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Background: The optimal combination of immune checkpoint inhibitors (ICIs), radiotherapy, and chemotherapy for unresectable 
locally advanced lung squamous cell carcinoma (LA-LUSC) remains undefined. This study evaluated induction chemoimmunotherapy 
followed by radiotherapy ± consolidation ICI in unresectable LA-LUSC, specifically exploring radiotherapy timing impact.
Methods: We retrospectively analyzed 54 unresectable LA-LUSC patients receiving induction chemoimmunotherapy followed by 
radiotherapy. Patients were grouped by radiotherapy timing: Early (after 2–3 induction cycles, n = 18) and Late (after 4–6 cycles, n = 
36). Survival analysis (Kaplan–Meier, Log-rank) compared progression-free survival (PFS), local PFS (LPFS), distant metastasis-free 
survival (DMFS), overall survival (OS), and safety. Prognostic factors for PFS/OS were explored.
Results: Median follow-up was 30.7 months. Median PFS for all patients was 21.9 months. Early radiotherapy improved PFS (HR = 
0.43, p = 0.024) and LPFS (HR = 0.36, p = 0.038). Radiotherapy after 2–3 induction cycles was an independent predictor of improved 
PFS (p = 0.040). Overall treatment tolerance was good; grade ≥3 pneumonitis incidence was 5.56%. After propensity score matching, 
OS was significantly longer in patients receiving induction plus consolidation ICI versus induction ICI alone (HR = 0.51, p = 0.038).
Conclusion: Induction chemoimmunotherapy followed by radiotherapy demonstrates promising efficacy and manageable toxicity in 
unresectable LA-LUSC. Initiating radiotherapy earlier (after 2–3 induction cycles) improves PFS and LPFS and is an independent 
favorable prognostic factor. Consolidation ICI after combined chemoimmunotherapy and radiotherapy further extends OS compared to 
induction ICI alone.
Keywords: locally advanced non-small cell lung cancer, immune checkpoint inhibitors, radiotherapy, lung cancer

Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide. Data shows that approximately 1.8 million people 
die from lung cancer each year.1 Non-small cell lung cancer (NSCLC) is the most common type, accounting for about 
85% of all lung cancers.2 Clinically, over one-third of NSCLC patients are diagnosed as locally advanced at first visit, 
with the majority being unresectable.3 Definitive chemoradiotherapy (CRT) is the standard treatment for unresectable 
locally advanced NSCLC (LA-NSCLC), but the prognosis remains poor, with a 5-year survival rate of only 15%.3 The 
emergence of immune checkpoint inhibitors (ICIs) has significantly improved the survival rates of unresectable LA- 
NSCLC patients.4 However, the 5-year progression-free survival (PFS) rate for consolidation ICI is only 33.1%,5 

indicating that nearly 70% of unresectable LA-NSCLC cases remain uncontrolled. According to the criteria of the 
PACIFIC study, almost half of the unresectable LA-NSCLC patients who received CRT were not eligible for consolida-
tion ICI.6,7 The MOOREA8 study is a prospective, non-intervention study designed to evaluate real-world treatment 
patterns and outcomes in Chinese patients with stage III NSCLC. Mid-term analysis showed that in the unresectable III 
phase NSCLC cohort, only 26.8% of patients received consolidation ICI after CRT. Therefore, the new permutation of 
ICIs and CRT may extend the benefits of ICIs to all patients suitable for CRT, thus bringing further benefits to patients 
with unresectable LA-NSCLC.
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In recent years, preoperative neoadjuvant chemoimmunotherapy has achieved surprising results. In the CheckMate- 
816 trial,9 preoperative neoadjuvant chemoimmunotherapy brought greater survival benefits to patients with IIIA stage 
NSCLC than patients with stage IB-II disease, which may be due to the fact that neoadjuvant chemoimmunotherapy can 
achieve the goal of decreasing stage by reducing tumor volume and contribute to the efficacy of subsequent radical 
treatment. Therefore, it is reasonable that induction chemoimmunotherapy before radical CRT can benefit patients with 
unresectable LA-NSCLC, especially in the GEMSTONE-301 trial,10 when the proportion of patients with stage IIIB/IIIC 
NSCLC (70%) is larger, showing an unsatisfactory treatment response and survival outcome to initial radical CRT and 
consolidation ICI.

