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Background

This open, observational clinical study aimed to investigate the efficacy, safety and survival outcomes of neoadjuvant chemotherapy, neoadjuvant immunotherapy with(out) chemotherapy and neoadjuvant targeted therapy among resectable stage III non-small cell lung cancer (NSCLC) patients (NCT04197076) in real world. 48 of the 57 evaluable patients were included in this interim analysis.





Methods

This study was conducted at Shanghai Chest Hospital and included eligible NSCLC patients who were 18 years or older and had resectable clinical stage III disease. Surgical resection was conducted after neoadjuvant chemotherapy (13 patients), immunotherapy with(out) chemotherapy (26 patients), and targeted therapy (9 patients). Disease-free survival (DFS) was evaluated as the primary endpoint. The secondary endpoint was pathological complete response (pCR) rate. Clinical response rate (cRR), related adverse events (AEs), surgical feasibility and pathological features were also discussed in this study.





Results

Significant differences in DFS were noted between chemotherapy and immunotherapy [7.7 months (range, 3.1 to 23.2 months) vs. 9.6 months (range, 4.0 to 47.9 months); P=0.032], and between chemotherapy and targeted therapy [7.7 months (range, 3.1 to 23.2 months) vs. 13.2 months (range, 7.5 to 32.2 months); P=0.015], but not between immunotherapy and targeted therapy (P=0.500). Subgroup analysis also favored neoadjuvant immunotherapy and targeted therapy. 5 patients achieved pathological complete response (pCR), all of whom were in the neoadjuvant immunotherapy arm, leading to a pCR rate of 19.2% in this arm. Treatment-emergent adverse events (TEAEs) of over grade 3 occurred in 11 patients (19.3%), with 5 (29.4%) in the chemotherapy arm, 5 (16.7%) in the immunotherapy arm and 1 (10.0%) in the targeted therapy arm. One grade 4 and one grade 2 surgery-related serious adverse event occurred in the neoadjuvant chemotherapy and immunotherapy arm, respectively.





Conclusion

In patients diagnosed with resectable stage III NSCLC, neoadjuvant immunotherapy and neoadjuvant targeted therapy were associated with significantly longer disease-free survival compared with neoadjuvant chemotherapy. Clinical and pathological response rates were also higher in the immunotherapy and targeted therapy arm. Adverse events were found to be manageable and similar across all three groups, and surgical feasibility favored immunotherapy or targeted therapy rather than chemotherapy.





Clinical trial registration

https://clinicaltrials.gov/, identifier NCT04197076.
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1 Introduction

Lung cancer, with non-small cell lung cancer (NSCLC) accounting for approximately 85% of cases, remains the leading cause of cancer death (1, 2). At diagnosis, about 1/3 of NSCLC cases are presented at stage III, which typically requires multimodality treatment incorporating systemic neoadjuvant therapy, surgery and adjuvant therapy (3, 4).

Neoadjuvant therapy aims to reduce tumor size and burden, while acting on occult micro-metastatic disease, thereby increasing the likelihood of downstaging and complete surgical resection, as well as reducing the risk of recurrence (5). Previous studies have demonstrated that neoadjuvant therapy could be a cornerstone towards improved efficacy and survival for patients (6–8).

The most widely applied neoadjuvant therapies include neoadjuvant chemotherapy, neoadjuvant immunotherapy and neoadjuvant targeted therapy. Apart from efficacy, the phase II LCMC3 trial also showed the safety and promising survival of neoadjuvant immunotherapy in patients with resectable stage IB-IIIB NSCLC (9), while another phase II study demonstrated that neoadjuvant therapy with gefitinib appeared to be safe and effective in patients with stage II-IIIA NSCLC (7).

Moreover, compared to neoadjuvant chemotherapy, neoadjuvant immunotherapy and targeted therapy have better overall results in patients with resectable NSCLC as suggested by the Checkmate 816 trial and the EMERGING-CTONG 1103 trial, respectively (10, 11).

Prompted by these encouraging outcomes, we carried out this interim analysis of study to investigate the efficacy, safety and survival of different neoadjuvant therapies, including neoadjuvant chemotherapy, neoadjuvant immunotherapy with(out) chemotherapy, and neoadjuvant targeted therapy in patients with resectable stage III NSCLC in real world.




2 Methods



2.1 Study design and participants

This open, observational clinical study of neoadjuvant chemotherapy, immunotherapy with(out) chemotherapy and targeted therapy for resectable stage III NSCLC was conducted at Shanghai Chest Hospital. Eligible patients had Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1, were 18 years or older, had not received antitumor treatment for stage III NSCLC confirmed by a Positron Emission Tomography-computed tomography (PET-CT)/a whole body bone scan along with a contrast-enhanced CT scan and cranial magnetic resonance imaging (MRI) according to the 8th International Association for the Study of Lung Cancer (IASLC) that was considered surgically operable by certified thoracic surgeons, had at least one measurable lesion according to Response Evaluation Criteria In Solid Tumors Version 1.1 (RECIST 1.1), and had tumor samples that could be used for gene detection and Programmed Cell Death-Ligand 1 (PD-L1) immunohistochemistry (IHC) examination.

This study was registered at ClinicalTrials.gov [NCT04197076]. Full inclusion and exclusion criteria are included in the trial protocol approved by the institutional review board. Patients had the right to withdraw from the trial for any reason at any time, and researchers had the right to withdraw patients from the study due to intolerant toxicity, protocol violation, or other reasons. The trial was performed according to the International Conference on Harmonization Good Clinical Practice guidelines. According to the Declaration of Helsinki, all patients signed informed consent before participating.




