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Introduction

Because of their favorable toxicity profile and effectiveness 
in advanced non-small cell  lung cancer (NSCLC)  
patients (1), immune checkpoint inhibitors (ICIs) have 

begun to be used as neoadjuvant alternatives for locally 

advanced diseases in potential surgical candidates (2). 

In recent phase III trials, neoadjuvant immunotherapy 

plus chemotherapy resulted in significantly longer event-
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Background: Immunotherapy has been recommended for neoadjuvant therapy in patients with locally 
advanced non-small cell lung cancer (NSCLC). However, its effect on surgical resection has not yet been 
examined. This study aimed to examine the effect of induction immunotherapy on surgical resection in terms 
of the surgical approach, resection extent, and perioperative recovery.
Methods: We performed a real-world study comprising consecutive patients with clinical stage IB–IIIB 
NSCLC who received surgical resection after induction immunotherapy from January 2019 to September 
2021. The perioperative outcomes were compared in terms of the surgical approach and resection extent.
Results: Among 68 patients, 37 (54.4%) achieved a clinical objective response. Standard resection was 
performed in 37 patients (54.4%), while extended resection was necessary in the other 31 patients (45.6%). 
Minimally invasive surgery (MIS) was attempted in 37 cases (54.4%), with only 1 (2.7%) conversion. MIS 
was significantly more commonly accomplished in patients with a clinical objective response than those 
without (67.6% vs. 35.5%, P=0.008). Patients with a clinical objective response were more likely to have their 
tumors removed via MIS and/or standard resection (75.7% vs. 51.6%, P=0.04), while those without a clinical 
objective response more often required extended resection using an open approach. Patients receiving 
standard resection or MIS had significantly better perioperative outcomes than those who underwent 
extended resection or thoracotomy (all P<0.05).
Conclusions: The results of this large single-center retrospective cohort indicate that in terms of a better 
clinical response, effective induction immunotherapy could help reduce the resection extent and/or provide 
more opportunities to perform MIS, resulting in better recovery.
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free survival and a higher pathological complete response 
(pCR) rate compared with chemotherapy alone (3,4). 
This treatment approach did not increase the incidence of 
adverse events or impede the feasibility of surgery; however, 
there was still more than 15% of patients who were unable 
to proceed with surgery due to various reasons. Effective 
induction therapy may reduce local invasion and improve 
the resectability of the tumor; however, severe hilar 
fibrosis and dense adhesions caused by immunotherapy 
may also increase the difficulty of surgical resection (5). 
To investigate the effect of immunotherapy on surgical 
resection, we performed a literature search to retrieve 
prospective clinical trials examining the outcomes of 
neoadjuvant immunotherapy in patients with resectable 
NSCLC. Some of these trials were documented in  
Table S1 (2-4,6-14). The majority of these articles focused 
on the pathological response and survival outcomes of 
the patients, and provided very limited information on 
the surgical approaches, resection extent, or perioperative 
outcomes. Thus, in this real-world study, we aimed to 
confirm whether the effective induction of immunotherapy 
could minimize surgical invasiveness in terms of the surgical 
approach, resection extent, and postoperative outcomes. 
We present this article in accordance with the STROBE 

reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-470/rc).

Methods

Patients

All consecutive patients with clinical stage IB–IIIB NSCLC 
who underwent pulmonary resection after intentional 
induction immunotherapy at the Shanghai Chest Hospital 
from January 2019 to September 2021 were included in this 
real-world study, except those involved in ongoing clinical 
trials on induction immunotherapy. Patients who did not 
proceed to surgery were also excluded. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the 
Institutional Review Board of the Shanghai Chest Hospital 
(No. IS21113). Informed consent was obtained from all the 
patients before treatment to use their clinical information 
for research purposes. The patients’ charts and images 
were individually reviewed, and data related to the patients’ 
demographics, tumor characteristics, detailed perioperative 
outcomes, and survival outcomes were retrospectively 
collected.

