) in patients with completely resected 
EGFR-mutated stage IB NSCLC. However, evidence on the benefits of adjuvant 
EGFR-TKIs for stage IB NSCLC with high-risk factors remains limited. Therefore, we 
conducted this retrospective study to assess the efficacy of icotinib in this specific 
patient population.

Methods

Study design and eligibility criteria

This was a single-center, retrospective case-series study. From January 1, 2018 
to September 30, 2023, 197 NSCLC patients who received postoperative adju-
vant icotinib were initially enrolled. The data cutoff date was March 1, 2025. The 
inclusion criteria were as follows: 1) NSCLC patients who underwent completely 
surgical resection via video-assisted thoracoscopic surgery (VATS) or thoracot-
omy were eligible. 2) Pathological diagnosis as stage IB NSCLC according to 
the 8th edition of the UICC/AJCC TNM staging system. 3) Presence of one of 
the following high-risk factors: lymphovascular invasion (LVI), spread through air 
spaces (STAS), visceral pleural invasion (VPI), or poor cellular differentiation. 
4) EGFR exon 19 deletion or exon 21 L858R mutations, initially identified in 
tumor tissue by a Polymerase Chain Reaction-Amplification Refractory Mutation 
System(PCR-ARMS) assay and confirmed using a 10-gene panel. The exclusion 
criteria were as follows: 1) A history of lung cancer or multiple primary lung can-
cers. 2) Dose reduction, interruption, or discontinuation for non-medical reasons 
(Fig 1).

This study was approved by the Research Ethics Committee of Huzhou Central 
Hospital, Affiliated Central Hospital of Huzhou University (NO. 202112034−01). Writ-
ten informed consent was obtained from all participants before treatment.
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Treatment and outcomes

The primary endpoint was the 3-year DFS, defined as the time from initiation of therapy to the first occurrence 
of disease recurrence or death from any cause. The secondary endpoints included CNS-DFS, OS, drug-related 
adverse events (AEs), and outcomes after disease relapse. OS was defined as the time from icotinib treatment to 
death from any cause. CNS-DFS was defined as the time from treatment to central nervous system metastasis. 
AEs were assessed according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0.

Icotinib was administered to all patients as first-line therapy one month after surgery at a dose of 125 mg thrice daily. 
The planned treatment duration was up to 36 months or until disease relapse or intolerable toxicity. Follow-up was con-
ducted monthly via outpatient visits or phone calls to record adverse events (AEs). Chest computed tomography (CT), 
cranial magnetic resonance imaging (MRI), hepatic and adrenal ultrasounds, along with tumor markers detection were 
conducted every three months to assess disease status.

Statistical analysis

Statistical analyses were performed with SPSS 26.0 software (IBM SPSS 26.0, SPSS Inc.). Descriptive statistics, 
including frequencies and percentages, were used for categorical variables. Continuous variables were expressed as 

Fig 1.  Patient enrollment flowchart. Based on the inclusion and exclusion criteria, 37 patients were finally enrolled in this study. The data cutoff date 
was March 1, 2025.

https://doi.org/10.1371/journal.pone.0337237.g001
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mean ± standard deviation (SD) or median and interquartile range (IQR). The DFS rate was calculated using the Kaplan-
Meier method.

Ethics statement

This study was reviewed and approved by the Research Ethics Committee of Huzhou Central Hospital, Affiliated Central 
Hospital of Huzhou University. Written informed consent was signed by all participants.

Results

Baseline characteristics

Based on the inclusion and exclusion criteria, 37 patients were finally enrolled in this study. The median age of the 
patients was 68 years (range 45–77 years). The cohort consisted of 16 (43.2%) male, 30 (81.1%) nonsmoker, and 
37(100%) lung adenocarcinoma. Surgical procedures included 29 (78.4%) lobectomies, and 8 (21.6%) sublobectomies, 
meanwhile, systematic mediastinal lymph node dissection was performed in all patients. The median maximum tumor 
diameter was 26 mm (range 9–40 mm). All patients had at least one high-risk factor, such as LVI, STAS, VPI, or poor 
cellular differentiation. 17(45.9%) patients had EGFR exon 19-deletion mutations and 20(54.1%) patients had EGFR exon 
21L858R mutations. No co-occurring genetic mutations were detected. The clinical characteristics were presented in 
Table 1 and Fig 2.

