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Lung cancer is the most prevalent malignant tumor in China, with the highest incidence and mortality rates. Among the various types of lung cancer, non-small cell lung cancer (NSCLC) accounts for approximately 80% to 85%. Radical surgery is the primary treatment for early-stage NSCLC; however, postoperative recurrence remains a significant clinical challenge. The incorporation of perioperative chemotherapy with surgery has yielded only a modest improvement in the 5-year survival rate, approximately 5%, thereby highlighting the urgent need for more effective systemic treatment alternatives. In recent years, immunotherapeutic drugs, represented by programmed death receptor 1/programmed death ligand 1 (PD-1/PD-L1) monoclonal antibodies, have gradually advanced from later-line therapy to front-line treatment for NSCLC, and have now brought breakthrough progress to perioperative treatment. Multiple phase III immunotherapy clinical trials have demonstrated that both neoadjuvant and adjuvant immunotherapies can significantly enhance the pathological response rate, event-free survival (EFS), and disease-free survival (DFS) in patients with stage II to III NSCLC. Such findings have established new treatment standards aimed at reducing recurrence rates and extending overall survival (OS). Additionally, the potential benefits of the “neoadjuvant plus adjuvant” immunotherapy model have been validated, significantly decreasing the risk of postoperative recurrence in specific patient populations. Future research will continue to explore the efficacy of immunotherapy across different subgroups to maximize clinical benefits while minimizing treatment-related toxicity. Nevertheless, the perioperative application of immunotherapy is accompanied by significant concerns and controversies. This review primarily outlines the latest advancements in perioperative immunotherapy and explores some doubts and controversies encountered in clinical practice, aiming to provide strategies and insights for managing and treating NSCLC in the perioperative setting.
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1 Introduction

With the growing awareness of lung cancer screening and the widespread use of computed tomography (CT) in high-risk populations, there has been a significant rise in the detection rate of early-stage lung cancer (1). Although surgical intervention remains the preferred treatment modality for lung cancer, the recurrence rate following radical resection in patients diagnosed with early-stage NSCLC continues to be elevated. The 5-year recurrence rates are approximately 10% for stage IA1, 10-15% for stage IA2, 15-20% for stage IA3, 20-30% for stage IB, 30-40% for stage IIA, and 40-55% for stage IIB. Furthermore, only 25% to 30% of NSCLC patients can achieve complete tumor clearance postoperatively, underscoring the necessity of perioperative systemic therapy (2). Over the past two decades, platinum-based adjuvant chemotherapy has been recognized as the standard treatment for patients with stage II-IIIA NSCLC after surgery (3, 4). However, research indicates that, while adjuvant chemotherapy significantly enhances DFS compared to surgical intervention alone, its effect on five-year survival rates is relatively limited, approximately 5% (5–7). Consequently, it is imperative to investigate new adjuvant treatment options to extend survival for these patients.

In recent years, the advent of immune checkpoint inhibitors (ICIs) has transformed cancer treatment model. By blocking inhibitory signals that suppress T lymphocyte activity, ICIs enhance antitumor immunity (8). As a result, the standard treatment paradigm for NSCLC has evolved, with immunotherapy-based regimens increasingly integrated into both first-line and second-line treatment settings (9–21). For resectable NSCLC, significant breakthroughs in neoadjuvant (22, 23) and adjuvant (24) immunotherapies occurred between 2021 and 2022. In 2023, several phase III studies (25–27) on perioperative (neoadjuvant plus adjuvant) immunotherapy yielded favorable outcomes, establishing this approach as a new standard for reducing recurrence and prolonging survival in patients with resectable NSCLC. Based on the findings of the Neotorch study (28), in January 2024, Toripalimab became the first immunotherapy agent in China to receive approval for perioperative use in NSCLC, marking the commencement of a new era of perioperative immunotherapy for patients with resectable NSCLC in China. Data from key phase III clinical trials incorporating neoadjuvant, adjuvant, and perioperative immunotherapy strategies outline the current treatment landscape for early-stage NSCLC without epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) alterations, as summarized in Table 1. However, in the real world, the application of immunotherapy in the perioperative management of NSCLC remains fraught with numerous challenges and controversies. This review primarily explores the common clinical issues and debates surrounding perioperative immunotherapy for NSCLC, aiming to assist clinicians in making better-informed therapeutic decisions. A simplified workflow for potentially clinical resectable NSCLC is revealed in Figure 1.


Table 1 | Significant phase III clinical trials of neoadjuvant, perioperative and adjuvant immunotherapy for resectable NSCLC.
	Trial (Ref)
	n(stage)
	Study arms
	Primary   endpoints
	mEFS (months) (HR; 95% CI)
	mOS (months) (HR; 95% CI)
	pCR rate  (%)
	MPR rate   (%)



	CheckMate 
816  
(22, 23)
	358(Stage IB-IIIA)
	Nivo + CT vs. CT
	EFS, pCR
	43.8 vs. 18.4  
HR=0.66
(CI: 0.47-0.90)
	NR   
HR=0.71  
(CI:0.47-1.07)
	24 vs. 2.2  
OR: 13.94  
(CI:3.49-55.75)
	36.9 vs. 8.9  
OR: 5.70  
(CI:3.16-10.26)


	AEGEAN  
(26)
	802(Stage II–IIIB
[N2 node])
	CT + Durv   
→Durv vs.  
CT→placebo
	EFS, pCR
	NR vs. 25.3  
HR= 0.73  
(CI: 0.54–0.98)
	NR
	17.9 vs. 4.9 
Difference:13.0 
(CI: 7.1-19.5)
	34.2 vs. 14.1 
Difference:20.1 
(CI: 11.8-28.3)


	KEYNOTE 
671  
(25, 31)
	786(Stage II–IIIB 
[N2 node])
	CT +Pembro 
→Pembro vs.
CT→placebo
	EFS, OS  

	47.2 vs. 18.3  
HR:=0.59  
(CI: 0.48-0.72)
	NR vs. 52.4  
HR= 0.72  
(CI:0.56-0.93)
	18.1 vs. 4.1 
Difference:14.2 
(CI: 10.1-18.7)
	30.2 vs. 11  
Difference:19.2  
(CI: 13.9-24.7)


	CheckMate  
77T  
(27, 30)
	461(Stage IIA–IIIB)
	Nivo + CT→
Nivo vs. 
CT→placebo
	EFS
	NR vs. 18.4  
HR:=0.58  
(CI: 0.42-0.81)
	NR
	25.3 vs. 4.7  
OR=6.64   
(CI: 3.4-12.97)
	35.4 vs. 12.1  
OR=4.01  
(CI: 2.48-6.49)


	NEOTORCH
(28)
	404 (Stage II–IIIB)
	CT + Tori →  
Tori vs.  
CT + placebo →placebo
	
EFS, MPR
	NR vs. 15.1  
HR: 0.40  
(CI: 0.28-0.57)
	NE vs. 30.4  
HR: 0.62  
(CI:0.33-0.76)
	24.8 vs. 1  
Difference:23.1 
(CI: 17.6-29.8)
	48.5 vs. 8.4  
Difference:40.2 
(CI: 32.2-48.1)


	RATIONALE315  
(29)
	453 (Stage II–IIIA)
	CT + TIS → TIS vs.  
CT + placebo →placebo
	EFS, MPR
	NR for both  
HR: 0.56  
(CI: 0.40-0.79)
	NR for both  
HR: 0.62  
(CI:0.39-0.98)
	41 vs. 6  
Difference: 35  
(CI: 28-42)
	56 vs. 15  
Difference: 41  
(CI: 33-49)


	IMpower 010
(24, 36)
	1005(Stage IB-IIIA)
	Atezo vs.  
BSC
	IA-DFS in  
Stage II–IIIA 
(PD-L1 ≥ 1%) 
Stage II–IIIA 
(PDL1 ≥ 50%)
Stage II–IIIA 
(all PD-L1)  
-Stage IB-III  
(all PD-L1)
	