At present, prospective studies on induction chemoimmunotherapy in unresectable LA-NSCLC are under way. 
According to the reported data,11,12 induction chemoimmunotherapy followed by radiotherapy seems to provide some 
survival benefits for patients with unresectable LA-NSCLC. Its safety is controllable and the short-term effect is good. 
However, it is not clear when radiotherapy intervention will be carried out after induction chemoimmunotherapy, and 
whether it is still necessary to take consolidation ICI. Prior to the Pacific trial, two cycles of induction chemotherapy 
prior to CRT were common for unresectable LA-NSCLC,13 likely because the two-cycle time window not only reduced 
tumor size but also provided timely free radical therapy to prevent tumor progression. For patients with LA-NSCLC who 
were unresectable after receiving induction chemoimmunotherapy, Yang et al14 showed that a trend in PFS benefit was 
observed compared to other induction cycles in less than 3 cycles of induction therapy. Wu et al15 also found that 2–3 
cycles of induced immunochemotherapy may be best, as longer induction may delay CRT and worsen the prognosis. 
However, the above studies focused more on reporting the efficacy and safety of induction chemoimmunotherapy, and 
did not study the timing of radiotherapy interventions in more detail. Lung squamous cell carcinoma has a higher tumor 
mutation load, and the positive rate of driving gene is lower than that of non-squamous cell carcinoma.16,17 The subgroup 
analysis of the GESTONE-301 study also showed that the HR of patients with squamous cell carcinoma was 0.57, while 
the HR of non-squamous cell carcinoma was 0.77.10 From the second line to the first line of immunotherapy, the immune 
benefit of patients with squamous cell carcinoma seems to be better than that of non-squamous cell carcinoma. Therefore, 
the purpose of this study was to evaluate the efficacy and safety of induction chemoimmunotherapy followed by 
radiotherapy with or without consolidation ICI in unresectable locally advanced lung squamous cell carcinoma (LA- 
LUSC) and to explore the effect of intervention timing of radiotherapy on the efficacy.

Materials and Methods
Patient Selection
Patients with unresectable LA-LUSC who received induction chemoimmunotherapy followed by radiotherapy in the 
affiliated Hospital of North Sichuan Medical College from December 2019 to November 2023 were collected retro-
spectively. Inclusion criteria: 1. Confirmed by pathology as LUSC; 2. Patients with unresectable LA-LUSC assessed by 
multidisciplinary evaluation; 3. First-line receiving induction chemoimmunotherapy for 2 or more cycles; 4. There was 
no disease progression before radiotherapy.; 5. All patients completed the local thoracic radiotherapy during the period of 
receiving 4–6 cycles of chemotherapy and immunotherapy combined system therapy. Exclusion criteria: 1. Incomplete 
local thoracic radiotherapy 2. Did not complete the total course of treatment of 4–6 cycles of chemotherapy and 
immunotherapy combined with system treatment; 3. The case data are incomplete.

Radiotherapy after 2–3 cycles of induction chemoimmunotherapy was defined as early radiotherapy group, and 
radiotherapy after 4–6 cycles of induction chemotherapy was defined as late radiotherapy group. This study complies 
with the provisions of the Helsinki Declaration (revised in 2013). The review committee of the affiliated hospital of 
North Sichuan Medical College gave ethical approval to this study.

Treatment Strategy
All patients received first-line induction chemoimmunotherapy followed by radiotherapy with or without consolidation 
ICI. ICIs are anti-PD-1 antibodies delivered at the same time as or after chemotherapy. The ICIs used in the induction 
regimen included Carellizumab, Nivolumab, Sintilimab and Tirelizumab. Based on the good efficacy of NSCLC patients, 
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these four ICIs drugs have been approved for the treatment of NSCLC. Conventional fractionated intensity radiotherapy 
was used for radiotherapy. The typical dose of radiotherapy is 60Gy, which is divided into 30 times and is used 
continuously for 5 days a week. Consolidation ICI is recommended for patients without treatment-related adverse events 
(TRAEs) at the end of first-line treatment.