Neoadjuvant therapy and surgical technique

All patients underwent a comprehensive preoperative 
staging protocol, which included pretreatment tumor biopsy, 
contrast-enhanced computed tomography scan of the chest, 
magnetic resonance imaging of brain, positron emission 
tomography/computed tomography scan, and invasive 
mediastinal nodal staging with endobronchial ultrasound or 
mediastinoscopy as clinically indicated. Tumor staging was 
performed according to the tumor-node-metastasis staging 
system of the American Joint Committee on Cancer (8th 
edition) (15). Induction therapy was considered for patients 
with high tumor T stage or hilar or mediastinal lymph node 
metastasis, based on the discretion of the treating physicians. 
The immunotherapy treatments included programmed cell 
death protein 1 or programmed cell death ligand 1 inhibitors 
(nivolumab, pembrolizumab, sintilimab, durvalumab, 
tislelizumab, atezolizumab, and toripalimab), which were 
used in combination with or without chemotherapy. Tumor 
response after induction was evaluated by imaging studies 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 (16).

Surgical resection of the primary tumor and lymph 
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nodes was performed by either minimally invasive surgery 
(MIS), including video-assisted thoracoscopic surgery 
(VATS), and robotic-assisted thoracoscopic surgery, or 
the open approach, including posterolateral thoracotomy 
or median sternotomy. The choice of surgical approach 
was determined based on individual surgeon’s assessment 
of resectability and their experience in minimally invasive 
procedures. The resection extent was defined as a standard 
resection (anatomical segmentectomy or lobectomy), or an 
extended resection (the resection of more than one lobe, 
including a bilobectomy, sleeve lobectomy, lobectomy 
with super vena cava resection, and reconstruction and 
pneumonectomy). Complete resection (R0 resection) 
was defined according to the recommendations of the 
International Association for the Study of Lung Cancer 
[2005] (17).

Data collection and evaluation

Postoperative complications were described and counted 
according to the Common Terminology Criteria for 
Adverse Events Version 5.0 (18). The rates of postoperative 
complications, duration of chest drainage, postoperative 
length of stay and other factors were compared between 
groups to evaluate patients’ recovery. On histological 
examination, the major pathological response (MPR) was 
defined as less than 10% of viable tumor cells remaining, 
while the pCR was defined as no viable residual tumor in 
the resected specimen. Overall survival (OS) was calculated 
from the date of operation to the date of death from any 
cause. Progression-free survival (PFS) in all patients was 
defined as the time between surgery and tumor progression 
or death from any cause. Disease-free survival (DFS) in 
patients with complete surgical resection was defined as the 
time from surgery to recurrence or death from any cause.

Statistical analysis

The continuous variables were compared using the two-
tailed Student’s t-test or the Mann-Whitney U test as 
appropriate. The categorical variables were compared 
using the Pearson’s chi-square test or Fisher exact test as 
appropriate. The Kaplan-Meier curve and the log-rank 
test were used to estimate and compare OS, PFS, and 
DFS between the groups. A competing-risks proportional 
hazards model was used to analyze survival outcomes, with 
non-lung cancer-related deaths considered competing 
events. Predictors were examined using the Fine-Gray 

proportional hazards model. Multivariable analyses were 
performed in a forward stepwise manner for factors 
identified in univariate analyses with P<0.10. A P value 
less than 0.05 was considered statistically significant. All 
the statistical analyses were performed using SPSS version 
23.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
version 8.0 (GraphPad Software, San Diego, CA, USA).