Efficacy and safety assessment

The data cutoff date was March 1, 2025, and the median follow-up time was 31 months (range 18–74 months). The 
median treatment duration was 30 months (range 18–36 months). The 3-year DFS rate was 91.4% (95%CI：85%−99%), 
with no CNS metastasis detected at the time of data cutoff (Fig 3). Although the OS data were not yet mature, no death 
had occurred at data cutoff. Two patients experienced tumor recurrence at 28 and 30 months after initiating icotinib ther-
apy, respectively. One patient was diagnosed with retroperitoneal lymph node metastasis, and the other with bone metas-
tasis. Genetic testing of peripheral blood and bone biopsy tissue from both patients revealed EGFR-T790M mutations, 
indicating acquired resistance to icotinib and potential sensitivity to third-generation EGFR-TKIs. Following discussion by 
our Multi-Disciplinary Team (MDT), both patients received second-line therapy with osimertinib. No disease progression 
was observed duringr osimertinib treatment at the data cutoff. The characteristics of the patients with icotinib-resistant 
disease were presented in Table 2 and Fig 4. 29 (78.4%) patients experienced grade 1–2 AEs associated with icotinib, 
including rash in 15(51.7%), diarrhea in 10(34.5%), oral ulcer in 11(37.9%), paronychia in 5(17.2%), liver function damage 
8(27.6%) and thrombocytopenia in 2(6.9%) patients. No grade 3 or higher AEs occurred (Fig 5).

Discussion

According to the findings of the CORIN [8] trial, adjuvant icotinib can provide benefits to patients with Stage IB EGFR-
mutated NSCLC. However, evidence regarding its efficacy in patients with high-risk factors is limited. To address this 
question, we conducted a real-world retrospective study to evaluate the effectiveness of adjuvant icotinib as a first-line 
therapy for high-risk stage IB EGFR-mutated NSCLC. The preliminary data showed that the 3-year DFS rate was 91.4% 
with favorable tolerance. No CNS metastasis or death were detected at the time of data cutoff.

The pathological stage is recognized as an independent prognostic factor for NSCLC [9]. Numerous studies [10–12] 
have demonstrated a correlation between pathological stage and survival outcomes following radical resection of NSCLC. 
Specifically, the 5-year survival rate for stage IB NSCLC is only 68% [13], and the survival rate is notably lower in patients 
presenting with high-risk factors, such as poorly differentiated tumors, including those with micropapillary or solid compo-
nents [14], LVI [15,16], VPI [17,18] and STAS [19,20].
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Table 1.  Clinical characteristics of patients (n = 37).

Characteristics Median or n(%)

Age(year)

  Median 68

  IQRa 61.0-72.5

Sex

  Man 16 (43.2%)

  Women 21 (56.8%)

Smoking history

  None 30 (81.1%)

  Present 7 (18.9%)

Tumor dimension

  Median 2.6

  IQRa 1.6-3.4

Location of the tumor

  Right upper lobe 12 (32.4%)

  Right middle lobe 7 (19.0%)

  Right lower lobe 3 (8.1%)

  Left upper lobe 9 (24.3%)

  Left lower lobe 6 (16.2%)

Operation

  Lobectomy 29 (78.4%)

  Sublobectomy 8 (21.6%)

Pathological grading

  Moderately-differentiated 27 (73.0%)

  Poorly-differentiated 10 (27.0%)

CTRb

  ≤0.5 6 (16.2%)

  ＞0.5 31 (83.8%)

Gene mutation

  19-DEL 17 (46.0%)

  21-L858R 20 (54.0%)

VPIc

  None 3 (8.1%)

