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cell lung cancer

Yuzhen Cui1,2, Jingdong Xu1,2, Junxu Wen3, Jianfeng Peng3, Jiangao Ren1,2, Ailing Liu3, Xiangjiao Meng3, 
Zhaoqin Huang4, Anwen Liu5

1Nanchang University Queen Mary School, Nanchang 330031, China; 2Queen Mary University of London, London E1 4NS, 
UK; 3Department of Radiation Oncology, Shandong Cancer Hospital and Institute, Shandong First Medical University and 
Shandong Academy of Medical Sciences, Jinan 250117, China; 4Department of Radiology, Shandong Provincial Hospital 
Affiliated to Shandong First Medical University, Jinan 250021, China; 5Department of Oncology, The Second Affiliated 
Hospital of Nanchang University, Nanchang 330006, China

ABSTRACT	 The integration of immune checkpoint inhibitors has transformed the therapeutic landscape for patients with resectable and 
potentially resectable stage III non-small cell lung cancer, providing unprecedented opportunities for curative treatment. Several trials 
have investigated immune checkpoint inhibitors, either alone or in combination with chemotherapy or radiotherapy, as neoadjuvant 
and/or adjuvant approaches for resectable and potentially resectable stage III non-small cell lung cancer. This comprehensive review 
elaborates and deeply analyzes the evolving evidence from landmark clinical trials and emerging treatment strategies. Despite these 
promising outcomes, significant challenges remain, including optimal treatment modality selection, controversy about adjuvant 
immunotherapy for patients who have already achieved a pathologic complete response, appropriate endpoint evaluation, and 
biomarker identification. This review also discusses future directions for optimizing immunotherapy integration in patients with 
resectable stage III non-small cell lung cancer, emphasizing the need for personalized treatment approaches to maximize patient 
benefit while addressing unanswered clinical questions.

KEYWORDS	 Non-small cell lung cancer; immunotherapy; chemotherapy; radiotherapy; resectable; potentially resectable; biomarkers

Introduction
Lung cancer is the leading cause of cancer-related mortality 
worldwide1 with stage III non-small cell lung cancer (NSCLC), 
representing a locally advanced form of the disease, account-
ing for 20%–25% of all NSCLC cases2. The distinction between 
resectable and unresectable disease in patients with stage III 
NSCLC is not always clear. Accordingly, some patients fall 
into an intermediate category of potentially resectable cases. 
The treatment landscape for resectable stage III NSCLC has 

evolved rapidly with recent advances in tumor immunology 
leading to the identification of new therapeutic agents and 
modalities, including immune checkpoint inhibitors (ICIs)3,4.

Numerous phase III clinical trials have been conducted5-7, 
yet a systematic synthesis and analysis of the available evi-
dence is lacking8,9. This review provides a comprehensive 
overview of treatment modalities for resectable stage III 
NSCLC, including consideration of the biological principles 
underlying immunotherapy implementation10,11. In addition, 
we discuss specific challenges in this field and future strategies 
for optimizing treatment outcomes in patients with resecta-
ble stage III disease through novel therapeutic modalities and 
approaches.

Classification of stage III NSCLC
Stage III NSCLC

Stage III NSCLC can be classified into three distinct catego-
ries based on the feasibility of surgical resection: resectable; 
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potentially resectable; and unresectable. This review encom-
passes discussions of recent therapeutic advances related 
to resectable and potentially resectable stage III NSCLC 
(Figure 1).

Resectable

Stage III lung cancer is highly heterogeneous. Accordingly, the 
diagnosis and treatment of NSCLC require precise assessment, 
decision-making, and implementation. This complex process 
often necessitates multidisciplinary collaboration and integra-
tion. Multidisciplinary team (MDT) management involves a 
comprehensive evaluation based on the individual circum-
stances of each patient to formulate the optimal personalized 
treatment strategy (Figure 2). For example, patients eligible 
for surgery may undergo surgical treatment following neoad-
juvant therapy.

Resectable stage III NSCLC primarily encompasses stage 
IIIA N0–1 and select N2 disease with single-station medi-
astinal lymph node metastasis where the short-axis diame-
ter of the lymph nodes is < 2 cm, as well as some cases of 
T4N1 disease (isolated tumor nodules within different 
ipsilateral lobes). In accordance with the 8th edition of the 
International Association for the Study of Lung Cancer 
(IASLC) lung cancer TNM staging recommendations12-14, 
resectable stage III NSCLC includes stage IIIA T3N1, T4N0–
1, and select T1–2N2 and stage IIIB (T3–4N2) cases. This 
category also encompasses resectable superior sulcus tum-
ors (T3N1). The use of immunotherapy with surgical treat-
ment strategies for stage III NSCLC can be classified into 

three categories: neoadjuvant; adjuvant; and perioperative 
management. Neoadjuvant immunotherapy relies on pre-
operative antigens, an intact lymphatic system, and patient 
characteristics, such as PD-L1 expression levels,15 to enhance 
the activation of the anti-tumor immune response11, expand 
the tumor-specific T-cell population10,16, and reduce the risk 
of disease recurrence. Adjuvant therapy, administered after 
surgery, is usually initiated 3–4 weeks postoperatively. The 
primary objective of adjuvant therapy is to eliminate any 
remaining micro-metastatic foci, reducing the likelihood of 
tumor recurrence and metastasis, and ultimately improving 
curative outcomes17.

Potentially resectable NSCLC

The Asian Thoracic Oncology Research Group defines poten-
tially resectable stage III NSCLC as follows: i) tumors have 
extensively invaded vital structures, rendering the tumor sur-
gically unresectable or compromising essential physiologic 
functions; and ii) patients who are unlikely to benefit from 
surgery alone with definitive chemoradiation as the standard 
therapeutic regimen18. Current treatment regimens for these 
patients may include neoadjuvant induction therapy to achieve 
tumor downstaging19. Following MDT assessment, select stage 
III patients who achieve adequate tumor downstaging may be 
considered for surgical resection. In the process of convert-
ing potentially resectable patients to radical resection with 
curative potential, the optimization of therapeutic strategies 
to ensure improved safety and tolerability is an area requiring 
further exploration and investigation.
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Figure 1  History and representative trials in the development of ICIs in resectable and potentially resectable stage III NSCLC. This timeline 
illustrates the evolution of ICI trials from 2007 to 2025, categorized by treatment strategy: neoadjuvant (yellow); perioperative (green); and 
adjuvant (blue). The specific ICI agent(s) used in each trial are indicated. Dato-DXd, datopotamab deruxtecan-dlnk; ICIs, immune checkpoint 
inhibitors; NSCLC, non-small cell lung cancer (figure created using Microsoft PowerPoint).
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Promising results in resectable stage 
III NSCLC
Immunotherapy demonstrates promising therapeutic poten-
tial in resectable stage III NSCLC. Several novel treatment 
modalities aimed at further improving the survival out-
comes of stage III patients have been developed (Figure 3). 
Numerous large-scale trials have been conducted evaluating 
these treatment modalities to identify the optimal treatment 
approaches (Table 1).

Neoadjuvant immunotherapy combined with 
chemotherapy

Several studies have focused on neoadjuvant immunotherapy 
in the clinical setting of stage III NSCLC. Early studies have 

reported promising outcomes of neoadjuvant immunotherapy 
for resectable NSCLC20, in which the combination of neo-
adjuvant immunotherapy and chemotherapy has attracted 
widespread attention because of significant efficacy15. Several 
critical clinical trials have confirmed the feasibility of this 
therapeutic approach21-24.

The NADIM trial was a landmark study evaluating the feasi-
bility of this therapeutic modality. Forty-six patients with stage 
IIIA NSCLC were enrolled; patients harboring EGFR/ALK 
mutations were excluded. Patients received three cycles of neo-
adjuvant nivolumab (PD-1 antibody) combined with chemo-
therapy, followed by resection. Notably, 63% of patients achieved 
a pathologic complete response (pCR)21. The intention-to-treat 
(ITT) population (46 patients) had a 5-year progression-free 
survival (PFS) rate of 65.0% [95% confidence interval (CI) = 
49.4–76.9] and a 5-year overall survival (OS) rate of 69.3% (95% 
CI = 53.7–80.6), indicating long-term benefits25.