Results

From January 2019 to September 2021, a total of  
68  consecut ive  pat ients  who rece ived  induct ion 
immunotherapy followed by surgical resection were 
identified for inclusion in the study (Table 1). Among 
them, 61 patients (89.7%) received immunotherapy plus 
chemotherapy, and 7 patients (10.3%) received either 
single or double agent ICI treatment. Squamous cell 
carcinoma was the most common histological subtype 
(n=42, 61.8%), and most of the tumors were centrally 
located (n=42, 61.8%). According to the RECIST, we 
observed a partial response (PR) in 37 (54.4%) patients 
after induction treatment, radiological stable disease (SD) 
in 31 (45.6%) patients, and an overall objective response 
rate (ORR) of 54.4% (Figure S1). Complete resection was 
successfully achieved in 60 (88.2%) patients. Postoperative 
complications occurred in 20 (29.4%) patients, the most 
common of which were air leak and atrial fibrillation  
(Table S2). Air leak was particularly frequent among 
patients undergoing sleeve lobectomy. Only 1 patient died 
from non-ICI related respiratory failure after bilobectomy 
via thoracotomy. Thus, the study had a 30-day mortality 
rate of 1.5%.

In 37 patients (54.4%) the tumors were able to be 
removed by standard resection. However, extended 
resection was necessary in the other 31 patients (45.6%), 
including bilobectomy in 7 cases, sleeve lobectomy in  
18 cases, pneumonectomy in 4 cases, and lobectomy with 
super vena cava resection and reconstruction in 2 cases 
(Table 1). There were more centrally located tumors (93.5% 
vs. 35.1%, P<0.001) and squamous cell carcinomas (83.9% 
vs. 43.2%, P<0.001) in the patients receiving extended 
resection than those receiving standard resection (Table 2). 
The ORR was higher in the standard resection patients 
than the extended resection patients (59.5% vs. 48.4%, 
P=0.36), but the difference was not statistically significant. 
The complete resection rates were similar after both 
extended and standard resection (90.3% vs. 86.5%, P=0.72). 
Extended resection was associated with a significantly 
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Table 1 Clinical and pathological characteristics of 68 patients with 
clinical stage IB–IIIB non-small cell lung cancer

Characteristics Value

Age (years), median [range] 62 [33–76]

Male sex, n (%) 61 (89.7)

Comorbidity, n (%)

Yes 32 (47.1)

No 36 (52.9)

Smoking history, n (%)

Current/former 53 (77.9)

Never 15 (22.1)

Clinical stage, n (%)

IB 2 (2.9)

IIA 3 (4.4)

IIB 9 (13.2)

III 54 (79.4)

Pathology, n (%)

Adenocarcinoma 18 (26.5)

Squamous cell 42 (61.8)

Adenoid cystic carcinoma 1 (1.5)

Adenosquamous carcinoma 1 (1.5)

Not specified 6 (8.8)

Tumor location, n (%)

Central 42 (61.8)

Peripheral 26 (38.2)

Radiological response, n (%)

Partial response 37 (54.4)

Stable disease 31 (45.6)

Extent of resection, n (%)

Standard resection 37 (54.4)

Extended resection 31 (45.6)

Bilobectomy 7 (10.3)

Sleeve lobectomy 18 (26.5)

Pneumonectomy 4 (5.9)

Lobectomy + SVC replacement 2 (2.9)

Surgical approach, n (%)

Open 32 (47.1)

MIS 36 (52.9)

Resection status, n (%)

R0 60 (88.2)

R1 4 (5.9)

R2 4 (5.9)

SVC, super vena cava; MIS, minimally invasive surgery.

higher volume of blood loss (200 vs. 100 mL, P=0.005), 
higher postoperative complication rate (51.6% vs. 10.8%, 
P<0.001), longer chest-drainage duration (median 6 vs. 
4 days, P<0.001), and longer postoperative length of stay 
(median 7 vs. 5 days, P<0.001) than standard resection.

