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Abstract 

Background The standard care for resectable non-small cell lung cancer (NSCLC) involves perioperative therapy 
combining chemotherapy and immune checkpoint inhibitors, typically lasting 6 to 12 months. However, the optimal 
treatment strategies for potentially resectable squamous cell lung carcinoma (SCC) remain unclear. This Phase 2 trial 
aimed to assess the efficacy and safety of a condensed four-cycle perioperative treatment regimen with tislelizumab 
combined with chemotherapy in patients with potentially resectable stage III SCC.

Methods Patients with potentially resectable stage IIIA-IIIB (N2) SCC received intravenous tislelizumab, albumin-
bound paclitaxel, and carboplatin for up to four cycles. The primary endpoints were major pathologic response (MPR) 
and incidence of treatment-related adverse events. Safety and potential biomarkers for efficacy prediction were 
also assessed.

Results Among 35 enrolled patients, 32 underwent surgery with R0 resection achieved in all cases. MPR 
was achieved in 24 patients and pathological complete response (pCR) in 14 patients. Radiographic objective 
response was observed in 31 patients. The 12-month and 24-month event-free survival rate was 85.7 and 61.0%, 
respectively. Four patients experienced grade 3 or 4 adverse events. Tumor tissue based next-generation sequencing 
revealed the potential associations between several biomarkers and pathological response, including tumor neoanti-
gen burden score, 18-gene expression profile score, CD8 + T cells, M1/M2 macrophages ratio and interferon‐gamma 
expression level. Besides, circulating tumor DNA (ctDNA) dynamics and concentration were also associated with path-
ological response and the presence of ctDNA at postoperative month 1 was a strong predictor for disease relapse. 
Furthermore, metagenomic sequencing in bronchoalveolar lavage fluid demonstrated Streptococcus was the most 
abundant genus in the pCR group.
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Background
Stage III non-small cell lung cancer (NSCLC) is a locally 
advanced malignancy with adverse prognostic factors in 
the primary tumor and/or regional lymph node metasta-
sis [1]. A considerable proportion of these patients have 
N2 disease, indicating mediastinal lymph node involve-
ment, and are potentially resectable [2]. However, the 
outcomes after surgery remain unsatisfactory [3]. Recent 
studies have demonstrated the promising role of neo-
adjuvant therapy with programmed cell death protein 1 
(PD-1) or programmed death-ligand 1 (PD-L1) inhibitors 
combined with chemotherapy in NSCLC, including stage 
III patients [4, 5]. The Keynote-671 trial [6] proposed a 
treatment regimen consisting of 4 cycles of neoadjuvant 
chemotherapy combined with immunotherapy, followed 
by up to 13 cycles of adjuvant immunotherapy. Simi-
larly, the IMpower010 [7] and KEYNOTE-091 trials [8] 
provided evidences supporting the potential benefits of 
1 year of adjuvant PD-1 therapy in NSCLC patients. On 
the other hand, the Checkmate 816 trial [9] explored the 
efficacy of 3 cycles of neoadjuvant chemotherapy com-
bined with immunotherapy, with or without adjuvant 
chemotherapy or radiotherapy. Furthermore, the NADIM 
II trial [10] demonstrated that a regimen of 3 cycles of 
neoadjuvant chemotherapy combined with immunother-
apy, followed by 6  months of adjuvant immunotherapy, 
could potentially benefit patients with NSCLC. Thus, 
the optimal perioperative therapy strategy for NSCLC 
patients remains controversial.

Squamous cell lung carcinoma (SCC) represents a 
major subtype of NSCLC, accounting for approximately 
25% of all cases [11]. Distinguished from lung adenocar-
cinoma, SCC exhibits unique molecular characteristics 
and often presents as a central mass accompanied by 
lymph node metastasis, posing challenges for initial sur-
gical interventions. However, previous studies investigat-
ing neoadjuvant therapies have predominantly focused 
on the overall NSCLC population, paying limited atten-
tion to SCC, particularly in stage III patients. Further-
more, the prolonged duration of treatment may be costly 
and increase the risks of immunotherapy-related adverse 
effects (AEs). As a result, there is an unmet need for inno-
vative treatment strategies that can improve operability 

and decrease the risk of recurrence, specifically tailored 
to the unique requirements of SCC patients.

To address this issue, we conducted a phase II trial, 
known as the TACT trial, to evaluate the effectiveness 
and safety of a condensed perioperative treatment regi-
men comprising tislelizumab, albumin-bound paclitaxel, 
and carboplatin in patients with potentially resectable 
stage IIIA-IIIB (N2) SCC (clinicaltrials.gov identifier: 
NCT05024266). Previous studies have demonstrated the 
favorable efficacy and safety of tislelizumab in combina-
tion with nab-paclitaxel and carboplatin as a first-line 
therapy for SCC patients, with a hazard ratio of 0.478 
(95% CI, 0.336–0.679) [12]. Our study aimed to assess 
the feasibility of combining traditional four-cycle chemo-
therapy with immunotherapy as the perioperative treat-
ment strategy. Furthermore, we investigated potential 
biomarkers in tumor tissue, plasma, and bronchoalveolar 
lavage fluid (BALF) microbiota to identify patients who 
may derive benefits from this treatment regimen. Impor-
tantly, our study specifically focused on the perioperative 
period of potentially resectable stage III SCC and pro-
vides evidence that a condensed four-cycle periopera-
tive chemotherapy and immunotherapy combination is 
promising for these patients.