MDT

Determine RT based on tumor burden, extent of invasion, and
cardiopulmonary function

Resectable

Resectable

Neoadjuvant immunotherapy
combined with CT

Favorable response Unfavorable response

Potentially resectable

Neoadjuvant immunotherapy
combined with CT

No effect, disease
progression, or adverse

effect

Neoadjuvant
immunotherapy combined

with CT

Evaluate whether
RT is feasible

Good efficacy

Unresectable Observation,
no surgery

Surgery Favorable response Unfavorable response

Unfavorable responseUnfavorable response

Chemotherapy Follow-up

Postoperative
adjuvant

treatment

Personalized RT Systemic therapy

Immune consolidation

Favorable responseFavorable response

Immunotherapy

Postoperative treatment

Immunotherapy
combined with CT

Figure 2  Diagnostic and treatment procedures for patients with resectable and potentially resectable stage III NSCLC. This flowchart outlines 
the clinical decision-making pathway following multidisciplinary team review. For resectable disease, neoadjuvant immunotherapy is adminis-
tered first. Patients demonstrating a favorable response undergo surgery followed by postoperative treatment. Responders continue immuno-
therapy combined with CT, while non-responders switch to chemotherapy. Patients with an unfavorable response to initial neoadjuvant therapy 
are reassessed and may be reclassified as unresectable or receive intensified neoadjuvant immunotherapy combined with CT. Subsequent 
responders proceed to surgery and postoperative adjuvant treatment with immunotherapy or follow-up based on treatment response. For 
potentially resectable disease, patients achieving a favorable response to neoadjuvant immunotherapy proceed to surgery. Otherwise, the 
feasibility of RT is evaluated. Responders to RT receive personalized radiotherapy and immune consolidation therapy, while non-responders 
receive systemic therapy. Treatment is continuously adjusted based on therapeutic efficacy and tolerability. CT, chemotherapy; CRT, chemora-
diotherapy; MDT, multidisciplinary team; NSCLC, non-small cell lung cancer; RT, radiotherapy (figure created using MedPeer).
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Figure 3  Therapeutic strategies and biological principles of ICI therapy in resectable stage III NSCLC. This schematic illustrates the treat-
ment workflow, underlying biological mechanisms and respective advantages and challenges of different strategies for implementing ICI 
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The results of the subsequent large-scale randomized 
controlled CheckMate 816 trial further confirmed the objec-
tive efficacy of nivolumab. The CheckMate 816 trial was the 
first phase III study involving neoadjuvant chemoimmu-
notherapy. The FDA approved the combination therapy in 
March 2022 based on the positive results in this trial. The 
results of this study revealed a significantly increased pCR 
rate of 24% compared to 2.2% for chemotherapy (P < 0.001) 
and major pathologic response [MPR] (36.9% vs. 8.9%)22. 
Notably, marked improvement was observed in patients 
with stage III NSCLC, in whom the pCR reached 23.0% 
(vs. 0.9%). The 4-year event-free survival (EFS) rates were 
49% and 38%, respectively, while the 5-year OS rates were 
65.4% and 55%, respectively7,26. Although the incidence of 
grade 3 and 4 treatment-related adverse events (TRAEs) in 
the chemoimmunotherapy group was as high as 33.5%, the 
surgical resection rates were comparable between groups 
(83% vs. 75%), indicating acceptable perioperative safety. 
Furthermore, a meta-analysis revealed that neoadjuvant 
chemoimmunotherapy did not significantly increase the 
rate of serious adverse events compared to chemotherapy 
alone (18.0% vs. 12.3%; P = 0.32), suggesting manageable 

toxicity profiles27. These results indicated that neoadjuvant 
nivolumab combined with chemotherapy may significantly 
improve pathologic and survival outcomes with manageable 
toxicity.

A phase II SAKK 16/14 study evaluated the addition of 
durvalumab (PD-L1 antibody) to neoadjuvant chemother-
apy. Fifty-five patients underwent surgical resection; 34 
(62%) achieved an MPR, while 10 (18%) achieved a pCR23. 
The median EFS was 4.0 years, while the median OS was not 
reached.

The optimal number of cycles for neoadjuvant immun-
ochemotherapy has emerged as an important issue based 
on the favorable outcomes of this treatment modality, 
which was addressed in a retrospective study involving 115 
patients28. The MPR rates were 44.8%, 61.4%, 66.7%, and 
40.0% for patients who received 2, 3, 4, and ≥ 5 neoadjuvant 
immunochemotherapy cycles, respectively (P = 0.189). This 
study demonstrated that an extended neoadjuvant immun-
ochemotherapy regimen of 3–4 cycles was associated with 
higher MPR rates compared to 2 cycles. Notably, even in 
patients who achieved a complete or partial response (CR or 
PR) on imaging, extending treatment to 3–4 cycles remained 

therapy in resectable stage III NSCLC (A–E). A. Neoadjuvant immunotherapy combined with CT: (a1) PD-1 expressed on T cells engages 
PD-L1 on tumor cells and antigen-presenting cells, suppressing MHC-II-restricted antigen recognition and TCR-mediated cytotoxicity, thereby 
inhibiting T-cell proliferation and establishing an immunosuppressive tumor microenvironment. Preoperative ICIs targeting the PD-1/PD-L1 
axis restore T-cell signaling and anti-tumor effector function. (a2) Preoperative chemotherapy induces immunogenic cell death, releasing 
tumor-associated antigens that activate CD4+ T cells to promote dendritic cell maturation while stimulating CD8+ T-cell proliferation and dif-
ferentiation. Concurrently, chemotherapy enhances NK cell and macrophage infiltration into the tumor. The resulting robust immune response 
promotes tumor regression and facilitates surgical resection. B. Adjuvant immunotherapy combined with chemotherapy: (b1) Surgical 
trauma triggers the release of prostaglandins, catecholamines, TNF, and IL-6/IL-8/IL-10, which promote differentiation toward Tregs, MDSCs, 
and immunosuppressive macrophages, establishing a postoperative stress-mediated immunosuppressive microenvironment. (b2) Residual 
cancer cells may reactivate PD-1/PD-L1-mediated immune suppression. Postoperative ICIs restore T-cell-mediated anti-tumor immunity, 
and optional adjuvant chemotherapy further enhances T-cell activation through immunogenic cell death. (b3) Activated T cells eliminate 
systemic micro-metastatic foci and reduce recurrence risk. C. Perioperative immunotherapy: (c1) As described in panel A, T-cell function 
is suppressed through tumor PD-L1/PD-1 signaling; preoperative ICIs block this inhibitory axis. (c2) As described in panel A, preoperative 
chemotherapy combined with ICIs generates broad, multicellular anti-tumor immune responses that promote tumor regression, followed by 
surgical resection. (c3) As depicted in panel B, surgical trauma establishes an immunosuppressive microenvironment. (c4) Perioperative immu-
notherapy continues ICI administration immediately postoperatively, thereby continuously blocking the PD-1/PD-L1 axis. Sustained postoper-
ative ICIs with optional adjuvant chemotherapy maintain T-cell anti-tumor activity. (c5) Activated T cells eliminate systemic micro-metastatic 
disease. D. Neoadjuvant immunotherapy combined with CRT: (d1) As described in panel A, T-cell function is suppressed by PD-L1/PD-1 
signaling; preoperative ICIs block this inhibitory axis. (d2) Radiotherapy combined with chemotherapy and ICIs may enhance the activation 
of CD8+ T cells, CD4+ T cells, NK cells, and macrophages, promoting tumor regression and creating favorable conditions for surgical resec-
tion. E. Novel immunotherapeutic agents: (e1) Under chronic antigen stimulation within the tumor microenvironment, T cells progressively 
undergo exhaustion, upregulating multiple co-inhibitory receptors, including PD-1 and LAG-3. (e2) Tumor cells engage PD-1 and LAG-3 on 
exhausted T cells, establishing multiple co-inhibitory signaling pathways that limit the efficacy of PD-1 blockade alone. Combined inhibition of 
LAG-3 and PD-1 achieves synergistic reversal of T-cell exhaustion. APC, antigen presenting cell; CT, chemotherapy; CRT, chemoradiotherapy; 
ICI, immune-checkpoint inhibitor; IL, interleukin; LAG, lymphocyte activation gene; MDSC, myeloid-derived suppressor cell; MHC II, major 
histocompatibility complex class II; MPR, major pathologic response; NK cell, natural killer cell; NSCLC, non-small cell lung cancer; OS, overall 
survival; pCR, pathologic complete response; TCR, T-cell receptor; TNF, tumor necrosis factor (figure created using FigDraw).
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beneficial. Furthermore, the results suggested that extend-
ing treatment beyond 4 cycles was not associated with fur-
ther improvement in MPR rates.

