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Abstract: The prognosis of locally advanced non-small cell lung cancer (NSCLC) remains poor despite the addition of neoadjuvant 
chemotherapy, as it has been shown to improve 5-year absolute benefit survival by only 5%. Recently, neoadjuvant immunotherapy 
with immune checkpoint inhibitors (ICIs), combined with chemotherapy has shown promise in the treatment of locally advanced 
NSCLC. For NSCLC invading the main bronchus, sleeve resection has become the preferred modality to avoid pneumonectomy and 
reserve more cardiac or pulmonary function and to reduce postoperative morbidity and mortality. However, there has been a paucity of 
evidence to evaluate the safety and efficacy of neoadjuvant chemoimmunotherapy on bronchial-vascular reconstruction owing to the 
limited number of patients treated by sleeve lobectomy. Despite promising initial results, key knowledge gaps remain, including the 
impact on bronchial-vascular reconstruction, biomarkers predictive of ICI response, and the potential for specific perioperative 
complications associated with neoadjuvant chemoimmunotherapy in the context of sleeve resection. This review summarizes the 
latest literature evidence on the efficacy and safety of neoadjuvant chemoimmunotherapy approaches to address the unmet needs of 
sleeve resection of NSCLC treatment, describes the biomarkers predictive of ICI responses, and perioperative outcomes of sleeve 
resection after neoadjuvant chemoimmunotherapy. 
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Introduction
Lung cancer is the leading cause of cancer with high morbidity and mortality rates. An estimated 1.2 million diagnosed 
cases and 1.8 million deaths of lung cancer are reported yearly worldwide.1 In 2022, an estimated 0.87 million new cases 
and 0.76 million deaths of lung cancer were reported in China.2 Among lung cancer sub-types, non-small cell lung cancer 
(NSCLC) accounts for over 85% of all cases.3,4 The prognosis for lung cancer remains poor, with the 5-year overall 
survival (OS) for Stage III lung cancer after diagnosis estimated to be below 20%.3,5,6

The International Association for the Study of Lung Cancer (IASLC) has recently proposed updates to the TNM stage 
groups in the upcoming ninth edition of the TNM classification for lung cancer. These updates aim to make the 
classification system more detailed and provide more accurate prognostic information. One of the key changes is the 
subdivision of the T descriptors, which will offer more precise information on tumor size and extent. Additionally, the 
N and M descriptors have been refined to better categorize nodal involvement and distant metastasis. This level of 
detailed staging is crucial because it directly influences treatment decisions and prognostic assessments. For example, 
being able to distinguish between T2a and T2b tumors can significantly impact the chosen therapeutic approach and the 
expected outcomes.6

For lung cancer invading the main bronchus, sleeve resection was recommended to avoid pneumonectomy and 
reserve more cardiac or pulmonary function, with promising perioperative and survival outcomes.7 Historically, the value 
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of neoadjuvant chemotherapy is limited, with an increase of only 5% in 5-year survival compared to surgery alone.8 

Hence, neoadjuvant chemoimmunotherapy is gaining prominence as it has been shown to reduce tumour progression and 
improve surgical prognosis, thereby playing an important role in the treatment of lung cancer.9,10

Immuno-oncology is a field of cancer treatment that uses the body’s immune system to fight cancer.11 Checkpoint 
inhibitors, such as programmed cell death receptor 1 (PD-1) and programmed cell death ligand 1 (PD-L1) inhibitors, 
block proteins that prevent the immune system from attacking cancer cells.12 Recently, programmed cell death receptor 1 
(PD-1) and programmed cell death ligand 1 (PD-L1) checkpoint inhibitors have shown promise the treatment strategy in 
many advanced solid tumors, including NSCLC.13,14 Further, neoadjuvant chemoimmunotherapy before resection 
improves the antitumor response, which could lead to long-term protection.15 However, there has been a paucity of 
evidence to evaluate the safety and efficacy of neoadjuvant chemoimmunotherapy on bronchial-vascular reconstruction 
owing to the limited number of patients treated by sleeve resection. It is important to evaluate outcomes with 
chemoimmunotherapy specifically in sleeve resection patients due to the surgical complexity involved and the uncer-
tainty about its impacts on bronchial-vascular healing and perioperative complications.9 Understanding these outcomes is 
critical for optimizing treatment strategies and improving surgical prognosis in the patients treated by sleeve resection.

