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Purpose: This study aimed to compare the efficacy and safety of neoadjuvant chemotherapy (NCT) and neoadjuvant immunotherapy
combined with chemotherapy (NICT) combined with radical lung cancer resection for the treatment of patients with resectable non-
small cell lung cancer (NSCLC). To adjust for confounding factors, we innovatively adopted two matching methods: propensity score
(PS) and inverse probability of treatment weighting (IPTW).

Patients and Methods: We conducted a retrospective analysis of the clinicopathological features and prognosis of patients with
resectable NSCLC treated with NCT or NICT combined with radical lung cancer resection using propensity score matching (PSM) at
a ratio of 1:1 and IPTW to balance potential bias.

Results: After PSM, 116 pairs of patients who had undergone NCT or NICT were selected for the final analysis. The pathological
complete remission (pCR) and major pathological remission (MPR) rates were significantly better in the NICT group than in the NCT
group (pCR rate of 44.8% vs 2.6%, P< 0.001; MPR rate of 66.4% vs 20.7%, P< 0.001). No significant difference was seen between the
NICT and NCT groups in terms of postoperative complications (12.1% vs 9.5%, P=0.182). Patients in the NICT group had
significantly better disease-free survival (DFS) and overall survival(OS) than those in the NCT group ([3-year DFS: 75.2% vs
43.3%, P< 0.001] and [3-year OS: 91.5% vs 58.0%, P< 0.001]). Among all patients, those with postoperative pathology of pCR had
better DFS (P< 0.001) and OS (P= 0.009). Patients with postoperative pathology of MPR had better DFS (P< 0.001) and OS (P<
0.001). The IPTW method yielded similar pathologic and prognostic results.

Conclusion: Patients with resectable NSCLC treated with NICT had better pathological responses and prognosis, than those treated
with NCT, and the safety profiles of NICT and NCT were similar.

Keywords: neoadjuvant immunotherapy, neoadjuvant chemotherapy, non-small cell lung cancer, propensity score matching, inverse
probability of treatment weighting, lung cancer resection, immune checkpoint inhibitor
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Introduction

Globally, lung cancer is the primary cause of cancer-related fatalities, with non-small cell lung cancer (NSCLC) approximately
85% of all lung cancers.' Radical lung cancer resection is the main therapeutic option for resectable NSCLC; however, the
prognosis after surgery is poor, with a considerable number of patients experiencing local regional recurrence (LRR) and
distant metastasis (DM) even after complete tumor resection.”> DM is thought to result from the progression of minimal
residual diseases, which involve metastatic cancer cells that are undetectable on preoperative imaging. Therefore, the early
initiation of systemic treatment can maximize the elimination of micrometastases. Preoperative drug administration can inhibit
the primary lesion by delivering the drug to the tumor site through the intact vascular system, resulting in a decrease in the
tumor stage, further improving the surgical resection rate, reducing the total lung resection rate, and avoiding the possible
intraoperative dissemination of tumor cells to distant sites, thereby reducing the incidence of postoperative LRR and DM and
prolonging patient survival. However, adding neoadjuvant chemotherapy (NCT) only increased the 5-year survival rate by
5%.% In the era of immunotherapy, the rise of immune checkpoint inhibitors has provided a new treatment modality for a wide
range of tumors.>® The efficacy of immunotherapy as a treatment for advanced NSCLC has been demonstrated, with a notable
enhancement in the 5-year overall survival (OS) of patients being observed.”* In neoadjuvant therapy, immunotherapy offers
the opportunity to treat micrometastatic diseases early and enhance the immune response in the presence of large numbers of
tumors and tumor antigens.”'® Preclinical data suggest that neoadjuvant immunotherapy can elicit a more effective systemic
antitumor immune response prior to tumor resection by killing tumor cells to release antigens with less impairment of T cell
function.'" The efficacy and safety of neoadjuvant immunotherapy have been confirmed in a series of clinical trials.'*2*
However, current clinical studies on neoadjuvant immunotherapy in combination with chemotherapy (NICT) show a wide
variation in major pathological remission (MPR) rates, from 36.9% in the Checkmate 816 study to 82.9% in the NADIM
study.'®** There is limited evidence comparing NCT and NICT in patients with resectable NSCLC. In this real-world study,
we sought to evaluate the pathological response, long-term outcomes, and patterns of failure in patients with resectable
NSCLC who underwent NCT and NICT treatments. By utilizing propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW), we aimed to balance potential biases, offering insights to assist clinicians in their decision-
making and inform future clinical trials.

Materials and Methods

Patient Selection

Data from 306 patients with resectable NSCLC treated with NCT or NICT combined with surgery between January 2014
and March 2023 at our institution were retrospectively analyzed. NSCLC (squamous or adenocarcinoma) was patholo-
gically confirmed to be present in all patients, and all patients were genetically tested to exclude mutations in EGFR,
ALK, ROSI1, and MET, and received NCT with NICT only before surgical treatment. Those patients who had
unresectable tumors or metastases during exploratory surgery, those who received other neoadjuvant targeted therapies,
and those who refused follow-up were excluded (Figure 1). This study used the 8th edition of the Union for International
Cancer Control/American Joint Committee on Cancer (UICC/AJCC) TNM staging system.>> In this study, we have
excluded patients who participated in clinical trials, considering only those treated under routine clinical conditions.The
study was conducted in accordance with the Declaration of Helsinki and approved by the ethics committee of the
Shandong Cancer Hospital and Research Institute (No. SDTHEC2023004018).