MIS was attempted in 37 patients (54.4%), and was 
successfully completed in 36 patients (97.3%). Only 1 case 
(2.7%) was converted from VATS to thoracotomy. The 
surgical approach was found to be significantly associated 
with the ORR (Figure 1A). MIS was found to be more 
accomplished in patients with a PR (25/37, 67.6%) than 
those with SD (11/31, 35.5%) after induction (P=0.008) 
(Table 3). Standard resection was more often performed via 
MIS than the open approach (78.4% vs. 22.6%, P<0.001) 
(Figure 1B). However, extended resection was still able to 
be accomplished via MIS in 22.6% of the patients (7 of 
31, including 4 cases of sleeve lobectomy and 3 cases of 
bilobectomy), among these patients, six achieved a PR after 
induction immunotherapy. Compared to the patients who 
underwent open surgery, those who underwent MIS had 
significantly fewer postoperative complications (16.7% vs. 
43.8%, P=0.03), a shorter chest-drainage duration (median: 4 
vs. 5 days, P=0.009), and a shorter postoperative length of stay 
(median: 5 vs. 6 days, P=0.003) (Table 3). The patients with a 
PR had more opportunities to have their tumors removed via 
MIS and/or standard resection (75.7% vs. 51.6%, P=0.04), 
while those with SD more frequently required extended 
resection via the open approach (Figure 1C).

On histological examination, a MPR was observed in  
34 patients (50.0%), and a pCR was observed in 18 patients 
(26.5%) (Figure S2). However, the pathological response 
was not associated with the radiologic response. Among 
the 34 MPR patients, 8 patients achieved SD according to 
the radiological evaluation. Conversely, 11 of the 37 PR 
patients did not achieve an MPR. Further, the pathological 
response was not found to be associated with either the 
surgical approach or resection extent (Tables 2,3).

After a median follow-up period of 15 months (range, 
7–37 months), 64 patients (94.1%) were alive and 9 (13.2%) 
had developed recurrent disease. The OS and PFS rates at 
2-year post surgery were 94.0% and 80.7%, respectively, for 
the entire cohort. There was a trend toward better 2-year 
PFS in the MPR patients than the non-MPR patients 
(93.0% vs. 59.4%), with a borderline significant difference 
(P=0.06). However, the ORR was found not to be associated 
with PFS (P=0.98) or OS (P=0.46). Multivariable Fine-Gray 
analysis (Table 4) results showed that R0 resection was the 
only independent predictor of better PFS [hazard ratio (HR) 

https://cdn.amegroups.cn/static/public/TLCR-24-470-Supplementary.pdf


Bao et al. Effective ICIs minimize resection1968

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2024;13(8):1964-1974 | https://dx.doi.org/10.21037/tlcr-24-470

Table 2 Oncological characteristics and surgical outcomes between the extended resection group and standard resection group

Characteristics Extended resection (n=31) Standard resection (n=37) P value

Pathology <0.001

Adenocarcinoma 1 (3.2) 17 (45.9)

Squamous cell carcinoma 26 (83.9) 16 (43.2)

Others 4 (12.9) 4 (10.8)

Tumor location <0.001

Central 29 (93.5) 13 (35.1)

Peripheral 2 (6.5) 24 (64.9)

Radiology response 0.36

Partial response 15 (48.4) 22 (59.5)

Stable disease 16 (51.6) 15 (40.5)

Pathological response 0.33

MPR 18 (58.1) 16 (43.2)

Non-MPR 13 (41.9) 21 (56.8)

cStage at presentation 0.82

I/II 6 (19.4) 8 (21.6)

III 25 (80.6) 29 (78.4)

ycStage after induction 0.31

I/II 12 (38.7) 15 (40.5)

III 19 (61.3) 22 (59.5)

Surgical approach <0.001

Open 24 (77.4) 8 (21.6)

MIS 7 (22.6) 29 (78.4)

Resection status 0.72

R0 28 (90.3) 32 (86.5)

R1/R2 3 (9.7) 5 (13.5)