68.5 vs. 37.3  
0.7 (0.55, 0.91) 
NR vs. 41.1
0.48 (0.32-0.72)
57.4 vs. 40.8
0.83 (0.69–1.00)
65.6 vs. 47.8
0.85 (0.71–1.01)
	
NR vs. 87.1  
0.77 (0.56–1.06)
NR vs. 87.1  
0.47 (0.28, 0.77)
NR vs. NR  
0.94 (0.75, 1.19)
NR vs. NR  
0.97 (0.78, 1.22)
	NA
	NA


	PEARLS/ 
KEYNOTE  
091  
(35)
	1177(Stage IB-IIIA)
	Pembro  
vs.   
placebo
	DFS in  
ITT and  
PDL1 ≥ 50%
	ITT:53.6 vs. 43 
0.76( 0.63–0.91)
PDL1 ≥50%:  
NR vs. NR  
0.82( 0.57–1.18)
	Not reported
	NA
	NA





mEFS, median event-free survival; mDFS, median disease-free survival; mOS, median overall survival; MPR, major pathologic response, pCR, pathological complete response; HR, hazard ratio; CI, confidence interval (all CIs were at least 95% except where indicated); OR, odds ratio; IA-DFS: investigator-assessed disease-free survival; NR, not reached; NE, not estimable; CT, chemotherapy; Nivo, nivolumab; Pembro, pembrolizumab; Durv, durvalumab; Atezo, atezolizumab; TIS, tislelizumab; BSC, best supportive care; NA, not applicable; Stage IB (tumors ≥ 4 cm); with involvement of ≥1 ipsilateral mediastinal lymph node or subcarinal lymph node [N2 node stage]
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Figure 1 | Workflow for potentially resectable NSCLC. Surgical resection is the primary treatment for stage I NSCLC. For patients with pathologic stage I post-surgery, watch-and-wait is an option. The role of adjuvant chemotherapy remains controversial. For patients with pathologic stage IB, testing for driver gene mutations such as epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) is recommended. Patients with identified EGFR mutations should receive adjuvant EGFR-tyrosine kinase inhibitors (TKIs) therapy, while those with ALK rearrangements should receive adjuvant ALK-TKIs therapy. For those without driver gene mutations, adjuvant chemotherapy or immunotherapy may be considered. In stage II–III NSCLC patients with driver gene mutations, chemotherapy (CT) or chemoradiotherapy (CRT) is indicated. For those without driver gene mutations, neoadjuvant chemotherapy combined with immune checkpoint inhibitors (ICIs) is recommended, followed by multidisciplinary team (MDT) evaluation to determine surgical eligibility. For patients deemed eligible for surgery, postoperative driver gene testing should be conducted. Those with driver gene mutations should receive adjuvant targeted therapy, while those without driver gene mutations should receive adjuvant immunotherapy and chemotherapy. For patients with driver gene-positive tumors who are not candidates for surgery, targeted therapy is recommended. For those with driver gene-negative tumors who are inoperable, chemoradiotherapy followed by maintenance immunotherapy is recommended.




2 Clinical issues in the real world



2.1 The optimal population for perioperative immunotherapy

The objective of perioperative therapy for NSCLC is to establish a comprehensive treatment strategy that is both well-tolerated and effective in improving survival rates. When formulating an immunotherapy-based perioperative regimen, clinicians must consider critical factors such as the clinical stage of the disease and the status of driver gene mutations. Phase III clinical trials (22, 27–30) investigating perioperative immunotherapy, including CheckMate 816, Neotorch, CheckMate 77T, and RATIONALE-315, excluded patients with EGFR mutations or ALK rearrangements. Only KEYNOTE-671 (25, 31) and AEGEAN (26) clinical trials permitted the inclusion of a small fraction of these patients. The subgroup analyses conducted according to disease stage revealed noteworthy distinctions in outcomes. In the Neotorch study (28), the analysis for stage III patients indicated a 56% reduction in the risk of disease progression, recurrence, or mortality in the stage IIIA subgroup, and a 70% reduction in the stage IIIB subgroup. The overall EFS benefit of stage III patients was significant, meeting the study’s prespecified endpoint. Other studies involving patients with stages II and III have also demonstrated significant improvements in EFS across the overall population. The RATIONALE-315 trial (29) presented an EFS hazard ratio (HR) of 0.47 (95% confidence interval: 0.26–0.87) for stage II patients, suggesting a clear therapeutic benefit. Furthermore, findings from KEYNOTE-671 (25), AEGEAN (26), and CheckMate 77T (27) clinical trials exhibited trends toward EFS improvement within stage II subgroups, with hazard ratios of 0.65 (95% CI: 0.42–1.01), 0.76 (95% CI: 0.43–1.34), and 0.81 (95% CI: 0.46–1.43), respectively. Notably, the CheckMate 816 clinical trial (22) highlighted that stage IIIA patients derived a greater relative benefit in EFS compared with those in stage IB–II (HR for stage IIIA, 0.54; HR for stage IB–II, 0.87). Current evidence indicates that patients with resectable, driver gene-negative stage II–IIIB NSCLC can derive significant benefits from perioperative immunotherapy, with stage III patients exhibiting more pronounced improvements in EFS compared with stage II patients.

Given that not all eligible patients currently receive neoadjuvant immunotherapy, the decision to pursue this treatment modality should extend beyond stage and driver mutation status. Critical factors include tumor burden and specific high-risk features. For instance, patients presenting with bulky N2 disease or demonstrating clinical characteristics indicative of a high risk for incomplete resection (R1/R2) or early recurrence are frequently prioritized for neoadjuvant immunotherapy. This approach aims to maximize tumor downstaging and eradicate micrometastases at the outset. Moreover, emerging biomarker profiles are increasingly informing this decision-making process. While PD-L1 expression remains a widely utilized marker, higher expression (e.g. TPS ≥50%) generally correlates with a more substantial therapeutic response. Novel biomarkers—such as tumor mutational burden (TMB), circulating tumor DNA (ctDNA) dynamics, and specific immune gene signatures—are under investigation and hold promise for refining patient selection. In short, the prevailing clinical paradigm advocates for neoadjuvant immunotherapy in patients with heightened disease burden (particularly stage III), high-risk clinical features, and favorable biomarker profiles.




2.2 The recommended number of cycles of neoadjuvant immunotherapy

Neoadjuvant immunotherapy is designed to reduce tumor stage, enhance the R0 resection rate, and eliminate subclinical micro-metastases, thereby lowering the risk of postoperative recurrence and prolonging survival for patients with resectable NSCLC. However, a short-course regimen may be inadequate to elicit a potent immune response, while extended treatment duration may lead to disease progression or treatment-related adverse events, potentially resulting in missed surgical opportunities. Consequently, identifying the optimal treatment duration is a critical consideration.

Findings from the neoSCORE trial (32) indicate that three cycles of neoadjuvant immunotherapy combined with chemotherapy increased the major pathological response (MPR) rate by 14.5% compared with two cycles, demonstrating good tolerability and suggesting improved postoperative outcomes with three cycles. Current phase III clinical trials on perioperative immunotherapy, such as Neotorch (28) and CheckMate 816 (22), were structured around three cycles of neoadjuvant therapy, while clinical trials including CheckMate 77T (27), KEYNOTE-671 (25), RATIONALE-315 (29), and AEGEAN (26) permitted up to four cycles. Results from these trials have demonstrated that 3 to 4 cycles of neoadjuvant chemo-immunotherapy lead to significant improvements in pathological complete response (pCR), MPR, and EFS compared with neoadjuvant chemotherapy alone. Notably, at the 2024 European Lung Cancer Congress, the CheckMate 77T trial (33) reported outcomes for 158 patients who completed four cycles compared to 20 participants who received fewer than four cycles due to adverse events or disease progression. Among patients who underwent surgery, pCR rates were 32.3% for those completing four cycles and 35.0% for those receiving fewer than four cycles. The MPR rates were 46.2% and 40.0%, respectively, indicating comparable outcomes between the groups. Additionally, CheckMate 816 (22), which also investigated neoadjuvant nivolumab combined with chemotherapy and was designed for three cycles, reported pCR and MPR rates of 24.0% and 36.9%, respectively—similar to the 25.3% pCR and 35.4% MPR observed in CheckMate 77T trial (30).