2.2 Treatment procedures

Patients with epidermal growth factor receptor (EGFR) mutation, anaplastic lymphoma kinase (ALK) translocation, and ROS proto-oncogene 1 receptor tyrosine kinase (ROS-1) rearrangement were offered an appropriate tyrosine kinase inhibitor including afatinib, gefitinib, or crizotinib. Afatinib and gefitinib were used for EGFR mutation and patients with ALK translocation or ROS-1 rearrangement were given crizotinib. Patients detected with PD-L1 were enrolled from the Checkmate 816 trial (immunotherapy ± chemotherapy) or immunotherapy (checkpoint inhibitors). Immunotherapeutic agents were selected among nivolumab, pembrolizumab, sintilimab, tislelizumab (PD-1 inhibitors), and ipilimumab (CTLA-4 inhibitor). Other patients were assigned chemotherapy alone. Different chemotherapy regimens were adopted according to the clinical characteristics following National Comprehensive Cancer Network (NCCN) guidelines.

All patients were reviewed for response to therapy at the end of treatment according to RECIST 1.1, with surgical intervention scheduled within 6 weeks. Clinicopathological data were retrieved from electronic medical records and pathologic reports. The level of TILs was evaluated as a percentage in 10% increments, with a 1% or 5% criteria utilized when TILs level was less than 10%. As no standardized cutoff for TILs level was provided (12), patients were divided into 2 categories base on TILs level for statistical analysis purposes: ≥30% and <30%. Following surgical intervention, necessary radiotherapy, chemotherapy, immunotherapy, or targeted therapy were administered according to NCCN guidelines, and adverse events were evaluated according to common terminology criteria for adverse events (CTCAE) v5.0.

Patients are being followed up at 3 months post-treatment, and every 3 months afterwards for the first 2–3 years, every 4–6 months for an additional 2 years, and annually thereafter. Follow-up assessments included a physical examination, complete blood count, blood biochemistry, tumor marker, thoracic CT scan, abdomen B-ultrasound examination, and enhanced CT or magnetic resonance imaging (MRI) examination of suspected lesions.




2.3 Endpoints

The primary endpoint of this study was disease-free survival (DFS), defined as the time from the receipt of pathological and genetic diagnosis reports to the occurrence of any of the following disease progression, disease recurrence (according to RECIST 1.1), or death from any cause.

The secondary endpoint was pathological complete response (pCR) rate, which was defined as the proportion of patients who achieved pathologic complete response (lack of all signs of tumor in tissue samples removed during surgery after treatment).

Exploratory objectives and endpoints included clinical response rate (cRR), related adverse events (AEs), surgical feasibility and pathological features.




2.4 Statistical analysis

Statistical analysis was conducted using the full analysis set, which included all evaluable patients. Two-tailed test, two-way ANOVA, chi-squared test, Kaplan-Meier survival analyses, log-rank test and Mann-Whitney U test were used as appropriate. Continuous variables were described as mean with standard deviation (SD) or median with range. All statistical analyses were performed using SPSS (IBM SPSS Statistics 25) and R V.4.2.2, with a two-sided P value of less than 0.05 indicating a statistically significant difference.





3 Results



3.1 Baseline characteristics

From September 2018 to July 2022, a total of 58 patients presenting with resectable stage III NSCLC were enrolled for neoadjuvant therapy, with the exception of one patient who was later diagnosed with small cell lung cancer (SCLC) through pathological confirmation and thus excluded from the study. Amongst the remaining 57 patients, 17 (29.8%) received chemotherapy (including three patients from Checkmate 816), 30 (52.6%) received immunotherapy [26 patients received immunotherapy + chemotherapy (2 from Checkmate 816), another 2 patients from Checkmate 816 received nivolumab + ipilimumab, one patient received pembrolizumab alone, and one patient received sintilimab alone], and 10 (17.5%) received targeted therapy (7 patients with EGFR 19del/21L858R mutations, 2 patients with EML4-ALK translocations, and one patient with other genetic mutations). 48 of all enrolled patients underwent surgical resections [disease progression (n=6); lost to follow-up (n=1); patient refusal (n=2)], with 13 (27.1%) in the chemotherapy arm, 26 (54.2%) in the immunotherapy arm, and 9 (18.8%) in the targeted therapy arm (Figure 1).




Figure 1 | Study Profile. * The patients achieved tumor regression according to computed tomographic (CT) scans and preferred a conservative therapeutic approach.



Before the data cutoff date (March 4, 2023), another patient discontinued the study (lost to follow-up), leaving 47 patients evaluable for survival analysis. Table 1 provides an overview of the baseline characteristics of these patients.


Table 1 | Baseline characteristics of all patients (n=57) and patients in different neoadjuvant therapy groups.






3.2 Clinical response

Upon completion of the designated neoadjuvant therapy, one patient (5.9%) in the chemotherapy arm and one patient (3.3%) in the immunotherapy arm attained clinical complete response (CR). Meanwhile, partial response (PR) was achieved by 7 patients (41.2%) in the chemotherapy arm, 19 patients (63.3%) in the immunotherapy arm and 8 patients (80.0%) in the targeted therapy arm, resulting in a cRR of 47.1%, 66.6%, and 80.0% in each treatment arm (Table 2, Figure 2A). No significant differences were detected among different therapy arms (P=0.358). The clinical tumor regression of all patients (n=57) was depicted in Figure 2C.