Operation time, min 154.5 [59–329] 152 [41–203] 0.12

EBL, mL 200 [100–1,500] 100 [100–200] 0.005

Complication 16 (51.6) 4 (10.8) <0.001

Intra-operative mortality 0 0 N/A

30-day mortality 1 (3.2) 0 0.46

Duration of chest drainage, days 6 [2–20] 4 [2–9] <0.001

POS, days 7 [3–20] 5 [3–10] <0.001

Data are presented as n (%) or median [range]. MPR, major pathological response; cStage, clinical stage; ycStage, clinical stage after 
induction; MIS, minimally invasive surgery; EBL, estimated blood loss; N/A, not applicable; POS, postoperative length of stay.
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=0.18, 95% confidence interval (CI): 0.05–0.62, P=0.006] 
and better OS (HR =0.14, 95% CI: 0.03–0.62, P=0.01). 
For patients who underwent R0 resection, OS and DFS 
were similar between those who received the MIS and open 
approach (Figure 2A,2B), and between those who received 
extended resection and standard resection (Figure 2C,2D).

Discussion

Recent research suggests that neoadjuvant immunotherapy 
improves the clinical outcomes of patients with operable 
locally advanced NSCLC (3). However, to date, no 
research has been conducted on the effect of induction 
immunotherapy on surgical resection, especially in 
relation to the resection extent and surgical approach. In 
this real-world study, we retrospectively included a large 
number of patients who received surgery after induction 
immunotherapy at a single-center and focused on the 
surgical outcomes in terms of the surgical approach 
and resection extent. We found that surgical resection 
after induction immunotherapy was safe and feasible in 
general, with a high R0 resection rate and satisfactory 
perioperative outcomes. Complete resection was the only 
independent predictor of better PFS and OS. Meanwhile, 
surgical invasiveness in terms of the surgical approach and 

resection extent was minimized by the effective induction 
of immunotherapy as shown by the objective radiological 
response, resulting in diminished surgical risks and better 
patient recovery.

Surgical resection after neoadjuvant immunotherapy 
for locally advanced NSCLC can be challenging. The 
effect of induction immunotherapy on surgical complexity 
has not yet been well explored. Dense fibrosis may 
develop in patients who respond to immunotherapy, 
resulting in increased difficulty for mediastinal and hilar  
dissection (5). However, it has been reported that only 8.1% 
(3 of 37) of operations after induction immunotherapy 
were “very complex” due to fibrotic change caused by 
immunotherapy (19). Conversely, many locally advanced 
NSCLCs are centrally located with local hilum invasion 
and thus resection is technically difficult. The effective 
induction of immunotherapy may lead to tumor regression 
and reduce invasion to the hilar structures. The results of 
the Checkmate-816 (3) trial suggested that the surgical 
outcomes of patients who received immunotherapy plus 
chemotherapy were more favorable than those who received 
chemotherapy alone. Specifically, there were fewer cases of 
pneumonectomy and a higher use of MIS in the patients 
who received immunotherapy plus chemotherapy (3). The 
higher MPR and pCR might account for better patient 
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Table 3 Oncological characteristics and surgical outcomes between the open approach group and minimally invasive surgery group

Characteristics Open (n=32) MIS (n=36) P value

Pathology 0.04

Adenocarcinoma 4 (12.5) 15 (41.6)

Squamous cell carcinoma 23 (71.9) 19 (52.8)

Others 5 (15.6) 2 (5.6)

Tumor location 0.04

Central 27 (84.4) 15 (41.7)

Peripheral 5 (15.6) 21 (58.3)

Radiology response 0.008

Partial response 12 (37.5) 25 (69.4)

Stable disease 20 (62.5) 11 (30.6)

Pathological response 0.33

MPR 14 (43.8) 20 (55.6)

Non-MPR 18 (56.3) 16 (44.4)

cStage at presentation 0.21

I/II 4 (12.5) 10 (27.8)

III 28 (87.5) 26 (72.2)

ycStage after induction 0.02

I/II 8 (25.0) 19 (52.8)

III 24 (75.0) 17 (47.2)

Resection status 0.14

R0 26 (81.2) 34 (94.4)

R1/R2 6 (18.8) 2 (5.6)