Methods
Participants
This prospective, single-arm, phase II clinical trial was 
conducted at the First Affiliated Hospital, Zhejiang Uni-
versity School of Medicine. Patients aged between 18 and 
70 years were eligible for inclusion in the study. The inclu-
sion criteria were as follows: a histopathologically con-
firmed diagnosis of SCC at stage IIIA or IIIB (T3N2M0 
and T4N2M0 only, the 8th edition of the American Joint 
Committee on Cancer staging system, we utilized clini-
cal radiographic staging, primarily through enhanced CT 
scans, to assess nodal involvement, reserving PET-CT 
and invasive mediastinal staging (EBUS/EUS, mediasti-
noscopy) for cases where CT results were inconclusive), 
suitability for potentially complete surgical resection 
(R0), Eastern Cooperative Oncology Group (ECOG) per-
formance status score of 0 or 1, presence of measurable 
disease, and adequate pulmonary and organ function. 

Conclusions A condensed four-cycle perioperative treatment regimen of tislelizumab combined with chemo-
therapy demonstrated promising efficacy and manageable toxicities in potentially resectable stage III SCC. Specific 
biomarkers showed potential for predicting treatment efficacy and the mechanism of superior antitumor response 
of pCR patients was preliminarily and indirectly explored.

Trial registration ClinicalTrials.gov, NCT05024266. Registered August 27, 2021.

Keywords Perioperative therapy, Squamous cell lung carcinoma, Major pathologic response, Biomarkers, 
Tislelizumab
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Patients were also required to provide fresh tumor sam-
ples. The exclusion criteria included multiple primary 
malignancies, active or history of autoimmune disease, 
active or suspected interstitial lung disease or moderate-
to-severe pneumonia, human immunodeficiency virus or 
active hepatitis B or C virus infection, previous systemic 
antitumor therapy and chest radiation, and previous use 
of immunostimulants, immunosuppressants, and live 
vaccine within 4 weeks before the first dose of the study 
treatment.

Treatment
Eligible patients were treated with intravenous tisleli-
zumab (200  mg on day 1), albumin-bound paclitaxel 
(260  mg/m2 on day 1), and carboplatin (area under the 
curve, AUC, 5 on day 1), every 3  weeks for 2 cycles. 
Imaging evaluation was performed after two cycles, fol-
lowed by multidisciplinary discussion of the feasibility 
of surgery. If deemed operable, the lesion was resected 
22–40 days after the last treatment. If the lesion was still 
deemed inoperable but had shrunk, the original regimen 
was continued for one to two additional cycles. Postoper-
ative chemotherapy continued with the original regimen 
for zero to two cycles, for a total of four cycles of perio-
perative immunotherapy plus chemotherapy. The use of 
long-acting G-CSF was both permitted and encouraged 
to maintain chemotherapy doses and ensure timely treat-
ment, particularly following any instances of grade 3 
neutropenia.

Outcomes
The primary endpoints of this study were the major 
pathologic response (MPR) rate and incidence of treat-
ment-related adverse events. The secondary endpoints 
included R0 resection rate, objective response rate 
(ORR), and event-free survival (EFS). The pathological 
response was determined through blinded independent 
pathologic review, following the recommendations of the 
International Association for the Study of Lung Cancer 
(IASLC) for the pathologic assessment of lung cancer 
resection specimens after neoadjuvant therapy [13]. MPR 
was defined as less than or equal to 10% viable tumor 
cells in the resection specimen, while pCR was defined 
as the absence of viable tumor cells in the resected speci-
men. ORR was determined by the investigator, with 
ORR defined as the proportion of patients with com-
plete response (CR) or partial response (PR) according 
to Response Evaluation Criteria in Solid Tumors version 
1.1 (RECIST v1.1). EFS was defined as the time from 
the first dose of the study drug to disease progression, 
local recurrence, distant metastasis, or death, whichever 
occurred first. Disease-free survival (DFS), defined as the 
time from surgical resection to local recurrence, distant 

metastasis, or death, whichever occurred first, was also 
calculated. Treatment-related AEs were monitored and 
recorded.