Table 2 | Clinical (n=57) and pathological (n=48) response of all patients and patients in different neoadjuvant therapy group.






Figure 2 | (A, B) Stacked bar plots of clinical (n=57) and pathological (n=48) response rate of patients in different treatment groups. (C) Waterfall plot of clinical tumor regression percentage after different neoadjuvant therapies in 56 patients. Note: One patient in the chemotherapy group was excluded as mentioned before.






3.3 Surgery

As illustrated in Figure 1, among the patients who entered treatment, 4 patients (23.5%) in the chemotherapy arm (3 due to disease progression and 1 due to patient refusal), 3 patients (10.0%) in the immunotherapy arm (all due to disease progression), and one patient (10.0%) in the targeted therapy arm (due to patient refusal) cancelled surgery. Additionally, one patient in the immunotherapy group was lost to follow-up. The remaining 48 eligible patients all underwent surgery. One patient (7.7%) in the chemotherapy arm delayed surgery because of an adverse event (hemoptysis), 3 patients (11.5%) in the immunotherapy arm delayed surgery owing to the pandemic, smoking cessation of less than two weeks and the involvement in a car accident, and one patient (11.1%) in the targeted therapy arm delayed surgery due to drug withdrawal of less than two weeks. The median time of delay was 2.0 weeks overall (Table 3).


Table 3 | Surgical outcomes of patients in different treatment arms.



The rate of patients who underwent video-assisted thoracic surgery (VATS) was roughly the same between the chemotherapy arm and the immunotherapy arm, but significantly higher in the targeted therapy arm (P=0.008). Most patients underwent lobectomy, while 2 patients (one each in the immunotherapy and targeted therapy arms) underwent segmentectomy and one patient in the chemotherapy arm received pneumonectomy. The median duration of surgery and the amount of bleeding were 90 minutes and 100ml, respectively. Only 3 (6.3%) did not achieve complete tumor resection (R0) [2 (7.7%) in the immunotherapy arm and 1 (10.0%) in the targeted therapy arm] among the 48 patients who underwent surgery. No significant differences were observed among the different treatment arms.

A total of 31 patients experienced clinical to pathological downstaging, including 8 (61.5%) in the chemotherapy arm, 18 (69.2%) in the immunotherapy arm and 5 (55.6%) in the targeted therapy arm. Additional surgical outcomes can be found in Table 3.




3.4 Pathological response and features

5 people achieved pCR and all of them were in the immunotherapy arm, bringing the pCR rate of this arm to 19.2% (Table 2, Figure 2B). Based on the analysis of TILs from surgically resected specimens, 33 patients (68.8%) were categorized as having a low TILs level (<30%), whereas the other 15 patients (31.3%) had a high TILs level (≥30%). A significantly higher rate of patients in the immunotherapy group had foamy macrophages in their specimens (P=0.018). Other pathological features of these patients were shown in Table 4. The characteristics of 47 patients in different percentage viable tumor groups are shown in Figure 3B (one patient was lost to follow-up later).


Table 4 | Pathological features of resected specimens from patients who underwent surgery.






Figure 3 | (A) Survival analysis in stage III NSCLC patients from different neoadjuvant therapy groups. (B) Swimmer plot of disease-free survival in patients who underwent surgical resection and were evaluable (n=47), with each bar representing an individual patient. Clinical features were displayed on the left. As of the data cutoff date on Mar.4, 2023, 12 (25.5%) patients had not yet met the primary endpoint. Among the remaining patients who did reach disease-free survival, 7 patients had died, 4 of whom were from the neoadjuvant chemotherapy arm, and the other 3 were from the immunotherapy arm.






3.5 Adverse events

Of all 57 patients, 37 (64.9%) experienced at least one treatment-emergent adverse event (TEAE) of any grade, with myelosuppression being the most common (23/57, 40.4%). TEAEs of grade 3 or higher occurred in 11 patients (19.3%): 5 (29.4%) in the chemotherapy group, 5 (16.7%) in the immunotherapy group and 1 (10.0%) in the targeted therapy group. 30 patients experienced adverse events related to treatment, with 10 (58.8%) in the chemotherapy group, 16 (53.3%) in the immunotherapy group, and 4 (40.0%) in the targeted therapy group. The rates of treatment-related adverse events (TRAEs) of grade 3 or higher were 29.4%, 16.7%, and 10.0%, respectively. The rates of serious adverse events were similar in patients who received chemotherapy, immunotherapy and targeted therapy (Table 5). No adverse event led to discontinuation of treatment, and the toxicity was overall manageable.


Table 5 | Treatment-emergent adverse events occurred during the neoadjuvant treatment process in all patients (n=57) and surgery-related adverse events occurred within 90 days after surgery in patients who underwent surgical resection (n=48).



Regarding patients who underwent surgical resection, 25/48 (52.1%) experienced surgery-related adverse events, mostly hydropneumothorax and/or subcutaneous emphysema. 8 (61.5%) of those patients were in the chemotherapy group, while 14 (53.8%) were in the immunotherapy group, and 3 (33.3%) were in the targeted therapy group. There were 2 cases of serious adverse events related to surgery. One was a grade 2 chyle leak in the immunotherapy group, and the other was a grade 4 dyspnea in the chemotherapy group. The patient in the chemotherapy group eventually died two weeks after surgery at home. Other surgical outcomes can be found in Table 5.