Operation time, min 153 [41–329] 152.5 [80–248] 0.59

EBL, mL 200 [100–1,500] 100 [100–200] 0.002

Complication 14 (43.8) 6 (16.7) 0.03

30-day mortality 1 (3.1) 0 0.47

Duration of chest drainage, days 5 [2–20] 4 [2–10] 0.009

POS, days 6 [3–20] 5 [3–16] 0.003

Data are presented as n (%) or median [range]. cStage, clinical stage; ycStage, clinical stage after induction; MPR, major pathological 
response; EBL, estimated blood loss; POS, postoperative length of stay.

survival in the immunotherapy arm; however, the study did 
not investigate whether the pathological response was also 
the underlying reason for the reduced resection extent and 
the higher use of MIS in that trial (3). In the current study, 
we found that the clinical response in terms of the ORR 
was not directly associated with the pathological response 
of the patients receiving neoadjuvant immunotherapy. 

However, the clinical response in terms of the PR provided 
the patients with more opportunities to have their tumors 
removed via MIS and/or standard resection (75.7% vs. 
51.6%, P=0.04). The pathological response in terms of 
the MPR was not associated with either the resection 
extent or the surgical approach. Therefore, while post-
treatment fibrosis may occur to some extent after induction 
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Table 4 Univariable and multivariable Fine-Gray proportional hazards model for survival of patients after resection

Variables
Univariable Multivariable

HR 95% CI P value HR 95% CI P value

PFS

Female versus male 1.78 0.14–2.22 0.41

Age (per 1 year old increase) 1.02 0.94–1.10 0.65

Non-SCC versus SCC 1.45 0.40–5.24 0.57

PR versus SD 0.98 0.28–3.49 0.98

Standard versus extended 1.75 0.44–7.01 0.43

MIS versus open 0.51 0.13–2.01 0.34

R0 versus non-R0 0.16 0.04–0.54 0.003 0.18 0.05–0.62 0.006

MPR versus non-MPR 0.09 0.01–0.72 0.02 0.11 0.02–1.06 0.06

pCR versus non-pCR 0.28 0.04–2.17 0.22

OS

Female versus male 2.48 0.05–3.39 0.40

Age (per 1 year old increase) 1.16 1.05–1.29 0.04 1.51 0.77–2.97 0.23

Non-SCC versus SCC 0.01 0.00–116.00 0.36

PR versus SD 0.42 0.04–4.25 0.46

Standard versus extended 0.01 0.00–57.07 0.35

MIS versus open 0.01 0.00–67.16 0.41

R0 versus non-R0 0.09 0.01–0.80 0.03 0.14 0.03–0.62 0.01

MPR versus non-MPR 0.25 0.03–3.08 0.31

pCR versus non-pCR 0.49 0.08–18.06 0.97

HR, hazard ratio; CI, confidential interval; PFS, progression-free survival; SCC, squamous cell carcinoma; SD, stable disease; PR, partial 
response; MIS, minimally invasive surgery; MPR, major pathological response; pCR, pathological complete response; OS, overall survival.

immunotherapy, the resection extent and feasibility of MIS 
largely depend on the effectiveness of tumor regression by 
neoadjuvant therapy.

Genera l ly,  most  pat ients  for  whom induct ion 
immunotherapy is planned have centrally located NSCLC, 
and this trend was also observed in our study. Extended 
resection was often inevitable, even after preoperative 
therapy. In the Checkmate-816 trial, 16.8% of the patients 
received pneumonectomy after immunotherapy (3). We 
found that extended resection was associated with worse 
perioperative outcomes than standard resection. Most of 
the extended resection cases required an open approach 
(77.4%). Conversely, in the standard resection cases, the 
open approach was necessary in only 21.6% of the patients. 
Not surprisingly, extended resection was associated with 

worse perioperative outcomes than standard resection. 
Nevertheless, the perioperative outcomes of the extended 
resection were generally acceptable. More importantly, 
extended resection achieved a similar rate of complete 
resection as that of standard resection. The multivariable 
analysis results showed that complete resection was 
associated with improved survival. Based on the acceptable 
perioperative outcomes and a high rate of complete 
resection, which is critical for oncological outcomes, 
extended resection should not be denied to patients after 
induction immunotherapy.