In conclusion, based on current data regarding EFS, pCR, and MPR, conclusive evidence to determine the optimal number of neoadjuvant immunotherapy cycles remains elusive, and inherent limitations exist in cross-trial comparisons. According to existing phase III data, it is recommended to administer 3 to 4 cycles of neoadjuvant therapy. The specific number of cycles should be tailored according to the particular drug used, the clinical context, and the surgical plan to ensure both efficacy and minimization of risks associated with disease progression or treatment-related adverse events that could delay or prevent surgery.

Upon completion of the planned neoadjuvant therapy, a thorough preoperative re-evaluation is essential. This assessment aims to accurately re-stage the disease, objectively evaluate tumor response and resectability, and identify patients unlikely to benefit from surgery. For patients deemed ineligible for surgery, subsequent management must be tailored to the specific reason for this decision. (1) In cases of disease progression (PD): These patients typically exhibit primary resistance to the initial chemo-immunotherapy. Management should therefore transition to that for metastatic NSCLC, including biomarker testing for driver mutations if not previously done. Additionally, second-line systemic therapy options, possibly combined with local palliative radiotherapy for symptom management, should be considered. (2) If surgery is inadvisable due to treatment-related adverse events but the disease is controlled: For patients who experience complications such as immune-related pneumonitis or myocarditis, yet whose disease remains controlled, the primary focus must be on the effective management of these adverse effects. Once toxicity is adequately addressed and the patient’s clinical condition allows, surgical feasibility should be reassessed. If the surgical window is deemed lost, alternative local curative-intent interventions, such as definitive radiotherapy, may warrant exploration. (3) When new or worsening non-oncological comorbidities preclude surgery: The focus should be on optimizing management of these conditions. A multidisciplinary team (MDT) should concurrently evaluate the potential role of non-surgical local modalities, including definitive radiotherapy, considering that the oncological disease is controlled.




2.3 The effect of neoadjuvant immunotherapy on surgery

Based on surgical outcome data derived from current Phase III clinical trials (22, 25–29) on perioperative immunotherapy models, although adverse reactions during the neoadjuvant treatment phase may potentially delay surgery or increase surgical complexity, the proportion of surgeries cancelled due to adverse events across various Phase III studies remains relatively low, ranging from approximately 1.1% to 6.3%. These treatment-related adverse events primarily encompass the typical spectrum of reactions associated with ICIs, including immune-related adverse events (such as rash, colitis, hepatitis, pneumonitis, and endocrinopathies like thyroid dysfunction), as well as systemic symptoms (e.g., fatigue, pyrexia) and side effects from combination chemotherapy (such as myelosuppression, nausea, and vomiting). When comparing experimental groups with control groups, there were no significant differences identified in terms of the proportion of patients undergoing radical surgery, rates of R0 resection, delays in surgery, surgery-related adverse events (predominantly anemia, pain, wound complications, and pneumonia), duration of postoperative hospital stay, or 30-day and 90-day perioperative mortality rates. Moreover, a stratified analysis of the CheckMate-816 study (22), which focused on stages IB-II and IIIA, indicated that patients with stage IIIA disease demonstrated greater improvements in the rates of minimally invasive surgeries, procedure complexity, and median operative time following neoadjuvant immunotherapy compared with those receiving traditional chemotherapy. Overall, neoadjuvant immunotherapy did not significantly increase surgical difficulty or the incidence of perioperative complications compared with neoadjuvant chemotherapy.




2.4 The optimal interval between neoadjuvant immunotherapy and surgery

In current phase III clinical trials (22, 26–29) investigating perioperative immunotherapy regimens, the interval between the last neoadjuvant treatment and surgery is predominantly established at 4 to 6 weeks. An interval that exceeds 6 weeks is classified as a surgical delay and is documented as a surgery-related metric. The KEYNOTE-671 trial (25) has a distinct design in that for patients who receive fewer than four cycles of neoadjuvant therapy, the interval between the last treatment and surgery can be extended to up to 8 weeks. Furthermore, this study permits a maximum interval of 20 weeks from the first treatment cycle to surgery. A previous analysis utilizing the National Cancer Database (NCDB) indicated that delays in surgery beyond 6 weeks following neoadjuvant therapy significantly compromise overall survival (34). Consequently, the majority of current clinical trials involving neoadjuvant therapy adopt a 4- to 6-week interval between treatment and surgery, allowing clinicians the flexibility to adjust the timing of surgery within this window based on specific clinical circumstances.




2.5 The optimal interval between surgery and adjuvant immunotherapy

Current evidence derived from Phase III clinical trials focusing on the adjuvant immunotherapy-only approach is primarily based on findings from the KEYNOTE-091 (35) and IMpower010 (24, 36) studies. In the KEYNOTE-091 trial (35), the administration of adjuvant chemotherapy was not mandatory. Accordingly, for patients who did not undergo adjuvant chemotherapy, adjuvant immunotherapy was initiated within 12 weeks following surgical intervention. For those who received chemotherapy, a maximum of four cycles was to be completed within 12 weeks post-surgery, after which adjuvant immunotherapy commenced between 3 and 12 weeks following the final chemotherapy cycle. In contrast, the IMpower010 trial (24) mandated at least one cycle of adjuvant chemotherapy, with adjuvant immunotherapy initiated within a window of 3 to 8 weeks after the completion of the last chemotherapy cycle. Among patients who received neoadjuvant immunotherapy, the initiation of adjuvant immunotherapy varied across different studies: in RATIONALE-315 (29), administration occurred within 2 to 8 weeks post-surgery; in AEGEAN (26), within 10 weeks post-surgery; in Neotorch (11), within 4 to 8 weeks post-surgery; in KEYNOTE-671 (25), within 4 to 12 weeks post-surgery; and in CheckMate 77T (30), within 90 days following surgery. Based on the aforementioned research, it is recommended that adjuvant immunotherapy be initiated within 12 weeks after surgery as part of perioperative immunotherapy. Nonetheless, clinical practice may necessitate adjustments to this timeline, taking into account the individual circumstances of each patient.




2.6 The duration of postoperative adjuvant immunotherapy

For patients who did not receive neoadjuvant immunotherapy in conjunction with chemotherapy, findings from the phase III IMpower010 and KEYNOTE-091 trials indicated that a duration of one year of adjuvant immunotherapy significantly enhanced disease-free survival (DFS) in comparison to placebo in individuals with completely resected (R0) NSCLC (24, 35). Several phase III clinical trials investigating perioperative immunotherapy modalities for resectable NSCLC have demonstrated that the duration of adjuvant immunotherapy typically ranges from 9 to 12 months. The AEGEAN trial (26) administered treatment every 4 weeks for 12 cycles, while CheckMate 77T (27) provided therapy every 4 weeks for one year. Additionally, the RATIONALE-315 trial (29) employed a regimen of every 6 weeks for up to 8 cycles and adopted a 1-year maintenance immunotherapy. In contrast, the Neotorch (28) and KEYNOTE-671 (25) studies implemented a nine-month maintenance approach, delivering treatments every 3 weeks for 13 cycles. Thus, it is recommended that adjuvant immunotherapy following neoadjuvant immunochemotherapy be administered for a period of 9 to 12 months. In comparison to the neoadjuvant-only strategy evaluated in CheckMate-816 (22), multiple perioperative studies have established that the incorporation of adjuvant immunotherapy confers additional benefits for patients who do not achieve a pCR, thereby reducing the risk of disease progression, recurrence, or mortality. However, for patients who achieve pCR after surgery, it remains uncertain whether the intensity of adjuvant therapy can be reduced and whether minimal residual disease (MRD) detection can guide subsequent treatment strategies. Currently, there is a lack of large-scale prospective clinical data to adequately inform these considerations. The recommended duration for adjuvant immunotherapy is between 9 and 12 months based on the existing evidence from both standalone adjuvant immunotherapy and perioperative immunotherapy studies. Presently, there is insufficient research data to assess the efficacy of shorter or extended durations of adjuvant immunotherapy, necessitating further investigation to determine the optimal treatment duration.