3.6 Survival analysis and follow-up

With 35 events of disease progression, recurrence or death, the median disease-free survival (DFS) was 9.4 months (range, 3.1 to 47.9 months) in the entire cohort of 47 evaluable patients. In the chemotherapy, immunotherapy and targeted therapy arms, the median DFS was 7.7 months (range, 3.1 to 23.2 months), 9.6 months (range, 4.0 to 47.9 months), and 13.2 months (range, 7.5 to 32.2 months), respectively. The estimated percentage of patients surviving without disease progression, recurrence, or death at 1 year was 18.5% in the chemotherapy arm, 48.5% in the immunotherapy arm and 83.3% in the targeted therapy arm. The Kaplan-Meier survival analysis (Figure 3A) revealed significant differences in DFS between the chemotherapy arm and the immunotherapy arm (P=0.032) and between the chemotherapy arm and the targeted therapy arm (P=0.015). There was no significant difference between the immunotherapy and targeted therapy arm (P=0.500).

As of the data cutoff date (March 4, 2023), 7 patients had died, with 4 of them (30.8%) in the chemotherapy arm and the other 3 (15.4%) in the immunotherapy arm (Figure 3B).




3.7 Subgroup analysis

In the majority of subgroup analyses, the immunotherapy arm or targeted therapy arm were found to exhibit superior disease-free survival compared with the chemotherapy arm (Figure 4).




Figure 4 | Forest plots. (A) Disease-free survival in neoadjuvant chemotherapy and neoadjuvant immunotherapy across different patient subgroups. (B) Disease-free survival in neoadjuvant chemotherapy and neoadjuvant targeted therapy across different patient subgroups.



Within the neoadjuvant immunotherapy arm, patients could be subdivided into the immunotherapy + chemotherapy group and the immunotherapy alone group (Table 6). Those who received immunotherapy + chemotherapy displayed a significantly better clinical response than those who received immunotherapy alone (P=0.031). Overall tumor regression rates (31.3 ± 26.2 vs. 6.0 ± 36.6) and pCR (21.7% vs. 0%) rates also favored the immunotherapy + chemotherapy group, though no significance was noted (P=0.098, 0.512). However, patients who were treated with immunotherapeutics alone seemed to have a longer disease-free survival [9.4 (4.0-NR) vs. 19.3 (8.6-47.9); P=0.185].


Table 6 | Efficacy and survival in prescribed therapeutics subgroup from the neoadjuvant immunotherapy group and neoadjuvant targeted therapy arm.



The neoadjuvant immunotherapy group can also be further divided into the ‘PD-1 inhibitor’ group and the ‘PD-1 + CTLA-4 inhibitor’ group based on the immunotherapeutic agents administered to the patients. Patients who received PD-1 inhibitor along with CTLA-4 inhibitor seemed to have a longer DFS [28.3 (8.6-47.9) vs. 9.6 (4.0-NR)], but no better clinical response (50.0% vs. 78.6%) or pCR rate (0% vs. 20.8%). No significant differences were observed.





4 Discussion

Neoadjuvant therapy, particularly neoadjuvant immunotherapy, has exhibited phenomenal efficacy in phase II and III clinical trials, such as the LCMC3 trial, the NEOSTAR trial, the NADIM trial and the Checkmate 816 trial, and has been striving towards extended application in non-small cell lung cancer (9, 10, 13, 14). Currently, the primary challenge facing neoadjuvant therapy probably lies in identifying which therapy is both safe and effective. Prior study indicated that neoadjuvant immunotherapy tended to yield better pCR rates and curative effects than neoadjuvant chemotherapy and targeted therapy (15). In this interim analysis of study, we put emphasis on the safety and survival of different neoadjuvant treatments, exclusively in patients with resectable stage III (at baseline) NSCLC, and discovered a tendency towards better efficacy and longer survival without unmanageable toxicity or surgical difficulties in neoadjuvant immunotherapy and neoadjuvant targeted therapy compared with neoadjuvant chemotherapy.

The clinical response rates were highest in the targeted therapy arm and lowest in the chemotherapy arm. However, in the pathological setting, the immunotherapy arm ranked first, with a pCR rate of 19.2%. The slight incoherence between clinical and pathological response was probably due to the current RECIST 1.1 not being entirely suitable in the neoadjuvant setting, and new criteria might be necessary (14, 16). In this study, we chose to remain consistent with the initial criteria at baseline since there has been no consensus on this matter.

The term ‘surgical feasibility’ is one that holds objectivity for surgeons. Therefore, we subdivided surgical outcomes into minor categories like duration of surgery, amount of bleeding, number of drainage tubes, length of stay, etc., for the sake of quantification. Results seemed to favor targeted therapy, while it was similar between the immunotherapy and chemotherapy arms with regard to duration of stay, amount of bleeding, number of drainage tubes, lengths of stay, less invasive surgical approach (VATS) and so forth. These findings were consistent with those from the Checkmate 816 trial. Furthermore, clinical to pathological downstaging occurred mostly in patients receiving immunotherapy with(out) chemotherapy in our study. This was in line with the research conducted by Forde PM et al., which suggested that better response and a higher incidence of downstaging might, to some extent, related to the better surgical outcomes (10). However, this was not the case for neoadjuvant targeted therapy, as its rate of clinical to pathological downstaging was slightly lower. This could be attributed to the small sample size of our targeted therapy arm in comparison with the other two treatment arms.