Current evidence gaps include limited data on the safety and efficacy of neoadjuvant chemoimmunotherapy in 
patients undergoing sleeve resection, particularly regarding its impact on surgical outcomes, bronchial-vascular healing, 
and long-term survival benefits. In this review, we summarize the efficacy and safety of neoadjuvant chemoimmunother-
apy approaches to address the unmet needs of sleeve resection of lung cancer treatment, describe the biomarkers 
predictive of ICI response, perioperative outcomes of sleeve resection after neoadjuvant chemoimmunotherapy.

Pulmonary Sleeve Resection
Pulmonary sleeve resection is a complex surgical procedure and reconstruction surgery typically performed for patients with 
locally advanced NSCLC that involves main bronchus or vascular structures.16 Historically, pneumonectomy has frequently 
been chosen for centrally located tumors involving the main bronchus or main artery. However, recently multiple studies have 
shown that sleeve resection could be a valid alternative to pneumonectomy, as it enables the removal of a lung tumor without 
necessitating a pneumonectomy. This procedure requires surgeons to complete airway reconstruction while removing the 
tumor, which preserves pulmonary function and provides a better postoperative quality of life. Compared to pneumonectomy, 
sleeve resection has shown to provide lower morbidity and mortality.17,18 Studies have shown that sleeve resection 
after chemoimmunotherapy to provide better perioperative and survival outcomes.9,19

Efficacy of Neoadjuvant Chemoimmunotherapy in Patients with Sleeve 
Resection of Lung
Studies have shown that immunotherapy combined with chemotherapy can yield better efficacy than chemotherapy alone 
as neoadjuvant therapy in patients with sleeve resection of lung.9,15 In a retrospective study, Dai F et al shown the 
chemoimmunotherapy group had more sleeve resection (36.84% vs 10.26%, p=0.039), pathological complete response 
(pCR) rate (57.89% vs 5.13%, P<0.001) and major pathologic response (MPR) rate (78.95% vs 10.26%, P<0.001) 
compared to the chemotherapy group. Further, neoadjuvant chemoimmunotherapy provided significantly better OS (P = 
0.014), and longer DFS (P = 0.006) compared to chemotherapy by shrinking tumors.20 In another retrospective study, 
preoperative radiological evaluation of patients with NSCLC after chemoimmunotherapy revealed that 30.4% patients 
achieved pCR, 56.5% achieved MPR. Following chemoimmunotherapy, complete resection was accomplished for all 
patients.9 NADIM Phase II trial evaluated the efficacy of neoadjuvant chemoimmunotherapy (nivolumab plus paclitaxel 
and carboplatin) in resectable stage IIIA NSCLC, followed by surgical resection. Among the 35 lobectomies (85.3%), 3 
of which were sleeve lobectomies (9.4%). After neoadjuvant chemoimmunotherapy, complete resection (R0) was 
achieved in all patients who underwent surgery after neoadjuvant chemoimmunotherapy. Downstaging was observed 
in 90.2% and MPR in 82.9% of the patients.15

Additionally, while it is difficult to determine the timing of surgery after neoadjuvant immunotherapy, achieving 
a suitable timing is important to achieve superior outcomes. While early surgery may lead to surgical complications, 
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delayed surgery may lead to progression of the tumor. A recent consensus statement suggests performing surgery 4 to 6 
weeks after the completion of the last dose of immunotherapy. This interval allows for sufficient tumor response while 
minimizing the risk of immunotherapy-related adverse events and complications during surgery.21

In a study conducted by Hong et al, among the 25 patients with NSCLC involved in the study, 52% of the patients 
underwent sleeve resection following chemoimmunotherapy. Around 52% patients achieved an MPR with 32% of these 
patients having a pCR. Around 88% patients showed radiological regression, and three (12%) patients had stable 
disease.22 Further, in a real-world study, Gao et al assessed 44 patients with NSCLC who underwent robotic-assisted 
thoracic surgery after three doses of neoadjuvant chemoimmunotherapy. Among them, 4.5% underwent sleeve resection. 
Of the overall patients, after chemoimmunotherapy, 81.8% patients achieved MPR, and 59.1% achieved pCR.23