Neoadjuvant immunochemotherapy demonstrated supe-
rior efficacy in terms of increasing the EFS, OS, MPR, and pCR 
rates compared to neoadjuvant chemotherapy alone and was 
associated with higher surgical and R0 resection rates with-
out increasing the incidence of serious adverse events (SAEs) 
or TRAEs (Table 2). Future investigations should continue 
evaluating the benefits of neoadjuvant immunochemotherapy 
across different subgroups, particularly as OS data mature, and 
explore whether specific chemotherapy regimens or immuno-
therapies are correlated with treatment outcomes in patients 
receiving neoadjuvant immunochemotherapy.

Neoadjuvant immunotherapy combined with 
chemoradiotherapy

Given the substantial benefits demonstrated by neoadjuvant 
chemoimmunotherapy, further optimization is needed to 
increase the short-term efficacy of combined surgical treat-
ment in patients with locally advanced NSCLC, thereby pro-
longing patient survival; this goal is a current research focus. 
Investigators have integrated immunotherapy with chemo-
radiotherapy to increase survival benefits, minimize treat-
ment-related toxicity, and increase local control rates. Notable 
trials investigating this approach include the INCREASE trial 
and the SAKK 16/18 trial29,30.

The SAKK 16/18 study explored the efficacy and safety of 
durvalumab in combination with chemotherapy and 3 differ-
ent dose fractionation radiotherapy schemes (2 Gy/20, 5 Gy/5, 
and 8 Gy/3 fractions)30. Eighty-one percent of the patients 
underwent surgical resection with R0 resection achieved in 
96% of the patients. The pCR rate among evaluated patients 
was 28%, while the MPR rate for the enrolled patients was 
76%. Notably, the moderate fractionation regimen (5 Gy/5 
fractions) demonstrated superior efficacy, achieving MPR 
and pCR rates of 89% and 44%, respectively. There were no 
significant differences in safety outcomes among the three 
groups. Further studies are needed to increase the study size 
and explore the differences.

Durvalumab was administered as the immunotherapeu-
tic agent in the SQUAT (WJOG 12119L) study31. Of the 13 
enrolled patients, 11 completed neoadjuvant therapy and suc-
cessfully underwent surgical resection. The primary endpoints 
revealed an MPR rate of 63% and a pCR rate of 23%. This treat-
ment regimen resulted in a higher MPR rate than reported 
in other recently published studies involving neoadjuvant 
chemotherapy combined with immunotherapy. These find-
ings suggested that concurrent chemoradiotherapy combined 
with single-agent immunotherapy may have strong tumor 
control potential and result in favorable outcomes. However, 
the 2-year PFS and OS rates (43% and 76%, respectively)32 Tr
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indicated that the observed local response advantage has not 
yet been translated into significant improvements in PFS or 
OS, and further follow-up and investigation are needed for 
validation.

The INCREASE trial used a dual chemoradiotherapy-
immunotherapy (CRT-IO) regimen [chemotherapy plus simul- 
taneous radiotherapy (50 Gy/25 fractions)] interspersed with 
ipilimumab and nivolumab29. The results indicated a pCR 
rate of 63%, which was more than twice the rates reported 
in traditional CRT induction trials33,34 and recent immuno-
chemotherapy trials35. The safety profile was favorable36. This 
regimen exhibited good efficacy but a radiation dose of 50–60 
Gy may significantly impact surgical procedures.

Moreover, the SACTION-01 study used a combination regi-
men with low-dose radiotherapy. Forty-six patients underwent 
SBRT (8 Gy/3 fractions) in combination with tislelizumab 
(PD-1 antibody) and chemotherapy37. Of the 46 patients, 44 
ultimately underwent surgical treatment. The MPR rate was 
76.1% with an EFS rate of 90% and an OS rate of 95% at 1 year. 

The safety profile was also favorable. Only 26.1% of patients 
experienced ≥ grade 3 TRAEs.

Toripalimab (PD-1 antibody) was used in the NeoR-
TORCH study (NCT06437977) and the CRT-IO regimen (24 
Gy/3 fractions) was compared to the immunotherapy plus 
chemotherapy regimen. The results of this controlled trial may 
provide valuable evidence to inform the selection of neoad-
juvant chemoradiotherapy versus chemotherapy regimens in 
future clinical practice.

Despite existing challenges in combining ICI treatment 
with radiotherapy, the current high pCR/MPR rates and man-
ageable side effects validate the feasibility of this approach. 
CRT-IO trials, such as INCREASE (pCR 63%) and SAKK 16/18 
(pCR 44%), have demonstrated numerically higher response 
rates compared to CheckMate 816 (pCR 24%), suggesting that 
radiotherapy may enhance the pathologic response, although 
these findings require confirmation in large-scale trials given 
the limited sample sizes. Neoadjuvant therapy aims to reduce 
tumor burden and improve surgical resection rates and 

Table 2  Safety profile of immunotherapy trials in resectable stage III NSCLC

Trial Treatment TRAEs (%) ≥ Grade 3
TRAEs (%)

≥ Grade 3
AEs (%)

≥ Grade 3
irAEs (%)

Neoadjuvant

CheckMate 816 Arm I: CT + NIVO → Surgery
Arm II: CT + Placebo → Surgery

82.4 vs. 88.6 33.5 vs. 36.9 40.9 vs. 43.8 1.7 vs. 0.0

NADIM CT + NIVO → Surgery 93.0 30.0 NA NA

SQUAT CT + Durvalumab + RT→ Surgery → Durvalumab 100.0 48.0 48.0 ≥ Grade 5:
1 patient

Adjuvant

IMpower010 Arm I: Surgery → CT → Atezolizumab
Arm II: Surgery → CT→ Placebo

67.9 vs. NA 10.7 vs. NA 22.0 vs. 11.5 8.0 vs. 1.0

KEYNOTE-091 Arm I: Surgery → CT → Pembrolizumab
Arm II: Surgery → CT → Placebo

75.0 vs. 52.0 15.0 vs. 4.0 34.0 vs. 26.0 8.0 vs. 2.0

Perioperative

AEGEAN Arm I: CT + Durvalumab → Surgery → Durvalumab
Arm II: CT + Placebo → Surgery → Placebo

86.8 vs. 80.7 32.4 vs. 32.9 43.6 vs. 43.2 4.2 vs. 2.5

KEYNOTE-671 Arm I: CT + Pembrolizumab → Surgery → Pembrolizumab
Arm II: CT + Placebo → Surgery → Placebo

95.0 vs. 94.0 41.0 vs. 37.0 26.0 vs. 21.0 7.0 vs. 2.0

CheckMate 77T Arm I: CT + NIVO → Surgery → NIVO
Arm II: CT + Placebo → Surgery → Placebo

89.0 vs. 87.0 32.5 vs. 25.2 47.4 vs. 43.0 5.7 vs. 1.3

Neotorch Arm I: CT + Toripalimab → Surgery → CT + Toripalimab
Arm II: CT + Placebo → Surgery → CT + Placebo

99.5 vs. 98.5 63.4 vs. 54.0 NA 11.9 vs. 3.0

RATIONALE-315 Arm I: CT + Tislelizumab → Surgery → Tislelizumab
Arm II: CT + Placebo → Surgery → Placebo

99.1 vs. 99.6 73.0 vs. 67.3 70.0 vs. 67.0 9.3 vs. 3.1

AEs, adverse events; CT, chemotherapy; irAEs, immune-related adverse events; NA, not available; NIVO, nivolumab; NSCLC,  non-small cell 
lung cancer; TRAEs, treatment-related adverse events.
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delay recurrence and extend the disease-free survival (DFS). 
Furthermore, as illustrated by the SQUAT study, higher 
pathologic response rates may not translate into survival ben-
efits, highlighting the need for randomized controlled trials 
with mature survival data to establish the definitive role of 
radiotherapy in neoadjuvant immunotherapy.

