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Background

Immunotherapy combined with chemoradiotherapy has demonstrated promising efficacy in stage III non-small-cell lung cancer (NSCLC). However, the optimal timing for immunotherapy intervention during radiotherapy remains unclear. This study aimed to compare the efficacy and safety of immune checkpoint inhibitors (ICIs) administered concurrently or sequentially with chemoradiotherapy in unresectable stage III NSCLC.





Methods

A retrospective analysis of 98 patients with unresectable stage III NSCLC, treated between January 1, 2019, and June 30, 2023, was conducted. Patients were grouped based on concurrent or sequential administration of ICIs with chemoradiotherapy. Median progression-free survival (mPFS), median overall survival (mOS), 1 and 2-year PFS rates, 2 and 3-year OS rates, objective remission rate (ORR), and disease control rate (DCR) were evaluated. Survival analysis was performed using the Kaplan–Meier method. Univariate and multivariate analyses were conducted using the log-rank test and Cox proportional hazards model. Treatment-related adverse effects were assessed and graded.





Results

A total of 98 patients with unresectable stage III NSCLC treated with chemoradiotherapy and ICIs were included. The mPFS and mOS were 19.0 (14.2-23.8) months and 31.5 (24.3-38.7) months, 12.8 (9.5-16.1) months and 28.5 (19.3-37.7) months in the concurrent and sequential ICI groups, respectively, and mPFS showed a significant difference (P=0.047). The estimated 1 and 2-year PFS rates were 79.6% (95% confidence interval [CI]: 67.6-91.6) and 40.4% (95% CI: 15.8-49.2) for the concurrent group, compared to 51.0% (95% CI: 35.9-66.1) and 31.6% (95% CI: 14.5-48.7) for the sequential group. The estimated 2 and 3-year OS rates were 65.7% (95% confidence interval [CI]: 48.6-82.8) and 40.0% (95% CI: 16.1-63.9) for the concurrent group, compared to 54.6% (95% CI: 35.8-73.4) and 28.7% (95% CI: 4.8-52.6) for the sequential group. The Eastern Cooperative Oncology Group Performance Status Scale (ECOG) score and tumor differentiation were identified as independent factors associated with PFS and OS. Distant metastasis occurred in 13.8% and 25.5% of patients in the concurrent and sequential ICI groups, respectively (P=0.049). The incidence of any grade of pneumonitis was 43.1% and 38.3% in two groups, with grade 3 or higher in 7.8% and 8.5% of patients, respectively. Hematologic toxicity of any grade was observed in 29.4% and 34.0% of the two groups, with grade 3 or higher toxicity identified in 3.9% and 2.1% of patients, respectively.





Conclusions

Concurrent immunotherapy combined with chemoradiotherapy demonstrated superior efficacy than sequential immunotherapy, with good safety and tolerability in patients with unresectable stage III NSCLC.
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Background

Non-small-cell lung cancer (NSCLC) is recognized for its high prevalence and malignancy (1, 2). Approximately one-third of patients with NSCLC are initially diagnosed at stage III (locally advanced) (3), for which the 2 and 5-year OS rates are less than 50% and 30%, respectively, highlighting the need for further therapeutic advancements (4). Stage III NSCLC is highly heterogeneous, for its variations in tumor size, adjacent invasion, and lymph node metastasis, contributing to the complexity and variability of treatment strategies (5). For unresectable stage III NSCLC, the current standard treatment for these cases is concurrent chemoradiotherapy (c-CRT). Although several multicenter studies have explored sequential surgery following c-CRT, the outcomes were suboptimal (6, 7). With the advent of immunotherapy, integrating c-CRT with immune checkpoint inhibitors (ICIs) targeting anti-programmed cell death-protein 1 (PD-1) or programmed death-ligand 1 (PD-L1) has become a new direction (8).