As for adverse events, the situation was roughly the same amongst different treatment arms. Toxicity was overall manageable regardless of treatment or surgery related adverse events, and no new safety concerns were observed. These findings were consistent with previous studies that mainly focus on neoadjuvant immunotherapy, such as the NADIM trial, the Checkmate 816 trial and the NEOSTAR trial (8, 10, 13). The conclusions regarding neoadjuvant targeted therapy were quite similar according to Zhang Y et al. and Xiong L et al. The adverse events occurred in the erlotinib and GC chemotherapy arms of the EMERGING-CTONG 1103 trial were also among those most commonly seen with the treatment (7, 11, 17).

In the checkmate 816 trial involving patients with stage IB-IIIA resectable NSCLC, the median event-free survival was 31.6 months vs. 20.8 months with nivolumab plus chemotherapy and chemotherapy alone (P=0.005). The estimated one-year event-free survival rate was 76.1% vs. 63.4% (10). Zhang P et al. reported an 85.3% of disease-free survival in their study with sintilimab plus chemotherapy (18), while the 1-year EFS rate in Rothschild SI et al.’s research was 73% for durvalumab in addition to neoadjuvant chemotherapy (19). These studies all indicated that neoadjuvant immunotherapy led to a survival benefit. In our study with stage III NSCLC patients, the survival analysis also showed a significant difference between the chemotherapy arm and the immunotherapy arm (P=0.032).

The EMERGING-CTONG 1103 trial reported an improved progression-free survival (PFS) with erlotinib versus GC in IIIA N2 NSCLC patients (21.5 months vs. 11.4 months) (11), while Xiong L et al. found in a prospective, phase II single-arm study that IIIA N2 NSCLC patients treated with erlotinib had a 10.3-month median disease-free survival, and later suggested in another research that median PFS was 12.1 months vs. 11.0 months with erlotinib and cisplatin-based doublet chemotherapy (17, 20). Consistent with these findings, we discovered a significant improvement in DFS in the targeted therapy arm over the chemotherapy arm (P=0.015) as well.

These conclusions were also applicable to subgroup analysis, as the DFS was mostly in favor of immunotherapy and targeted therapy. However, no significance was noted between the immunotherapy and targeted therapy arms (P=0.500). There is little evidence suggesting differences between these two types of treatment in current studies, and further investigation is required in the future to determine the most effective therapy, or alternatively, what kind of patients are better suited for each treatment.

By the data cut-off date (March 4, 2023), 7 patients (14.9%) had died, so the overall survival of this cohort can only be analyzed in future studies. Given the single-center nature of this study with a limited sample size, potential bias and errors might have been present, which could only be avoided in future studies with larger cohorts. Moreover, the exclusion of patients who did not undergo surgery and lost to follow-up might generate potential bias. Lastly, we did not elaborate on the mechanisms behind each treatment, which should be a primary focus of future research. Despite all these limitations, our results demonstrated that in comparison with neoadjuvant chemotherapy, neoadjuvant immunotherapy or neoadjuvant targeted therapy could be a safe, effective and surgically feasible treatment option with tangible survival benefits for patients with resectable stage III NSCLC.




5 Conclusion

Generally speaking, neoadjuvant therapy appears to provide safe and effective results for stage III NSCLC patients, and does not typically pose any unmanageable perioperative issues. Compared with neoadjuvant chemotherapy, either neoadjuvant immunotherapy or neoadjuvant targeted therapy has a significantly longer disease-free survival and higher response rates (clinical and pathological). Surgical feasibility favored immunotherapy and targeted therapy over chemotherapy as well, and adverse events were similar across different treatment arms and overall manageable. Therefore, neoadjuvant immunotherapy and neoadjuvant targeted therapy could be promising for the treatment of patients with stage III NSCLC.
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Immunotherapy + Chemotherapy

Immunotherapy alone

n=26 (%) n=4 (%)
Clinical response 22 (84.6) 1(25.0) 0.031
VCIinicaI tumor regression from baseline (%),
mean + SD (range) 31.3 + 26.2 (-14.7-100.0) 6.0 +36.6 (-45.7-38.3) 0.098
n=23 (%) n=3 (%)
PCR 5(21.7) 0(0) 0512
DFS, median (range) 9.4 (4.0-NR) 193 (8.6-47.9) 0.185*

*Mann-Whitney U test.
The bold values denote statistical significance at P<0.05 level.
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Chemotherapy

Clinical response 0.358*
CR 2(35) 1(59) 1(33) 0(0)
PR 34 (59.6) 7 (41.2) 19 (63.3) 8 (80.0)
SD 14 (246) 6(353) 6 (20) 2(200)
PD 7 (12.3) 3(176) 4(133) 0(0)
Clinical tumor regression (%) 0.734
Mean = SD 29.9 + 26,6 278 +27.3 325+ 288 257 + 187
(range) (-45.7-100.0) (0.0-100.0) (-45.7-100.0) (0.0-64.0)
' n=48 (%) ' n=13 (%) n=26 (%) n=9 (%)
Pathological response 0.122%
CR 5 (10.4) 0(0) 5(19.2) 0(0)
PR 26 (54.2) 8(615) 13 (50.0) 5 (55.6)
SD 15 (31.3) 5(38.5) 6(231) 4 (44.4)
PD 2(42) 0(0) 2(7.7) 0(0)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