Biomarker analysis
PD-L1 expression was evaluated using the PD-L1 IHC 
22C3 pharmDx assay (Dako, Agilent Technologies, CA, 
USA) on tumor biopsies obtained prior to treatment. 
PD-L1 positivity was defined as a tumor proportion 
score (TPS) of ≥ 1%. Whole-exome sequencing (WES) 
was performed using the Twist Human Core Exome kit 
and NovaSeq 6000 sequencer, with data analysis car-
ried out using the Illumina DRAGEN Bio-IT Platform. 
Total RNA was extracted from formalin-fixed paraffin-
embedded samples and subjected to whole transcrip-
tome sequencing (WTS) on the Novaseq 6000. Immune 
cell subset estimation, gene expression profile (GEP) 
scores of 18 T-cell-inflamed genes and expressions level 
of other immune-related genes were determined based 
on the WTS data. Circulating tumor DNA (ctDNA) 
analyses were conducted using a personalized ctDNA 
panel (PROPHET, Burning Rock Biotech, Guangzhou, 
China) consisting of 50 single-nucleotide variants derived 
from tumor WES [14]. HLA class I four-digit typing was 
determined using Optitype v1.3.3. Neoantigen predic-
tion was conducted using NetMHCpan v4.0 and a pep-
tide was considered a putative neoantigen if it exhibited 
a predicted binding affinity of < 500  nM. BALF was col-
lected prior to neoadjuvant treatment. The microbial 
DNA was extracted, and the target genes were amplified 
and sequenced on a NovaSeq PE250 system. Additional 
details are provided in the Additional file 1.

Statistical analysis
A total of 29 participants were required to achieve 80% 
power in detecting an MPR of 50% under a one-sided 
2.5% alpha, assuming the null hypothesis of an MPR 
equals to 25%. Considering a 15% discontinuation rate, 
35 patents were enrolled in the study. Efficacy and safety 
analyses were conducted on the intention-to-treat popu-
lation, which included all patients regardless of whether 
they underwent surgery. MPR, pCR, and ORR were 
calculated using the Clopper-Pearson exact method. 
EFS and DFS were estimated using the Kaplan–Meier 
method, and the 95% CIs for median survival were cal-
culated using the Clopper-Pearson exact method. Fur-
thermore, the study explored the relationships between 
pathological response and biomarkers such as PD-L1 
expression, tumor mutation burden (TMB), tumor neo-
antigen burden (TNB), gene expression signature in 
tumor tissues, ctDNA in peripheral blood, and micro-
biome in BALF. The t test was employed to assess the 
differences in the abundance of microbiome species 
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between groups. All analyses used two-sided P values, 
and the significance level was set at 0.05 unless otherwise 
noted. SPSS software (version 26) and R software (ver-
sion 4.1.2) were used for statistical analyses.

Results
Patients and treatment
Between July 2, 2021, and May 17, 2022, 56 patients with 
histopathologically confirmed SCC were screened for eli-
gibility. Of these, 35 met the inclusion criteria and were 
enrolled in the study (Additional file 1: Fig. 1 and Addi-
tional file 2). All patients received neoadjuvant treatment 
consisting of two to four cycles of tislelizumab combined 
with chemotherapy (albumin-bound paclitaxel and car-
boplatin). Of the enrolled patients, 30 (85.7%) had stage 
IIIA disease and 5 (14.3%) had stage IIIB disease. Most of 
patients (34/35, 97.1%) had smoking history, and a signif-
icant proportion (25/35, 71.4%) had comorbidities such 

as hypertension, diabetes, and benign prostatic hyper-
plasia. These comorbidities were well controlled at the 
time of enrollment and graded as Common Terminology 
Criteria for Adverse Events (CTCAE) grade I. Detailed 
demographic and disease characteristics are presented in 
Table 1.

Of the 35 patients enrolled in the study, 32 (91.4%) 
underwent surgery and achieved R0 surgical resection. 
The surgical procedures performed included lobectomy 
in 21 patients (65.6%), sleeve lobectomy in 7 patients 
(21.9%), bilobectomy in 2 patients (6.3%), and pneumo-
nectomy in 2 patients (6.3%) (Table 2). Notably, 24 out of 
32 patients (75%) underwent minimally invasive surgery. 
Three patients did not undergo surgery: one patient had 
immunotherapy-induced hepatitis, whereas two patients 
opted not to undergo surgery for personal reasons.

Among the 32 patients who underwent surgery, 30 
patients received subsequent adjuvant therapy. Two 

Fig. 1 Overview of clinicopathological characteristics and clinical outcome of patients treated with neoadjuvant tislelizumab plus chemotherapy. A 
Pathologic regression and clinicopathological characteristics. B Kaplan–Meier survival curve for EFS
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patients did not receive adjuvant therapy and were 
under observation because they had already received 
neoadjuvant therapy for four cycles before surgery. 
One patient discontinued adjuvant therapy for per-
sonal reasons. Eventually, 29 patients completed adju-
vant therapy. As of the cutoff date on July 6th, 2023, all 
patients had completed the treatment and were under 
follow-up.