In a recent study, Cheng et al demonstrated the efficacy of sleeve lobectomy after neoadjuvant chemoimmunotherapy 
(vs chemotherapy) in patients with squamous cell lung cancer. Compared with the chemotherapy, a significant advantage 
with the chemoimmunotherapy was observed as the rate of pCR (42.9% vs 6.1%) and MPR (50.0% vs 15.2%) was high 
in the chemoimmunotherapy cohort compared to chemotherapy cohort.19 In a retrospective study, Li et al showed that 
pCR of chemoimmunotherapy was significantly superior to chemotherapy alone (28.2% vs 4.1%, P < 0.001) and no 
significant differences were noted in postoperative morbidity after sleeve resection.24

First-line treatment with nivolumab plus ipilimumab provided longer overall survival compared to chemotherapy in 
NSCLC patients, regardless of PD-L1 expression levels. Among patients with a PD-L1 expression level of 1% or more, 
nivolumab plus ipilimumab resulted in a median overall survival of 17.1 months (95% CI, 15.0 to 20.1) compared to 14.9 
months (95% CI, 12.7 to 16.7) with chemotherapy (P = 0.007). The 2-year overall survival rates were 40.0% and 32.8%, 
respectively. The median duration of response was significantly longer with nivolumab plus ipilimumab at 23.2 months 
compared to 6.2 months with chemotherapy.25 Another study reported that neoadjuvant nivolumab was associated with 
minimal side effects, did not delay surgery, and induced a major pathological response in 45% of resected tumors. The 
tumor mutational burden predicted the pathological response to PD-1 blockade, and treatment induced expansion of 
mutation-associated, neoantigen-specific T-cell clones in peripheral blood.13 Studies that have reported the results of 
combination of chemotherapy with immunotherapy are summarized in Table 1.

Table 1 Summary of Studies of Neoadjuvant Chemoimmunotherapy in Patients with NSCLC

Characteristics Study 
Design

Patient Population Treatment Regimens Sleeve 
Resection 
Patients (%)

MPR (%) pCR (%) Survival Outcomes

Dai F et al20 Retrospective NSCLC (clinical stage 
IB - IIIB) and 
treatment-naïve (n=62)

2 cycles of Tislelizumab/ nivolumab/ 
pembrolizumab/ sintilimab + 
Chemotherapy (pemetrexed + 
nedaplatin/ paclitaxel liposome + 
nedaplatin) vs chemotherapy alone

36.84 vs 10.26 78.95 vs 
10.26

57.86 vs 
5.13

chemoimmunotherapy 
provided significantly 
better OS (P = 0.014), 
and longer  
DFS (P = 0.006) vs 
chemotherapy

Dai J et al9 Retrospective Patients with stage II– 
IIIB NSCLC who 
underwent sleeve 
resection (n =23)

Pembrolizumab/ sintilimab/ 
camrelizumab + chemotherapy 
(docetaxel/ carboplatin/gemcitabine/ 
paclitaxel/ pemetrexed)

100 56.5 30.4 -

NADIM phase II 
trial15

Phase-II trial Patients with 
resectable stage IIIA 
NSCLC (n=46)

3 cycles of nivolumab 360 mg 
intravenously every 3 weeks (IV Q3W) 
plus paclitaxel and carboplatin IV Q3W

9.4 82.9 63.4 -

Hong et al22 Retrospective 
study

Resected NSCLC 
patients (n =25)

Pembrolizumab/ Sintilimab/ 
Camrelizumab+ chemotherapy 
(Taxol + cisplatin[carboplatin])

28 52 32 -

Gao et al23 Real-world 
prospective 
cohort study

Patients with stage III 
NSCLC (n =44)

Nivolumab/ Camrelizumab/ 
Toripalimab/Tislelizumab/ 
pembrolizumab/ Sintilimab + 
chemotherapy (carboplatin/cisplatin/ 
lobaplatin/paclitaxel/ pemetrexed)