Neoadjuvant Treatment Regimens

All patients underwent multidisciplinary consultation to assess their condition and determine the appropriate treatment
regimen before starting treatment, and computerized tomography (CT) or positron emission tomography-CT (PET-CT)
was performed before and after neoadjuvant treatment to assess tumor changes. The main preoperative chemotherapy
regimens for patients with NCT are intravenous paclitaxel-like and platinum-based drugs for patients with squamous cell
carcinoma and intravenous pemetrexed and platinum-based drugs for adenocarcinoma patients. Platinum-based drugs
included carboplatin, with an area under the curve of 5, or cisplatin 25 mg/m2 on days 1-3. Paclitaxel-based drugs
include paclitaxel 135-175 mg/m2 or albumin-bound paclitaxel 260 mg/m2. Pemetrexed (500 mg/m2) was then
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Patients with NSCLC who have undergone NCT or NICT plus
lung cancer resection between January 2014 and March 2023

Exclusion factors

1. Presence of mutations in EGFR, ALK, ROS1, and MET

2. Received other neoadjuvant targeted therapy

3. The presence of unresectable tumors or metastases during surgery
4. Refusal to follow up

Y

Total Eligible Patiens (N=306)
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NCT N=130 NICT N=176
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NCT and NICT in a 1:1 ratio for PSM
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Figure | Flow chart of study design.
Abbreviations: NSCLC, non-small cell lung cancer; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; PSM, propensity
score matching.

administered. Patients received 1-3 doses of preoperative chemotherapy every three weeks, and the average usage cycle
was two in the NICT and NCRT groups. For patients who chose NICT, the preoperative IT regimen consisted of 1-3
cycles of intravenous programmed cell death-1 (PD-1) inhibitor (tislelizumab at a dose of 200 mg, pembrolizumab at
a dose of 200 mg, camrelizumab at a dose of 200 mg, toripalimab at a dose of 240 mg, or sintilimab at a dose of 200 mg)
every three weeks, and the preoperative chemotherapy regimen was the same as that for NCT.

Surgical Treatment

All enrolled patients were clinically assessed for resectable NSCLC in a multidisciplinary consultation. All patients
underwent radical surgical resection of the lung cancer under general anesthesia 4-6 weeks after the completion of the
last neoadjuvant treatment. Surgical modalities included video-assisted thoracoscopic surgery (VATS) and thoracotomy.
The lungs were excised via lobectomy, sleeve resection, or total unilateral pneumonectomy. All patients returned to the
thoracic surgery department postoperatively and were encouraged to cough and spit to promote drainage and lung re-
expansion, and were instructed to move early to prevent postoperative complications.

Follow-Up

All selected patients received a regular outpatient review and telephone follow-up since admission, with regular physical
examinations, chest-enhanced CT, and, if necessary, PET-CT, ultrasound, tracheoscopy, magnetic resonance imaging, or
whole-body bone imaging during the follow-up period. For patients whose last case was recorded in the case system until
the cut-off time of this study was greater than 1 month, a telephone follow-up was performed to ask the patients for
details of their progress and survival. The follow-up ended on August 1, 2023, with a median follow-up of 20 months for
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all patients (range 8—117 months). The median follow-up period for patients in the NCT and NICT groups was 24 months
(range 8—117 months) and 18 months (range 7—45 months), respectively.

Study Endpoints

The primary study endpoints were disease-free survival (DFS) and OS. Secondary study endpoints included the rates of
pathological complete remission (pCR), MPR, RO resection, failure mode, and surgical complications. Two trained pathol-
ogists assessed all postoperative pathological results. The time interval between the radical resection of lung cancer and the
first recording of a recurrence, death due to any cause, or last follow-up visit was termed DFS. The period from the initiation of
the initial neoadjuvant therapy cycle to the death of any individual owing to any cause or the final follow-up visit was
designated as the OS. No residual tumor cells were present at the primary site of the surgical specimen or in the resected lymph
nodes (ypTONOMO), indicating pCR. MPR was defined as <10% of surviving tumor cells remaining in the pathological
examination of the postoperative specimen.’®*’ R0 resection was defined as the complete removal of the tumor with all
microscopic margins negative, (ie, no residual tumor). In the failure model, recurrence was divided into LRR and DM, with
LRR defined as a primary tumor or local lymph node recurrence and DM defined as non-regional lymph node metastases,
systemic metastases, malignant pleural effusion, or peritoneal metastases. In terms of surgical complications, this study mainly
recorded pneumonia, chylothorax, and hydropneumothorax, with other surgical complications categorized as others.

Statistical Analysis

PSM uses logistic regression to create a propensity score (PS) for individual patients using demographic and clinical variables.
PSM was used to assemble a well-balanced queue using all the available explanatory factors.® Therefore, This study
employed a 1:1 matching analysis between the NCT and NICT groups using the Nearest Neighbor Method without
replacement and a caliper of 0.2 to control for potential confounding factors that might influence the outcomes. In addition
to using PSM, we also applied IPTW to balance the baseline characteristics between the two groups. The variables used to
estimate PS were age, sex, Karnofsky (KPS) score, percentage of the forced expiratory volume (FEV 1%), mode of lung
resection, tumor location, history of smoking, history of alcohol consumption, concomitant disease, family history, number of
cycles of neoadjuvant therapy, clinical stage, presence of tracheoscopy and presence of PET/CT. Each patient who received
NCT was matched with the one who received NICT and had the closest PS. The Kruskal-Wallis, or independent samples #-test
was used to compare RO resection rates, pCR rates, MPR rates, surgical complications, and failure patterns. DFS and OS were
assessed using the Kaplan—Meier technique, and the Log rank test was used for comparison. All statistical analyses were
performed using the R software (version 4.2.1) and SPSS 25.0.

Results

Patients’ Baseline Characteristics

This study included 306 patients with resectable NSCLC who underwent either NCT or NICT combined with radical
surgical resection between January 2014 and March 2023, at our institution, with 130 (42.5%) and 176 (57.5%) in the
NCT and NICT groups, respectively. A 1:1 PSM of the NCT and NICT groups was performed balancing various factors
that could potentially be biased, and 116 pairs of NSCLC patients receiving NCT and NICT were selected for the final
analysis. Considering the distribution of propensity scores in both groups, as depicted by the histogram, we believe the
ability of propensity scores to discriminate between the two groups is satisfactory (Figure 2). Table 1 summarizes the
baseline traits of all patients before and after PSM and IPTW. The clinical characteristics of post-PSM patients were
more balanced and included age, sex, KPS, FEV 1%, tumor location, family history, concomitant disease, history of
smoking, history of alcohol consumption, clinical T stage, clinical N stage, clinical TNM stage, number of cycles of
neoadjuvant therapy, presence of tracheoscopy, and presence of PET/CT.