Efficacy
After 1–4 cycles of preoperative treatment with tisleli-
zumab combined with chemotherapy, 31 of 35 patients 
(88.6%, 95% CI 77.5–99.7%) had an objective response, 
with 10 patients (28.6%) achieving CR, 21 patients 

(60%) achieving PR, and 4 patients (11.4%) achieving 
stable disease (SD). None of the patients had progres-
sive disease during neoadjuvant therapy (Fig. 1A).

At the data cutoff, the median follow-up period was 
16.7 months (95% CI 15.7–17.8). Out of the 35 patients, 
9 (25.7%) experienced disease progression, disease occur-
rence, or death. The median EFS was not reached and 
the 12-month, 24-month EFS rate were 85.7% (95% CI 
74.9–98.1%), 61.0% (95% CI 42.3–88.0%), respectively 
(Fig. 1B). All 3 patients (8.6%) who did not undergo sur-
gery developed progressive disease, and 1 patient (2.9%) 
died. Among the 32 patients who underwent surgery, 5 
(15.6%) had disease occurrence at the time of cutoff.

Of the 32 patients who underwent surgery, 24 (75%, 
95% CI 59.1–90.9%) achieved MPR and 14 (43.8%, 95% CI 
25.6–61.9%) achieved pCR (Fig. 1A and Table 2). Moreo-
ver, 27 out of 32 patients (84.4%, 95% CI 71.1–97.7%) 
achieved pathological T downstaging, and 23 patients 
(71.9%, 95% CI 55.4–88.3%) had nodal downstaging after 
neoadjuvant treatment. Notably, 15 patients (46.9%) had 
nodal downstaging from N2 to N0 (Table 2).

Table 1 Baseline demographic and clinical characteristics

Variables Patients (n = 35)

Age
 Age, median (range), years 65 (48–70)

 < 65, No. (%) 16 (45.7)

 ≥ 65, No. (%) 19 (54.2)

Sex, n (%)
 Male 35 (100)

Clinical stage, n (%)
 T1N2M0 7 (20)

 T2N2M0 11 (31.4)

 T3N1M0 8 (22.9)

 T3N2M0 1 (2.9)

 T4N0M0 2 (5.7)

 T4N1M0 2 (5.7)

 T4N2M0 4 (11.4)

ECOG score, n (%)
 0 16 (45.7)

 1 19 (54.3)

Smoking status, n (%)
 Current or former 30 (85.7)

 Never 5

Treatment cycle before surgery, n (%)
 2 cycles 27 (77.1)

 3 cycles 6 (17.1)

 4 cycles 2 (5.7)

TPS PD-L1 (22C3), n (%)
 < 1% 9 (25.7)

 1–49% 16 (45.7)

 ≥ 50% 3 (8.6)

 NA 7 (20)

Comorbidities, n (%)
 Yes 25 (71.4)

 No 10 (28.6)

Table 2 Surgical performance and pathological response

Outcomes Patients (n = 32)

R0 resection, n (%) 32 (100)

Surgical approach, n (%)
 Thoracotomy 7 (21.9)

 Minimally invasive 24 (75)

 Minimally invasive to thoracotomy 1 (3.1)

Resection type, n (%)
 Sleeve lobectomy 7 (21.9)

 Lobectomy 21 (65.6)

 Bilobectomy 2 (6.3)

 Pneumonectomy 2 (6.3)

Pathological response, n (%)
 pCR 14 (43.8)

 MPR 24 (75)

 Non-MPR 8 (25)

T downstaging, n (%) 27 (84.4)

 T4 to T3 1 (3.1)

 T4 to T1 3 (9.4)

 T4 to T0 4 (12.5)

 T3 to T1 5 (15.6)

 T3 to T0 4 (12.5)

 T2 to T1 7 (21.9)

 T2 to T0 2 (6.3)

 T1 to T0 1 (3.1)

Nodal downstaging, n (%) 23 (71.9)
 N2 to N0 15 (46.9)

 N2 to N1 3 (9.4)

 N1 to N0 7 (21.9)
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Safety
All 35 patients experienced treatment-related AEs during 
the perioperative treatment (Table 3). The most common 
treatment-related AEs were hematologic events, includ-
ing neutropenia (28 [80.0%] of 35 patients), anemia (19 
[54.3%]), and thrombocytopenia (16 [45.7%]). The com-
mon nonhematologic adverse events were alopecia (25 
[71.4%]), fatigue (6 [17.1%]), anorexia (5 [14.3%]), and 
myalgia (5 [14.3%]). Three patients (8.6%) experienced 
skin rash, which was evaluated as immune-related AEs. 
Four patients (11.4%) experienced AEs of grade 3 or 4, 

which were neutropenia (3 [8.6%] of 35 patients) and 
increased aspartate transaminase (AST) and alanine 
transaminase (ALT) (1 [2.9%]). All grade 3 and 4 AEs 
occurred before surgery. None grade 5 AEs occurred and 
none of the AEs led to treatment discontinuation or dose 
reduction.