Data Collection and Follow-Up
Baseline demographic and therapeutic data were extracted from electronic medical records. The disease staging is based 
on the American Joint Committee on Cancer and the eighth edition of the International Union against Cancer Lung 
Cancer staging classification TNM. Routine follow-up includes vital signs, physical status, and other hematological tests, 
as well as any adverse events. According to the solid tumor response evaluation criteria version 1.1, CT or positron 
emission tomography was used to evaluate the tumor response. Patients were followed up every three months in the first 
two years, every six months in the following two years, and once a year after five years. Clinical examinations include 
routine blood tests, chest enhanced CT, and neck/abdominal CT or ultrasound and indicative PET/CT. The recurrence was 
confirmed by radiological study or tissue cell biopsy.

Outcome and Statistical Analysis
PFS was calculated from the date of induction therapy to the date of progression, death of any cause, or the last 
follow-up. Local progression-free survival (LPFS) was calculated from the date of induction therapy to the date of 
local progression or death for any reason. Survival without distant metastasis (DMFS) is defined as the time from 
induction therapy to distant metastasis or death from any cause. Overall survival (OS) is defined as the time from the 
start of induction therapy to the date of death of any cause or the date of the last follow-up. Common terminology 
standards for adverse events (CTCAE version 5.0) were used to assess TRAEs. All statistical analyses were 
performed using SPSS version 25.0 (SPSS, Chicago, USA) comparing baselines using Pearson’s chi-square test 
or Fisher’s exact test, and describing count data in terms of number of cases and percentages. The Kaplan–Meier 
method was used to evaluate PFS, LPFS, DMFS and OS, and the Log rank test was used to compare the survival 
differences between the groups, and the survival curve was plotted by GraphPadPrism 9.0. Cox regression analysis 
was used to determine the prognostic factors affecting PFS and OS, and the variables of p < 0.3 in the univariate 
Cox regression analysis were included in the multivariate Cox regression analysis. The prognostic factors affecting 
PFS and OS were subjected to a propensity matching score (PSM) and then subgroup survival analysis. In this paper, 
when the p < 0.05 (two-tailed), it was declared statistically significant. Power calculation assumed a hazard ratio 
(HR) of 0.5, α = 0.05, and 80% power, with a 1:2 allocation ratio. Using the Schoenfeld formula, the required 
sample size was 54 patients, which aligns with our cohort. Post hoc analysis revealed that the observed HR = 0.43 
(stronger effect size) and 35 progression events provided 92% power (α = 0.05), further supporting the robustness of 
our findings.

Results
Baseline Characteristics
A total of 54 eligible patients were included in the study: 18 cases (33.3%) in the early radiotherapy group and 36 
cases (66.7%) in the late radiotherapy group. The median age of the whole group was 61 years old (IQR, 46–79 
years). Most of the patients were males with previous smoking history. In terms of tumor stage, there were 38 
cases (70.4%) in IIIB/IIIC stage. The typical dose of whole group radiotherapy is 60Gy. The median number of 
cycles of induction chemoimmunotherapy was 4 (IQR, 2–6). Nineteen patients (35.2%) were treated with 
consolidation ICI after first-line treatment, including early radiotherapy group (27.8%) and late radiotherapy 
group (36.8%). Patients who did not take consolidation ICI included economic reasons (60.0%), intolerable 
toxicity (14.3%), disease progression (20.0%) and death (5.7%). The two sets of baseline data are well balanced 
(Table 1).
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Survival Outcomes
PFS and OS in the Total Population
The study was followed up to December 2024, with a median follow-up period of 30.7 months (10.5–51.8 months) in the 
entire cohort. The median PFS of the whole group was 21.9 months. One- and 2-year PFS rates were 83.4% and 48.1%, 
respectively (Figure 1A). As of the date, the median OS data was immature. One- and 2-year OS rates of 92.5% and 

Table 1 The Baseline Demographic and Clinical Characteristics of 
Patients

Characteristic Early Radiotherapy  
Group (n = 18)