Pathological Response to Neoadjuvant Therapy
All patients underwent radical resection under general anesthesia 3—8 weeks after the last neoadjuvant treatment, with no
delays in surgery due to treatment-related adverse events. As shown in Table 2, patients in the NICT group had better
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Figure 2 Histogram for propensity scores.
Abbreviations: NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy.

outcomes in terms of pathological response than those in the NCT group, with a pCR rate of 44.8% in the NICT group
and 2.6% in the NCT group (P<0.001). In addition, the NICT group had a significantly higher rate of complete
pathological remission of both primary lesions and lymph nodes compared to the NCT group (primary lesions 44.8%
vs 2.6%, P<0.001; lymph nodes 75.9% vs 48.3%, P<0.001). The MPR rate was significantly higher in the NICT group
than that in the NCT group (66.4% vs 20.7%, P<0.001). No statistically significant difference was observed in the RO
resection rates between the NCT and NICT groups (96.6% vs 97.4%, P=1.000). No statistical differences were observed
between the NICT and NCT groups for both nerve invasion and lymphovascular invasion (LVSI) (0.0% vs 2.6% for
nerve invasion, P=0.245; 5.2% vs 7.8% for LVSI, P=0.593). The IPTW method yielded similar pathologic results.

Surgical Outcome

The surgical information for both groups of patients is shown in Table 3. VATS was selected by 54 patients (46.6%) in the
NICT group and 60 patients (51.7%) in the NCT group, with no statistical difference (P=0.511). No significant difference
was observed in intraoperative bleeding between the NICT and NCT groups (140.7 + 161.8 vs 111.8 = 79.7, P=0.086), and
the surgical interval was the time interval between the last treatment and surgery, again without a statistical difference (37.2 £
12.0 vs 35.9 £ 9.3, P=0.373). However, there was a noteworthy difference in the duration of surgery and length of surgical
stay between the NICT and NCT groups (duration of surgery 122.4 + 37.6 vs 137.8 + 39.1, P=0.003; length of surgical stay
16.5 + 6.4 vs 18.5 £ 5.8, P=0.048). In terms of postoperative complications, no significant difference was observed between
the NICT and NCT groups (12.1% vs 9.5%, P=0.182). Deaths within a short period after surgery occurred only in the NCT
group, with one death occurring within 30 days after surgery due to multiorgan failure.

Progression and Survival Outcomes

The median follow-up time for all patients in this study was 20 months (range, 8—117 months). The median follow-up
time for patients in the NCT and NICT groups was 24 months (range, 8—117 months) and 18 months (range, 745
months), respectively. As shown in Figure 3, the NICT group had significantly better DFS and OS than that of the NCT
group ([3-year DFS: 75.2% vs 43.3%, P<0.001] and [3-year OS: 91.5% vs 58.0%, P< 0.001]). Among all patients, those
with postoperative pathology of pCR had better DFS (P< 0.001) and OS (P= 0.009) (Figure 4). Patients with
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Table | Baseline Characteristics Before and After PSM and IPTW

Variable Before PSM After PSM IPTW
NCT NICT P value SMD NCT NICT P value SMD NCT NICT P value SMD
(n=130) | (n=176) (n=116) | (n=116) (n=302) | (n=309)
Age (%) 0.795 0.044 1.000 <0.001 0.976 0.004
<60 46 (35.4) 66 (37.5) 42 (36.2) 42 (36.2) 110 (36.4) | 112 (36.2)
260 84 (64.6) 110 (62.5) 74 (63.8) 74 (63.8) 192 (63.6) | 197 (63.8)
Sex (%) 0.355 0.125 1.000 0.023 0.898 0.016
Male 108 (83.1) | 154 (87.5) 96 (82.8) 95 (81.9) 253 (83.8) | 257 (83.2)
Female 22 (16.9) 22 (12.5) 20 (17.2) 21 (18.1) 49 (16.2) 52 (16.8)
Smoking (%) 0.225 0.154 0.687 0.071 0.810 0.029
No 54 (41.5) 60 (34.1) 44 (37.9) 48 (41.4) 112 (37.1) | 119 (38.5)
Yes 76 (58.5) 116 (65.9) 72 (62.1) 68 (58.6) 190 (62.9) | 190 (61.5)
Alcohol (%) 0.630 0.071 0.453 0.118 0.907 0.014
No 95 (73.1) 123 (69.9) 83 (71.6) 89 (76.7) 217 (71.9) | 224 (72.5)
Yes 35 (26.9) 53 (30.1) 33 (284) 27 (23.3) 85 (28.1) 85 (27.5)
Comorbidity (%) 0.284 0.138 0.894 0.035 0.879 0.019
No 74 (56.9) 112 (63.6) 66 (56.9) 68 (58.6) 181 (59.9) | 188 (60.8)
Yes 56 (43.1) 64 (36.4) 50 (43.1) 48 (41.4) 121 (40.1) | 121 (39.2)
KPS (%) 0.154 0.179 0.679 0.073 0.872 0.019
=80 47 (36.2) 49 (27.8) 38 (32.8) 42 (36.2) 95 (31.5) 100 (32.4)
>80 83 (63.8) 127 (72.2) 78 (67.2) 74 (63.8) 207 (68.5) | 209 (67.6)
Family history (%) 0.010 0314 0.394 0.135 0.893 0.017
No 101 (77.7) | 157 (89.2) 92 (79.3) 98 (84.5) 254 (84.1) | 258 (83.5)
Yes 29 (22.3) 19 (10.8) 24 (20.7) 18 (15.5) 48 (15.9) 51 (16.5)
FEV 1% (%) 0.306 0.143 0.286 0.176 0.737 0.041
<70 10 (7.7) 21 (11.9) 10 (8.6) 5(4.3) 30 (9.9) 27 (8.7)
>70 120 (92.3) | 155 (88.1) 106 (91.4) | 111 (95.7) 272 (90.1) | 282 (91.3)
Tracheoscopy (%) 0.660 0.064 1.000 0.017 0816 0.029
No 64 (49.2) 81 (46.0) 56 (48.3) 57 (49.1) 147 (48.7) | 146 (47.2)
Yes 66 (50.8) 95 (54.0) 60 (51.7) 59 (50.9) 155 (51.3) | 163 (52.8)
PET-CT (%) 0.179 0.171 0.776 0.056 0.720 0.044
No 91 (70.0) 109 (61.9) 79 (68.1) 82 (70.7) 198 (65.6) | 209 (67.6)
Yes 39 (30.0) 67 (38.1) 37 (31.9) 34 (29.3) 104 (34.4) | 100 (32.4)
T (%) 0.376 0.205 0.493 0.205 0.515 0.186
| 13 (10.0) 12 (6.8) 12 (10.3) 9(7.8) 28 (9.3) 22 (7.1)
2 77 (59.2) 95 (54.0) 69 (59.5) 62 (53.4) 180 (59.6) | 164 (53.1)
3 22 (16.9) 34 (19.3) 21 (18.1) 24 (20.7) 48 (15.9) 63 (20.4)
4 18 (13.8) 35 (19.9) 14 (12.1) 21 (18.1) 46 (15.2) 60 (19.4)
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N (%) 0.129 0.196 0.132 0.221 0.060 0.235
NO 19 (14.6) 39 (22.2) 17 (14.7) 27 (23.3) 42 (13.9) 71 (23.0)
N+ 111 (854) | 137 (77.8) 99 (85.3) 89 (76.7) 260 (86.1) | 238 (77.0)