Immunotherapy as an adjuvant setting in 
resectable stage III NSCLC

Adjuvant cytotoxic chemotherapy has traditionally been 
the recommended treatment for resected locally advanced 
NSCLC and high-risk patients. A meta-analysis revealed 
a 5.8% increase in the DFS rate and a 5.4% increase in the 
OS rate over a 5-year period with adjuvant chemotherapy38. 
Several large phase III clinical trials, including IMpower010 
and KEYNOTE-09139,40, as well as other trials (Table 1), have 
explored the use of adjuvant ICI therapy.

The IMpower010 trial included 1280 patients who under-
went surgical resection and chemotherapy. The participants 
were randomly assigned to receive or not receive atezolizumab 
(PD-L1 antibody)39. In the population with a PD-L1 ≥ 1%, 
the 5-year DFS rate was 53.2% in the immunotherapy group 
compared to 42.7% in the chemotherapy alone group. This 
trend continued to translate to a favorable OS outcome. This 
benefit was more pronounced in the PD-L1 tumor cell (TC) 
≥ 50% subgroup [hazard ratio (HR) = 0.42] with a 5-year OS 
rate of 84.8%. No unexpected safety signals were observed41. 
Therefore, the European Medicines Agency (EMA) supports 
the use of atezolizumab solely for patients with stage II–IIIA 
NSCLC in whom PD-L1 expression is ≥ 50%, while the Food 
and Drug Administration (FDA) approves atezolizumab for 
patients with a PD-L1 ≥ 1% following surgical resection and 
platinum-based chemotherapy.

Pembrolizumab has recently been approved as adjuvant 
monotherapy following tumor resection and platinum-based 
chemotherapy based on positive results from a phase III clin-
ical trial. The KEYNOTE-091 (PEARLS) trial confirmed this 
finding40. Importantly, patients were enrolled regardless of 
PD-L1 expression status in this study, creating a more heter-
ogeneous population for biomarker analysis. Adjuvant pem-
brolizumab was associated with an improved DFS compared 
to placebo (median DFS of 53.6 vs. 42.0 months; HR = 0.76, 
95% CI = 0.63–0.91; P = 0.0014). However, despite the signif-
icant benefit in the overall population, the difference in DFS 
among patients with a PD-L1 ≥ 50% was not statistically sig-
nificant. The DFS HRs for the PD-L1 < 1%, 1%–49%, and ≥ 
50% subgroups were 0.78 (95% CI = 0.58–1.03), 0.67 (95% CI 
= 0.48–0.92), and 0.82 (95% CI = 0.63–1.05), respectively42.

The IMpower010 and KEYNOTE-091 trials stratified 
patients based on PD-L1 TC expression. The improvement 
in DFS following immunotherapy was associated with higher 
PD-L1 expression according to the IMpower010 subgroup 

analysis with patients in whom PD-L1 expression was ≥ 
50% experiencing a more pronounced benefit (HR = 0.43, 
95% CI = 0.27–0.68)41. However, this pattern was not noted 
in the KEYNOTE-091 trial42 (Figure 4). These divergent 
findings suggested that in the clinical setting of adjuvant 
immunotherapy for NSCLC, higher PD-L1 expression does 
not necessarily correlate with greater efficacy of adjuvant 
immunotherapy.

These findings may be attributable to the substantial het-
erogeneity within KEYNOTE-091. First, the study enrolled 
patients with stage IB–IIIA disease regardless of PD-L1 sta-
tus and this broad eligibility criterion may have introduced 
baseline imbalances. Second, the trial design lacked ade-
quate standardization. Specifically, approximately 14% of 
the patients did not receive adjuvant chemotherapy40 and 
surgical techniques varied across centers with respect to 
the extent of lymph node dissection and resection margin 
quality. These factors likely increased the within-subgroup 
variance and diminished the statistical power. In contrast, 
heterogeneity was reduced in IMpower010 through manda-
tory chemotherapy, stage II–IIIA restriction, and stringent 
R0 verification39. In addition, the distinct tumor microen-
vironment in early-stage lung cancer following surgical 
resection warrants consideration. Adjuvant immunotherapy 
targets minimal residual disease after R0 resection when the 
tumor burden is relatively low and the biological charac-
teristics may differ from the primary tumor. PD-L1 testing 
limitations should also be considered. The two studies used 
different assay platforms (SP263 vs. 22C3), potentially iden-
tifying biologically distinct populations at the same thresh-
old43. Moreover, tumor specimens for testing are derived 
from surgical resection and may not adequately represent 
tumor heterogeneity. When coupled with the spatiotempo-
ral heterogeneity of PD-L1 expression, the predictive value 
in minimal residual disease remains debatable. Statistically, 
the PD-L1 ≥ 50% subgroup in KEYNOTE-091 enrolled only 
333 patients, which may have been underpowered to detect 
moderate associations with potential unidentified confound-
ing factors influencing the interpretation of results. Given 
the divergent predictive role of PD-L1 between these two 
phase III clinical trials, the results do not support extrapola-
tion to guide the application of other ICIs and emphasize the 
urgent need for more precise biomarkers and individualized 
therapeutic approaches to avoid overtreatment.

Immunotherapy in a perioperative setting in 
resectable stage III NSCLC

Perioperative treatment comprises neoadjuvant immuno-
therapy prior to surgery, followed by adjuvant therapy to 
enhance treatment efficacy. This integrated approach com-
bines ICI treatment with chemotherapy to achieve optimal 
tumor reduction and systemic disease management before 
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surgery. By maintaining therapeutic efficacy postopera-
tively, this strategy has the potential to eradicate residual 
micro-metastatic disease not eliminated by preoperative 
neoadjuvant treatment.

A key question is whether perioperative combination treat-
ment yields improved pathologic responses and how this 
affects surgical outcomes. The NADIM II study, a follow-up 
to the NADIM trial, further demonstrated the objective effi-
cacy of nivolumab in patients with resectable stage III NSCLC. 
This randomized phase II trial enrolled 86 patients with stage 
IIIA–B disease and extended the NADIM regimen by incorpo-
rating 6 months of adjuvant nivolumab following neoadjuvant 
chemoimmunotherapy and surgery21,44. The surgical rate in 
the combination therapy group was 93.0% compared to 69.0% 
in the chemotherapy group. This trial demonstrated that neo-
adjuvant immunotherapy significantly prolonged PFS (2-year 
PFS, 67.2% vs. 40.9%, HR = 0.47) and OS (2-year OS, 85.0% vs. 
63.6%, HR = 0.43), which were assessed as non-α-controlled 
secondary endpoints45.

The feasibility of perioperative ICI treatment has been 
supported by the following five additional recent rand-
omized phase III clinical trials: KEYNOTE-671; AEGEAN; 

Neotorch; RATIONALE-315, and CheckMate 77T (Figure 5). 
Durvalumab was administered as perioperative treatment  
in the AEGEAN study46. The pCR rates were 17.2% and  
4.3% in the durvalumab and placebo groups, respectively 
(95% CI = 8.7%–17.6%; P = 0.000036)47. The corresponding 
median EFS times were not reached (NR) and 30.0 months 
(HR = 0.69). The median DFS was not reached in either 
group (HR = 0.66) with the durvalumab group demon-
strating DFS outcomes significantly superior to the placebo 
group. Although the OS data are not available yet, a trend 
toward an OS benefit favoring the durvalumab group was 
detected48.