Late Radiotherapy  
Group (n = 36)

n % n % p

Age

<61 13 72.22 20 55.56 0.236

≥61 5 27.78 16 44.44
Sex

Male 15 83.33 34 94.44 0.319

Female 3 16.67 2 5.56
Stage

IIIA 7 38.89 9 25.00 0.566

IIIB 7 38.89 18 50.00
IIIC 4 22.22 9 25.00

Radiation dose

<60Gy 1 5.56 4 11.11 0.655
≥60Gy 17 94.44 32 88.89

Smoking history

Never smoked 2 11.11 3 8.33 1.000
Former or current 16 88.89 33 91.67

ECOG

0 3 16.67 5 13.89 0.908
1 14 77.78 28 77.78

2 1 5.55 3 8.33

Consolidation ICI
Yes 5 27.78 14 38.89 0.420

No 13 72.22 22 61.11

Figure 1 Kaplan–Meier curves of progression-free survival (A) and overall survival (B) for the whole group.
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79.2%, respectively (Figure 1B). Thirty-five patients (64.8%) developed disease progression, including 8 cases (22.9%) 
in the early radiotherapy group and 27 cases (77.1%) in the late radiotherapy group. Among them, there were only 16 
cases of local recurrence, 14 cases of distant metastasis and 5 cases of simultaneous local recurrence and distant 
metastasis. A total of 12 patients died at the time of analysis.

Grouping PFS, LPFS, DMFS and OS
The median PFS of early radiotherapy group and late radiotherapy group was 25.9 and 20.1 months, respectively, the 
1-year PFS rate was 93.5% vs.77.6%, 2-year PFS rate was 69.5% vs 36.8% (HR = 0.43, p = 0.024, Figure 2A). The 
median LPFS of the early radiotherapy group was NR, and that of the late radiotherapy group was 19.9 months. The 
1-year LPFS rate was 100% and 82.8%, respectively, and the 2-year LPs rate was 73.4% and 45.4%, respectively (HR = 
0.36, p = 0.038, Figure 2B). The median DMFS is NR vs 26.9 months (HR = 0.41, p = 0.084, Figure 2C). The median 
OS is not yet mature, with 1-year OS rates of 94.5% and 91.7%, and 2-year OS rates of 86.7% and 75.4%, respectively. 
(HR = 0.43, p = 0.262, Figure 2D).

Treatment-Related Adverse Events
Forty-four patients had any grade of TRAEs. Grade 1–2 TRAEs occurred in 39 patients (72.22%). Hematological toxicity 
was the most common, including anemia (51.85%), leukopenia (27.78%), neutropenia (25.93%) and thrombocytopenia 
(14.81%), followed by pneumonia (38.89%) and thyroid dysfunction (35.19%). Five patients (9.26%) developed ≥grade 
3 TRAES. The incidence of ≥grade 3 pneumonia was 5.56%, and one case died of dyspnea caused by pneumonia 
radiation (Table 2). Through timely symptomatic intervention, most of the above TRAEs did not affect the overall 
treatment of patients, and the safety of patients can be controlled during the whole treatment period.

Figure 2 Kaplan–Meier curves of progression-free survival (A) local progression-free survival (B) distant metastasis-free survival (C) and overall survival (D) between two 
groups.
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Analysis of Prognostic Factors Affecting Survival Outcomes
Univariate Cox regression analysis was performed on the baseline data collected, such as gender, age, smoking history, 
clinical stage, radiotherapy dose, timing of radiotherapy intervention, and whether immunotherapy was consolidated, and 
the results showed that the timing of radiotherapy intervention (p = 0.034) was associated with PFS prognosis. The 
variables of p < 0.3 in the univariate were included in the multivariate analysis, and early interventional radiotherapy 
after 2–3 induction cycles was a better independent predictor of PFS (p = 0.040) (Table 3). No statistically significant 
predictors of OS were found in the collected data (Table 4).