TNM (%) 0.152 0.223 0.828 0.081 0.978 0.025
| 53.8) 3(1.7) 4 (34) 3 (2:6) 8 (2.6) 7 (2.3)
Il 39 (30.0) 40 (22.7) 35 (30.2) 32 (27.6) 8l (26.8) 84 (27.2)
n 86 (66.2) 133 (75.6) 77 (66.4) 81 (69.8) 213 (70.5) | 218 (70.6)

Pathology (%) < 0.001 0.689 < 0.001 0.58 < 0.001 0.664
Squamous carcinoma 55 (42.3) 131 (74.4) 50 (43.1) 82 (70.7) 129 (42.7) | 228 (73.8)
Adenocarcinoma 75 (57.7) 45 (25.6) 66 (56.9) 34 (29.3) 173 (57.3) 81 (26.2)

Neoadjuvant cycle (%) 1.000 0.002 | < 0.001 0.801 0.028
<2 3(23) 4 (2.3) 2 (1.7) 2 (1.7) 6 (2.0 5(1.6)
2 127 (97.7) | 172 (97.7) 114 (98.3) | 114 (983) 296 (98.0) | 304 (98.4)

Chemotherapy regimen (%) < 0.001 0.689 < 0.001 0.580 < 0.001 0.664
Paclitaxel plus platinum 55 (42.3) 131 (74.4) 50 (43.1) 82 (70.7) 129 (42.7) | 228 (73.8)
Pemetrexed plus platinum | 75 (57.7) 45 (25.6) 66 (56.9) 34 (29.3) 173 (57.3) | 8l (26.2)

Adjuvant therapy (%) 0.095 0.213 0.020 0.331 0.062 0.234
No 22 (16.9) 45 (25.6) 19 (16.4) 35 (30.2) 52 (17.2) 83 (26.9)
Yes 108+83.1 131 (74.4) 97 (83.6) 81 (69.8) 250 (82.8) | 226 (73.1)

Abbreviations: PSM, propensity score matching; IPTWV, inverse probability of treatment weighting; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; SMD, standardized mean
difference; Comorbidity, including hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary atherosclerotic heart disease; KPS, Karnofsky Performance Status; FEV 1%, forced expiratory volume in one second/
forced vital capacity;
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Table 2 Comparative Analysis of Pathological Outcomes Between NCT and NICT Before and After PSM and IPTW

Variable Before PSM After PSM IPTW
NCT NICT P value NCT NICT P value NCT NICT P value
(n=130) (n=176) (n=116) (n=116) (n =302) (n =309)
RO resection (%) 1.000 1.000 0.904
No 4 (3.1) 5(28) 4 (34) 3 (2.6) 9 (3.0 10 (3.2)
Yes 126 (96.9) 171 (97.2) 112 (96.6) 113 (97.4) 293 (97.0) 299 (96.8)
pCR (%) < 0.001 < 0.001 < 0.001
pCR 4 (3.1 78 (44.3) 3 (2.6) 52 (44.8) 7 (23) 135 (43.7)
Non-pCR 126 (96.9) 98 (55.7) 113 (97.4) 64 (55.2) 295 (97.7) 174 (56.3)
MPR (%) < 0.001 < 0.001 < 0.001
MPR 29 (22.3) 116 (65.9) 24 (20.7) 77 (66.4) 68 (22.5) 209 (67.6)
Non-MPR 101 (77.7) 60 (34.1) 92 (79.3) 39 (33.6) 234 (77.5) 100 (32.4)
Primary lesion < 0.001 < 0.001 < 0.001
Complete pathological remission (%)
No 126 (96.9) 98 (55.7) 113 (97.4) 64 (55.2) 295 (97.7) 175 (56.6)
Yes 4 (3.1 78 (44.3) 3 (2.6) 52 (44.8) 7 (2.3) 134 (43.4)
Lymph nodes < 0.001 < 0.001 < 0.001
Complete pathological remission (%)
No 66 (50.8) 46 (26.1) 60 (51.7) 28 (24.1) 160 (53.0) 77 (24.9)
Yes 64 (49.2) 130 (73.9) 56 (48.3) 88 (75.9) 142 (47.0) 232 (75.1)
Neural invasion (%) 0.415 0.245 0.048
No 127 (97.7) 175 (99.4) 113 (97.4) 116 (100.0) 295 (97.7) 308 (99.7)
Yes 3(23) 1 (0.6) 3 (2.6) 0 (0.0) 7 (23) 1 (0.3)
LVSI (%) 0.238 0.593 0.146
No 118 (90.8) 167 (94.9) 107 (92.2) 110 (94.8) 274 (90.7) 294 (95.1)
Yes 12 (9.2) 9 (5.1 9(7.8) 6(52) 28 (9.3) 15 (4.9)

Abbreviations: PSM, propensity score matching; IPTW, inverse probability of treatment weighting; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; pCR, pathological complete
remission; MPR, major pathological remission; LVSI, lymphovascular invasion.
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Table 3 Comparative Analysis of Surgical Information Between NCT and NICT Before and After PSM and IPTW

Variable Before PSM After PSM IPTW
NCT NICT P value NCT NICT P value NCT NICT P value
(n=130) (n=176) (n=116) (n=116) (n =302) (n =309)