The KEYNOTE-671 trial used pembrolizumab and is cur-
rently the only phase III perioperative clinical trial designat-
ing both OS and EFS as co-primary endpoints49. In contrast, 
the AEGEAN, Neotorch, and RATIONALE-315 studies46,50,51 
focused primarily on pCR, MPR, and EFS as endpoints with-
out incorporating OS. The pembrolizumab group had a sig-
nificantly longer median EFS compared to the placebo group 
(47.2 vs. 18.3 months) with a significantly improved 3-year OS 
rate of 71.3% (vs. 64%; HR = 0.72)6. The FDA subsequently 
approved pembrolizumab for the indication of neoadjuvant/
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adjuvant immunotherapy in patients with resectable stage 
II–IIIB NSCLC52.

The success of multiple large-scale trials has prompted a 
critical discourse regarding the optimal neoadjuvant duration 
of therapy (3 or 4 cycles). Notably, comparable pCR rates were 
noted between the 4-cycle CheckMate 77T regimen (25.3%) 
and the 3-cycle CheckMate 816 regimen (24.0%). A strong 
correlation between pCR and EFS was demonstrated in both 
trials53,54. These findings suggested that three cycles may be 
sufficient in most cases with the decision regarding an addi-
tional fourth cycle warranting individualization based on clin-
ical considerations.

Another critical question is whether the significant patho-
logic responses achieved through perioperative treatment 
can translate into improved long-term prognostic outcomes. 
Given the heterogeneity in study designs and chemothera-
peutic regimens, cross-study comparisons should be inter-
preted with caution. The CheckMate 816 trial reported 
a hazard ratio of 0.68 for disease progression, recurrence, 
and death, whereas the HR reported in the KEYNOTE-091 
trial was 0.76. These findings suggested that neoadjuvant 
ICI therapy has a pivotal role in treatment outcomes. The 
next research priority involves determining whether peri-
operative approaches confer additional benefits beyond the 
benefits achieved by either neoadjuvant or adjuvant mono-
therapy alone.

Potentially resectable stage III 
NSCLC

The incorporation of immunotherapy into neoadjuvant treat-
ment has allowed a significant proportion of patients with 
stage III NSCLC, who were previously at the borderline of 
resectability, to achieve tumor downstaging55. This approach 
has ultimately provided such patients with the opportunity for 
curative surgical resection.

The Neo-Pre-IC study included 30 patients with potentially 
resectable disease who received perioperative sintilimab plus 
chemotherapy. Notably, the downstaging rate was as high as 
80% (95% CI = 65.7%–94.3%), indicating that the combina-
tion method can effectively convert potentially resectable 
NSCLC into resectable NSCLC. The 2-year OS rate was 83.3% 
and the 2-year DFS rate was 75% (95% CI = 56%–94%)56. 
Furthermore, the neoadjuvant treatment demonstrated an 
acceptable safety profile with favorable tolerability.

One study evaluated the efficacy of neoadjuvant PD-1/
PD-L1 inhibitors combined with chemotherapy in patients 
with borderline resectable or unresectable stage III NSCLC. 
A total of 112 patients with T4 and/or N2–N3 disease were 
included in this study. Of the 112 patients, 75% successfully 
underwent surgical resection, 29% achieved a pCR, and 42.2% 
achieved an MPR with a median EFS of 52.6 months. Patients 
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with high PD-L1 expression and a high tumor mutational bur-
den achieved the most favorable pathologic response rates57. 
This study broadens the population of patients who may bene-
fit from neoadjuvant therapy and underscores the importance 
of evaluation within an MDT setting.

The INCREASE trial included patients with potentially 
resectable T3–4N0–1 NSCLC treated with the CRT-IO regi-
men. Among patients in whom the MDT assessment deemed 
the tumor only marginally resectable, the radiation dose was 
increased to a maximum of 60 Gy29. A total of 83% of patients 
underwent surgery and subsequent pathologic assessment. 
The MPR and pCR rates significantly increased to 79% and 
63%, respectively, with manageable safety profiles36. Extended 
follow-up is needed to further evaluate long-term toxicity.

Low-dose radiotherapy (LDRT), which has been shown to 
exert specific immunomodulatory effects with relatively low 
toxicity in prior studies, may balance treatment efficacy and 
toxicity. The NCT05157542 trial evaluated the tolerability 
threshold of neoadjuvant chemotherapy combined with LDRT 
and reported that the optimal radiotherapy dose among the 
different cohorts was 30 Gy/15 fractions. All patients achieved 
tumor downstaging following completion of the planned neo-
adjuvant therapy. The MPR and pCR rates were both 33.3% in 
cohort 1 (10 Gy/5 fractions), 66.7% and 0.0% in cohort 2 (20 
Gy/10 fractions), respectively, and 100.0% and 66.7% in cohort 
3, respectively (30 Gy/15 fractions). No additional safety con-
cerns were reported58. Larger scale studies are warranted to 
further validate the safety and efficacy of this combination 
regimen.

Optimal neoadjuvant treatment approaches remain under 
investigation for potentially resectable patients. Whether con-
current chemoradiotherapy followed by durvalumab or neo-
adjuvant/perioperative chemotherapy combined with immune 
checkpoint inhibitors followed by surgery represents the supe-
rior approach for patients with bulky or multi-station N2 dis-
ease remains a matter of debate. This uncertainty underscores 
the importance of individualized MDT discussions and the 
need for further research to refine risk stratification.

Challenges and controversies
Selection of the optimal treatment modality 
for resectable stage III NSCLC

Currently, three immunotherapy approaches have demon-
strated significant benefits for patients with resectable stage 
III NSCLC. Selecting a treatment strategy that maximizes 
the therapeutic advantages and long-term survival out-
comes of immunotherapy is therefore of critical importance. 
Neoadjuvant immunotherapy can improve the R0 resection 
rate and achieving pCR after neoadjuvant therapy can pro-
vide substantial survival benefits to patients. Our single-arm 
meta-analysis comparing different neoadjuvant regimens 

revealed that ICI combined with chemotherapy achieved 
promising pathologic response rates (MPR, 44.5%; pCR, 
26.5%; Figure 6)22,45,49-51,54,59,60. However, this approach may 
lead to disease progression or significant adverse effects, 
potentially resulting in patients losing the opportunity for sur-
gery. Surgery was cancelled for 15.6% of patients in the com-
bination group of the CheckMate 816 study, mainly because 
of disease progression22. Therefore, for patients with a PD-L1 
≥ 1%, neoadjuvant immunotherapy should be prioritized for 
continuous monitoring of disease progression. Notably, in our 
single-arm meta-analysis, emerging neoadjuvant strategies 
demonstrated even higher efficacy. ICI combined with radio-
therapy achieved remarkable pathologic response rates (MPR, 
73.8%; pCR, 45.5%)31,37,61, likely attributable to enhanced 
local tumor control and potentially reduced systemic toxic-
ity by radiotherapy. Similarly, ICI combined with anti-VEGF 
agents and chemotherapy showed considerable efficacy (MPR, 
64.5%; pCR, 39.2%; Figure 6)62-66, representing a promising 
future direction, although phase III randomized controlled 
trials are required to validate these findings.

Adjuvant therapy may not compromise the effectiveness of 
surgery and it has the potential to eliminate micro-metastatic 
disease not eradicated by preoperative (chemo-)immunother-
apy17. However, the IMpower010 study indicated that adju-
vant therapy is significantly beneficial only for patients with 
PD-L1 levels ≥ 1%41. In contrast to adjuvant therapy, neoad-
juvant immunotherapy combined with chemotherapy has 
demonstrated benefit, even in patients with PD-L1 expression 
< 1%, whereas adjuvant therapy has not yielded a significant 
OS benefit and lacks assessment metrics, such as the objective 
response rate (ORR). Current research suggests that adjuvant 
therapy may not be the optimal choice for patients with stage 
III NSCLC. For patients who can tolerate systemic therapy or 
have PD-L1 expression < 1%, perioperative treatment should 
be strongly considered.