Table 2 Treatment-Related Adverse Events

TRAEs 1–2 Grade ≥3 Grade

Any level of TRAEs 39 (72.22%) 5 (9.26%)
Anemia 28 (51.85%) 0

Leukopenia 15 (27.78%) 2 (3.70%)

Neutropenia 14 (25.93%) 2 (3.70%)
Elevated transaminase 7 (12.96%) 0

Pneumonia 21 (38.89%) 3 (5.56%)

Thyroid dysfunction 19 (35.19%) 0
Thrombocytopenia 8 (14.81%) 1 (1.85%)

Abbreviation: TRAEs, treatment-related adverse events.

Table 3 Univariate and Multivariate Cox Regression Analysis of PFS in Patients in Early 
Radiotherapy Group and Late Radiotherapy Group

Variable Univariate Cox Regression Multivariate Cox Regression

HR 95% CI P HR 95% CI P

Sex 2.52 0.59–10.67 0.209 1.82 0.42–7.80 0.423

Male
Female

Age 1.24 0.63–2.43 0.530

<61
≥61

Smoking history 1.23 0.37–4.09 0.733

Never smoked
No

Stage 0.70 0.35–1.42 0.327

IIIA
IIIB/C

Radiation dose 2.22 0.53–9.30 0.276 2.40 0.57–10.16 0.231

<60Gy
≥60Gy

Former or current 0.49 0.11–2.08 0.337

0–1
2

Timing of radiotherapy intervention 0.63 0.41–0.82 0.034* 0.65 0.42–0.91 0.040*

Early radiotherapy group
Late radiotherapy group

Consolidation ICI 1.16 0.58–2.39 0.677

Yes
No

Note: *Difference was statistically significant, P < 0.05.
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Subgroup Analysis
A total of 19 patients received further consolidation ICI. The median PFS of patients receiving consolidation ICI and 
patients without consolidation ICI was 20.8 months and 21.9 months, respectively, and the 2-year PFS rate was 34.6% 
vs.50.0% (HR = 1.16, p = 0.670, Figure 3A). The median OS of both groups was NR. The 2-year OS rate of patients who 
received consolidation ICI was 87.0%, and that of patients without consolidation ICI was 77.4% (HR = 0.32, p = 0.120, 
Figure 3B). After using PSM, the median PFS of patients receiving consolidation ICI was 20.9 months, the median PFS 
of patients without consolidation ICI was 18.0 months, and the 2-year PFS rate was 34.8% vs.47.3% (HR = 0.84, p = 
0.636, Figure 3C). The median OS of the group receiving consolidation ICI was NR, while that of the group without 
consolidation ICI was 34.8 months. The 2-year OS rate of patients who received consolidation ICI was 83.1%, and that 
of patients without consolidation ICI was 67.3% (HR = 0.51, p = 0.038, Figure 3D).

Discussion
Although CRT followed consolidation ICI is currently the standard treatment for unresectable LA-LUSC, the benefit 
population is limited. Real-world studies have shown that about 22% of 30% of patients can fail to complete the full 
course of treatment during CRT due to disease progression or intolerable toxicity,18,19 resulting in the loss of opportu-
nities to consolidation ICI. Preclinical studies have shown that induction immunotherapy can promote the release of new 
tumor specific antigens, stimulating effect and memory T cell proliferation. In addition, after induction therapy, tumor- 
specific CD8+T cells can persist in the blood for a long time.20 Clinical studies have observed that the number of CD8+ 
T cells in tumor infiltrating lymphocytes in patients with gastric cancer who received immunotherapy before radiotherapy 
was higher than that in patients without immunotherapy.21 According to research reports, the increase in the number of 

Table 4 Univariate and Multivariate Cox Regression Analysis of OS in Patients in Early 
Radiotherapy Group and Late Radiotherapy Group

Variable Univariate Cox Regression Multivariate Cox Regression

HR 95% CI P HR 95% CI P

Sex 2.57 0.011–4.32 0.415
Male

Female

Age 1.04 0.33–3.29 0.394
<61

≥61

Smoking history 1.24 0.26–3.74 0.836
Never smoked

No

Stage 0.91 0.27–3.01 0.872
IIIA

IIIB/C

Radiation dose 1.31 0.96–1.97 0.474
<60Gy

≥60Gy

Former or current 1.21 0.69–2.62 0.290 2.00 0.43–4.32 0.375
0–1

2

Timing of radiotherapy intervention 0.93 0.51–1.78 0.278 1.67 0.68–4.51 0.206
Early radiotherapy group