Surgical approach (%) 0.367 0.511 0.352
Thoracotomy 64 (49.2) 97 (55.1) 56 (48.3) 62 (53.4) 148 (49.0) 169 (54.7)

VATS 66 (50.8) 79 (44.9) 60 (51.7) 54 (46.6) 154 (51.0) 140 (45.3)

Surgical excision method (%) 0.503 0.578 0.941
Lung lobectomy 111 (85.4) 156 (88.6) 97 (83.6) 101 (87.1) 261 (86.4) 268 (86.7)
Non-lobectomy 19 (14.6) 20 (11.4) 19 (16.4) 15 (12.9) 41 (13.6) 41 (13.3)

Length of stay in hospital (day) 18.2+5.6 16.3+5.9 0.015 18.5+5.8 16.5+6.4 0.048 18.1£5.7 16.4+6.1 0.044

Intraoperative bleeding (mL) 112.8+76.5 128.6+134.1 0.229 111.8+79.7 140.7+161.8 0.086 112.2+71.4 129.3x141.3 0.185

Length of surgery (min) 138.0+£38.6 123.1£36.3 0.001 137.8+39.1 122.4+37.6 0.003 139.1£39.7 122.8+36.8 0.001

Surgical interval (day) 35.5+9.4 37.3%11.5 0.149 35.949.3 37.2+12.0 0.373 35.319.17 37.4%11.2 0.079

30d death (%) 0.879 1.000 0.308
No 129 (99.2) 176 (100.0) 115 (99.1) 116 (100.0) 298 (98.7) 309 (100.0)

Yes 1 (0.8) 0 (0.0 1 (0.9) 0 (0.0) 4 (1.3) 0 (0.0

90d death (%) 0.879 1.000 0.308
No 129 (99.2) 176 (100.0) 115 (99.1) 116 (100.0) 298 (98.7) 309 (100.0)

Yes 1 (0.8) 0 (0.0) 1 (0.9) 0 (0.0) 4(1.3) 0 (0.0

Postoperative complications (%) 0.317 0.182 0.144

No 118 (90.8) 153 (86.9) 105 (90.5) 102 (87.9) 271 (89.8) 272 (88.0)
Pneumonia 2 (1.5) 6 (3.4) 3 (2.6) 4 (34) 9 (3.0) 12 (3.9)
Chylothorax 0 (0.0 3(1.7) 0 (0.0) 2 (1.7) 0 (0.0 5(1.6)
Hydropneumothorax 4 (3.1) 9 (5.1) 4 (34) 6 (5.2) 11 (3.6) 12 (3.9)

Others 6 (4.6) 5(2.8) 4 (3.4) 2 (1.7) 11 (3.6) 8 (2.6)

Abbreviations: PSM, propensity score matching;
thoracoscopic surgery.

IPTW, inverse probability of treatment weighting; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; VATS, video-assisted

aro(q

|e 32 oeyz


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

>
@

Strata =~ NICT == NCT Strata == NICT == NCT
2
210 — 1.0
g "'+;_+ g i T2 +q.:?'1 e
® 0.8 g z08 AR
o *‘"+ - = Foi s
9] e n B R
&= 06 Lk N = 06
q') p-value < 0.001 e b © p-value < 0.001
& 0.4 Qo4
o (@]
a 0 6 12 18 24 30 36 0 6 12 18 24 30 36
Time in months Time in months
Number at risk:n(%) Number at risk:n(%)

"g -— 76 (100) 167 {95) 120 (68) B4 (36) 25(14) 4{2) 1N "g = 76 (100) 176 (100) 150 (85) 93 (53} 44 (25) 9(5) 1(1)
g - 30 (100} 110 (85) 77 (59) 61(47) 43 (33) 33(25) 23(18) % o 30 (100) 128 (98) 101{78) 86 (66) 63 (48) 44 (34) 31(24)

0 6 12 18 24 30 36 0 6 12 18 24 30 36

Time in months Time in months
c D
Strata == NICT == NCT Strata == NICT == NCT
§ 1.0 1.0
g — = 1 e
g o ‘e, > S i ST %
0.8 +2- z08 S
b g o @ e
\.E_J 0.6 L T =06 R LY SreretRpuy
& p-value < 0.001 Tt o e - g p-value < 0.001
204 -t o4
o o
() 0 6 12 18 24 30 36 0 6 12 18 24 30 36
Time in months Time in months
Number at risk:n(%) Number at risk:n(%)

% = 16 (100) 109 {94) 80 (69) 47 (41) 16 (14) 4(3) 1(1) % = 116 (100) 116 (100) 99 (85) 64 (55} 27 (23) 71(8) 1{1)
% — 16 (100) 98 (84} 67 (58) 51 (44) 36 (31) 27 (23 17 (18) c% e 116 {100) 114 {98) 871{15) 73 (63} 54 (47) 37(32) 24.(21)

0 6 12 18 24 30 36 0 6 12 18 24 30 36

Time in months Time in months

Figure 3 Kaplan-Meier survival analysis of DFS (A) and OS (B) between NCT and NICT before PSM; Kaplan-Meier survival analysis of DFS (C) and OS (D) between NCT
and NICT after PSM.

Abbreviations: PSM, propensity score matching; DFS, disease-free survival; OS, overall survival; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy
combined with chemotherapy.

postoperative pathology of MPR had better DFS (P< 0.001) and OS (P< 0.001) than those without MPR (Figure 5). This
study also analyzed the failure modes of the two groups, with two (1.7%) patients in the NICT group and four (3.4%)
patients in the NCT group experiencing LRR, with no significant difference observed (P= 0.679). The DM in the NICT
group was significantly better than that of the NCT group (6.0% vs 32.8%, P<0.001) (Table 4).

The Kaplan-Meier survival analyses for DFS and OS comparing NCRT and NICT, both pre and post-IPTW, are
delineated in Figure 6. Additionally, Kaplan-Meier survival analyses of DFS and OS for pCR and Non-pCR groups and
MPR and Non-MPR groups before and after the application of IPTW are shown in Figures 7 and 8. The findings from
this extensive analysis are bolstered by the coherence of results derived from two distinct statistical methodologies.