*likelihood ratio.
“One patient in the chemotherapy arm was reported to have disease progression by the investigator, but precise measurement of the lesions was impeded by the infiltrative tumor border

configuration. The patient was therefore excluded from the analysis of tumor regression.
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Pathological features n=13 (%) =26 (%) =9 (%) P-value

Tumor infiltrating lyphocytes® 0.631*
<30% 1 33 (68.8) [ 9 (69.2) 19 (73.1) 5 (55.6)
>30% 15 (31.3) 4(30.8) 7 (26.9) 4 (44.4)

Dense plasma cells 0.661*
Absent 34(70.8) 10 (76.9) 17 (65.4) 7 (77.8)
Present 14 (29.2) 3(231) 9 (34.6) 2(222)

Cholesterol clefts 0.616*
Absent 41 (85.4) [ 12 (92.3) 22 (84.6) 7(77.8)
Present 7 (14.6) 1(7.7) 4 (15.4) 2(222)

Foamy macrophages 0.018*
Absent 33 (68.8) 13 (100) 20 (76.9) 9 (100)
Present 6(12.5) 0(0) 6(23.1) 0(0)

Proliferative fibrosis 0.498*
Absent 10 (20.8) 2 (15.4) 7 (26.9) 1(11.1)
Present 38 (79.2) 11 (84.6) 19 (73.1) 8 (88.9)

Hyalinization 0.739*
Absent 40 (83.3) 10 (76.9) 22 (84.6) 8 (88.9)
Present 8(16.7) 3(23.0) 4(15.4) 1(11.1)

Giant cells 0.589*%
Absent 37(77.1) 10 (76.9) 19 (73.1) 8 (88.9)
Present 11 (22.9) 3(23.0) 7 (26.9) 1(11.1)

Necrosis 0.324
Absent 29 (60.4) 6(46.2) 16 (61.5) 7 (77.8)
Present 19 (39.6) 7 (53.8) 10 (38.5) 2(222)

*likelihood ratio.
‘The bold values denote statistical significance at P<0.05 level.
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Surgical cancellation 8 (14.0) 4 (23.5) 3 (10.0) 1 (10.0)

Surgical delay® 5 (10.4) 1(7.7) 3(11.5) 1(11.1)
Median time (w)(range) 20 40 2.0 (2.0-8.0) 20
Adverse event(s) 121 1(7.7) 0(0) 0(0)

Tumor location 0.696*
LUL 12 (25) 5(38.5) 5(19.2) 2(222)
LLL 6 (12.5) 1(7.7) 4 (15.4) 1(1L1)
RUL 21 (43.8) 5(385) 13 (50) 3(33.3)
RML 2(42) 1(7.7) 1(38) 0 (0)
RLL 7 (14.6) 1(7.7) 3(1L5) (33.3)

Approach 0.008*
VATS 30 (62.5) 7 (53.8) 14 (53.8) 9 (100)
Thoracotomy 8 (37.5) 6(46.2) 2 (46.2) 0 (0)

Type 0.348*
Segmentectomy 2(42) 0 (0) 1(3.8) 1(11.1)
Lobectomy 19 (39.6) 12 (92.3) 25 (96.2) 8 (88.9)
Pneumonectomy 1(2.1) 1(7.7) 0(0) 0(0)

Duration of surgery (min), median (range) 90.0 (60.0-270.0) 90.0 (60.0-210.0) 90.0 (60.0-210.0) 60.0(60.0-270.0) 0.134*
<120min 30 (62.5) 8 (61.5) 14 (53.8) 8 (88.9)
>120min 18 (37.5) 5 (38.5) 12 (462) 1(1L1)

Amount of bleeding (ml), median (range) 100.0 (20.0-300.0) 100.0 (50.0-300.0) 100.0 (20.0-200.0) 100.0 (100.0-300.0) 0.240*
<100 ml 32 (66.7) 8 (61.5) 16 (61.5) 8(88.9)
>100 ml 16 (33.3) 5(385) 10 (38.5) 1(11.1)

Surgical margin 0.356*
RO 45 (93.8) (100) 24 (923) 8 (88.9)
R+ 3(63) 0(0) 2(7.7) 1(1L.1)

No. of drainage tubes 0.843*
1 15 (31.3) 4(30.8) 8(30.8) 3(33.3)
2 33 (68.8) 9(69.2) 18 (69.2) 6 (66.7)

No. of ICU transfer, 20 (41.7) 5 (38.5) 13 (50.0) 2 (22.2)

median time (d) (range) 1 (1-10) 3 (1-10) 1(1-3) 1(1-1)