  Present 34 (91.9%)

STASd

  None 33 (89.2%)

  Present 4 (10.8%)

LVIe

  None 37 (100%)

  Present 0 (0%)

a: IQR, Interquartile Range; b: CTR, consolidation tumor ratio; c: VPI, visceral pleural invasion; d: STAS, 
spread through air spaces; e: LVI, lymphovascular invasion.

https://doi.org/10.1371/journal.pone.0337237.t001

https://doi.org/10.1371/journal.pone.0337237.t001
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The application of postoperative adjuvant therapy for stage IB NSCLC remains controversial. Several previous studies 
[21,22] have suggested that the DFS and OS in patients with stage IB NSCLC may be improved with adjuvant chemo-
therapy. Conversely, other research has failed to demonstrate a significant benefit from adjuvant chemotherapy for these 
patients [23,24]. While adjuvant chemotherapy is considered an optional strategy for improving the OS rates, the absolute 
improvement in 5-year survival with adjuvant cisplatin-based chemotherapy is only 5.4% [25]. Additionally, the incidence of 
severe AEs restricts its widespread application [26].

EGFR-TKIs have become the first-line therapy for advanced NSCLC with EGFR mutations [27–29]. Furthermore, 
adjuvant EGFR-TKIs have been recommended as an effective therapeutic approach for patients with early-stage 
EGFR-mutated NSCLC, including those with stage IB NSCLC [4]. Numerous retrospective studies have demonstrated 
the efficacy of postoperative adjuvant EGFR-TKIs in patients with EGFR-mutated stage IB NSCLC. Shen [30] et al. 
conducted a retrospective study on the effectiveness of adjuvant EGFR-TKIs in this patient population. Their findings 
revealed that the 3-year DFS rate was 98.3% in the EGFR-TKIs group, compared with 83.0% in the observation group 

Fig 2.  Distribution of EGFR mutations, surgical approaches, and high-risk factors in this cohort. (A) Frequency of EGFR mutation subtypes (19-
DEL and 21-L858R), accounting for 46% and 54% respectively. (B) Proportion of patients undergoing lobectomy (78.4%) versus sublobectomy (21.6%). 
(C)The distribution of high-risk factors. VPI, visceral pleural invasion; STAS, spread through air spaces; LVI, lymphovascular invasion.

https://doi.org/10.1371/journal.pone.0337237.g002

https://doi.org/10.1371/journal.pone.0337237.g002
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(HR: 0.10; 95% CI: 0.01–0.78; p = 0.008). Similarly, Jiang [31] et al. also reported a retrospective cohort study designed 
to assess the efficacy of adjuvant EGFR-TKIs in patients with stage IB EGFR-mutated NSCLC. The findings indicated 
that the 5-year DFS rate of the EGFR-TKIs group was significantly higher than that of the observation group (98.8% 
vs. 75.3%; P = 0.008). Recently, two prospective randomized controlled clinical trials have reported their outcomes 
concerning postoperative targeted therapy for early-stage EGFR-mutated NSCLC. The ADAURA [6,32,33] trial was 
specifically designed to assess the efficacy and safety of osimertinib in patients with completely resected stage IB-IIIA 
EGFR-mutated NSCLC. A subgroup analyses demonstrated that adjuvant osimertinib could significantly reduce the risk 
of relapse or death by 61% in the stage IB NSCLC. The CORIN [8] was a randomised, open-label, phase 2 trial spe-
cifically designed to compare adjuvant icotinib with observation in patients with stage IB EGFR-mutated NSCLC. The 
primary findings demonstrated that the 3-year DFS rate in the icotinib group was 96.1% (95% confidence interval [CI], 
91.3–99.9), which was significantly higher than that in the observation group. However, none of the aforementioned 
studies conducted a stratified analysis of the outcomes of adjuvant EGFR-TKIs in high-risk stage IB NSCLC. In con-
trast, our study specifically enrolled patients diagnosed as stage IB NSCLC with high-risk factors, which distinguishes it 
from previous research. The preliminary analysis supported the efficacy of adjuvant icotinib with 91.4% for 3-year DFS 
rate. Two patients experienced tumor recurrence at 28 and 30 months after treatment initiation, respectively. No CNS 
metastases or deaths were observed at the data cut off.