MIS has already been attempted in patients with locally 
advanced NSCLC after induction treatment (3). The 
reported conversion rates after induction immunotherapy 
have been quite high (11–54%) (2-4,6-14), which might be 
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Figure 2 Survival outcomes of patients after R0 resection. (A) DFS of patients receiving MIS or open surgery; (B) OS of patients receiving 
MIS or open surgery; (C) DFS of patients with different resection extents; (D) OS of patients with different resection extents. Extend, 
extended resection; Lob/seg, lobectomy/segmentectomy; DFS, disease-free survival; MIS, minimally invasive surgery; OS, overall survival.

because of the central tumor location and/or dense adhesion 
after induction. The conversion rate in the present study 
was only 2.7% (n=1), which was due to sufficient previous 
experience in MIS pulmonary resection after induction 
therapies at our center (20). For extended resection, 22.6% 
of the cases (7/31) were still able to be accomplished by 
MIS. To date, no study has compared the surgical outcomes 
of patients receiving MIS with those receiving open surgery 
after induction immunotherapy. In this study, MIS was 
found to be performed in more than half of the patients 
(52.9%), with a similar complete resection rate to that of 
the open approach. Compared with the open approach the 
MIS approach resulted in better perioperative outcomes. 
As MIS may help achieve better surgical outcomes and 
improve postoperative recovery, without compromising the 
completeness of the resection, it should be attempted in 
well-selected cases after immunotherapy.

In this study, we found that the effective induction of 
immunotherapy, represented by an objective radiological 
response before surgery, was associated with a higher 
proportion of standard resection and/or MIS in patients 
with locally advanced NSCLC. Patients with a PR after 
the effective induction of immunotherapy had more 
opportunities to receive MIS than those with SD (67.6% 
vs. 35.5%, P=0.008). When the resection extent was taken 
into consideration, the patients with a PR were significantly 
less likely to endure extended resection by the open 

approach than those with SD (24.3% vs. 48.4%, P=0.04). 
Therefore, the effective induction of immunotherapy 
in terms of a better radiological response could help to 
minimize surgical trauma by reducing the resection extent 
and/or increasing the use of MIS, and thus improving 
the perioperative recovery of patients. The radiological 
evaluation of the treatment response is helpful in deciding 
the resection extent and surgical approach. This supports 
our previous findings after induction targeted therapy for 
N2/stage IIIA NSCLC patients, which also showed that 
the effective induction of this therapy increased the use of 
VATS and reduced the resection extent, resulting in better 
perioperative outcomes (20).

This study had certain limitations. First, it was 
retrospective in nature and thus had unavoidable intrinsic 
biases. For example, the surgeon’s preference and experience 
might influence the perioperative surgical outcomes. 
However, in this real-world study, all consecutive patients 
treated during the study period were included to reduce 
potential selection biases. Second, patients who underwent 
induction immunotherapy but did not proceed to surgery 
were not included in this study, and the reasons for the 
cancelled surgeries were not analyzed. Third, different 
regimens of immunotherapy were used for induction, which 
might have effects on survival and recurrence; however, the 
main purpose of our study was to investigate the effect of 
immunotherapy on surgical resection. To further validate 
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our findings derived from a single center experience, a 
future multi-center real-world study utilizing prospectively 
collected data with similar objectives should be conducted.

Conclusions

In conclusion, surgical resection after the effective induction 
of immunotherapy for locally advanced NSCLC is safe and 
feasible in general. The complete removal of the disease is 
associated with better survival outcomes; however, extended 
resection is often necessary to achieve this goal. Our results 
suggest that the effective induction of immunotherapy 
in terms of a better radiological response could help to 
minimize surgical invasiveness by reducing the resection 
extent and/or increasing the feasibility of MIS, resulting in 
better patient recovery. Thus, immunotherapy should be 
further explored in the inductive setting for patients with 
locally advanced lung cancers.
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