Length of stay (d), median (range) 6 (3-31) 6 (3-15) 6.5 (3-31) 4(3-7) 0.120
<6d 29 (60.4) 8 (61.5) 13 (50.0) 8 (88.9)
>6d 19 (39.6) 5(385) 13 (50.0) 1(11.1)

pT-TNM8 0.003*
TO 5(10.4) 0(0) 5(19.2) 0(0)
Tib 4 (8.3) 0(0) 2(7.7) 2(22.2)
Tlc 9 (18.8) 1(7.7) 7 (26.9) 1(1L.1)
T2a 12 (25) 8 (61.5) 4 (15.4) 0(0)
T2b 10 (20.8) 1(7.7) 4 (15.4) 5(55.6)
T3 5 (10.4) 2 (15.4) 2(7.7) 1(11.1)
T4 3(63) 1(7.7) 2(77) 0(0)

pN-TNM8 0.314*
NO 19 (39.6) 3(23.1) 14 (53.8) 2(222)
N1 6 (12.5) 2 (154) 2(7.7) 2(22.2)
N2 22 (45.8) 8(61.5) 9 (34.6) 5(55.6)
N3 1(21) 0(0) 1(38) 0(0)

p-TNM8 0.014%
Stage 0 5(10.4) 0(0) 5(19.2) 0(0)
1A 5 (10.4) 0(0) 5(19.2) 0(0)
1B 6 (12.5) 2(154) 2(7.7) 2(22.2)
A 3(63) 0(0) 1(38) 2(22.2)
1B 6 (12.5) 3(23.1) 3(11.5) 0(0)
1A 16 (33.3) 7 (53.8) 5(19.2) 4 (44.4)
1B 7 (14.6) 1(7.7) 5(19.2) 1(11.1)

Pathological downstaging

T stage 0.069*
Yes 35 (72.9) 9 (69.2) 22 (84.6) 4 (44.4)
No 13 (27.1) 4(30.8) 4 (15.4) 5(55.6)

N stage 0.843*
Yes 24 (50) 6 (46.2) 14 (53.8) 4 (44.4)
No 24 (50) 7 (53.8) 12 (46.2) 5(55.6)

TNM stage 0.736*
Yes 31 (64.6) 8 (61.5) 18 (69.2) 5 (55.6)
No 17 (35.4) 5(385) 8(30.8) 4 (44.4)

LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; VATS, video-assisted thoracic surgery; No., number; pT-TNMS, pT stage
according to TNM eighth edition; pN-TNMS, pN stage according to TNM eighth edition;

*likelihood ratio.

“The patient in the chemotherapy arm experienced hemoptysis shortly after treatment, and subsequently received embolization at a local hospital.

‘The bold values denote statistical significance at P<0.05 level.
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Characteristics

n=17 (%) n=30 (%) n=10 (%)
Age (years), mean + SD 625+ 89 67.4% 69 623 +85 547 £7.9
BMI (kg/m2), mean + SD 243+25 245+26 242427 243 20
Gender
Male 43 (75.4) 13 (76.5) 27 (90.0) 3(30.0)
Female 14 (24.6) 4(235) 3(10.0) 7 (70.0)

ECOG performance status

0 5(8.8) 0(0) 3(10.0) 2(20.0)
1 52 (91.2) 17 (100.0) 27 (90.0) 8 (80.0)

Smoking status

Yes/Ever 30 (52.6) 11 (64.7) 18 (60.0) 1(10.0)
Never 27 (47.4) 6(353) 12 (40.0) 9 (90.0)
Histology
scc 32 (56.1) 12 (70.6) 19 (63.3) 1(10.0)
ADC 21 (36.8) 5 (29.4) 8 (26.7) 8 (80.0)
Not specified 4(7) 0(0) 3(10) 1(10.0)
cT-TNM8
Tlb 1(1.8) 1(59) 0(0) 0(0)
T2a 18 (31.6) 3(17.6) 8(26.7) 7 (70.0)
T2b 9 (15.8) 3(17.6) 5(167) 1(10.0)
T3 15 (26.3) 5(294) 8(26.7) 2(20.0)
T4 14 (24.6) 5(294) 9 (30.0) 0(0)
cN-TNM8
No 2(35) 1(59) 1(33) 0(0)
N1 6(10.5) 2 (11.8) 4(133) 0(0)
N2 46 (80.7) 13 (76.5) 23 (76.7) 10 (100.0)
N3 3(5.3) 1(59) 2(6.7) 0(0)
TNM8
I A 34 (59.6) 10 (58.8) 16 (53.3) 8 (80.0)
1 B 22 (38.6) 6 (353) 14 (46.7) 2 (20.0)
nmc 1(1.8) 1(59) 0(0) 0(0)

Gene status

Wild-type 22 (38.6) 9 (52.9) 13 (43.3) 0(0)
EGFR mutation 8 (14) 1(5.9) 0(0) 7 (70.0)
ALK translocation 3(53) 1(59) 0(0) 2 (20.0)
ROS-1 rearrangement 0(0) 0 (0) 0(0) 0(0)
Other 24 (42.1) 6(353) 17 (56.7) 1(10.0)

PD-L1 expression

<1% 20 (35.1) 10 (58.8) 9 (30.0) 1(10.0)
1%-50% 10 (17.5) 2(11.8) 7 (23.3) 1(10.0)
>50% 10 (17.5) 2(11.8) 6 (20.0) 2(20.0)
Unknown 17 (29.8) 3(17.6) 8 (26.7) 6 (60)

SD, standard deviation; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; ADC, adenocarcinoma; SCC, squamous cell carcinoma; cT-TNMS, clinical T stage according to
TNM eighth edition; cN-TNMS, clinical N stage according to TNM eighth edition; TNMS, stage according to TNM eighth edition.
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adverse events

Chemotherapy
n=17 (%)

Any Grade
grade >3

Immunotherapy
n=30 (%)

Any Grade
grade >3

Number of patients (%)

Targeted therapy
n=10 (%)