Fig 3.  Kaplan-Meier curve for DFS rate. The 3-year DFS rate was 91.4%(95%CI: 85%−99%), with no CNS metastasis detected at the time of data 
cutoff. DFS, disease-free survival; CNS: central nervous system.

https://doi.org/10.1371/journal.pone.0337237.g003

Table 2.  Clinical data of patients with disease recurrence.

Operation Histological grade Gene 
mutation

VPIa STASb LVIc DFS-
d(m)

OSe(m) Recurrence 
pattern

Second-line 
therapy

Case1 Sublobectomy Moderately-differentiated 19-del Present None None 28 58 retroperitoneal
metastasis

osimertinib

Case2 Lobectomy Poorly-differentiated 19-del None None None 30 47 bone 
metastasis

osimertinib

a: VPI, visceral pleural invasion; b: STAS, spread through air spaces; c: LVI, lymphovascular invasion; d: DFS disease-free survival; e: OS overall survival.

https://doi.org/10.1371/journal.pone.0337237.t002

https://doi.org/10.1371/journal.pone.0337237.g003
https://doi.org/10.1371/journal.pone.0337237.t002
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Nevertheless, there are still some limitations and biases in this study. Firstly, this is a single-center, single-arm study 
with the absence of a control arm, which precludes a direct assessment of the efficacy differences between chemother-
apy and icotinib therapy. Secondly, a small sample size and the absence of a matched control cohort prevent us from 
drawing comparative conclusions about the efficacy of icotinib. Additionally, the long-term survival outcomes could not be 
assessed due to the relatively short follow-up period. Notwithstanding these limitations, our findings offer a strong ratio-
nale for further investigation. The next step is to validate and extend these results through a larger, multi-center case-
control study with prolonged follow-up.

Conclusions

This real-world study suggests that adjuvant icotinib is effective and safe in patients with high-risk stage IB EGFR-mutated 
NSCLC. Treatment-related AEs were manageable. Further follow-up is required to assess the long-term efficacy.

Fig 4.  Representative images of two patients successfully treated with osimertinib following acquired resistance to icotinib. (A) Case 1: Retro-
peritoneal metastasis with malignant ascites. Contrast-enhanced abdominal CT scans before osimertinib initiation (left) and after 22 months of osim-
ertinib treatment (right). (B) Case 2: Multiple bone metastases. PET-CT scan before osimertinib initiation (left) and bone scintigraphy after 17 months 
of osimertinib treatment (right). MRI: cranial magnetic resonance imaging; CT: Chest computed tomography; PET-CT: Positron Emission Tomography–
Computed Tomography.

https://doi.org/10.1371/journal.pone.0337237.g004

https://doi.org/10.1371/journal.pone.0337237.g004


PLOS One | https://doi.org/10.1371/journal.pone.0337237  November 19, 2025 9 / 11

Author contributions

Data curation: Mengzhi Cheng, Lili Jin.

Methodology: Mengzhi Cheng.

Writing – original draft: Mengzhi Cheng, Caihua Yu, Zhonghai Xie, Dong Li, Qinhua Gu.

Writing – review & editing: Jianbin Zhang, Qibin Shen.