4.5 81.8 59.1 -

(Continued)
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Safety of Neoadjuvant Chemoimmunotherapy in Patients with Sleeve 
Resection NSCLC
Studies have shown that chemoimmunotherapy was well tolerated with most adverse events (AEs) being mild to 
moderate. In a retrospective study by Gao et al, the adverse events observed in patients with NSCLC treated with 
neoadjuvant chemoimmunotherapy prior to sleeve resection included: grade 3 treatment-related adverse events (18.2% 
[n=8]), including neutropenia (n = 4), increased aminotransferases (n = 3), anemia (n = 1), and cutaneous capillary 
endothelial proliferation (n = 1).23 In a study conducted by Dai et al, treatment-related adverse events (TRAE) were 
observed in 73.9% of patients with NSCLC treated with neoadjuvant chemoimmunotherapy prior to sleeve resection. 
Observed TRAEs included anemia and neutropenia, with no patients exhibiting serious TRAE.9 In a study conducted by 
Hong et al after neoadjuvant chemoimmunotherapy (sleeve lobectomy in 52% cases), TRAEs were observed in 52% 
patients with NSCLC, but none were above grade 3. No death or serious side effects occurred during neoadjuvant 
therapy.22 In a recent retrospective study, Chen et al, the overall incidence of adverse events in the preoperative setting 
was comparable between patients who received chemoimmunotherapy vs chemotherapy (42.9% vs 45.5%). The major 
adverse events reported included myelosuppression (57.1%), skin rash (14.3%), anemia (14.3%), fatigue (4.8%), nausea 
(4.8%), and serum alanine aminotransferase elevation (4.8%). Furthermore, the majority (66.7%) of the adverse events 
were of grade 1 or 2.19

In addition to safety and efficacy, evaluating long-term oncological outcomes is crucial for understanding the true 
benefit of neoadjuvant chemoimmunotherapy in patients undergoing sleeve resection for NSCLC. Current evidence 
suggests that this approach may lead to improved survival rates and long-term protection against tumor recurrence. For 
instance, the NADIM phase II trial demonstrated promising results, showing a PFS at 24 months of 77.1% in patients 
with resectable stage IIIA NSCLC treated with neoadjuvant nivolumab plus chemotherapy.27 Furthermore, Provencio 
et al reported an OS at 36 months of 81.9% (95% CI, 66.8 to 90.6) in the intention-to-treat population, rising to 91.0% 
(95% CI, 74.2 to 97.0) in the per-protocol population treated with neoadjuvant chemotherapy plus nivolumab in 
resectable NSCLC.28 Additionally, a study by Provencio et al indicated that patients achieving a pCR had significantly 
better long-term survival outcomes compared to those without pCR.29 Despite these encouraging findings, long-term data 
specifically focusing on sleeve resection patients remain limited. Future studies should aim to provide comprehensive 
follow-up data, including 5-year survival rates, disease-free survival, and recurrence patterns.

Table 1 (Continued). 

Characteristics Study 
Design

Patient Population Treatment Regimens Sleeve 
Resection 
Patients (%)

MPR (%) pCR (%) Survival Outcomes

Chen et al19 Retrospective 
study

Patients with stage-IB- 
IIIB NSCLC (squamous 
cell lung cancer) (n 
=47)

2–4 cycles of induction PD-1 
inhibitors + platinum-based doublet 
chemotherapy regimen every 3 weeks 
vs 2–4 cycles of neoadjuvant platinum- 
based doublet chemotherapy regimen 
(carboplatin/cisplatin/ paclitaxel/ 
gemcitabine) every 3 weeks

100 50.0 vs 15.2 42.9 vs 
6.1

-

Wang et al26 Prospective 
study

Patients with stage-IIIA 
-IIIB NSCLC 
(squamous cell lung 
cancer) (n =65)

2–4 cycles (three weeks per cycle) of 
immunotherapy (camrelizumab/ 
nivolumab, pembrolizumab /sintilimab / 
tislelizumab) + platinum-based dual– 
drug chemotherapy (cisplatin/ 
carboplatin or nedaplatin/ paclitaxel)

33.3 68.42 31.58 Objective response rate 
was 78.46% (51/65)

Li et al24 Retrospective 
study

Patients with stage-IB- 
IVA NSCLC (n =112)

Immunotherapy+chemotherapy 
(n=39) Vs Chemotherapy alone  
(n =73)