Univariate and Multivariate Regression Analysis
Through a logistic regression analysis examining pCR, our results indicate that neoadjuvant regimens independently
predict pCR with significance (P<0.001) as shown in Table 5.

In the Cox regression analysis assessing OS, both the neoadjuvant treatment regimen and MPR emerged as
independent prognostic factors (P=0.023 and P=0.004, respectively). Meanwhile, in the analysis for DFS, MPR
(P<0.001) and lymph nodes pCR (P=0.016) stood out as independent prognostic indicators. Notably, the neoadjuvant
regimen did not demonstrate a significant prognostic distinction in DFS (P=0.106), as detailed in Table 6.
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Figure 4 Kaplan-Meier survival analysis of DFS (A) and OS (B) between pCR and Non-pCR before PSM; Kaplan-Meier survival analysis of DFS (C) and OS (D) between
pCR and Non-pCR after PSM.
Abbreviations: PSM, propensity score matching; DFS, disease-free survival; OS, overall survival; pCR, pathological complete remission.

Discussion

In patients with resectable NSCLC, sometimes surgical treatment alone is ineffective or not radically resectable In recent
years, a neoadjuvant therapy model jointly formulated by multiple disciplines has been widely used for NSCLC patients,
and neoadjuvant therapy combined with radical resection of lung cancer has become the standard treatment for patients
with resectable NSCLC. With the success of immune checkpoint inhibitors that block the PD-1 signaling pathway in the

treatment of advanced ‘rumors,zg’33

immunotherapy has also been added to neoadjuvant therapy and has significantly
improved patient prognosis. Few studies have compared NICT with NCT in patients with resectable NSCLC; therefore,
we retrospectively analyzed the efficacy and safety of NICT versus NCT for resectable NSCLC. To validate the
reliability of our study, we employed two methods (PSM and IPTW) to control for confounding factors and conducted
a thorough analysis. IPTW also requires the initial calculation of the PS. Through PS, each patient is assigned a weight,
with the treatment group weight being 1/PS and the control group weight being 1/(1-PS). By standardizing each patient
with PS weighting, a standardized population is ultimately obtained. Within this standardized cohort, the distribution of
confounders in both the treatment and control groups tends to be consistent. This means that any difference in treatment
outcomes between the groups can be attributed to the different treatment protocols used, allowing for a direct compar-
ison. Compared to the sole use of PSM, an advantage of the IPTW method is that it does not result in a loss of sample
size.>® In this study, the pCR and MPR rates of the NICT group were significantly better than those of the NCT group
both before and after matching, and the NICT group also had a significant advantage in terms of DFS and OS. Moreover,
we observed that NICT did not increase the difficulty of surgery according to the duration of surgery or the amount of
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Figure 5 Kaplan-Meier survival analysis of DFS (A) and OS (B) between MPR and Non-MPR before PSM; Kaplan-Meier survival analysis of DFS (C) and OS (D) between
MPR and Non-MPR after PSM.
Abbreviations: PSM, propensity score matching; DFS, disease-free survival; OS, overall survival; MPR, major pathological remission.

intraoperative bleeding, and there was also no difference in the occurrence of postoperative complications between the
two groups, proving the efficacy and safety of NICT.

Several studies have compared the efficiency of NCT combined with surgery for NSCLC patients to surgery alone
and found that NCT significantly improved the prognosis of patients but with very limited efficacy. Roth et al
demonstrated that preoperative 3-week chemotherapy significantly prolonged 3- and 5-year OS in patients with stage
IIIA NSCLC compared with surgery alone (43% vs 19%; 36% vs 15%).>> The 2003 JCOG9029 trial compared the
survival outcomes of patients with stage IIIA (N2) NSCLC treated with preoperative NCT plus surgery versus surgery
alone and concluded that there was little difference in OS between the two groups.>® A meta-analysis of 15 randomized

Table 4 Failure Modes After Surgery

Failure mode Before PSM After PSM IPTW
NCT NICT P value NCT NICT P value NCT NICT P value
(n=130) [ (n=176) (n=116) | (n=116) (n=302) | (n=309)
DM 42 (32.3) 11 (6.2) < 0.001 38 (32.8) 7 (6.0) < 0.001 103 (34.1) 21 (6.8) < 0.001
LRR 4 (3.1) 5(2.8) 1.000 4 (34) 2 (1.7) 0.679 9 (3.0 6 (1.9 0.532

Abbreviations: PSM, propensity score matching; IPTW, inverse probability of treatment weighting; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy
combined with chemotherapy; LRR, local regional recurrence; DM, distant metastasis.
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Figure 6 Kaplan-Meier survival analysis of DFS (A) and OS (B) between NCT and NICT before inverse probability of treatment weighting; Kaplan-Meier survival analysis of
DFS (C) and OS (D) between NCT and NICT after inverse probability of treatment weighting.
Abbreviations: DFS, disease-free survival; OS, overall survival; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy.

controlled NCT trials in 2385 patients showed a significant improvement in OS after preoperative chemotherapy
compared with surgery alone (HR = 0.87, 95% CI: 0.78 to 0.96, P=0.007), with a 5% absolute improvement in
conversion from preoperative chemotherapy to 5-year OS.*

However, immunotherapy significantly improves the prognosis of patients with resectable NSCLC. The antitumor
effect produced by preoperative neoadjuvant immunotherapy not only shrinks the tumor but also maximizes the
activation of the antitumor effect before surgical lymph node dissection. After the primary lesion has been removed,
activated T cells are still able to target potential metastatic lesions from “memory”, improving the prognosis.®’ The
Checkmate 816 study concluded that in patients with resectable NSCLC, NICT prolonged DFS by 11 months and
increased pCR rates compared with those associated with chemotherapy alone (24.0% vs 2.2% pCR rates,
respectively).”> However, existing studies show wide variations in the MPR rates, from 36.9% in the Checkmate 816
study to 82.9% in the NADIM study, hence the real-time scenario remains unclear.'®**