References
	1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin. 2022;72(1):7–33. https://doi.org/10.3322/caac.21708 PMID: 

35020204

	2.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229–63. https://doi.org/10.3322/caac.21834 PMID: 38572751

	3.	 Detterbeck FC, Chansky K, Groome P, Bolejack V, Crowley J, Shemanski L, et al. The IASLC Lung Cancer Staging Project: Methodology and 
Validation Used in the Development of Proposals for Revision of the Stage Classification of NSCLC in the Forthcoming (Eighth) Edition of the TNM 
Classification of Lung Cancer. J Thorac Oncol. 2016;11(9):1433–46. https://doi.org/10.1016/j.jtho.2016.06.028 PMID: 27448762

	4.	 Imielinski M, Berger AH, Hammerman PS, Hernandez B, Pugh TJ, Hodis E, et al. Mapping the hallmarks of lung adenocarcinoma with massively 
parallel sequencing. Cell. 2012;150(6):1107–20. https://doi.org/10.1016/j.cell.2012.08.029 PMID: 22980975

	5.	 NCCN. The NCCN clinical practice guidelines in oncology for non-small cell lung cancer (version 1.2022).

	6.	 Wu Y-L, Tsuboi M, He J, John T, Grohe C, Majem M, et al. Osimertinib in Resected EGFR-Mutated Non-Small-Cell Lung Cancer. N Engl J Med. 
2020;383(18):1711–23. https://doi.org/10.1056/NEJMoa2027071 PMID: 32955177

	7.	 Li N, Ou W, Cheng C, You J, Yang L, Chen F-X, et al. Adjuvant icotinib for resected EGFR-mutated stage II-IIIA non-small-cell lung cancer (ICTAN, 
GASTO1002): a randomized comparison study. Signal Transduct Target Ther. 2025;10(1):273. https://doi.org/10.1038/s41392-025-02358-w PMID: 
40866342

	8.	 Ou W, Li N, Wang B-X, Zhu T-F, Shen Z-L, Wang T, et al. Adjuvant icotinib versus observation in patients with completely resected EGFR-mutated 
stage IB NSCLC (GASTO1003, CORIN): a randomised, open-label, phase 2 trial. EClinicalMedicine. 2023;57:101839. https://doi.org/10.1016/j.
eclinm.2023.101839 PMID: 36816343

Fig 5.  Adverse events. 29 (78.4%) patients experienced grade 1-2 AEs, including rash in 15(51.7%), diarrhea in 10(34.5%), oral ulcer in 11(37.9%), 
paronychia in 5(17.2%), liver function impairment in 8(27.6%) and thrombocytopenia in 2(6.9%) patients. No grade 3 or higher AEs occurred.

https://doi.org/10.1371/journal.pone.0337237.g005

https://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/35020204
https://doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/pubmed/38572751
https://doi.org/10.1016/j.jtho.2016.06.028
http://www.ncbi.nlm.nih.gov/pubmed/27448762
https://doi.org/10.1016/j.cell.2012.08.029
http://www.ncbi.nlm.nih.gov/pubmed/22980975
https://doi.org/10.1056/NEJMoa2027071
http://www.ncbi.nlm.nih.gov/pubmed/32955177
https://doi.org/10.1038/s41392-025-02358-w
http://www.ncbi.nlm.nih.gov/pubmed/40866342
https://doi.org/10.1016/j.eclinm.2023.101839
https://doi.org/10.1016/j.eclinm.2023.101839
http://www.ncbi.nlm.nih.gov/pubmed/36816343
https://doi.org/10.1371/journal.pone.0337237.g005


PLOS One | https://doi.org/10.1371/journal.pone.0337237  November 19, 2025 10 / 11

	 9.	 Moreira AL, Ocampo PSS, Xia Y, Zhong H, Russell PA, Minami Y, et al. A Grading System for Invasive Pulmonary Adenocarcinoma: A Proposal 
From the International Association for the Study of Lung Cancer Pathology Committee. J Thorac Oncol. 2020;15(10):1599–610. https://doi.
org/10.1016/j.jtho.2020.06.001 PMID: 32562873

	10.	 Xu L, Tavora F, Burke A. Histologic features associated with metastatic potential in invasive adenocarcinomas of the lung. Am J Surg Pathol. 
2013;37(7):1100–8. https://doi.org/10.1097/PAS.0b013e31827fcf04 PMID: 23681071