Currently, most trials and guidelines recommend c-CRT followed by sequential PD1/PD-L1 inhibitors. However, as many patients experience local recurrence or distant metastasis, the potential benefits of synchronizing immunotherapy with radiotherapy merit further exploration. Radiotherapy can enhance immune system activation, and in turn, radiation may amplify immunotherapy effects (9). Concurrent administration of immunotherapy and radiotherapy produces a synergistic effect, improving treatment response and OS compared to CRT with consolidation immunotherapy, regardless of PD-L1 expression levels (10). NICOLAS single-arm Phase II trial combined nivolumab concurrently with CRT followed by 12-month consolidation therapy. The trial reported preliminary promising outcomes (11). Therefore, combining CRT with PD1/PD-L1 inhibitors is a promising and rational strategy in cancer research, and its therapeutic efficacy and safety are still worthy of further exploration.

This retrospective study included 98 patients with unresectable stage III NSCLC who received either concurrent or sequential PD1/PD-L1 inhibitors with CRT between January 2019 and June 2023. The primary objectives were to evaluate clinical efficacy and monitor treatment-related adverse events (TRAEs), providing clinical data on the optimal timing for immunotherapy intervention in unresectable stage III NSCLC.





Methods




Population

A retrospective analysis was conducted on patients treated at the Department of Radiotherapy, the First Affiliated Hospital of Anhui Medical University, between January 2019 and June 2023. Patients were assigned to one of the two groups according to different treatment methods: (1) concurrent ICIs group, where PD1/PD-L1 inhibitors were administered during CRT (either within 2 weeks before the first radiation session or 2 weeks after the last session). (2) sequential ICIs group, where PD1/PD-L1 inhibitors were administered more than 2 weeks after completing radiotherapy.

Baseline demographic data, pathological diagnoses, imaging findings, laboratory tests, and treatment details were obtained from the hospital's medical record system. Disease staging followed the eighth edition of the TNM classification for NSCLC, established by the Union for International Cancer Control (UICC) and the American Joint Committee on Cancer (AJCC).

The inclusion criteria were: (1) Histologically confirmed NSCLC via fiberoptic bronchoscopy or percutaneous lung biopsy, including squamous cell carcinoma, adenocarcinoma. (2) Imaging-confirmed, locally advanced stage IIIA-C NSCLC (T1-2N2-3, T3N1-3, T4N0-3). (3) Inoperability. (4) Age ≥18 and ≤85 years. (5) Normal hemotology examination. (6) The Eastern Cooperative Oncology Group (ECOG) Performance Status Scale ≤2 points.

The exclusion criteria included: (1) Presence of other primary tumors. (2) History of lung cancer surgery or radiotherapy. (3) Autoimmune diseases. (4) History of PD-1/PD-L1 inhibitors. (5) Active hepatitis. (6) Mutated driver genes. (7) Mixed small cell histological features. (8) Disease progression post-radiotherapy.





Procedures

All patients received intensity-modulated radiation therapy (IMRT). Gross tumor volume (GTV) encompassed the primary lung tumor and any mediastinal or hilar lymph nodes with confirmed metastasis, as identified by thoracic computed tomography (CT) examination or positron emission tomography-CT (PET-CT). Clinical target volume (CTV) was generated by expanding the GTV by a 6-8 mm margin, covering portions of the hilar and mediastinal lymphatic drainage areas. The CTV was minimized when in proximity to critical organs. The planning target volume (PTV) was expanded by a 3 mm margin from the CTV. A prescribed dose of 56 to 66 Gy was delivered to 95%PTV over 28 to 33 once-daily fractions (56-66 Gy/28-33 f), administered five days a week, Monday to Friday.

All patients underwent chemotherapy concurrently and following radiotherapy. Chemotherapeutic agents included cisplatin/carboplatin, paclitaxel liposome/albumin-bound paclitaxel/docetaxel, or pemetrexed disodium, administered every 3 to 4 weeks for 4 to 6 cycles. In the sequential ICIs group, PD1/PD-L1 inhibitors were initiated more than 2 weeks after completing CRT. In the concurrent ICIs group, PD1/PD-L1 inhibitors were administered during CRT or within 2 weeks before or after radiotherapy; the inhibitors used included envafolimab, sugemalimab, pembrolizumab, camrelizumab, sintilimab, and tislelizumab, all of which are approved for NSCLC treatment. These inhibitors were given every 3 to 4 weeks until disease progressed, death. or intolerable side effects, with a maximum treatment period of 12 months.