2.7 Should adjuvant immunotherapy be used in combination with chemotherapy?

A meta-analysis conducted by the Lung Adjuvant Cisplatin Evaluation (LACE) collaborative group has demonstrated that postoperative adjuvant chemotherapy enhances the 5-year survival rate by 5% for patients diagnosed with stage IIB–III NSCLC (5). The findings from the IMpower010 study (24) indicate that, in comparison to the placebo group, postoperative chemotherapy followed by one year of adjuvant immunotherapy significantly improves DFS in R0 stage II–IIIA NSCLC patients with PD-L1 expression on 1% or more of tumor cells (hazard ratio [HR], 0.66). However, in the intention-to-treat (ITT) population, which encompasses stage IB–IIIA NSCLC patients, the prespecified statistical significance boundary was not achieved, resulting in an HR of 0.81 (95% confidence interval [CI]: 0.67–0.99, P = 0.0395). Conversely, the results from the KEYNOTE-091 study (35) revealed that one year of adjuvant immunotherapy significantly improved DFS in stage IB–IIIA NSCLC patients when compared with the placebo group (HR, 0.76). Subgroup analyses revealed HR values of 0.73 for patients who received adjuvant chemotherapy and 1.25 for those who did not, suggesting that sequential adjuvant immunotherapy following postoperative adjuvant chemotherapy may confer additional survival benefits. Based on these findings, it is recommended that stage II–IIIA NSCLC patients who did not undergo neoadjuvant therapy and who can tolerate chemotherapy should receive adjuvant chemotherapy followed by adjuvant immunotherapy. For patients who are unable to tolerate chemotherapy, postoperative adjuvant immunotherapy alone is recommended. In the case of stage IB NSCLC patients who have undergone R0 resection without receiving neoadjuvant therapy, adjuvant chemotherapy is generally not recommended. However, PD-L1-positive patients with high-risk factors—including poorly differentiated tumors (such as micropapillary adenocarcinoma and neuroendocrine tumors, excluding well-differentiated neuroendocrine tumors), visceral pleural invasion, vascular invasion, or intra-alveolar spread —should undergo comprehensive evaluation through a multidisciplinary approach. Patient preferences should be considered in the decision on whether to use postoperative adjuvant chemotherapy followed by immunotherapy. Currently, the advantages of adjuvant immunotherapy for stage IB NSCLC patients remain limited, necessitating further clinical investigations in this domain.

In key clinical studies of neoadjuvant immunotherapy combined with chemotherapy, including CheckMate 816 (22), CheckMate 77T (27), KEYNOTE-671 (25), AEGEAN (26), and RATIONALE-315 (29), postoperative adjuvant chemotherapy was not included. The Neotorch study (28) is distinct in that it incorporated one cycle of postoperative adjuvant chemotherapy as consolidation therapy. Data from various Phase III studies employing perioperative immunotherapy models indicated that the Neotorch study’s “3 + 1+13” treatment model significantly reduced the risk of disease progression, recurrence, and mortality by 60% in resectable stage III NSCLC populations, outperforming studies that administered only postoperative monotherapy (28). This finding suggests that even a single cycle of postoperative chemotherapy can enhance overall treatment efficacy. Overall, for resectable stage II–IIIb NSCLC patients who have received neoadjuvant immunotherapy in combination with chemotherapy, the recommendation is either adjuvant immunotherapy alone or one cycle of adjuvant chemotherapy combined with immunotherapy, followed by maintenance therapy with immunotherapy exclusively. The summary of postoperative adjuvant treatment pathway is shown in Table 2.


Table 2 | Postoperative adjuvant treatment pathway.
	Preoperative treatment model
	Recommended postoperative adjuvant therapy
	Evidence-based medicine



	direct surgery ( without neoadjuvant therapy )


	pathological stage II-IIIA
	adjuvant chemotherapy → sequential adjuvant immunotherapy
	IMpower010, KEYNOTE-091study


	pathological stage II-IIIA
	adjuvant immunotherapy alone
	KEYNOTE-091 study


	pathological stage IB
( with high risk factors )
	multidisciplinary assessment, decision-making with patients
	The evidence is insufficient, but “chemotherapy plus immunotherapy” can be considered.


	neoadjuvant immunotherapy combined with chemotherapy
	adjuvant immunotherapy alone
	CheckMate 816, CheckMate 77T,
KEYNOTE-671, AEGEAN and RATIONALE-315 study


	neoadjuvant immunotherapy
combined with chemotherapy
	one cycle of adjuvant chemotherapy
plus adjuvant immunotherapy
	Neotorch study










2.8 The potential role and challenges of radiotherapy in the perioperative treatment of NSCLC

Radiotherapy induces immunological modifications within tumor cells (37, 38) and has the potential to synergize with immunotherapy by facilitating the release of tumor antigens and modulating the tumor microenvironment. This process can elicit enhanced local and systemic immune responses, a phenomenon referred to as the abscopal effect (39, 40). This combination has demonstrated promising outcomes in both preclinical and clinical studies. However, robust clinical evidence supporting the perioperative combination of immunotherapy and radiotherapy in NSCLC remains limited. In the setting of neoadjuvant therapy for stage III-N2 NSCLC, several phase I–II clinical trials of immunotherapy combined with radiotherapy are currently underway. These investigations aim to establish both the efficacy and safety of this therapy in this preoperative treatment setting. Notably, in phase III trials such as KEYNOTE-671, CheckMate-816, and AEGEAN, only a minor subset of patients received postoperative adjuvant radiotherapy. Furthermore, these trials frequently lack detailed published data regarding the subgroups that underwent adjuvant radiotherapy, thereby limiting insights into the impact of this treatment on distant versus local recurrence. Nevertheless, the combination of adjuvant radiotherapy and immunotherapy in the perioperative management of NSCLC raises valid safety concerns, including potential immunosuppressive effects of radiation (41). These effects are influenced by multiple factors, including total radiation dose, the fractionation, overall treatment duration, and the dose to critical organs such as lymph nodes, the spleen, and bones containing bone marrow. Moreover, key questions remain unresolved, such as the optimal timing for radiotherapy, the appropriate dose and fractionation schemes, and patient selection to maximize therapeutic benefits. In short, the application of radiotherapy presents a complex challenge in the rapidly evolving setting of perioperative immunotherapy. Patients at high risk for locoregional failure, such as those with non-R0 resections, may represent the most appropriate candidates for postoperative adjuvant radiotherapy.




2.9 Biomarkers for predicting the efficacy or prognosis of perioperative immunotherapy for NSCLC



2.9.1 PD-L1

Based on the findings from phase III clinical trials (22, 24–29, 35) investigating perioperative immunotherapy, patients derive benefits from this treatment irrespective of their PD-L1 expression status, although those who are PD-L1 positive appear to experience more pronounced advantages. Within the subgroup analysis of the CheckMate 77T study (27), it was observed that the pCR rates in the immunotherapy plus chemotherapy cohort were 12.9%, 26.5%, and 51.1% for patients whose PD-L1 expressions were classified as <1%, 1%–49%, and ≥50%, respectively. Similarly, the AEGEAN study (26) reported the corresponding pCR rates of 9.0%, 16.3%, and 27.5% for the immunotherapy plus chemotherapy group. These results indicate a positive correlation between short-term efficacy and PD-L1 expression levels in combination therapy settings. In relation to the impact of PD-L1 expression levels on EFS, multiple studies (22, 25–29) on perioperative immunotherapy, including regimens solely focused on neoadjuvant treatments, demonstrated that the reduction in the risk of disease progression, recurrence, or mortality was significantly greater in populations expressing PD-L1 (≥1%) compared with those with negative PD-L1 expression (<1%). These suggest that PD-L1 expression may serve as a predictive biomarker for both treatment response and survival benefits in patients with resectable NSCLC undergoing perioperative immunotherapy. The collective findings across all perioperative and neoadjuvant immunotherapy studies underscore the role of PD-L1 expression status as a biomarker predictive of the extent of benefit from this treatment.