	11.	 Mäkinen JM, Laitakari K, Johnson S, Mäkitaro R, Bloigu R, Pääkkö P, et al. Histological features of malignancy correlate with growth patterns and 
patient outcome in lung adenocarcinoma. Histopathology. 2017;71(3):425–36. https://doi.org/10.1111/his.13236 PMID: 28401582

	12.	 Kuang M, Shen X, Yuan C, Hu H, Zhang Y, Pan Y, et al. Clinical Significance of Complex Glandular Patterns in Lung Adenocarcinoma: Clinicopath-
ologic and Molecular Study in a Large Series of Cases. Am J Clin Pathol. 2018;150(1):65–73. https://doi.org/10.1093/ajcp/aqy032 PMID: 29746612

	13.	 Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The Eighth Edition Lung Cancer Stage Classification. Chest. 2017;151(1):193–203. https://doi.
org/10.1016/j.chest.2016.10.010 PMID: 27780786

	14.	 Sica G, Yoshizawa A, Sima CS, Azzoli CG, Downey RJ, Rusch VW, et al. A grading system of lung adenocarcinomas based on histologic pattern is 
predictive of disease recurrence in stage I tumors. Am J Surg Pathol. 2010;34(8):1155–62. https://doi.org/10.1097/PAS.0b013e3181e4ee32 PMID: 
20551825

	15.	 Yang HC, Kim HR, Jheon S, Kim K, Cho S, Ahn S, et al. Recurrence Risk-Scoring Model for Stage I Adenocarcinoma of the Lung. Ann Surg Oncol. 
2015;22(12):4089–97. https://doi.org/10.1245/s10434-015-4411-9 PMID: 25783676

	16.	 Al-Alao BS, Gately K, Nicholson S, McGovern E, Young VK, O’Byrne KJ. Prognostic impact of vascular and lymphovascular invasion in early lung 
cancer. Asian Cardiovasc Thorac Ann. 2014;22(1):55–64. https://doi.org/10.1177/0218492313478431 PMID: 24585645

	17.	 Huang H, Wang T, Hu B, Pan C. Visceral pleural invasion remains a size-independent prognostic factor in stage I non-small cell lung cancer. Ann 
Thorac Surg. 2015;99(4):1130–9. https://doi.org/10.1016/j.athoracsur.2014.11.052 PMID: 25704861

	18.	 Ruan Z, Zhuo X, Xu C. Diagnosis, treatment, and prognosis of stage IB non-small cell lung cancer with visceral pleural invasion. Front Oncol. 
2024;13:1310471. https://doi.org/10.3389/fonc.2023.1310471 PMID: 38288109

	19.	 Jia M, Yu S, Gao H, Sun P-L. Spread Through Air Spaces (STAS) in Lung Cancer: A Multiple-Perspective and Update Review. Cancer Manag Res. 
2020;12:2743–52. https://doi.org/10.2147/CMAR.S249790 PMID: 32425593

	20.	 Shih AR, Mino-Kenudson M. Updates on spread through air spaces (STAS) in lung cancer. Histopathology. 2020;77(2):173–80. https://doi.
org/10.1111/his.14062 PMID: 31943337

	21.	 Shen Z-Q, Feng K-P, Fang Z-Y, Xia T, Pan S, Ding C, et al. Influence of adjuvant chemotherapy on survival for patients with completely resected 
high-risk stage IB NSCLC. J Cardiothorac Surg. 2024;19(1):1. https://doi.org/10.1186/s13019-023-02457-1 PMID: 38166960

	22.	 Kim B-G, Choi J, Lee S-K, Choi SI, Park CK, Sim JK, et al. Impact of adjuvant chemotherapy on patients with stage IB non-small cell lung cancer 
with visceral pleural invasion. J Thorac Dis. 2024;16(2):875–83. https://doi.org/10.21037/jtd-23-936 PMID: 38505035

	23.	 Zhang P, Duan J, Bai H, Wang Z, Gao S, Tan F, et al. Influence of adjuvant chemotherapy on survival for patients with stage IB and IIA non-small 
cell lung cancer. Thorac Cancer. 2021;12(1):30–9. https://doi.org/10.1111/1759-7714.13685 PMID: 33111432