Analysis of biomarkers
Next-generation sequencing and PD-L1 expression 
analysis were conducted to explore potential biomark-
ers for predicting pathological response. Firstly, ctDNA 
concentration and dynamic changes at baseline and 
after neoadjuvant treatment were compared between 
pCR and non-pCR patients. At baseline, nearly all pCR 
(91%, 10/11) and non-pCR (100%, 15/15) patients tested 
positive for ctDNA. There was no significant difference 
in ctDNA content between the two groups (P = 0.134, 
Additional file  1: Fig. S2A). However, after neoadjuvant 
treatment, the positive rate of ctDNA in the pCR group 
decreased to 20.0% (2/10), compared to 66.7% (10/15) in 
the non-pCR group (P = 0.06, Additional file 1: Fig. S2B). 
Additionally, the pCR group exhibited a significantly 
lower ctDNA concentration (P = 0.0105, Fig. 2A). Out of 
the 24 patients who were ctDNA positive at baseline and 
had corresponding plasma measurements after neoadju-
vant treatment, 12 remained ctDNA positive at that time 
point. Patients without ctDNA clearance tended to have 
residual disease compared to those with ctDNA clear-
ance, although no statistically significant difference was 
observed, possibly due to the small sample size (P = 0.092, 
Fig.  2B). The positive predictive value (PPV) was 83% 
(10/12) while the negative predictive value (NPV) was 
58% (7/12). Furthermore, we investigated the difference 
in EFS between the ctDNA clearance group and no clear-
ance group. As expected, the ctDNA clearance group 

Table 3 Treatment-related AEs

AST aspartate transaminase, ALT alanine transaminase

Adverse events Any grade
No. (%)

Grades 3–4
No. (%)

Hematologic adverse events

 Neutropenia 28 (80) 3 (8.6)

 Anemia 19 (54.3) 0

 Thrombocytopenia 16 (45.7) 0

Nonhematologic adverse events

 Alopecia 25 (71.4) 0

 Fatigue 6 (17.1) 0

 Anorexia 5 (14.3) 0

 Myalgia 5 (14.3) 0

 Paresthesia 4 (11.4) 0

 Nausea 3 (8.6) 0

 Rash 3 (8.6) 0

 Constipation 2 (5.7) 0

 Increased AST 2 (5.7) 1 (2.9)

 Increased ALT 2 (5.7) 1 (2.9)

 Increased blood creatinine 1 (2.9) 0

 Increased bilirubin 1 (2.9) 0

Fig. 2 Association of ctDNA with pathological response and survival. A ctDNA concentration after neoadjuvant treatment between pCR 
and non-pCR. B Sankey plot showing ctDNA dynamics (clearance or non-clearance) versus response. C DFS of patients with ctDNA positive 
and ctDNA negative after surgery
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demonstrated a trend towards better survival (P = 0.196, 
Additional file  1: Fig. S2C). Additionally, we evaluated 
the prognostic significance of postoperative ctDNA. 
The Kaplan–Meier estimates indicated that the presence 
of ctDNA at postoperative 1  month postoperative was 
highly predictive of relapse (P < 0.001, Fig. 2C).

Based on the available WES (n = 28) and WTS (n = 26) 
data obtained from baseline tumor tissue, we have iden-
tified several biomarkers potentially associated with 
pathological response. Specifically, patients with pCR 
demonstrated significantly higher median TNB score 
(267 vs. 166, P = 0.027, Fig. 3A) and Merck 18-gene score 
(P = 0.013, Fig.  3B) compared to the non-pCR group. 
Moreover, the results of immune cell population estima-
tion showed that CD8 + T cells and M1 macrophages, 
two classical immune cell populations with antitu-
mor activity, were significantly more abundant in pCR 
patients than those in non-pCR patients (Additional 
file  1: Fig. S3A). While the M2 macrophages were also 
more abundant in pCR patients (Additional file  1: Fig. 
S3A), the ratio of M1/M2 macrophages in pCR patients 
was still significantly higher (P = 0.0045, Fig. 3C).

Interestingly, we also found that the expression level 
of IFNG, which encodes interferon-gamma (IFN-γ) cru-
cial for antitumor responses, was significantly higher in 
pCR patients than that in non-pCR patients (P < 0.001, 
Fig.  3D), with an area under the curve (AUC) of 0.96 
(Additional file 1: Fig. S3B). IFN-γ, produced by immune 
cells such as T cells and NK cells, plays a pivotal role in 
antitumor responses by stimulating macrophages. We 
further examined the potential correlation between 
the expression level of IFNG and the abundance of sev-
eral immune cells. As expected, there was a significantly 
positive correlation between the IFNG expression level 
and the abundance of CD8 + T cells, as well as M1 mac-
rophages (Fig.  3E, Additional file  1: Fig. S3C-D). Fur-
thermore, patients with high IFNG expression appeared 
to have a tendency for better prognosis when using the 
upper quartile as a cutoff (Additional file  1: Fig. S3E). 
Meanwhile, TMB and PD-L1 TPS scores were also ana-
lyzed between the pCR and non-pCR groups. Although 
no statistically significant differences were found, there 
were tendencies of higher median TMB and PD-L1 TPS 
scores in pCR patients (Additional file 1: Fig. S3F-G).