The IMpower010 phase III adjuvant immunotherapy study (24) revealed that atezolizumab, administered after adjuvant platinum-based chemotherapy in patients with early-stage NSCLC, significantly enhanced DFS in stage II–IIIA NSCLC patients with PD-L1 expression levels ≥1% on tumor cells, in comparison to best supportive care (HR, 0.66, P = 0.0039). In light of these results, the National Medical Products Administration (NMPA) authorized the use of atezolizumab for adjuvant therapy in stage II–IIIA NSCLC patients with PD-L1 expression ≥1% following complete resection and platinum-based chemotherapy. Additionally, the KEYNOTE-091 phase III adjuvant immunotherapy study (35) demonstrated that pembrolizumab significantly improved DFS compared with placebo in completely resected stage IB–IIIA NSCLC, regardless of PD-L1 expression levels (HR, 0.76, P = 0.0014). However, within the subgroup exhibiting high PD-L1 expression (tumor proportion score ≥50%), the DFS benefit associated with pembrolizumab did not achieve statistical significance when compared with placebo (HR, 0.82, P = 0.14). The discrepancy in this subgroup may stem from a limited sample size and inadequate follow-up duration. Thus, additional follow-up is necessary to ascertain whether significant differences in survival endpoints may become evident. The outcomes of both studies further highlight the critical role of PD-L1 testing in the guidance of adjuvant immunotherapy.




2.9.2 ctDNA

ctDNA pertains to extracellular, cell-free fragments of DNA that originate from tumor cells and are disseminated into the bloodstream through mechanisms such as tumor cell apoptosis or active secretion (42). Studies have demonstrated a positive correlation between ctDNA levels— including features such as single-nucleotide variants and mutant allele frequency in plasma—and tumor burden (43, 44). The detection of ctDNA serves as an indication of the persistence of lung cancer, as well as the potential for clinical progression. In recent years, extensive research (45–47) has underscored the importance of ctDNA-based MRD monitoring as a predictor of prognosis and recurrence in NSCLC. A meta-analysis (48) encompassing 21 eligible studies has revealed a significant association between MRD-positive status following radical therapy and both an increased risk of disease recurrence and shortened overall survival (HR, 4.95, P < 0.001; HR, 3.93, P < 0.001). Furthermore, the recurrence rate was significantly lower in ctDNA-negative patients compared with ctDNA-positive populations (HR, 3.73, P < 0.001). Among individuals with persistent MRD negativity, the recurrence rate was observed to be as low as 3.2–3.4%, thereby aiding in the identification of potentially cured populations (49–51). In the context of perioperative immunotherapy, clinical trials (52–55) have demonstrated a strong correlation between the results of ctDNA monitoring and DFS as well as OS in neoadjuvant and adjuvant treatment settings, respectively. Consequently, ctDNA functions as a robust prognostic biomarker.

The monitoring of ctDNA in peripheral blood has emerged as an innovative strategy for evaluating molecular tumor burden. The levels of ctDNA or the rates of clearance may hold predictive value for efficacy in NSCLC immunotherapy (56–59). Nonetheless, findings across various studies have exhibited an inconsistence, which underscores the necessity for further clinical data and enhanced evidence. The CheckMate 816 trial (22) revealed that among patients with early-stage operable NSCLC, the ctDNA clearance rate was significantly higher in the nivolumab plus chemotherapy group (56%) compared with the chemotherapy-alone group (35%). In both groups, patients achieving ctDNA clearance experienced higher rates of pCR. Likewise, the AEGEAN study reported elevated pCR rates in patients who attained ctDNA clearance (60). A prospective phase II trial (61) demonstrated that preoperative ctDNA clearance was significantly associated with a higher MPR rate compared with those with residual ctDNA (88.9% vs. 8.3%, P < 0.001). Conversely, the IMpower010 study (55) indicated that in patients with resectable stage II–IIIA NSCLC, the administration of atezolizumab following chemotherapy improved DFS relative to best supportive care, irrespective of ctDNA status, thus suggesting that ctDNA may not serve as a reliable predictor of treatment response. However, the Imvigor010 study (62) in urothelial cancer found that ctDNA-positive patients experienced significant OS benefits from immunotherapy (HR, 0.59). The observed discrepancies among these studies may be attributed to variations in ctDNA assay platforms and disease-specific factors. Further investigation is warranted to elucidate the predictive value of ctDNA in relation to perioperative immunotherapy. The integrated application of biomarkers in perioperative immunotherapy for NSCLC is revealed in Figure 2.
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Figure 2 | Integrated application of biomarkers in perioperative immunotherapy for NSCLC. This diagram outlines the complementary roles of PD-L1 and ctDNA in perioperative decision-making. PD-L1 is a static, predictive biomarker from a one-time tissue test that guides initial therapy. In contrast, ctDNA is a dynamic, prognostic biomarker tracked via repeated blood tests. Key clinical applications include: ① Post-neoadjuvant: ctDNA clearance indicates a strong early response and predicts better survival. ② Post-surgery: ctDNA positivity defines Minimal Residual Disease (MRD) and high recurrence risk, guiding adjuvant therapy, while sustained negativity suggests a “potentially cured” state with low risk.





2.10 What molecular examinations should be performed before neoadjuvant immunotherapy and after surgery?

The Phase III CheckMate 816 trial (22) demonstrated that, in patients with resectable stage IB–IIIA NSCLC, neoadjuvant immunotherapy significantly improved both EFS (HR = 0.63; P = 0.005) and pCR rate (OR = 13.94; P < 0.001) compared with chemotherapy alone. Similarly, the Phase III Neotorch trial (28) investigated perioperative immunotherapy and demonstrated a significant improvement in both EFS (HR = 0.40; P < 0.001) and MPR rate (between-group difference, 40.2%; P < 0.001) compared with chemotherapy alone in patients with resectable stage IIIA–IIIB NSCLC. In light of these findings, the NMPA has approved nivolumab or toripalimab as neoadjuvant treatment for resectable NSCLC. Both the CheckMate 816 and Neotorch trials exclusively enrolled patients with EGFR/ALK wild-type, thereby highlighting the necessity of conducting tests for EGFR and ALK status before the neoadjuvant or perioperative immunotherapy, which is similar to the CheckMate 77T (27, 30) and RATIONALE-315 (29) studies. In contrast, the KEYNOTE-671 (25) and AEGEAN (26) trials included 33 and 51 patients with EGFR mutations, respectively, with reported EFS HR of 0.09 and 0.86. The small sample sizes and inconsistent outcomes suggest that the efficacy of perioperative immunotherapy in EGFR-mutant NSCLC remains uncertain. Notably, the KEYNOTE-671 trial included 21 patients with ALK rearrangements, but no efficacy data were made available for this cohort.

The CheckMate 77T (27) and AEGEAN (26) trails revealed a positive correlation between pCR rates and levels of PD-L1 expression in the arms combining immunotherapy with chemotherapy. Regarding the relationship between PD-L1 expression and EFS benefit, a consistent reduction in the risk of disease progression, recurrence, or mortality was observed across all perioperative immunotherapy studies (22, 25–29) for PD-L1–positive subgroups (expression ≥1%). This indicates that PD-L1 expression may serve as a promising biomarker for predicting short-term efficacy and survival benefits associated with perioperative immunotherapy in resectable NSCLC patients.