	24.	 Xie J, Zhang X, Hu S, Peng W-D, Xu B, Li Y, et al. Effects of adjuvant chemotherapy on survival of patients with stage IB non-small cell lung cancer 
with visceral pleural invasion. J Cancer Res Clin Oncol. 2020;146(9):2231–9. https://doi.org/10.1007/s00432-020-03276-w PMID: 32533405

	25.	 Pignon J-P, Tribodet H, Scagliotti GV, Douillard J-Y, Shepherd FA, Stephens RJ, et al. Lung adjuvant cisplatin evaluation: a pooled analysis by the 
LACE Collaborative Group. J Clin Oncol. 2008;26(21):3552–9. https://doi.org/10.1200/JCO.2007.13.9030 PMID: 18506026

	26.	 Hasegawa T, Suzuki H, Abe J, Sakurada A, Endo C, Sato N, et al. A phase 2 study of adjuvant carboplatin plus S-1 followed by maintenance S-1 
therapy for patients with completely resected stage II/IIIA non-small cell lung cancer-Japanese Northern East Area Thoracic Surgery Study Group 
JNETS1302 study. J Thorac Dis. 2020;12(7):3591–601. https://doi.org/10.21037/jtd-20-715 PMID: 32802438

	27.	 Zhong W-Z, Wang Q, Mao W-M, Xu S-T, Wu L, Shen Y, et al. Gefitinib versus vinorelbine plus cisplatin as adjuvant treatment for stage II-IIIA (N1-
N2) EGFR-mutant NSCLC (ADJUVANT/CTONG1104): a randomised, open-label, phase 3 study. Lancet Oncol. 2018;19(1):139–48. https://doi.
org/10.1016/S1470-2045(17)30729-5 PMID: 29174310

	28.	 Yue D, Xu S, Wang Q, Li X, Shen Y, Zhao H, et al. Erlotinib versus vinorelbine plus cisplatin as adjuvant therapy in Chinese patients with stage 
IIIA EGFR mutation-positive non-small-cell lung cancer (EVAN): a randomised, open-label, phase 2 trial. Lancet Respir Med. 2018;6(11):863–73. 
https://doi.org/10.1016/S2213-2600(18)30277-7 PMID: 30150014

	29.	 He J, Su C, Liang W, Xu S, Wu L, Fu X, et al. Icotinib versus chemotherapy as adjuvant treatment for stage II-IIIA EGFR-mutant non-small-
cell lung cancer (EVIDENCE): a randomised, open-label, phase 3 trial. Lancet Respir Med. 2021;9(9):1021–9. https://doi.org/10.1016/S2213-
2600(21)00134-X PMID: 34280355

	30.	 Shen L, Guo J, Zhang W, Zhang L, Liu X, Wang T, et al. Clinical efficacy and safety of adjuvant EGFR-TKIs for resected stage IB lung adenocar-
cinoma: A real-world study based on propensity score matching. Cancer Med. 2023;12(18):18470–8. https://doi.org/10.1002/cam4.6443 PMID: 
37559419

	31.	 Jiang Y, Lin Y, Fu W, He Q, Liang H, Zhong R, et al. The impact of adjuvant EGFR-TKIs and 14-gene molecular assay on stage I non-small cell 
lung cancer with sensitive EGFR mutations. EClinicalMedicine. 2023;64:102205. https://doi.org/10.1016/j.eclinm.2023.102205 PMID: 37745018