Fig. 3 Potential biomarkers for predicting pathological response in baseline tumor tissue and BALF. A TNB score, (B) GEP 18-gene score, (C) the ratio 
of M1 macrophages to M2 macrophages, (D) IFNG expression level, (E) correlation between IFNG expression level, M1 Macrophages and CD8 + T 
cells, (F) bar chart and (G) volcano plot of intergroup differences in BALF microbial species between pCR group and non-pCR group
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In this study, we also explored the diversity of the 
microbiome in BALF prior to treatment to better under-
stand the variations in microbial communities among 
patients who achieved pCR and those who did not. We 
successfully obtained BALF samples from 9 pCR patients 
and 14 non-pCR patients for metagenomic sequencing. 
Our analysis revealed Streptococcus as the most abundant 
bacterial genus in the pCR group, compared to the non-
pCR groups (P = 0.024, Fig.  3F,G). This finding suggests 
a potential association between these bacteria and treat-
ment response.

Discussion
To our knowledge, this is the first prospective study to 
evaluate the efficacy and safety of neoadjuvant treat-
ment with tislelizumab combined with chemotherapy in 
patients with potentially resectable stage IIIA-IIIB (N2) 
SCC. The neoadjuvant therapy did not increase surgical 
complexity, with 75% of patients undergoing minimally 
invasive surgery.

Several recent studies have assessed the efficacy and 
safety of immunotherapy combined with chemotherapy 
as neoadjuvant therapy in NSCLC. In the CheckMate 816 
trial [9], patients with resectable stage IB to IIIA NSCLC 
received nivolumab combined with platinum-based 
chemotherapy and achieved a 60.9% MPR rate, 24% pCR 
rate and 76.1% 12-month EFS rate. Grade 3 or 4 AEs 
occurred in 33.5% of patients in the nivolumab combined 
with chemotherapy group. The NADIM trial [15] enrolled 
patients with stage IIIA NSCLC, who received paclitaxel 
and carboplatin combined with nivolumab for three 
cycles, followed by adjuvant nivolumab monotherapy 
for 1 year. The MPR rate was 83% and the pCR rate was 
63.4%. Thirty percent of patients had treatment-related 
grade 3 or worse AEs. The subsequent NADIM II trial 
[16] enrolled stage IIIA/B NSCLC patients, the MPR rate 
was 52% and the pCR rate was 36%. In another trial, peri-
operative treatment with adebrelimab (a programmed 
death-ligand 1 antibody) combined with nab-paclitaxel 
and carboplatin was evaluated in resectable stage II 
to III NSCLC patients, and 51.4% of patients achieved 
MPR, while 29.7% of patients achieved pCR. Grade 3 or 
worse AEs were reported in 78.4% of patients [17]. Four 
recent perioperative trials for NSCLC, Checkmate 816 
[9], AEGEAN [18], Neotorch [19], and KEYNOTE-671 
also demonstrated that perioperative immunotherapy 
resulted in significantly longer EFS than chemother-
apy alone. These trials reported 12-month EFS rates of 
76.1, 73.4, 84.4, and 73.2% and 24-month EFS rates of 
63.8, 63.3, 64.7, and 62.4%, respectively. In our trial, we 
observed a 100% R0 resection rate, 75% MPR rate, 43.8% 
pCR rate, 85.7% 12-month EFS rate, and 61.0% 24-month 
EFS rate in stage IIIA-IIIB (N2) SCC patients after four 

cycles of perioperative treatment. These results were 
comparable with the findings reported in many previous 
studies. Additionally, the majority of adverse events were 
grades 1–2, and only 11.4% of patients experienced grade 
3–4 toxicities. The high R0 resection and MPR rates 
may improve surgical outcomes and ultimately extend 
survival.

It is worth noting that our trial employed a flexible and 
short-term treatment regimen. Surgical evaluation was 
conducted after 2 cycles of preoperative therapy, and if 
surgery was deemed infeasible, the original treatment 
was continued for an additional 1–2 cycles, for a total of 
4 cycles of therapy. In contrast, other perioperative tri-
als such as Checkmate 816 [9], NADIM [15], NADIM II 
[16], AEGEAN [18], Neotorch [19], and KEYNOTE-671 
[6, 20] involved longer treatment durations, ranging from 
3 to 19 cycles of immunotherapy. However, the beneficial 
effects of these regimens were often modest and associ-
ated with increased costs and drug-related toxicities. In 
our trial, we achieved comparable or MPR rate, pCR rate, 
and 12-month EFS rate with a shorter treatment dura-
tion, suggesting that a 4-cycle perioperative treatment 
with tislelizumab plus chemotherapy may be a more effi-
cient and cost-effective approach for potentially resect-
able stage IIIA-IIIB SCC patients.