The Phase III ADAURA trial (63) provided compelling evidence that osimertinib significantly enhances DFS in patients with stage IB–IIIA NSCLC harboring sensitive EGFR mutations post-surgery (HR, 0.20, P < 0.001). Another Phase III study (64), ALINA, found that alectinib markedly improved DFS compared with platinum-based chemotherapy in surgically resected stage IB–IIIA NSCLC patients with ALK fusions (HR, 0.24, P < 0.001). These findings underscore the critical role of EGFR and ALK testing in directing adjuvant targeted therapy. Presently, there is a lack of reported Phase III data concerning adjuvant targeted therapies for other driver gene mutations. The Phase III IMpower010 trial (24) demonstrated that atezolizumab significantly improved DFS compared with best supportive care in patients with stage II–IIIA NSCLC whose tumor cells expressed PD-L1 at a level of 1% or greater (TC ≥1%) following resection and chemotherapy (HR, 0.66, P = 0.0039) (17). The NMPA has approved atezolizumab as an adjuvant treatment for stage II–IIIA NSCLC characterized by PD-L1 expression of 1% or greater. In addition, the KEYNOTE-091 trial (35) presented evidence that pembrolizumab significantly improved DFS in completely resected stage IB–IIIA NSCLC, irrespective of PD-L1 expression levels (HR, 0.76, P = 0.0014). Nonetheless, for the subgroup with high PD-L1 expression (TPS ≥ 50%), the DFS advantage associated with pembrolizumab did not reach statistical significance (HR, 0.82; p = 0.14) (18). This unexpected result may be attributable to the limited sample size in this subgroup and insufficient follow-up duration, indicating the necessity for longer-term data to ascertain the emergence of statistically significant differences in survival endpoints. The findings from both studies emphasize the importance of PD-L1 testing in guiding clinical decisions regarding adjuvant immunotherapy.




2.11 How to accurately interpret pCR/MPR?

The pathological evaluation of tumor response following neoadjuvant therapy is primarily concerned with determining whether an MPR or a pCR has been achieved. This evaluation is critical for predicting long-term survival and informing treatment strategies for NSCLC. Multiple international guidelines have been established to standardize the pathological assessment of NSCLC after neoadjuvant therapy (65–67). Prominent among these guidelines are the multidisciplinary pathological evaluation recommendations from the International Association for the Study of Lung Cancer (IASLC) (65) and the immune-related pathological response criteria (irPRC) (66, 68). A pCR is defined as the absence of any viable tumor cells in all examined specimens, which includes regional lymph nodes as well as the primary tumor site. The definition of MPR, however, varies slightly between the two guidelines. According to IASLC criteria (65), MPR is characterized by the presence of no more than 10% residual viable tumor cells within the tumor bed, irrespective of the presence of residual tumor cells in the lymph nodes. Conversely, the irPRC mandates that both the lymph nodes and the primary tumor site must exhibit no more than 10% residual viable tumor cells for a designation of MPR (66, 68). Although the CheckMate 816 trial employed the irPRC criteria to define MPR, recent research findings suggest that the percentage of residual viable tumor cells at the primary tumor site is a significant predictor of EFS (69). Preliminary research conducted domestically suggests that the IASLC criteria outperform the irPRC in terms of predicting EFS (70). Furthermore, there remains a lack of consensus regarding the methods and standards for evaluating lymph node metastases following neoadjuvant therapy. Therefore, the IASLC guideline criteria are currently recommended for defining MPR.




2.12 Immune-related adverse events management in perioperative settings

For patients with early-stage resectable NSCLC, neoadjuvant immunotherapy is typically administered over a course of 2 to 4 cycles. Compared with patients with advanced NSCLC, the integration of immunotherapy and chemotherapy within the neoadjuvant framework for early-stage resectable cases is associated with a relatively lower incidence of irAEs. This reduction is particularly notable for grade 3 or higher adverse events and those necessitating drug discontinuation, likely due to the shorter treatment duration and better physical condition of early-stage patients (33). A systematic review and meta-analysis, which synthesized data from 2524 participants across six Phase II/III studies, found no significant difference in the incidence of all-grade treatment-related adverse events (TRAEs) between neoadjuvant or perioperative immunotherapy and neoadjuvant chemotherapy for resectable NSCLC (71). In the postoperative adjuvant setting, the duration of treatment in Phase III clinical trials is currently around 9 to 12 months. Due to this longer exposure to the drug, adjuvant immunotherapy tends to have a higher incidence of adverse events compared with neoadjuvant immunotherapy (24, 35). In current Phase III trials of perioperative immunotherapy, the predominant adverse events reported include fever, fatigue, thyroid dysfunction, rash, pneumonia, and enteritis. No new or unexpected adverse events have been identified in these studies compared with those observed during immunotherapy in advanced stages. Therefore, the management and treatment protocols should be similar to those applied in the advanced NSCLC. During immunotherapy, patients must undergo regular general physical examinations, imaging studies, and assessments of hematological and organ functions. Standard monitoring should incorporate routine hematological tests, thyroid function evaluations, adrenal function assessments, and myocardial enzyme profile analysis, conducted at intervals of every four to six weeks. This systematic approach facilitates the early identification, detection, and prevention of irAEs that may not yet present with clinical symptoms. Given the diversity of adverse events associated with immunotherapy, additional laboratory and diagnostic tests may be warranted based on the individual patient’s condition. A study (72) involving 2,750 lung cancer patients treated with ICIs from 2011 to 2020 revealed that 53% of participants experienced irAEs lasting beyond six months. Among these patients, 18 experienced colitis, 4 had pneumonia, and 3 suffered from neuromuscular irAEs, with symptoms persisting for over one year. Consequently, patients should receive continued monitoring and follow-up for a minimum of one year following the conclusion of immunotherapy.

Similar to the management of irAEs in advanced NSCLC, corticosteroids should be initiated promptly for patients who develop irAEs during the perioperative period of immunotherapy. Corticosteroid use should adhere to the following principles. i). For irAEs classified as Grade 2 or higher, it is essential to promptly withhold ICIs. Treatment may be recommenced if symptoms and/or laboratory findings improve to Grade 1 or lower. If symptoms persist for more than one week, the initiation of glucocorticoid therapy is advised. ii). For patients experiencing Grade 3–4 irAEs, glucocorticoid treatment should be administered. Glucocorticoid tapering may begin once symptoms have gradually improved to Grade 1 or lower. The total duration of glucocorticoid therapy is typically maintained at 4 to 6 weeks. If no improvement is observed after three days (72 hours) of intravenous glucocorticoids, it is advisable to consider combination therapy or a switch to alternative immunosuppressive agents. Management protocols for specific types of irAEs may diverge from conventional glucocorticoid strategies. For instance, endocrine-related irAEs, such as thyroid dysfunction and hypophysitis, often necessitate the inclusion of hormone replacement therapy alongside standard treatments. In the cases of non-life-threatening irAEs, such as pruritus, glucocorticoid intervention may not be required even at Grade 2 severity. Conversely, for life-threatening irAEs, such as myocarditis, patients presenting with Grade 2 adverse events must immediately discontinue immunotherapy and receive continuous methylprednisolone treatment for three to five days. For myocarditis classified as Grade 3 or higher, immediate high-dose pulse steroid therapy is essential, followed by continued glucocorticoid administration for approximately four weeks after cardiac function returns to baseline levels. In relation to immunotherapy-related pneumonitis, significant attention must be given during the perioperative phase to distinguish it from infections. If infection cannot be excluded, empirical antibiotic therapy should be implemented. For Grade 1 pneumonitis, baseline examinations should be completed while closely monitoring imaging findings, with chest CT and pulmonary function tests repeated at intervals of 3–4 weeks. If progression to Grade 2 occurs, intravenous methylprednisolone should be administered for 48 to 72 hours. If symptoms fail to improve, management should follow the principles for Grade 3 or higher irAEs. Given the significant variations in mechanisms of action and pharmacokinetics among immunosuppressive drugs, agent selection should be individualized based on patient characteristics and irAE type. The optimization strategies of perioperative immunotherapy for superior efficacy and reduced toxicity is showed in Figure 3.
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Figure 3 | Optimization of perioperative immunotherapy strategies for superior efficacy and reduced toxicity. This chart compares current practice with future strategies for balancing efficacy and toxicity. The current model is reactive, utilizing fixed-duration therapy and passive monitoring, followed by the treatment of immune-related adverse events (irAEs) with corticosteroids. This leads to cumulative toxicity and poor management of chronic or steroid-resistant cases. The future model is proactive and multidimensional, utilizing biomarkers for precise decision-making, focusing on early detection and prevention, and employing advanced interventions such as MDTs and second-line agents for complex irAEs.