Before each treatment cycle, patients underwent routine blood tests (routine blood examination, liver and kidney function, thyroid hormone levels, myocardio enzyme, lung cancer tumor markers). Enhanced thoracic and abdominal CT and cardiac ultrasounds were conducted every two treatment cycles.





Outcomes

The primary endpoints were PFS, OS, 1/2-year PFS, and 2/3-year OS rates. PFS was from the start of the radiotherapy to tumor progression, while OS was from the start of radiotherapy to death. The secondary endpoints were as follows: complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). Disease progression was classified into locoregional progression and distant metastasis. The ORR was calculated as (CR+PR)/total number of cases×100%, while the disease control rate (DCR) was defined as (CR+PR+SD)/total number of cases×100%. The therapeutic response was assessed by investigators according to Response Evaluation Criteria In Solid Tumors (RECIST 1.1) using thoracic and abdominal CT examination. The first time of CT examination was one month after the radiotherapy. Besides, TRAEs were closely monitored, focusing on pneumonitis and hematological toxicity. Other common TRAEs, including radiation esophagitis, liver dysfunction, hypothyroidism, asthenia, decreased appetite, and diarrhea, were also documented.





Follow-up

Acute toxicities occurring within 3 months post-radiotherapy were observed and graded. Thoracic and abdominal CT examinations were performed every 2-3 months within 2 years and 6 months after 2 years for response evaluation. Bone emission computed tomography (ECT) and brain magnetic resonance imaging (MRI) were performed annually. Blood test, including routine blood examination, liver and kidney function, tumor markers were tested at the same time as imaging examination. These examinations could be performed at any time when new or severe clinical symptoms appeared. The final follow-up was completed on June 30, 2023.





Statistical analysis

Data analysis was performed using Statistical Package for the Social Sciences (SPSS; version 26.0, International Business Machines Corporation, New York, USA) and GraphPad Prism 7.0 (GraphPad Software, Inc., San Diego, California). Categorical data was expressed as percentages (%). Comparisons between groups were made using the chi-square or Fisher’s exact test. Kaplan–Meier method was used for survival analysis and survival curves, while univariate analysis was conducted using the log-rank test. Multivariate analysis for prognostic factors was performed using the Cox proportional hazards model. Statistical significance was set at P<0.05.






Results




Baseline characteristics

98 eligible patients with stage III NSCLC were included in the study. They were assigned to concurrent or sequential immunotherapy groups based on their treatment regimens. No significant differences were observed between the groups in terms of age, sex, ECOG scores, histological classification and grade, tumor location, previous treatments, or smoking and drinking history. The baseline characteristics of the patients are shown in Table 1.


Table 1 | Baseline characteristics of patients n(%).







Response evaluation and efficacy

As of the last follow-up on June 30, 2023, neither group achieved CR of their targeted tumors. In the concurrent ICIs group, 15 patients (29.4%) achieved PR, 10 (19.6%) had SD, and 26 (51.0%) experienced PD. In the sequential ICIs group, ten patients (23.4%) achieved PR, 7 (14.9%) had SD, and 30 (61.7%) experienced PD. The ORR and DCR were higher in the concurrent ICIs group (29.4% vs. 23.4% for ORR) and (49.0% vs. 38.3% for DCR) (Table 2).


Table 2 | Response evaluation and efficacy of treatment one month after radiotherapy n(%).