Our findings, in potentially resectable stage IIIA-IIIB 
(N2) SCC, demonstrating the prognostic utility of detect-
able ctDNA post-operatively and dramatic survival dif-
ference based on ctDNA clearance align with research 
from the IMpower010 trial in early-stage NSCLC. Using 
an ultra-sensitive ctDNA assay, they established post-
surgical ctDNA detection as an independent predic-
tor of shorter disease-free survival (HR 2.26, p < 0.001), 
while chemotherapy-induced ctDNA clearance predicted 
superior outcomes (HR 0.17, p < 0.001). Similarly, we 
found ctDNA dynamics after neoadjuvant therapy can 
be used to predict pathological response, with a high 
PPV (83%, 10/12) to predict non-pCR, which is consist-
ent with the findings of the Checkmate 816 trial (100%, 
19/19) [9]. What is more, our data revealed that patients 
with positive ctDNA at postoperative month 1 had sig-
nificantly shorter DFS than those with negative ctDNA, 
which is consistent with numerous previous reports 
[21–24]. In these observational studies, only the posi-
tive ctDNA patients, other than those negative ctDNA 
patients, may benefit from adjuvant therapy. Yue et  al. 
also demonstrated detectable ctDNA after neoadjuvant 
therapy trended to correlate with inferior recurrence-free 
survival in stage IB–IIIA NSCLC [25]. In view of the fact 
that the optimal adjuvant therapy strategies for patients 
who received neoadjuvant immunotherapy are not well 
established, ctDNA status after neoadjuvant therapy 
and after surgery may play an important role in guiding 
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personalized adjuvant therapy. However, prospective 
intervention studies are needed.

We also investigated the potential biomarkers in base-
line tumor tissues for predicting pathological response. 
Our study found that significantly higher TNB score 
were presented in the pCR group, which was deemed 
to produce neoantigens and generate an inflammatory 
microenvironment that ultimately led to improved out-
comes following immunotherapy [26]. As expected, pCR 
patients had significantly greater enrichment of classical 
immune cell populations that mediate antitumor roles, 
such as CD8 + T cells, M1 macrophages. Additionally, 
the ratio of M1/M2 macrophages in non-pCR patients 
was significantly lower, indicating that the immune 
microenvironment of non-pCR patients was relatively 
inhibitory [27, 28]. Beyond that, we found the pCR group 
had a significantly higher GEP score than the non-pCR 
group (P = 0.011). To the best of our knowledge, this 
is the first study to demonstrate the predictive value of 
GEP-18-gene score in the neoadjuvant setting for poten-
tially resectable IIIA-IIIB (N2) SCC. Our results also 
suggested that high levels of IFNG can be used as a pow-
erful predictor to distinguish patients whose tumors will 
achieve pCR, which was consistent with the report from 
NADIM trial [29]. As we all known, IFN-γ is produced 
by immune cells such as T cells and NK cells and further 
activates macrophages to plays crucial role in antitumor 
responses, as well as upregulating antigen processing and 
presentation pathways [30]. Excitedly, we further con-
firmed a significantly positive correlation between the 
IFNG expression level and CD8 + T cells, as well as M1 
macrophages. These results implied that another mecha-
nism for the superior antitumor response of pCR patients 
via more CD8 + T cells assembled to produce more IFN-γ 
and made more M1 macrophages be stimulated. All of 
these findings indicated that pCR patients had a relatively 
active pre-established tumor immune microenvironment 
at baseline than non-pCR patients which resulted in a 
superior antitumor response.

The potential role of gut microbes in modulating 
immunity and antitumor responses in various cancers, 
including lung cancer, has been well recognized in previ-
ous studies [31, 32]. However, the microbiome in BALF, 
which is closely related to the lung cancer microenvi-
ronment, has received little attention. Masuhiro et  al. 
showed that checkpoint inhibitor responders had a 
greater diversity of the lung microbiome profile in BALF 
[33], while Jang et al. demonstrated that the abundances 
of Neisseria and Veillonella dispar differed significantly 
in relation to PD-L1 expression levels and immunother-
apy responses [34]. However, no systemic analysis of the 
microbiome in BALF of SCC patients has been reported. 
Our study revealed an association between the bacterial 

genus Streptococcus and achievement of pCR, but we did 
not establish a causative relationship. While provocative, 
further research is required to determine any predictive 
or functional role of lung microbiome profiles in deter-
mining neoadjuvant treatment efficacy.