2.13 Controversies in perioperative immunotherapy for resectable NSCLC



2.13.1 Perioperative treatment for patients with driver gene positive resectable NSCLC

Given the absence of discernible benefits in the mutant subgroups of the KEYNOTE-091 and IMpower010 studies, coupled with the positive outcomes exhibited in two large global phase III trials, ADAURA (63) and ALINA (64), the recommended strategy for patients with resected driver gene-positive (EGFR/ALK-positive) resectable NSCLC is to proceed with surgical intervention followed by adjuvant targeted therapy exclusively. For patients with resectable NSCLC receiving postoperative adjuvant therapy, the approach for those with other driver mutations remains uncertain due to the current lack of robust clinical data.

Significant clinical debate exists regarding the efficacy of neoadjuvant therapy in patients with resectable, driver gene-positive NSCLC. Notably, the CTONG1103 study (73) stands as the first global investigation of perioperative targeted therapy for Stage III EGFR-mutant NSCLC, but did not yield favorable outcomes. Recently, various neoadjuvant studies utilizing third-generation EGFR-targeted agents have been conducted. Findings from two small, prospective Phase II studies (74, 75) indicated that the MPR rate for osimertinib as neoadjuvant therapy was 10% to 15%, while the pCR rate was between 0% and 3%. These results did not fulfill the pre-established statistical criteria and were markedly lower than the pathological response rates previously observed with neoadjuvant immunotherapy in conjunction with chemotherapy in patients who were EGFR and ALK-negative. Within the context of neoadjuvant immunotherapy combined with chemotherapy, several prospective studies have included a limited number of patients with EGFR/ALK mutations. The LCMC3 study (76), which examined neoadjuvant immunotherapy using a single agent, concluded that none of the patients with EGFR/ALK mutations achieved an MPR following two cycles of neoadjuvant atezolizumab, implying limited efficacy from this approach. In the COLUMBIA study (77), where neoadjuvant immunotherapy was combined with chemotherapy, a total of four patients with EGFR mutation were included. Of these, two patients with sensitive EGFR mutations achieved a pCR after two cycles. The NADIM study (78) also included one patient with an EGFR mutation, who similarly achieved a pCR. These preliminary findings suggest that neoadjuvant immunotherapy in combination with chemotherapy may hold potential efficacy in EGFR-mutant NSCLC. Among current Phase III clinical trials investigating perioperative immunotherapy, only the AEGEAN and KEYNOTE-671 studies included small subpopulations of patients with EGFR mutations. The AEGEAN study (79) presented efficacy data for its EGFR mutant subgroup (consisting of 51 patients) at the 2023 World Conference on Lung Cancer (WCLC). These results suggested limited EFS benefits with durvalumab compared with the placebo group (median EFS: 30.8 months vs. 19.6 months; HR, 0.86). Furthermore, the MPR rate (7.7% vs. 4.0%) and pCR rate (3.8% vs. 0%) in the EGFR mutant subgroup were less pronounced than those observed in the modified intention-to-treat population. However, due to the small sample size and the absence of data on factors such as PD-L1 status and EGFR mutation subtypes, these results necessitate careful interpretation. The KEYNOTE-671 study (25) did not disclose pathological response data for its EGFR subgroup; however, subgroup analysis of EFS indicated a significant improvement with neoadjuvant immunotherapy in conjunction with chemotherapy compared with chemotherapy alone (HR, 0.09). It is important to note that the sample size was limited to 33 patients, warranting cautious interpretation. Several prospective studies exploring neoadjuvant immunotherapy regimens in EGFR mutant populations are currently underway. The findings from these studies will further clarify the efficacy benefits associated with neoadjuvant immunotherapy combination strategies for patients with locally advanced, EGFR-mutant NSCLC. For patients with locally advanced, ALK fusion-positive NSCLC, multiple studies (80, 81) have indicated that immunotherapy provides suboptimal efficacy benefits in ALK fusion populations, whereas targeted therapy has demonstrated superior clinical effectiveness. The NAUTIKA1 umbrella study (82) reported at the 2023 WCLC indicated that 66.7% of patients achieved an MPR, and 33.3% achieved a pCR following two cycles of neoadjuvant alectinib. Additionally, a single-center cohort study (83) from China presented at the 2023 American Association for Thoracic Surgery (AATS) annual meeting reported that after a median of three months of neoadjuvant alectinib treatment, 64.7% of patients attained an MPR, and 35.2% achieved a pCR. After a median follow-up of three years, the median PFS had not yet been reached, with no reported mortality events. Consequently, neoadjuvant targeted therapy may represent a superior clinical choice for patients with locally advanced, ALK fusion-positive NSCLC. However, more data are needed to further guide the perioperative treatment strategies for patients with locally advanced NSCLC harboring other driver gene mutations.




2.13.2 Conversion therapy for patients with unresectable locally advanced NSCLC

The definition of unresectable locally advanced NSCLC exhibits significant heterogeneity. In the pre-immunotherapy era, it encompassed certain cases of stage IIIA, IIIB, and all stage IIIC. Specifically, it includes N2 disease with single-station mediastinal lymph nodes possessing a short-axis diameter of ≥3 cm, or multi-station lymph nodes that are matted with a short-axis diameter of ≥2 cm on computed tomography (CT) scans. Additionally, it encompasses T4 tumors that invade adjacent critical structures, such as the esophagus, heart, aorta, or pulmonary veins, as well as those with metastatic nodules in the same lung but within different lobes. All N3 diseases are also classified as unresectable. More patients require a multidisciplinary approach to determine resectability. For patients with unresectable locally advanced NSCLC, findings from the PACIFIC study (84) revealed that consolidative durvalumab administered following concurrent chemo-radiotherapy (CRT) led to a statistically significant improvement in OS when compared with placebo (47.5 months vs. 29.1 months, HR, 0.68). Furthermore, the GEMSTONE-301 study (85) illustrated that consolidative immunotherapy significantly enhanced clinical outcomes for patients who underwent sequential chemo-radiotherapy due to their unsuitability for concurrent CRT. Consequently, consolidative immunotherapy following either concurrent or sequential chemo-radiotherapy has been established as the standard treatment for patients with unresectable NSCLC. Nonetheless, it is important to recognize that approximately 5% of patients may experience disease progression during the chemo-radiotherapy phase, and only about one-third of patients in the PACIFIC study achieved long-term survival or long-term DFS. Thus, a subset of patients does not benefit from the standard treatment model in terms of long-term survival.