This study obtained similar results, with NICT significantly increasing pCR rates and MPR rates, which in turn
significantly improved DFS and OS. Preclinical studies have shown that chemotherapeutic agents can promote immune
response by disrupting the activity of immunosuppressive cells, causing immunogenic death, and upregulating of MHC
class I molecule expression.** *' We did not perform further subgroup analyses of the immunological drugs in this study,
which were all selected from Chinese domestic PD-1 inhibitors, and by default, the basic pharmacological mechanism of
action of PD-1 inhibitors is the same. Patients with postoperative pathology up to pCR and MPR had a better prognosis
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Figure 7 Kaplan-Meier survival analysis of DFS (A) and OS (B) between pCR and Non-pCR before inverse probability of treatment weighting; Kaplan-Meier survival analysis
of DFS (C) and OS (D) between pCR and Non-pCR after inverse probability of treatment weighting.
Abbreviations: DFS, disease-free survival; OS, overall survival; pCR, pathological complete remission.

than those with non-pCR and non-MPR, which is consistent with the results of previous studies.*> Before matching,
patients with postoperative pathology results of pCR had a significant advantage in both OS and DFS. After matching,
we similarly saw a significant advantage, which reminds us that higher pCR rates remain a focus of neoadjuvant
treatment strategies. MPR and pCR are suggested as surrogate endpoints for survival, as they are strongly associated with
improved survival and may therefore provide a faster way to compare different neoadjuvant treatment options.>”**
However, a major limitation is the lack of precision in the MPR owing to inherent interobserver variability.** The
relationship between pathological response and survival benefit requires further evaluation in ongoing neoadjuvant
therapy trials involving NSCLC patients. For the failure mode, no significant difference was observed between the
NICT and NCT groups in terms of LRR, suggesting that early implementation of both neoadjuvant treatments provided
control of the tumor lesion and increased the success rate of the procedure. However, in terms of DM, NICT has
a significant advantage over NCT, indicating that NICT is more advantageous in eliminating micrometastases that cannot
be detected using conventional imaging.

In previous studies on neoadjuvant radiotherapy, although neoadjuvant chemoradiotherapy reduced tumor staging, the
complexity of the procedure increased, possibly because neoadjuvant treatment can lead to local tissue adhesions and
increased vascular fragility, thus making the procedure more difficult.*>*® However, in this study, no significant
differences were found in the amount of intraoperative bleeding and RO resection rates between the NICT and NCT

groups, and the duration of surgery and surgical hospital stay were significantly lower in the NICT group than in the NCT
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Figure 8 Kaplan-Meier survival analysis of DFS (A) and OS (B) between MPR and Non-MPR before inverse probability of treatment weighting; Kaplan-Meier survival
analysis of DFS (C) and OS (D) between MPR and Non-MPR after inverse probability of treatment weighting.
Abbreviations: DFS, disease-free survival; OS, overall survival; MPR, major pathological remission.

group, indicating that the addition of immunotherapy not only did not increase the difficulty and unresectability of
surgery but also reduced it. Our results were consistent with the findings of previous clinical studies. In the Checkmate
816 study, the nivolumab combined with the chemotherapy group had a shorter median duration of surgery and a higher
RO resection rate compared to the chemotherapy alone group (83.2% vs 77.8%), and adverse events of any cause
occurred in 92.6% of the nivolumab combined with chemotherapy group and in 97.2% of the chemotherapy-only group.
In the NADIM study, the addition of neoadjuvant nivolumab to chemotherapy was well-tolerated, with a similar
frequency of treatment-related adverse events as in the chemotherapy-only arm. This could be attributed to the fact
that immunotherapy enhances microcirculation and NICT can kill tumor cells more effectively, resulting in more
significant tumor shrinkage, and reduced surgical staging. Again, we did not find an increased risk of delayed surgery
with NICT. It is well known that early diagnosis and timely surgery can significantly improve the cure and survival rates
of lung cancer.*’ In terms of postoperative complications, the addition of IT, which did not increase the incidence of
complications such as postoperative pneumonia, demonstrated the feasibility and safety of NICT in treating resectable
NSCLC.

NICT has an irreplaceable role in the treatment of patients with resectable NSCLC owing to its clear advantages in
terms of pathological response and long-term prognosis, as well as its ability to eliminate distant micrometastatic lesions;
however, NICT remains controversial. First, not all patients will benefit from NICT; therefore, finding markers that
screen for patients who will benefit from NICT and establish a definitive relationship with clinical benefit can provide
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Table 5 Logistical Regression Analysis for Predictors of pCR

Variables Univariate Analysis Multivariate Analysis
OR(95% CI) P value OR(95% CI) P value
Neoadjuvant therapy
NCT Reference Reference
NICT 25.071(8.871, 70.855) <0.001 19.033(6.615, 54.761) <0.001
Age (<60) 0.703(0.419, 1.180) 0.182
Sex (Male) 1.771(0.786, 3.989) 0.168
Smoking history (Yes) 1.202(0.707, 2.042) 0.496
Alcohol history (No) 0.807(0.455, 1.430) 0.462
Comorbidity (No) 0.859(0.509, 1.449) 0.569
KPS
>80 1.103(0.642, 1.894) 0.723
=80 Reference
Family history (No) 0.585(0.270, 1.268) 0.174
FEV 1% (>70) 1.286(0.532, 3.108) 0.577
Clinical T stage
| Reference
2 1.262(0.475, 3.347) 0.641
3 1.267(0.428, 3.751) 0.670
4 0.829(0.267, 2.575) 0.746
Clinical N stage
NO Reference
N+ 1.167(0.620, 2.197) 0.631
Clinical TNM stage
| Reference
Il 1.158(0.217, 6.177) 0.864
1] 1.081(0.212, 5.506) 0.926
Pathology
Adenocarcinoma Reference Reference
Squamous carcinoma 3.255(1.795, 5.901) <0.001 1.895(0.965, 3.720) 0.063
Surgical approach
Thoracotomy Reference
VATS 0.944(0.569, 1.568) 0.825
Postoperative complications (Yes) 1.291(0.602, 2.770) 0.512

Abbreviations: pCR, pathological complete remission; OR, odds ratio; 95% Cl, 95% confidence interval; NCT, neoadjuvant chemother-
apy; NICT, neoadjuvant immunotherapy combined with chemotherapy; Comorbidity, including hypertension, diabetes mellitus, chronic
obstructive pulmonary disease, coronary atherosclerotic heart disease; KPS, Karnofsky Performance Status; FEV 1%, forced expiratory
volume in one second/forced vital capacity; VATS, video-assisted thoracoscopic surgery.

a basis for clinical decision-making and provide patients with more confidence in immunotherapy. This requires not only
screening for more clinically relevant markers of immunotherapy but also a combination of multiple markers to allow
more accurate screening of those who will benefit from neoadjuvant immunotherapy. Second, the optimal number of
neoadjuvant treatment cycles was determined. The neoSCORE study, which compared 2-cycle and 3-cycle neoadjuvant
therapies, initially showed that more cycles of NICT resulted in higher MPR and pCR rates for patients with resectable
NSCLC and were well tolerated.*® However, the optimal number of cycles of neoadjuvant therapy is inconclusive and
needs to be confirmed using evidence-based medical evidence.