Late radiotherapy group

Consolidation ICI 0.32 0.07–1.46 0.142 0.29 0.06–1.36 0.117
Yes

No
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CD8+T cells can independently predict the better response of cancer patients to radiotherapy.22,23 Therefore, induction 
immunotherapy may achieve radiosensitization by directly or indirectly increasing the number of CD8+T cells. In 
addition, preclinical studies have shown that the use of induction immunotherapy before radiotherapy may deplete 
Tregs24,25 and normalize blood vessels to achieve radiotherapy sensitization,26,27 and can also play a more powerful anti- 
tumor function through contact with the healthy immune system.28 Clinical studies have also shown that immunotherapy 
before radiotherapy may further benefit patients with unresectable LA-NSCLC.11,29 To the best of our knowledge, this is 
the first real-world study to explore the timing of radiotherapy on the prognosis of patients with unresectable LA-LUSC 
receiving induction chemoimmunotherapy followed radiotherapy.

The 1- and 2-year PFS rates of induction chemoimmunotherapy were 83.4% and 48.1%, respectively, which were 
longer than those reported in the PACIFIC trial (55.7% and 45.0%, respectively). The median PFS (21.9 months) was 
also better than that of the PACIFIC trial (16.9 months).4 It is worth noting that in the PACIFIC trial, IIIB/IIIC accounted 
for 47.1% of patients, while most of the patients in this study were IIIB/ IIIC (70.4%). Induction chemoimmunotherapy 
followed by radiotherapy may benefit patients with unresectable LA-LUSC, which is similar to the results of Wang et al30 

(median PFS is 30.6 months, the 1-year and 2-year PFS rates were 85.8% and 64.2%, respectively). In the 2023 WCLC, 
a similar prospective study11 was reported, with a median PFS of 22.0 months, 1-year PFS rates were 84.7%. Another 
retrospective study31 also showed that unresectable LA-NSCLC could benefit from induction chemoimmunotherapy 
before CRT, with a median PFS of 20.4 months and a 1-and 2-year PFS rate of 70.4% and 41.9%, respectively. On OS, 
the 1-year and 2-year OS rates of induction chemoimmunotherapy in this study were 92.5% and 79.2%, respectively. 
This is similar to what Wang et al30 reported, with OS rates of 91.5% and 75.1% for 1 and 2 years, respectively. A similar 
study11 of WCLC in 2023 reported a 1-year OS rate of 91.8%. In the SPRINT study,32 a 1-year OS rate of 95% and 
a 2-year OS rate of 73.7% in the AFT-16 study.33 Based on the above studies, induction chemoimmunotherapy followed 

Figure 3 PFS and OS between the conICI group and the non-conICI group before and after PSM. (A) PFS from the initiation of treatment before PSM. (B) OS from the 
initiation of treatment before PSM. (C) PFS from the initiation of treatment after PSM. (D) OS from the initiation of treatment after PSM. 
Abbreviations: conICI, consolidation immune checkpoint inhibitor; non-conICI, non-consolidation immune checkpoint inhibitor; PFS, progression-free survival; OS, overall 
survival.
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radiotherapy has a promising effect in patients with unresectable LA-NSCLC. More related prospective studies are under 
way, and we look forward to reporting the follow-up results.