The ‘sandwich’ approach has shown long-term benefits as 
a perioperative treatment approach, demonstrating significant 
improvements in pCR/MPR and EFS in patients with both 
squamous and non-squamous NSCLC. While this approach 
may currently be the optimal choice for patients with stage 
III NSCLC, the high cost, economic burden, and reimburse-
ment challenges may limit widespread clinical application. 
Omitting adjuvant therapy in some patients could prevent 
overtreatment and unnecessary economic burden. Currently, 
the need for postoperative adjuvant treatment in patients 
who achieve a pCR with neoadjuvant immunotherapy com-
bined with chemotherapy is still under debate. Analyses from 
the CheckMate 77T and CheckMate 816 trials indicate that 
patients with a PD-L1 < 1% and pCR negativity show addi-
tional EFS benefits from perioperative nivolumab treatment 
and it is recommended that these patients receive postopera-
tive adjuvant therapy53. Through propensity score weighting 
analysis, key baseline characteristics between the CheckMate 
816 and CheckMate 77T studies were adjusted to achieve 
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Figure 6  Single-arm meta-analysis of pCR and MPR rates with neoadjuvant immunotherapy-based combinations in resectable NSCLC. This 
meta-analysis summarizes and compares the efficacy of three neoadjuvant treatment strategies: immunotherapy combined with chemother-
apy, immunotherapy combined with radiotherapy, and immunotherapy combined with VEGFR inhibitors. (A) Forest plot of MPR rates stratified 
by treatment strategy ICI + CT, ICI + RT/RCT, and ICI + anti-VEGF ± CT. (B) Forest plot of pCR rates stratified by treatment strategy ICI + CT, ICI 
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balance, revealing that perioperative treatment reduced dis-
ease recurrence/death risk by 39% compared to neoadjuvant 
treatment alone. The LCMC3 study results revealed that 
patients who received postoperative adjuvant immunother-
apy had significantly improved DFS compared to patients 
who did not receive adjuvant treatment with OS also showing 
improvement67. Therefore, continuation of adjuvant treatment 
after neoadjuvant immunotherapy confers survival bene-
fits whether a pCR is or is not achieved. The continuation of 
adjuvant immunotherapy is recommended for patients receiv-
ing preoperative neoadjuvant immunotherapy when feasible 
based on several phase III perioperative immunotherapy tri-
als. Moreover, individualized discussion of optimal treatment 
selection for patients within the MDT is encouraged with par-
ticipation in clinical trials addressing treatment de-escalation 
and intensification opportunities.

Appropriate primary endpoint selection

Improvement in survival is the most crucial consideration 
in the evaluation framework of a therapeutic regimen. OS is 
regarded as the gold standard for evaluating treatment efficacy 
but large sample sizes and longer follow-up periods are usually 
needed. As a result, the evaluation of perioperative immuno-
therapy in patients with NSCLC requires timely and robust 
surrogate clinical endpoints.

The MPR and pCR are commonly used primary endpoints 
in trials evaluating neoadjuvant ICIs68. Meta-analyses have 
demonstrated that the pCR is an effective predictor of OS out-
comes in the context of neoadjuvant chemotherapy and MPR 
is also associated with OS69. Although the MPR and pCR can 
assess local tumor regression following treatment, the MPR and 
pCR cannot be used to evaluate the eradication of distant occult 
disease. Even patients assessed as having achieved pCR or MPR 
may still experience distant disease recurrence. Indeed, the risk 
of distant metastasis might even exceed the risk of local recur-
rence (48.1% vs. 23.9%, respectively, in patients with stage III 
NSCLC)70. Although there is a clear correlation between pCR 
and OS, confirming the value of pCR as a prognostic indicator 
and validity as a surrogate for OS after neoadjuvant therapy is 
controversial. pCR appears to represent a reasonable surrogate 
endpoint that is strongly correlated with OS based on existing 
evidence.

DFS/EFS, defined as the interval from randomization to dis-
ease recurrence, distant metastasis, or death, is a critical end-
point for evaluating the efficacy of adjuvant therapy. However, 

the interpretation of DFS remains ambiguous. Does DFS indi-
cate control of residual disease leading to delayed recurrence or 
does DFS imply a complete disease eradication? This distinc-
tion has not been definitively resolved. The ADAURA study71 
revealed a significant improvement in DFS with adjuvant osi-
mertinib compared to placebo (P < 0.001) with a substantial 
reduction in the risk of recurrence or death (73% reduction, 
HR = 0.27). In addition, a significant increase in the 5-year OS 
benefit was noted (88% vs. 78%), providing strong evidence 
that DFS benefits from adjuvant treatment can translate into 
OS improvements. While surrogate clinical endpoints, includ-
ing MPR, pCR, and DFS, have achieved acceptance in clinical 
research involving stage III NSCLC perioperative treatment, 
debate persists whether short-term survival benefits translate 
to improved OS. Further long-term data are needed to clarify 
the precise correlations between these measures and OS.

Strategies for the precise evaluation of 
treatment efficacy

The most widely used imaging modality in the context of neo-
adjuvant immunotherapy is PET/CT. During the neoadjuvant 
immunotherapy phase, PET/CT findings are evaluated using 
the iPERCIST criteria, which assess metabolic changes in tum-
ors based on PET/CT scan findings72.

The advantages of PET/CT include the systemic and 
non-invasive methodology, molecular-level precision, and 
targeted approach. PET/CT is expected to become an impor-
tant adjunctive tool for the non-invasive evaluation of PD-L1 
expression. Immuno-PET/CT has undergone rapid advances 
and deferoxamine-mediated chelation of anti-PD-L1 antibod-
ies with 89Zr has been successfully applied in tumor-bearing 
mouse models to visualize changes in PD-L1 expression before 
and after chemotherapy73. In addition, PET/CT-derived met-
abolic parameters provide insight for predicting dynamic 
changes in PD-L1 status. 18F-FDG PET/CT is used to assess 
metabolic parameters in humans and studies have demon-
strated relationships between these parameters and PD-L1 
expression74.

There can be discrepancies between imaging and pathologic 
findings in clinical practice. Evaluations based on the RECIST 
criteria may not always correspond with pathologic assess-
ments. This discrepancy is manifested primarily in cases in 
which RECIST indicates progression or stability, while patho-
logic evaluation reveals partial or even complete response75. 
Some patients may initially be staged as having stage II NSCLC 

+ RT/RCT, and ICI + anti-VEGF ± CT inhibitor. CT, chemotherapy; ICI, immune checkpoint inhibitor; MPR, major pathologic response; NSCLC, 
non-small cell lung cancer; pCR, pathologic complete response; RT, radiotherapy; RCT, chemoradiotherapy; VEGF, vascular endothelial growth 
factor (figure created using the R Project and Adobe Illustrator).
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owing to the absence of radiologically detectable lymph node 
involvement. However, lymph nodes may be discovered dur-
ing surgery, leading to postoperative reclassification as stage 
III NSCLC76. Adjuvant therapy is preferred to address residual 
lymph node disease and micro-metastatic foci for upstaged 
patients who have already undergone surgery.

Molecular residual disease (MRD) detection serves as a cru-
cial tool for assessing minimal residual disease after treatment. 
Circulating tumor DNA (ctDNA)-based MRD detection has 
emerged as a pivotal tool for treatment response evaluation, 
recurrence monitoring, and prognostic assessment in patients 
with early-stage NSCLC77 but considerable technical limi-
tations remain. The low mutant allele frequency in ctDNA 
necessitates ultrahigh-sensitivity detection approaches. In 
addition, MRD detection in solid tumors is limited by tumor 
heterogeneity, complicating the design of detection panels. 
Given the limitations of imaging and MRD detection in pre-
cise efficacy assessment, multimodal evaluation systems are a 
novel research direction. In a multicenter retrospective study 
utilizing CT imaging combined with deep learning, an imag-
ing biomarker model (LUNAI-fCT) was developed for pre-
dicting pCR following neoadjuvant immunochemotherapy 
in patients with NSCLC78. Multimodal fusion models have 
demonstrated superior accuracy in pCR prediction compared 
to unimodal approaches.