Survival analysis

At the last follow-up on June 30, 2023, the median PFS (mPFS) was 19.0 months (95% confidence interval [CI]: 14.2-23.8) and 12.8 months (95% CI: 9.5-16.1) for the concurrent and sequential ICI groups, respectively (P=0.048). The 1- and 2-year PFS rates were 79.6% (95% CI: 67.6-91.6) and 40.4% (95% CI: 22.2-58.6) in the concurrent ICI group, 51.0% (95% CI:35.9-66.1) and 31.6% (95% CI: 14.5-48.7) in the sequential ICI group. The median OS was 31.5 months (95% CI: 24.3-38.7) in the concurrent ICI group and 28.5 months (95% CI: 19.3-37.7) in the sequential ICI group (P=0.326). The 2- and 3-year OS rates were 65.7% (95% CI: 48.6-82.8) and 40.0% (95% CI: 16.1-63.9) in the concurrent ICI group, 54.6% (95% CI:35.8-73.4) and 28.7% (95% CI: 4.8-52.6) in the sequential ICI group, respectively. Survival curves and detailed survival analysis are presented in Figure 1 and Table 3.




Figure 1 | Kaplan–Meier curves for (A) PFS and (B) OS among all patients. Kaplan–Meier curves for (C) PFS and (D) OS between two groups.




Table 3 | Survival analysis of PFS and OS for patients.







Cumulative incidence of locoregional progression and distant metastasis

In the concurrent ICI group, 22 patients (43.14%) experienced locoregional progression, compared to 20 (42.55%) in the sequential ICI groups (P=0.488). The 1-year and 2-year incidence rates of locoregional progression were 20.3% and 53.4% in the concurrent ICIs group, and 38.7% and 54.3% in the sequential ICI group. Distant metastasis occurred in seven patients (13.73%) in the concurrent ICIs group and twelve (25.53%) in the sequential ICI group, showing a significant difference (P=0.049). The 1-year and 2-year incidence rates were 10.2% and 23.4% in the concurrent ICI group, compared to 19.3% and 36.7% in the sequential ICI group (Figures 2, 3).




Figure 2 | Patterns of disease progression, including locoregional progression and distant metastasis.






Figure 3 | Cumulative incidence of (A) locoregional progression and (B) distant metastasis bewteen two groups.







Univariate and multivariate analysis for PFS

Univariate analysis identified ECOG score, histological classification, and tumor differentiation as significant predictors of PFS and OS. Patients with moderate to well tumor differentiation (hazard ratio [HR]=0.300, 95% CI: 0.164-0.549, P<0.001), and (HR=0.267, 95% CI: 0.133-0.539, P=0.013), and those with adenocarcinoma (HR=0.471, 95% CI: 0.260-0.855, P<0.001) and (HR=0.348, 95% CI: 0.158-0.765, P=0.009) experienced significantly prolonged mPFS and mOS, respectively. Conversely, patients with an ECOG score of 2 (HR=2.619, 95% CI:1.424-4.818, P=0.002) and (HR=2.686, 95% CI:1.133-6.369, P=0.025) had a considerably shorter mPFS and mOS, respectively. These factors were further examined in multivariate Cox regression analysis, which confirmed that higher tumor differentiation and an ECOG score of 0-1 were independently associated with improved PFS and OS, with significant differences (Tables 4, 5).


Table 4 | Univariate and multivariate cox regression model of PFS for patients.




Table 5 | Univariate and multivariate cox regression model of OS for patients.







Treatment-related adverse events

The incidence and severity of TRAEs were observed, focusing on pneumonitis and hematological toxicity. The overall incidence of pneumonitis was 43.1% and 38.3% in the concurrent and sequential ICI group, with grade 3 or higher reported in 7.8% and 8.5% of patients, respectively. The incidence of hematological toxicity was 29.4% and 34.0%, with grade 3 or higher occurring in 3.9% and 2.1% in the concurrent and sequential ICI group, respectively. Incidences of other TRAEs, including radiation esophagitis (9.8% vs. 12.8%), myocarditis (2.0% vs. 2.1%), abnormal liver function (19.6% vs. 19.2%), hypothyroidism (31.4% vs. 25.5%), asthenia (29.4% vs. 27.7%), decreased appetite (45.1% vs. 44.7%), and diarrhea (2.0% vs. 4.3%), were comparable between two groups (Table 6). Most TRAEs were grade 1/2 and resolved with symptomatic treatment. No serious TRAEs led to treatment termination.