https://doi.org/10.1016/j.jtho.2020.06.001
https://doi.org/10.1016/j.jtho.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32562873
https://doi.org/10.1097/PAS.0b013e31827fcf04
http://www.ncbi.nlm.nih.gov/pubmed/23681071
https://doi.org/10.1111/his.13236
http://www.ncbi.nlm.nih.gov/pubmed/28401582
https://doi.org/10.1093/ajcp/aqy032
http://www.ncbi.nlm.nih.gov/pubmed/29746612
https://doi.org/10.1016/j.chest.2016.10.010
https://doi.org/10.1016/j.chest.2016.10.010
http://www.ncbi.nlm.nih.gov/pubmed/27780786
https://doi.org/10.1097/PAS.0b013e3181e4ee32
http://www.ncbi.nlm.nih.gov/pubmed/20551825
https://doi.org/10.1245/s10434-015-4411-9
http://www.ncbi.nlm.nih.gov/pubmed/25783676
https://doi.org/10.1177/0218492313478431
http://www.ncbi.nlm.nih.gov/pubmed/24585645
https://doi.org/10.1016/j.athoracsur.2014.11.052
http://www.ncbi.nlm.nih.gov/pubmed/25704861
https://doi.org/10.3389/fonc.2023.1310471
http://www.ncbi.nlm.nih.gov/pubmed/38288109
https://doi.org/10.2147/CMAR.S249790
http://www.ncbi.nlm.nih.gov/pubmed/32425593
https://doi.org/10.1111/his.14062
https://doi.org/10.1111/his.14062
http://www.ncbi.nlm.nih.gov/pubmed/31943337
https://doi.org/10.1186/s13019-023-02457-1
http://www.ncbi.nlm.nih.gov/pubmed/38166960
https://doi.org/10.21037/jtd-23-936
http://www.ncbi.nlm.nih.gov/pubmed/38505035
https://doi.org/10.1111/1759-7714.13685
http://www.ncbi.nlm.nih.gov/pubmed/33111432
https://doi.org/10.1007/s00432-020-03276-w
http://www.ncbi.nlm.nih.gov/pubmed/32533405
https://doi.org/10.1200/JCO.2007.13.9030
http://www.ncbi.nlm.nih.gov/pubmed/18506026
https://doi.org/10.21037/jtd-20-715
http://www.ncbi.nlm.nih.gov/pubmed/32802438
https://doi.org/10.1016/S1470-2045(17)30729-5
https://doi.org/10.1016/S1470-2045(17)30729-5
http://www.ncbi.nlm.nih.gov/pubmed/29174310
https://doi.org/10.1016/S2213-2600(18)30277-7
http://www.ncbi.nlm.nih.gov/pubmed/30150014
https://doi.org/10.1016/S2213-2600(21)00134-X
https://doi.org/10.1016/S2213-2600(21)00134-X
http://www.ncbi.nlm.nih.gov/pubmed/34280355
https://doi.org/10.1002/cam4.6443
http://www.ncbi.nlm.nih.gov/pubmed/37559419
https://doi.org/10.1016/j.eclinm.2023.102205
http://www.ncbi.nlm.nih.gov/pubmed/37745018


PLOS One | https://doi.org/10.1371/journal.pone.0337237  November 19, 2025 11 / 11

	32.	 Herbst RS, Wu Y-L, John T, Grohe C, Majem M, Wang J, et al. Adjuvant Osimertinib for Resected EGFR-Mutated Stage IB-IIIA Non-Small-Cell 
Lung Cancer: Updated Results From the Phase III Randomized ADAURA Trial. J Clin Oncol. 2023;41(10):1830–40. https://doi.org/10.1200/
JCO.22.02186 PMID: 36720083

	33.	 Wu Y-L, John T, Grohe C, Majem M, Goldman JW, Kim S-W, et al. Postoperative Chemotherapy Use and Outcomes From ADAURA: Osimertinib 
as Adjuvant Therapy for Resected EGFR-Mutated NSCLC. J Thorac Oncol. 2022;17(3):423–33. https://doi.org/10.1016/j.jtho.2021.10.014 PMID: 
34740861

https://doi.org/10.1200/JCO.22.02186
https://doi.org/10.1200/JCO.22.02186
http://www.ncbi.nlm.nih.gov/pubmed/36720083
https://doi.org/10.1016/j.jtho.2021.10.014
http://www.ncbi.nlm.nih.gov/pubmed/34740861