With the development of artificial intelligence (AI), more 
precise capabilities and applications are gradually being identi-
fied. Radiologists and histopathologists have successfully used 
machine learning (ML) and deep learning (DL) approaches 
to maximize sensitivity, specificity, and accuracy, especially 
in the evaluation of lung cancer79-81. Large NSCLC datasets 
of whole slide images and genomic profiles can be used to 
train robust AI algorithms, improving the efficiency, accuracy, 
and consistency of histopathologic assessment. Increasingly 
sophisticated AI prediction models, such as lung cancer risk 
and prognostic prediction models82,83, are continually being 
developed. Related studies have shown that combined models 
integrating clinical features with AI-based DL scores effec-
tively predict MPR in patients with NSCLC following neoad-
juvant chemoimmunotherapy [internal validation: area under 
the receiver operating characteristic curve (AUC) = 0.77, 95% 
CI = 0.64–0.89; and external validation: AUC = 0.75, 95% = 
CI 0.62–0.87]. AI prediction models may significantly support 
future evaluation of treatment efficacy.

Future integration of multimodal models incorporating 
clinical, pathologic, radiologic, and molecular biomarkers 
with ML algorithms and the exploration of novel biomarkers 
is expected to improve therapeutic efficacy assessment and 
prediction accuracy, enabling precision individualized treat-
ment for patients with stage III NSCLC. Dynamic monitor-
ing approaches, including continuous MRD surveillance and 
temporal radiomic analysis, are anticipated to provide novel 
perspectives for efficacy evaluation. These integrated tech-
nologies will enable clinicians to precisely monitor disease 

progression and develop targeted individualized treatment 
strategies, ultimately improving therapeutic outcomes and 
patient prognosis.

Potential of chemotherapy-free treatment 
strategies

Recent studies have demonstrated the considerable effec-
tiveness of combining immunotherapy with chemother-
apy. However, the addition of immunotherapy, particularly 
when paired with anti-angiogenic agents, can increase tox-
icity compared to standard chemotherapy84. The impact of 
surgery on pulmonary function and the increased toxicity 
from chemotherapy have resulted in adverse reactions in 
many patients, potentially leading to missed opportunities 
for further treatment. Greater than 40% of patients with 
NSCLC are elderly patients with poor performance status 
and/or multiple co-morbidities with poor treatment toler-
ance85. Many of these patients are considered unsuitable for 
first-line platinum-based treatment regimens and are often 
excluded from first-line clinical trials86. This group repre-
sents an important yet insufficiently studied population of 
patients with NSCLC and significant unmet medical needs. 
Therefore, actively exploring a chemotherapy-free approach 
for neoadjuvant therapy may lead to new solutions.

The LCMC3 study evaluated the efficacy and safety of 
atezolizumab without chemotherapy67. Neoadjuvant atezoli-
zumab treatment resulted in an MPR rate of 20% for stage 
IB–III NSCLC and with at least 3 years of follow-up, the 3-year 
OS rate was 80%. Anti-angiogenic agents combined with PD-1 
inhibitors may offer a strategy to maintain the pathologic 
response while minimizing toxicity for chemotherapy-intol-
erant patients. Exploring this approach, the phase II AK112-
205 trial evaluated ivonescimab (AK112), a PD-1/VEGF 
bispecific antibody, as neoadjuvant monotherapy or com-
bined with chemotherapy in resectable NSCLC. Monotherapy 
achieved MPR and pCR rates of 60% and 30%65, respectively, 
which were notably higher than the 20% MPR reported in the 
LCMC3 study but lower than the combination group (MPR, 
71.8%; pCR, 43.6%). A phase II study evaluated camrelizumab 
plus apatinib (a VEGFR-2 inhibitor) as neoadjuvant therapy 
for resectable stage IIA–IIIB NSCLC, yielding an MPR rate 
of 57% and a pCR rate of 23%64. The NCT04379739 study 
further validated this approach by comparing camrelizumab 
plus chemotherapy versus camrelizumab plus apatinib in PD- 
L1-positive patients. The apatinib combination resulted in a 
significantly higher MPR rate than chemotherapy (60% vs. 
25%) with fewer grade ≥ 3 adverse events (10% vs. 25%)66. 
These findings suggested that chemotherapy-free regimens 
combining ICIs with anti-angiogenic agents may achieve 
superior efficacy with reduced toxicity in PD-L1-positive 
patients, potentially providing a promising treatment option 
for this subgroup.
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Although phase III trials, such as KEYNOTE-02487 and 
HARMONi-288, have suggested that the chemotherapy-free 
approach may be feasible for select patients with advanced 
unresectable NSCLC, the prevailing evidence for resectable 
patients still favors neoadjuvant immunotherapy combined 
with chemotherapy. At present, a chemotherapy-free strat-
egy has not been established as a standard approach for this 
patient subset.

Subsequent treatment after effective induction 
therapy for patients with potentially resectable 
NSCLC: surgical resection or radiotherapy?

Neoadjuvant immunochemotherapy has emerged as the rec-
ommended treatment approach for patients with potentially 
resectable NSCLC. In the INCREASE trial, 92.3% of patients 
underwent surgical resection with pCR and MPR rates of 63% 
and 79%, respectively, among patients who underwent surgi-
cal resection36. Similarly, the Neo-Pre-IC study demonstrated 
a downstaging rate of 80% in patients with potentially resect-
able stage IIIA/IIIB NSCLC treated with sintilimab in combi-
nation with chemotherapy. Among patients who underwent 
surgery, 65% and 40% achieved MPR and pCR, respectively89. 
Several experimental findings suggested that when neoadju-
vant treatment is efficacious in potentially resectable disease, 
the long-term benefits of surgical resection may outweigh the 
less invasive nature of radiation therapy.

Novel immunotherapeutic agents

Lymphocyte-activation gene 3 (LAG-3) is recognized as a 
crucial immune checkpoint with PD-1/PD-L1 and CTLA-
490. Relatlimab, an anti-LAG-3 antibody, has demonstrated 
clinical efficacy in some patients with advanced NSCLC91. 
The NEOpredict-Lung study demonstrated that the combina-
tion of relatlimab and nivolumab can elicit profound, rapid, 
and durable pathologic responses in patients with resectable 
stage III NSCLC92. In this trial, the response rates were com-
parable between the two treatment groups. The 2-year OS 
and DFS rates for the monotherapy group were 92.3% and 
75.3%, respectively, whereas the OS and DFS rates were 88.6% 
and 69.1%, respectively, for the combination therapy group. 
All patients successfully underwent surgery with a signifi-
cantly higher lymph node downstaging rate in the combina-
tion therapy group (66.7% vs. 28.6%). The safety profile was 
acceptable93. A phase II umbrella trial evaluated neoadjuvant 
chemotherapy plus tislelizumab (TIS), TIS combined with 
ociperlimab [anti-T cell immunoreceptor with Ig and ITIM 
domains (TIGIT)], or TIS combined with LBL-007 (anti-
LAG-3) in patients with resectable NSCLC. In patients with 
a PD-L1 TC ≥ 50%, TIS monotherapy and TIS-based com-
binations yielded favorable MPR and pCR rates. In contrast, 
the addition of supplementary immunotherapy to TIS plus 

chemotherapy conferred no additional benefit for patients 
with a PD-L1 TC < 50%94. Stratified treatment strategies based 
on histology and PD-L1 expression should be explored in 
future studies to optimize therapy for low-expression popula-
tions and identify optimal combination regimens.

The NeoCOAST-2 study evaluated the efficacy and safety 
of durvalumab combined with various novel agents and 
chemotherapy in the perioperative setting95. The pCR rates 
were 20.0%, 26.7%, and 34.1% in Arm 1 (combined with ole-
clumab), Arm 2 (combined with monalizumab), and Arm 4 
(combined with Dato-DXd), respectively, while the MPR rates 
were 45.0%, 53.3%, and 65.9%, respectively. The safety profiles 
were manageable across all treatment groups.

A wide range of therapeutic agents targeting multiple path-
ways are available for the treatment of NSCLC. As more novel 
drugs and combination regimens are developed, further clini-
cal data are eagerly anticipated.