This study had certain limitations: (1) The efficacy and safety of different chemotherapeutic and immunological drugs
vary slightly, and the long duration of this study might have introduced variations, therefore we used PSM to minimize
the impact of bias; (2) the sample size was not sufficiently large and the follow-up period was relatively short.
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Table 6 Cox Regression Analysis for Predictors of OS and DFS

Variables OS Univariate Analysis OS Multivariate Analysis DFS Univariate Analysis DFS Multivariate Analysis
HR(95% CI) P HR(95% CI) P HR(95% CI) P HR(95% CI) P
Neoadjuvant therapy
NCT Reference Reference Reference Reference
NICT 0.239(0.115, 0.500) <0.001 0.381(0.166, 0.877) 0.023 0.346(0.215, 0.557) <0.001 0.651(0.387, 1.095) 0.106
Age (<60) 0.549(0.313, 0.962) 0.036 0.644(0.354, 1.170) 0.148 0.758(0.491, 1.168) 0.209
Sex (Male) 0.805(0.377, 1.719) 0.575 0.832(0.460, 1.504) 0.542
Smoking (No) 0.834(0.475, 1.464) 0.528 0.749(0.488, 1.151) 0.188
Alcohol (Yes) 1.314(0.719, 2.399) 0.374 1.170(0.734, 1.864) 0510
Comorbidity (Yes) 0.908(0.510, 1.617) 0.744 1.042(0.674, 1.610) 0.854
KPS
>80 0.776(0.431, 1.395) 0.396 0.942(0.603, 1.472) 0.794
=80 Reference Reference
Family history (Yes) 1.191(0.606, 2.341) 0611 1.026(0.593, 1.774) 0.928
FEV 1% (>70) 0.936(0.370, 2.369) 0.888 0.852(0.439, 1.652) 0.635
Clinical T stage
| Reference Reference
2 0.439(0.177, 1.091) 0.076 0.599(0.279, 1.284) 0.188
3 0.599(0.213, 1.684) 0.331 0.932(0.405, 2.148) 0.869
4 0.838(0.317, 2.212) 0.721 0.965(0.421, 2.211) 0.933
Clinical N stage
NO 0.729(0.327, 1.624) 0.439 0.685(0.372, 1.263) 0.226
N+ Reference Reference
Clinical TNM stage
| Reference Reference
1l 1.565(0.203, 12.062) 0.668 3.277(0.441, 24.350) 0.246
1 1.520(0.208, 11.115) 0.680 2.995(0.415, 21.644) 0.277
Pathology
Adenocarcinoma Reference Reference Reference Reference
Squamous carcinoma 0.447(0.251, 0.795) 0.006 0.870(0.457, 1.659) 0.673 0.386(0.249, 0.598) <0.001 0.674(0.418, 1.088) 0.106
Surgical approach
Thoracotomy Reference Reference Reference
VATS 0.529(0.284, 0.986) 0.045 0.564(0.299, 1.066) 0.078 1.161(0.753, 1.789) 0.499
Surgical excise method
Lung lobectomy Reference Reference
Non-lobectomy 1.419(0.707, 2.851) 0.325 0.695(0.358, 1.347) 0.281
(Continued)
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Table 6 (Continued).

Variables

OS Univariate Analysis

OS Multivariate Analysis

DFS Univariate Analysis

DFS Multivariate Analysis

HR(95% CI) P HR(95% CI) P HR(95% CI) P HR(95% CI) P

Postoperative complications (Yes) 1.327(0.524, 3.362) 0.550 1.272(0.634, 2.552) 0.498

LVSI (Yes) 3.057(1.368, 6.833) 0.006 1.876(0.809, 4.354) 0.143 3.366(1.820, 6.224) <0.001 1.539(0.814, 2.910) 0.185
MPR (No) 6.862(2.919, 16.129) <0.001 4.279(1.581, 11.581) 0.004 8.826(4.554, 17.108) <0.001 7.462(3.385, 9.450) <0.001
RO resection (Yes) 0.889(0.215, 3.671) 0.870 0.736(0.269, 2.014) 0.551

Primary lesion Complete 0.219(0.068, 0.706) 0.011 1.375(0.334, 5.652) 0.659 0.250(0.115, 0.543) <0.001 1.961(0.750, 5.127) 0.170
pathological remission (Yes)

Lymph Nodes Complete 0.416(0.233, 0.742) 0.003 0.716(0.381, 1.347) 0.301 0.330(0.212, 0.513) <0.001 0.546(0.334, 0.891) 0.016
pathological remission (Yes)

Adjuvant therapy (Yes) 1.325(0.620, 2.830) 0.468 2.159(1.115, 4.182) 0.023 1.505(0.765, 2.958) 0.236
Length of surgery 1.003(0.996, 1.010) 0.399 1.001(0.996, 1.006) 0.710

Surgical interval 0.999(0.968, 1.031) 0.965 0.987(0.963, 1.012) 0.318

Number of lymph nodes removed 0.989(0.953, 1.027) 0.568 1.001(0.973, 1.029) 0.971

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; 95% Cl, 95% confidence interval; NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunotherapy combined with chemotherapy; Comorbidity,
including hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary atherosclerotic heart disease; KPS, Karnofsky Performance Status; FEV |%,forced expiratory volume in one second/forced vital capacity; VATS,

video-assisted thoracoscopic surgery; LVSI, lymphovascular invasion; MPR, major pathological remission.
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Conclusion
Patients with resectable NSCLC who underwent NICT exhibited improved pathological responses and prognosis
compared to those treated with NCT. Additionally, the safety profiles between NICT and NCT were comparable.
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