The CheckMate 816 and NADIM studies have established neoadjuvant immunotherapy as a standard treatment, demonstrating significant improvements in both pathological response rates and survival among patients eligible for surgical resection. Additionally, immunotherapy, when combined with radiotherapy as neoadjuvant treatment for patients with NSCLC, has also yielded significant results. A randomized controlled trial (86) stated that early-stage NSCLC patients treated with neoadjuvant durvalumab in conjunction with stereotactic body radiotherapy (SBRT) exhibited a marked increase in the MPR rate compared with those receiving durvalumab alone (53.3% vs. 6.7%), alongside a pCR rate of 26.7%. Importantly, this combination did not lead to a significant increase in treatment-related adverse events (with grade 3–4 adverse event rates at 20% and 17%, respectively), and only one patient (3%) in the combination group experienced surgery delays due to adverse events. Another study (87) indicated that the combination of durvalumab with neoadjuvant stereotactic ablative radiotherapy (SABR) did not prolong surgical time and raised no new safety concerns (with a grade 3–4 adverse event rate of 38%). Therefore, neoadjuvant immunotherapy combined with radiotherapy may offer a chemotherapy-free alternative for patients possessing a high tumor burden and N2 lymph node metastasis who remain candidates for surgical intervention. The substantial short-term efficacy and long-term survival advantages associated with the aforementioned neoadjuvant immunotherapy combined with chemotherapy raise a pertinent question of whether chemo-immunotherapy induction can convert unresectable locally advanced NSCLC into a resectable state. However, robust evidence supporting this approach remains limited. Several small prospective and retrospective studies (88–91) have indicated that among patients initially classified as unresectable due to either large primary tumors, invasion of mediastinal organs, or matted lymph nodes, between 60.7% and 78.6% underwent surgical intervention following 2–3 cycles of combined chemo-immunotherapy. Postoperative MPR rates ranged from 18.8% to 65.5%, with pCR rates exceeding 40%. In a pooled analysis, stage IIIB and IIIC NSCLC patients receiving either chemo-radiotherapy or chemotherapy exhibited relatively favorable clinical outcomes, with 5- and 10-year survival rates for stage IIIB patients at 35% and 27%, respectively, and a median OS of 26 months; stage IIIC patients had 5- and 10-year survival rates of 41% and 29%, respectively (92). Another clinical trial (93) investigating transformative immunotherapy found that, following 3 cycles of induction therapy with a PD-L1/TGF-β bispecific antibody (with or without chemotherapy), 25.2% of patients (27/107) with unresectable locally advanced NSCLC were successfully converted to a resectable status. Conversion rates were 37% for stage IIIA, 44.4% for stage IIIB, and 18.5% for stage IIIC patients; all surgical candidates achieved R0 resection. EFS rates at one year were 74.4% for the converted surgical group and 55.9% for the non-surgical group, with median EFS not reached and averaging 14.9 months, respectively.

The data from these studies indicate that integrating immunotherapy with other treatment modalities may hold the potential to convert certain patients with NSCLC into a resectable state. This finding suggests that immunotherapy may serve as a viable conversion therapy. However, it is crucial to clearly define the patient populations suitable for this conversion. Specifically, patients with N2 disease, which is characterized by single-station lymph nodes with a short-axis diameter of 3 cm or greater, or multi-station matted lymph nodes with a short-axis diameter of 2 cm or greater as indicated by CT scans, may be amenable to conversion therapy. In contrast, the significance of conversion therapy for N3 patients is limited, and direct treatment with the current standard therapy is recommended. For T4 patients exhibiting invasion into vital structures such as the esophagus, heart, aorta, or pulmonary veins, future research on conversion therapy should concentrate on evaluating the risk of local recurrence following immunotherapy and subsequent surgical intervention, even in those achieving a complete response, and whether local treatment is needed upon recurrence. In summary, existing clinical data suggest that neoadjuvant chemo-immunotherapy possesses the capacity to convert a modest proportion of patients with unresectable locally advanced NSCLC to a resectable state, potentially facilitating complete resection. Nonetheless, several pertinent questions persist, including the identification of unresectable NSCLC patients who would benefit from transformative immunotherapy, the determination of an optimal conversion immunotherapy regimen, and the inquiry into whether elevated postoperative pathological response and complete response rates correlate with prolonged survival. These questions warrant further investigation and validation through forthcoming clinical studies. Currently, the standard therapeutic approach for unresectable locally advanced NSCLC remains conversion immunotherapy based on chemo-radiotherapy. For a select group of patients who may achieve conversion via neoadjuvant immunotherapy, it is recommended to participate in the study of conversion immunotherapy following multidisciplinary discussion.




2.13.3 Whether TMB serves as a biomarker for predicting efficacy and prognosis of perioperative immunotherapy in NSCLC

It is widely acknowledged that a high TMB level is associated with increased tumor antigenicity, potentially eliciting a stronger anti-tumor immune response when treated with ICIs. As a result, TMB is often regarded as a predictive biomarker for the efficacy of immunotherapy. However, data on TMB in early-stage NSCLC treated with immunotherapy remain limited. Findings from the CheckMate 159 trial (94) revealed that patients who achieved an MPR had a significantly greater number of mutations compared with those who did not (311 vs. 74 mutations, P = 0.01). Similarly, a subgroup analysis of the CheckMate 816 trial (22) demonstrated that a high TMB level (≥12.3 mut/Mb) was linked to improved short-term efficacy, with an MPR rate of 46.2% in the high TMB group compared with 30.6% in the low TMB group, as well as enhanced EFS benefit (HR for high TMB, 0.69 vs.HR for low TMB, 0.86). An exploratory analysis of the IMpower010 trial (95) suggested that patients with high TMB derived more significant clinical benefit from adjuvant atezolizumab than those with low TMB. In contrast, the NADIM study (78) found that high TMB (≥10 mutations/Mb) was not associated with improved PFS (HR, 1.67; P = 0.474) or OS (HR, 2.13; P = 0.399). Likewise, the LCMC3 trial and another investigation into neoadjuvant nivolumab combined with ipilimumab found no significant correlation between MPR rate and TMB status (96, 97). Given the limited and conflicting evidence, along with the absence of a standardized TMB cutoff value and uniform detection and analytical methods across laboratories, TMB is not currently recommended for predicting the efficacy and prognosis of perioperative immunotherapy. Further research is essential to better understand the predictive value of TMB in the context of perioperative immunotherapy.





2.14 Limitations of current phase III trials

Despite the significant achievements of phase III trials in perioperative immunotherapy, their results must be interpreted and applied with caution due to several inherent limitations. i) Limited data for patients with oncogenic driver mutations. Pivotal phase III trials largely excluded or enrolled very few patients with driver mutations such as EGFR or ALK, leading to a significant gap in evidence for this important subgroup. ii) Potential biases in real-world practice. The rigorous eligibility criteria employed in clinical trials yield a younger patient population who possess a good performance status and demonstrate normal organ function. This population does not accurately reflect the heterogeneity present in real-world clinical settings. Consequently, the efficacy and safety observed in trials may not be directly translatable to older patients, those with poor performance status, or those with significant comorbidities. Real-world evidence is crucial to validate the generalizability of these regimens, especially in underrepresented groups. iii) Incomplete long-term safety profile. Perioperative immunotherapy, particularly the “neoadjuvant plus adjuvant” model, presents unique toxicity management challenges, including delayed immune-related adverse events and potential interactions with surgical complications. The duration of follow-up reported in existing phase III trials remains relatively short; therefore, ongoing monitoring is critical to establish a comprehensive understanding of the long-term safety profile of these interventions.






3 Conclusion and outlook

The advent of perioperative immunotherapy for lung cancer signifies a remarkable progression in treatment strategies. Data from clinical studies provide physicians with essential evidence for patient selection and treatment decision-making, enabling thoughtful choices that consider beneficial populations, treatment modalities, and treatment duration. Currently, immunotherapy has become the new standard of treatment for stage II–III NSCLC in the perioperative setting. Nevertheless, various scientific questions remain to be explored. Future research should focus on investigating how novel immunotherapeutic agents can further enhance efficacy, how to identify suitable populations through biomarker-driven selection to maximize treatment benefits, and how to optimize overall perioperative immunotherapy strategies to improve efficacy while minimizing the risks of toxicity.
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