Selection and application of biomarker 
prediction

Establishing a hierarchy of biomarker priority is essential in 
the clinical management of resectable stage III NSCLC. In 
current practice, first-line testing of oncogenic driver muta-
tions is required to guide targeted therapy, followed by PD-L1 
assessment (≥ 50% threshold) to determine immunotherapy 
eligibility, and increasingly, ctDNA-based MRD for postoper-
ative risk stratification. A PD-L1 status ≥ 50% currently has 
the highest clinical priority for the selection of patients for 
adjuvant atezolizumab39. Given the rapidly changing NSCLC 
treatment environment, new biomarkers that offer dynamic 
insights beyond tissue-based assessment are urgently needed.

MRD is a crucial biomarker for predicting postoperative 
recurrence in patients with NSCLC and is detected primarily 
through ctDNA or circulating tumor cells. The CheckMate 816 
trial revealed that among 89 patients who received nivolumab 
plus chemotherapy, ctDNA clearance was associated with 
higher pCR rates (46% vs. 0%) and a longer EFS (median NR vs. 
18.9 months)22. Similarly, patients with undetectable ctDNA 
levels in the NADIM study had significantly improved PFS 
and OS outcomes44. These results suggested that ctDNA test-
ing following neoadjuvant chemoimmunotherapy may have 
important prognostic value and could provide a basis for fur-
ther individualized treatment. The IMpower010 study demon-
strated that patients with ctDNA-negative status had better 
DFS outcomes after surgery than ctDNA-positive patients in 
the setting of adjuvant therapy96. However, patients with stage 
II–IIIA disease, regardless of ctDNA clearance status, benefited 
from adjuvant ICI treatment. Only patients with persistent 
ctDNA positivity and a PD-L1 < 1% exhibited no significant 
improvement in DFS (HR = 0.88, 95% CI = 0.40–1.91)97. The 
LUNGCA-1 trial revealed that postoperative ctDNA-based 
MRD was significantly associated with disease recurrence  
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(HR = 11.1)98. Among MRD-positive patients, those who 
received adjuvant therapy had better recurrence-free survival 
(RFS) than patients who did not receive treatment (HR = 
0.30; P = 0.008). Adjuvant therapy did not prolong the RFS in 
MRD-negative patients.

Landmarking analysis refers to the selection of a specific 
postoperative time point as a critical observation point for 
evaluating MRD status. The timing of postoperative landmark 
detection is crucial because surgery and adjuvant therapy affect 
ctDNA levels. Studies have shown that ctDNA positivity at 
postoperative day 3 was significantly associated with reduced 
RFS (HR = 5.31)99. Another study revealed that ctDNA lev-
els measured 1 month postoperatively showed a significantly 
stronger correlation with DFS than ctDNA levels measured 
at days 3–7, although this difference was observed primarily 
among MRD-positive groups (P = 0.018) rather than MRD-
negative groups100. Plasma samples should ideally be collected 
3–7 days postoperatively for initial patient assessment based 
on these findings. Only when MRD status is positive at days 
3–7 should additional samples be collected at 1 month for fur-
ther evaluation with the 1-month result serving as the defini-
tive MRD status.

Therefore, perioperative MRD monitoring has the poten-
tial to predict recurrence risk and inform adjuvant treatment 
decisions. However, the widespread clinical adoption of these 
biomarkers is currently hindered by substantial standardiza-
tion challenges. Key technical limitations include inter-assay 
variability among anti-PD-L1 antibodies and the require-
ment for ultrahigh-sensitivity platforms to accurately detect 
low-abundance ctDNA in early-stage disease. Furthermore, 
tumor heterogeneity remains a barrier to consistent detection 
panel design across different clinical settings. Under these pre-
vailing constraints, in the setting of adjuvant immunotherapy, 
MRD serves primarily as a prognostic indicator rather than a 
predictive biomarker of immunotherapeutic efficacy97 but fur-
ther validation is needed. Future studies should prioritize the 
standardization of precise dynamic evaluation methodologies 
and the establishment of clinical-grade validation frameworks 
to facilitate the development of truly individualized treatment 
strategies.

Conclusions
Recent data, regulatory approvals, and ongoing trials are trans-
forming the standard of care. Improving the curative potential 
for patients with stage III NSCLC should be a key goal in man-
aging this frequently fatal disease. Indeed, this goal appears 
more achievable with the introduction of ICIs.

Landmark studies, such as the CheckMate 816 trial, 
demonstrated significant benefits of neoadjuvant immu-
nochemotherapy over chemotherapy alone in resectable 
stage III NSCLC, marking the beginning of a new era in 
neoadjuvant immunotherapy for NSCLC. Our single-arm 

meta-analysis further supported the favorable efficacy of 
neoadjuvant immunochemotherapy. The combination of 
ICI with radiotherapy demonstrated numerically higher 
pathologic response rates, while ICI combined with antian-
giogenic agents also showed promising therapeutic poten-
tial. The IMpower010 trial demonstrated improved DFS 
in association with adjuvant immunotherapy. These trials 
have prompted debate regarding which treatment strategy 
is optimal for specific patient populations. We propose the 
following clinical practice recommendations for resectable 
stage III NSCLC based on existing evidence. Neoadjuvant 
immunochemotherapy (3–4 cycles) followed by surgery 
should be prioritized for patients in whom the PD-L1 TC is 
≥ 1% with continuous monitoring for disease progression. 
Perioperative treatment is recommended for patients toler-
ating systemic therapy or with a PD-L1 < 1%. Continuing 
adjuvant therapy after neoadjuvant immunotherapy appears 
to confer survival benefits independent of achieving a 
pCR, particularly for patients with a PD-L1 < 1% who do 
not achieve a pCR. Individualized discussion of optimal 
treatment selection within the MDT is encouraged for all 
patients.

While the outlook for the use of ICIs in the treatment of stage 
III NSCLC is promising, challenges remain in the judicious 
application of ICIs. High-priority areas include establishing 
appropriate endpoints for stage III NSCLC. The limitations of 
current alternative endpoints in assessing distant occult metas-
tasis and addressing ambiguous deficiencies are also under-
scored. Given the unique clinical needs and vulnerability of 
patients intolerant of chemotherapy, developing chemother-
apy-free regimens is crucial. Optimizing perioperative treat-
ment strategies is also important because the optimal number 
of cycles for neoadjuvant immunotherapy plus chemotherapy 
is unclear and requires individualized adjustment. Whether all 
patients require such intensive treatment regimens is uncer-
tain, highlighting the need for precise stratification criteria 
and treatment escalation or de-escalation strategies. Moreover, 
for potentially resectable patients, international consensus on 
resectability criteria integrating anatomic, functional, and 
molecular features is urgently needed. Despite the preliminary 
efficacy of immunotherapy in this population, prospective 
randomized, controlled trials (RCTs) are required to clarify 
the comparative efficacy of immunotherapy versus definitive 
concurrent chemoradiotherapy across different subgroups and 
to establish evidence-based selection criteria. The discordance 
between radiologic findings and pathologic outcomes with the 
uncertainty regarding the need for adjuvant therapy in patients 
who achieve apCR highlights the importance of routine ctD-
NA-based MRD detection to guide adaptive treatment strate-
gies. These adaptive strategies include treatment escalation for 
MRD-positive patients to eradicate micro-metastatic disease 
and potential de-escalation for patients with a pCR and MRD 
negativity to minimize toxicity. The development of AI-based 
multimodal predictive models that integrate radiomics, digital 
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pathology, and ctDNA analysis approaches to predict patho-
logic response and immunotherapy efficacy is another key 
area for exploration.

Overall, identifying strategies that meaningfully improve 
survival outcomes in patients with resectable stage III NSCLC 
remains a long-term challenge. Nevertheless, conventional 
therapies are continuously being refined through ongoing 
research. In biomarker-selected populations, next-generation 
immunotherapies, such as LAG-3 inhibitors, TIGIT inhib-
itors, and antibody-drug conjugates (ADCs), have shown 
promise in specific subgroups, particularly patients with a 
PD-L1 TC ≥ 50% who may demonstrate the most favorable 
responses. In addition, LDRT combined with immunotherapy 
has demonstrated notable synergistic anti-tumor effects with 
manageable toxicity. Prospective trials (e.g., NCT05157542 
and SACTION-01) are exploring the perioperative applica-
tion. These novel agents and strategies are expected to con-
tinue improving outcomes for patients with resectable stage III 
NSCLC.
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