A recent meta-analysis by Marinelli et al. [35] reviewed 
published neoadjuvant and preoperative chemo-immu-
notherapy trials, demonstrating an event-free survival 
(EFS) advantage in PD-L1 negative tumors. The study 
showed improved EFS in the experimental arm (hazard 
ratio, HR 0.55), irrespective of stage, histology, or PD-L1 
expression (PD-L1 negative, HR 0.74). Subgroup analy-
sis for PD-L1 did not reveal significant differences in the 
likelihood of pCR between PD-L1 positive and negative 
NSCLC patients (p = 0.36). The European Medicines 
Agency (EMA) has limited the use of nivolumab plus 
chemotherapy to PD-L1-positive tumors. In our study, 
while no statistically significant difference in PD-L1 
expression was observed between pCR and non-pCR 
groups, there was a trend toward higher PD-L1 TPS 
in pCR patients. Considering the potential benefits of 
neoadjuvant chemo-immunotherapy in PD-L1 nega-
tive patients, as suggested by the meta-analysis, further 
research is warranted to explore this approach’s efficacy 
in this subgroup. Additionally, it is crucial to consider 
alternative biomarkers beyond PD-L1 expression to guide 
treatment decisions, ensuring that patients with PD-L1 
negative tumors are not excluded from potentially ben-
eficial neoadjuvant therapies.

In light of these findings, we propose that not all SCC 
patients require the same duration of perioperative 
therapy, which can last up to 6–12  months. Our study 
suggests that patients with high TNB score and GEP-
18 score, high IFNG expression level and M1/M2 mac-
rophages ratio, as well as more CD8 + T cells detected in 
tumor tissue at baseline, high bacterial genus Streptococ-
cus detected in BALF at baseline, or those who achieve 
ctDNA clearance in peripheral blood after neoadjuvant 
therapy may be effectively treated with a shorter course 
of four cycles of perioperative treatment with immuno-
therapy plus chemotherapy. This personalized approach 
to treatment may benefit patients with potentially resect-
able stage IIIA-IIIB(N2) SCC. Nevertheless, further pro-
spective intervention studies are necessary to validate 
these findings.

This study had several limitations. First, one poten-
tial limitation is the staging procedures used for patient 
selection. International guidelines recommend pre-
operative staging with PET scan and tissue confirma-
tion with EBUS/EUS for cN1 tumors, tumors ≥ 3  cm, 
or central tumors [36]. In our study, we utilized clinical 
radiographic staging, primarily through enhanced CT 
scans, to assess nodal involvement, reserving PET-CT 
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and invasive mediastinal staging (EBUS/EUS, medias-
tinoscopy) for cases where CT results were inconclusive. 
While this approach allowed for a more pragmatic study 
design, it may have led to some variability in the accuracy 
of staging across patients. Future studies should consider 
incorporating PET scan and EBUS/EUS confirmation for 
all patients meeting the criteria outlined in the guidelines 
to ensure more precise and consistent staging. Second, 
the sample size is relatively small, and our study lacks a 
randomized control group for comparison. Third, the 
follow-up period for survival data was limited at the time 
of data cutoff, and longer-term follow-up is necessary to 
fully evaluate the impact of neoadjuvant therapy on sur-
vival outcomes. While several tumor-based biomarkers 
were associated with achieving pCR in our study, along 
with the novel finding of an association with Streptococ-
cus abundance, these results remain early and do not 
supplant pathological response as the primary correlate 
to survival outcomes after neoadjuvant therapy. Analyses 
identifying ctDNA clearance, gene expression profiles, 
tumor mutation/neoantigen burden, and microbiome 
signatures should be considered hypothesis-generating. 
Additional prospective validation is necessary before 
clinical application.

Conclusions
In conclusion, our study demonstrated that the combi-
nation of four cycles of perioperative neoadjuvant treat-
ment with tislelizumab combined with chemotherapy 
resulted in a promising pCR and MPR rate with accept-
able toxicity in patients with potentially resectable stage 
IIIA-IIIB (N2) SCC. This short-term treatment effectively 
downstaged a substantial proportion of stage IIIA/IIIB 
(N2) tumors, with 84.4% of patients achieving pathologi-
cal T downstaging and 71.9% achieving nodal downstag-
ing after neoadjuvant therapy. These findings suggest that 
the condensed perioperative chemo-immunotherapy 
regimen may improve the likelihood of successful surgi-
cal resection in this patient population. Furthermore, our 
study identified several potential predictive biomarkers 
of pathological response to the combined therapy. We 
also preliminarily illustrated the potential role of ctDNA 
dynamics in guiding adjuvant therapy. The pCR group 
had a significantly higher GEP score than the non-pCR 
group, and the bacterial genus Streptococcus in BALF at 
baseline was found to be an effective predictor of treat-
ment efficacy. Future studies with larger patient cohorts 
and randomized control groups are necessary to validate 
our results.
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