100 17.9 vs 15.1 28.2 
vs.4.1

–

Abbreviations: BPF, bronchopleural fistula; DFS, disease-free survival; IQR, interquartile range; MPR, major pathological response; NSCLC, Non-small cell lung cancer; OS, 
overall survival; PD-1, programmed cell death receptor 1; pCR, pathological complete response.
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Clinical Factors and Biomarkers Associated with Pathological Response
In a retrospective study conducted by Jiang et al, among the patients with NSCLC (sleeve resection in 22.7% [n=7] of 
patients) who received neoadjuvant chemoimmunotherapy (n=27)/immunotherapy (n=4), patients with STK11 mutations 
(were detected in 2 patients [7.7%] through NGS) showed no MPR by final pathological examination.30 In another 
retrospective study, Dai et al has shown that clinical factors and the immunohistochemistry (IHC) score of other 
biomarkers involving antitumor immune response were associated with MPR in patients with sleeve resection of 
NSCLC9 IHC score of the selected biomarkers such as the expression of CD4 (16.5±7.5 vs 22.3±17.3), CD8 (21.6 
±16.5 vs 30.2±30.5), and CD20 (56.1±36.8 vs 81.5±49.4) were modestly higher in the MPR group, while the expression 
of PD-1 (14.6±18.7 vs 2.8±2.9), LAG3 (2.0±6.3 vs 0), and TIGIT (6.8±7.9 vs 3.4±3.4) were lower in the MPR group 
compared to the non-MPR group (p >0.05).9

However, several previous studies have shown that expression of PD-L1 is associated with higher pCR and MPR 
rates in patients with NSCLC.31,32 Currently, PD-L1 expression levels, tumour mutation burden (TMB) and circulating 
tumour DNA (ctDNA) among other promising biomarkers are being studied to predict the effect of PD-1/PD-L1 
therapies in patients with NSCLC.28,33–35 A previous meta-analysis showed longer overall survival (OS) at ≥1%, ≥5%, 
≥10% and ≥50% PD-L1 expression levels in NSCLC on anti-PD-1/PD-L1 monotherapy than chemotherapy.36

Perioperative Outcomes of Sleeve Resection After Neoadjuvant 
Chemoimmunotherapy
Several studies have demonstrated that sleeve resection after induction of chemoimmunotherapy is safe and feasible. 
Further, neoadjuvant chemoimmunotherapy was shown to reduce tumor size, cause pathological downstaging, and raise 
the surgical resection rate of patients with locally advanced NSCLC.9,19,20,22,24 In a retrospective study, Dai et al showed 
that complete resection was accomplished for all patients who received neoadjuvant chemoimmunotherapy and under-
went sleeve resection. Perioperative data were compared between video-assisted thoracoscopic surgery (VATS) (n=8) and 
thoracotomy (n=15) groups. There were no significant differences in intraoperative blood loss (87.5±51.8 vs 193.9 
±145.3 mL), operative time (198.8±79.7 vs 225.5±55.0 min), number of lymph nodes examined (16.9±6.6 vs 18.2±6.5), 
and hospital stay (5.5±2.8 vs 9.2±11.2 days) between the VATS and thoracotomy groups (all P>0.05).9 In a recent 
retrospective study, Chen et al compared the perioperative data (after sleeve resection) between patients receiving 
chemoimmunotherapy vs chemotherapy. The chemoimmunotherapy cohort experienced (14.3%) less pulmonary major 
complications, whereas the chemotherapy cohort experienced more pulmonary and cardiac complications (30.3%) (p = 
0.302). Neoadjuvant chemoimmunotherapy did not increase the 30-day risk of postoperative complications.19 In a real- 
world study, Gao et al demonstrated that R0 resection was achieved in all patients received who neoadjuvant chemoim-
munotherapy. Surgical complications occurred in five (11.4%) patients, including air leak (n = 3), chylothorax (n = 2), 
and surgical site infection (n = 1). There was no re-surgery or postoperative mortality within 90 days.23

In the NADIM phase II study, surgical resection (sleeve resection in 9.4% of patients) following neoadjuvant 
chemoimmunotherapy showed no operative mortality at either 30 or 90 days in patients with NSCLC. The most common 
complications observed were prolonged air leak, pneumonia and arrhythmia. R0 resection was achieved in all patients 
who underwent surgery.15 In a retrospective study, Li et al showed that neoadjuvant chemoimmunotherapy did not 
increase the incidence of postoperative complications after sleeve lobectomy.24 In a study by Dai F et al, the 
perioperative outcomes such as operative duration, blood loss, postoperative complications, and hospital stay were 
comparable between chemoimmunotherapy cohort vs chemotherapy cohort. Furthermore, the authors demonstrated that 
neoadjuvant chemoimmunotherapy did not increase the risk of delayed surgery.20 Studies that have reported perioperative 
outcomes in patients with NSCLC after chemotherapy with immunotherapy are summarized in Table 2.