Our study showed that patients in the early radiotherapy group who received 2–3 cycles of induction chemoimmu-
notherapy had an improvement in median PFS compared with the late radiotherapy group (NR vs.18.0 months, p = 
0.036). In terms of local recurrence control, the early radiotherapy group was also better than the late radiotherapy group 
(NR vs.19.9 months, p = 0.049). Although there was no significant statistical difference in distant metastasis control 
between the two groups, the trend was better in the early radiotherapy group. Before the PACIFIC trial, two cycles of 
induction chemotherapy before CRT were common for unresectable LA-LUSC,13 probably because the time window of 
two cycles can not only reduce the size of the tumor but also provide timely radical treatment to prevent tumor 
progression. For unresectable LA-LUSC patients with CRT after receiving induction chemoimmunotherapy, Yang et al14 

showed that the benefit trend of PFS could be observed in less than 3 cycles of induction chemoimmunotherapy than 
other induction cycles. Wang et al30 found that the disease control rate after 2 cycles of induction chemoimmunotherapy 
was significantly higher than that after more cycles of induction chemoimmunotherapy. The follow-up simulated 
radiotherapy plan showed that all target volume and dose parameters decreased significantly after 2 cycles of induction 
therapy. Wu et al15 also found that 2–3 cycles of induced immunochemotherapy may be the best, because longer 
induction may delay CRT and worsen the prognosis. Overall, for patients with unresectable LA-LUSC, early interven-
tional radiotherapy after 2–3 cycles of induction chemoimmunotherapy seems to bring more survival benefits. However, 
this study is a retrospective study, and further prospective studies are needed to determine whether the specific cycles of 
induction chemoimmunotherapy followed by interventional radiotherapy are the best.

In terms of safety, the incidence of ≥grade 3 pneumonia was 5.56% in this study, which was similar to that of Wu et al 
(4.9%).34 Although the value is slightly higher than that of the PACIFIC trial (4.2%),4 it is lower than the combined use 
of induction and consolidation immunotherapy reported in the KEYNOTE-799 trial35 (phase 1, 10.0%, Phase 2, 8.0%).35 

Overall, this study shows that the safety of induction chemoimmunotherapy before radiotherapy is relatively controllable 
for unresectable squamous LA-NSCLC.

Subgroup analysis showed that patients who received consolidation ICI had better OS values than those who did not 
receive consolidation ICI, but PFS did not have an advantage. Considering that the timing of radiotherapy intervention 
and clinical tumor stage may be the biggest prognostic factors in this study, PSM was adopted. After PSM, it was 
observed that the OS of the group receiving consolidation ICI was significantly better than that of the group without 
consolidation ICI (mOS NR vs 34.8 months, 2 years OS, 83.1% vs 67.3%, p = 0.038). Similar to the study of Wang 
et al,30 the OS value of patients who received consolidation ICI was better than that of patients who did not receive 
consolidation ICI (2 years OS, 85.5% vs 64.2%, p = 0.170). The study of Guan et al36 also suggested that compared with 
patients who did not receive consolidation ICI, patients receiving consolidation ICI had a trend of improvement in PFS 
(HR = 0.398, p = 0.274) and OS (HR = 0.018, p = 0.209). The AFT-16 trial37 and the KEYNOTE-799 trial35 suggest that 
immunotherapy before and after CRT shows prolonged survival, but both are single-group studies. In summary, 
consolidation ICI after induction immunotherapy seems indispensable for patients with unresectable LA-LUSC, but 
there is still a lack of prospective studies to further confirm it.

This study has several limitations. First of all, this study is a small sample, single-center retrospective study, which 
has the limitations of retrospective study and needs to be verified by prospective studies in more centers and populations. 
Second, there is little data on PD-L1 expression because of the patient’s economic or other reasons. In addition, different 
ICIs may also lead to biases in the results. Future studies need to use the same ICIs and stratify according to PD-L1 
expression to reduce confounding factors. Finally, PFS may be overrated because real-world treatment evaluation is 
sometimes delayed. Despite these limitations, our analysis confirms the efficacy and safety of induction chemoimmu-
notherapy before radiotherapy. More importantly, our study also found that early interventional radiotherapy after 
induction therapy is conducive to the further survival and benefit of patients, which provides ideas for the design of 
related trials in the future.
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Conclusion
For patients with unresectable LA-LUSC, induction chemoimmunotherapy followed by radiotherapy shows a good 
curative effect and its safety is controllable. Interventional radiotherapy as early as possible after 2–3 cycles of induction 
chemoimmunotherapy may prolong PFS and LPFS. Consolidation ICI after induction immunotherapy may still be 
indispensable.
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