Any
grade

Grade

>3

Any event 37 (64.9) 11 (19.3) 10 (58.8) 5(29.4) 21 (70.0) 5(16.7) 6 (60.0) 1(10.0)
Event leading o discontinuation of 0(0) 0(0) 0(0) 0(0) 00 00 0(0) 0(0)
SAE 6 (10.5) 4(7.0) 2(11.8) 1(59) 3(10.0) 2(67) 1(10.0) 1 (10.0)
Any TRAE 30 (52.6) 11 (19.3) 10 (58.8) 5(29.4) 16 (53.3) 5(16.7) 4 (40.0) 1(10.0)
Treatment-related SAE 6(10.5) 4(7.0) 2(11.8) 1(59) 3(10.0) 2(67) 1(10.0) 1(10.0)
Event occurring in more than 1 patient
Myelosuppression 23 (40.4) 9 (15.8) 7(41.2) 5(29.4) 13 (43.3) 3 (10) 3 (30.0) 1(10.0)
Liver dysfunction 8 (14) 0(0) 3(17.6) 0(0) 3(10) 0(0) 2 (20.0) 0(0)
Rash 5 (8.8) 1(1.8) 1(5.9) 1(59) 2(6.7) 0(0) 2 (20.0) 0(0)
Vomiting 4(7) 2(35) 1(5.9) 0(0) 2(6.7) 1(3.3) 1(10.0) 1(10.0)
Anemia 4(7) 0 (0) 3(17.6) 0(0) 1(33) 0(0) 0(0) 0(0)
Diarrhea 3(53) 1(1.8) 1(5.9) 1(59) 2(6.7) 0(0) (0) (0)
leucopenia 2(35) 1(1.8) 1(5.9) 0(0) 1(3.3) 1(33)° 0(0) 0(0)
Pain 2(35) 0(0) 0(0) 0(0) 2(6.7) 0(0) 0(0) 0(0)
Nausea 2(35) 0(0) 0(0) 0(0) 1(33) 0(0) 1 (10.0) 0(0)
Decreased appetite 2(35) 0(0) 0(0) 0(0) 2(6.7) 0(0) 0(0) 0(0)
Fatigue 2(35) 1 0(0) 0(0) 0(0) 2(6.7) 0(0) 0(0) 0(0)
Radiation Pneumonitis 2(35) 0(0) 0(0) 0(0) 1(3.3) 0(0) 1(10) 0(0)
Peripheral neuropathy 2(35) 0(0) 1(5.9) 0(0) 1(33) 0(0) 0(0) 0(0)
Oral ulceration 2(35) 0(0) 0(0) 0(0) 1(3.3) 0(0) 1(10) 0(0)
Paronychia 2(35) 0(0) 0(0) 0(0) 1(33) 0(0) 1(10) 0(0)
Immune-related pneumonitis 1(1.8) 0 (0) 0 (0) 0 (0) 1(3.3) 0(0) 0 (0) 0(0)
Surgery-related adverse events n=48 (%) n=13 (%) n=26 (%) n=9 (%)
Surgery-related SAE 2(42) 1(21) 1(7.7) 1(7.7) 1(3.8) 0(0) 0(0) 0(0)
Any surgery-related adverse events 25 (52.1) 1(21) 8(61.5) 1(7.7) 14 (53.8) 0(0) 3(333) 0(0)
Hydropneumothorax 15 (31.3) 0(0) 4(30.8) 0(0) 10 (38.5) 0(0) 1(111) 0(0)
Subcutaneous emphysema 14 (29.2) 0 (0) 4(30.8) 0 (0) 8(30.8) 0(0) 2(222) 0(0)
Pleural effusion 5(10.4) 0(0) 2(15.4) 0(0) 3(11.5) 0(0) 0(0) 0(0)
Compressive atelectasis 2(42) 0(0) 1(7.7) 0(0) 1(3.8) 0(0) 0(0) 0(0)
Pneumothorax 1(21) 0(0) 0(0) 0(0) 1(3.8) 0(0) 0(0) 0(0)
Anemia 1(21) 0 (0) 1(7.7) 0(0) 0(0) 0(0) 0(0) 0(0)
Pericardial effusion 1(2.1) 0(0) 0(0) 0(0) 1(3.8) 0(0) 0 (0) 0(0)
Sinus tachycardia 1(2.1) 0(0) 0(0) 0(0) 1(3.8) 0(0) 0 (0) 0(0)
Pain 1(2.1) 0(0) 0(0) 0(0) 1(3.8) 0(0) 0(0) 0(0)
Infection 1(21) 0(0) 0(0) 0 (0) 0(0) 0(0) 1(1L1) 0(0)
Dyspnea 0 (0) 1(2.1) 0 (0) 1770 0(0) 0(0) 0(0) 0(0)
Chyle leak 1(2.1) 0(0) 0(0) 0(0) 1(38)° 0(0) 0(0) 0(0)

TRAE, treatment-related adverse events; SAE, serious adverse event.
*This patient experienced sudden chest tightness and dyspnea on the second day after he was out of the ICU post-surgery, prompting immediate transfer back to the ICU with suspected
pulmonary embolism. After spending another three days in the ICU with intermittent non-invasive ventilation, the patient’s general condition gradually improved and he was scheduled to be
discharged the following week. However, he eventually died within two weeks after surgery at home and no further information could be obtained.

“This patient was diagnosed with chyle leak two days after surgery, and received appropriate treatment. As a result, his length of stay was prolonged.