It is important to note that studies indicate adhesions are more common following chemoimmunotherapy than after 
chemotherapy alone. This increased incidence of adhesions, although not significantly affecting the overall complication 
rate can make surgical dissection more challenging and potentially lengthen the operative time. Addressing these 
adhesions during surgery requires careful technique and may influence the surgical approach and planning.9,37–40
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Table 2 Perioperative Outcomes in Patients with NSCLC

Characteristics Study 
Design

Patient Population Treatment Regimens Sleeve 
Resection 
Patients (%)

Surgical Time 
(mins)

Length of 
Hospital Stay 
(Days)

Estimated Blood 
Loss (mL)

Surgical Complications 30 Days/90 days 
Mortality

Dai F et al20 Retrospective NSCLC (clinical stage 
IB - IIIB) and 
treatment-naïve (n=62)

2 cycles of Tislelizumab/ 
nivolumab/ pembrolizumab/ 
sintilimab + Chemotherapy 
(pemetrexed + nedaplatin/ 
paclitaxel liposome + 
nedaplatin) vs chemotherapy 
alone

36.84 vs 10.26 182.11 ± 67.19 vs 
170.31 ± 60.36

11.84 ± 4.17 vs 
14.36 ± 4.80

120 (range:20–1000) 
vs 150  
(50–800)

- 0

Dai J et al9 Retrospective Patients with stage  
II–IIIB NSCLC who 
underwent sleeve 
resection (n =23) 
(video-assisted 
thoracoscopic surgery 
vs Thoracotomy)

Pembrolizumab/ sintilimab/ 
camrelizumab + 
chemotherapy (docetaxel/ 
carboplatin/gemcitabine/ 
paclitaxel/ pemetrexed)

100 198.8±79.7 vs 
225.5±55.0

5.5±2.8 vs 9.2 
±11.2

87.5±51.8 vs 193.9 
±145.3

13.2% (n=3) 
1 BPF on postoperative  
day 12; 1 acute coronary 
syndrome, and 1 with 
pneumonia

1

NADIM phase II 
trial15

Phase-II trial Patients with 
resectable stage  
IIIA NSCLC (n=46)

3 cycles of nivolumab 360 mg 
intravenously every 3 weeks 
(IV Q3W) plus paclitaxel and 
carboplatin IV Q3W

9.4 195 (median 
IQR:166–240)

5 (median 
IQR:4.9)

- 2 cases of bleeding;  
39% developed at least one 
perioperative 
complication

0

Hong et al22 Retrospective 
study

Resected NSCLC 
patients (n = 25) 
(≤10% viable [n =13] 
tumor vs >10% viable 
tumor [n =12])

Pembrolizumab/ Sintilimab/ 
Camrelizumab+ 
chemotherapy (Taxol +  
cisplatin[carboplatin])

28 143 (87–243) vs 
152(76–237)

6.7 (4–27) vs 7.8 
(5–24)

110 (60–230) vs 120 
(80–200)

Prolonged air leak= 12% vs  
16%; Arrhythmia = 4% vs 0; 
Pneumonia 12% vs 8%

0

Gao et al23 Real-world 
prospective 
cohort study

Patients with stage  
III NSCLC (n =44)

Nivolumab/ Camrelizumab/ 
Toripalimab/Tislelizumab/ 
pembrolizumab/ Sintilimab + 
chemotherapy (carboplatin/ 
cisplatin/lobaplatin/paclitaxel/ 
pemetrexed)

4.5 191 (median 
IQR:150–235)

6.5 (median 
IQR:5–8)

100 (median  
IQR: 50–150)

Air leak =6.8%; Chylothorax = 
4.5%; surgical site infection = 
2.3%

0

Chen et al19 Retrospective 
study

Patients with stage-IB- 
IIIB NSCLC (squamous 
cell lung cancer) (n =47)

2–4 cycles of induction PD-1 
inhibitors + platinum-based 
doublet chemotherapy regimen 
every 3 weeks vs 2–4 cycles of 
neoadjuvant platinum-based 
doublet chemotherapy regimen 
(carboplatin/cisplatin/ 
paclitaxel/gemcitabine) every  
3 weeks

100 215.1 ±78.3 vs 
214.1±87.8

9.5 ±3.1 vs 8.3 
±3.6

163.6 ± 95.1 vs 
136.1± 98.2

pulmonary major complication 
=14.3% vs 30.3%

0
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Wang et al26 Prospective 
study

Patients with stage-IIIA 
-IIIB NSCLC 
(squamous cell lung 
cancer) (n =65)

2–4 cycles (three weeks per 
cycle) of immunotherapy 
(camrelizumab/nivolumab, 
pembrolizumab /sintilimab / 
tislelizumab) + platinum-based 
dual–drug chemotherapy 
(cisplatin/ carboplatin or 
nedaplatin/ paclitaxel)

33.3 151.5 (median 
IQR:116.8–202.0)

14.0 (median 
IQR:11.0–17.0)

50.0 (median 
IQR:20.0–100.0)

- 0

Li et al24 Retrospective 
study

Patients with stage-IB- 
IVA NSCLC (n =124)

Immunotherapy 
+chemotherapy (n=39) vs 
Chemotherapy alone (n =73)

100 177.15 ±60.93 – 155.48± 305.29 Persistent pulmonary 
Leakage = 6.5%; Pulmonary 
infection =7%; Bronchopleural 
fistula= 1.6%

2 (1.6%)

Abbreviations: BPF, bronchopleural fistula; IQR, interquartile range; NSCLC, Non-small cell lung cancer.
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Despite the promising results observed with neoadjuvant chemoimmunotherapy in patients undergoing sleeve 
resection, several limitations and knowledge gaps remain. First, most of the existing studies are retrospective and 
come from a limited number of research groups, which may introduce bias and limit the generalizability of the findings. 
There is a need for more prospective, multicenter trials to validate these results across diverse populations and clinical 
settings. Second, the long-term impact of neoadjuvant chemoimmunotherapy on bronchial-vascular healing and post-
operative complications in sleeve resection patients is not well understood. Future studies should focus on these specific 
surgical outcomes to ensure the safety and efficacy of this treatment approach. Third, there is a lack of standardized 
criteria for assessing pathological responses and perioperative outcomes, making it difficult to compare results across 
studies. Developing and adopting uniform guidelines would facilitate more consistent and reliable evaluations. 
Additionally, while some biomarkers have shown promise in predicting responses to chemoimmunotherapy, further 
research is needed to validate these markers and identify new ones that can help tailor treatments to individual patients. 
Addressing these limitations and knowledge gaps will be crucial for optimizing the use of neoadjuvant chemoimmu-
notherapy in sleeve resection patients and improving their clinical outcomes.

Conclusion
Sleeve resection after neoadjuvant chemoimmunotherapy appears to be safe and feasible in patients with NSCLC. 
Patients receiving neoadjuvant chemoimmunotherapy had higher pCR and MPR rates compared to those receiving 
chemotherapy alone. These improved response rates are significant as they suggest potential for better long-term survival. 
Tumor resection rates were higher in patients with neoadjuvant chemoimmunotherapy. Increased pCR and MPR rates are 
often associated with reduced risk of recurrence and better overall prognosis, indicating that neoadjuvant chemoimmu-
notherapy may offer substantial survival benefits for patients undergoing sleeve resection. Moreover, higher response 
rates may enable less invasive surgical approaches. By shrinking tumors more effectively before surgery, neoadjuvant 
chemoimmunotherapy could facilitate more minimal resections, preserving lung function and reducing perioperative 
morbidity and mortality. This potential for less invasive surgery can significantly enhance patients’ postoperative quality 
of life and functional outcomes.

Furthermore, neoadjuvant chemoimmunotherapy did not increase 30- or 90-days mortality rate and risk of post-
operative complications. Adverse events with chemoimmunotherapy in patients with NSCLC were tolerable. Overall, 
neoadjuvant chemoimmunotherapy appears to improve pathological responses in patients with sleeve resection. As very 
limited studies assessed the efficacy of chemoimmunotherapy in patients with sleeve resection of NSCLC, further large- 
scale clinical trials or real-world studies are warranted to provide more insights on the clinical safety and efficacy of 
neoadjuvant chemoimmunotherapy in patients with sleeve resection NSCLC.
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