Table 6 | Treated-related adverse events of patients n(%).








Discussions

The PACIFIC trial reported higher 2-year OS (66.3% vs. 55.6%) and longer mPFS (17.2 vs. 5.6 months) in the durvalumab group in patients with stage III NSCLC. These findings suggest that adding durvalumab to radiotherapy significantly improves PFS and OS outcomes (12). Zhou et al. (13) initiated a study in which patients were treated with different dose of radiation depending on tumor volume, followed by sequential sintilimab. The study presented a promising result in ORR and mPFS (60.7% and 8.6 months), while mOS was not reached. These landmark studies confirm the superior efficacy of combining immunotherapy with c-CRT over c-CRT alone in NSCLC.

With the significant survival benefits observed with immunotherapy, current guidelines recommend c-CRT combined with immunotherapy as the standard treatment for unresectable stage III NSCLC. However, there is limited research on the optimal timing for initiating immunotherapy. Our study addressed this gap by comparing the effectiveness of introducing immunotherapy during versus after c-CRT. Our results demonstrated that concurrent administration of ICIs with c-CRT yielded better outcomes than administering ICIs after CRT. The concurrent ICIs group showed longer mPFS (19.0 vs. 12.8 months) and mOS (26.8 vs. 22.2 months), higher 1-year (79.6% vs. 51.0%) and 2-year PFS rates (40.0% vs. 31.6%), higher 2-year (65.7% vs. 54.6% ) and 3-year OS rates (40.0% vs. 28.7%) superior ORR (29.4% vs. 23.4%), and higher DCR (49.0% vs. 38.3%) compared to the sequential ICIs group. These results mirror findings from DETERRED trial, which divided patients into groups receiving CRT with or without atezolizumab. The findings demonstrated that combining atezolizumab with CRT prolonged mPFS (13.2 vs. 12.5 months) and mOS (not reached vs. 22.8 months) (14). Similarly, the DOLPHIN trial showed promising results for patients with locally advanced NSCLC. The concurrent use of durvalumab with radiotherapy, followed by durvalumab consolidation, resulted in an mPFS of 25.6 months, a 1-year PFS rate of 72.1%, as well as a confirmed ORR of 90.9%, all of which were encouraging (15). A subgroup analysis from the PACIFIC trial reported that administering durvalumab within 14 days of the last radiation session significantly reduced the risk of disease progression (HR: 0.39 vs. 0.63) and increased the ORR (34.2% vs. 26.5%) compared to treatment initiated later than 14 days. This observation suggests that earlier introduction of immunotherapy after c-CRT may provide more significant benefits (16). NICOLAS Phase II trial arranged patients received nivolumab concurrently with CRT as well as nivolumab maintenance for up to a year post-radiotherapy. The trial reported promising outcomes in mPFS and mOS (12.7 and 38.8 months), as well as in 12-month PFS and 24-month OS rate (53.7% and 63.7%) (11). However, some trials have presented conflicting results. Zhao et al. (17) retrospectively analyzed c-CRT with concurrent or consolidation immunotherapy, and presented similarity in mPFS (22.6 vs. 24.6 months), with the ORR being higher in the immunotherapy consolidation group (67.57% vs. 42.19%). These variations could be attributed to biases resulting from limited sample sizes. Most landmark trials, in line with our study, demonstrate that concurrent immunotherapy with c-CRT yields superior efficacy compared to immunotherapy administered as consolidation after c-CRT.

The underlying reasons for these findings may be attributed to several factors. First, cell surface markers decreased in various tumor cells, contributing significantly to immune resistance and immune evasion (18). Radiation therapy has been shown to upregulate tumor-associated antigens levels on tumor cell surface, thereby addressing immune resistance and escape (19). Second, radiation gradually disintegrates tumor cells, releasing large quantities of tumor-associated antigens into the systemic circulation (20). These antigens stimulate T lymphocytes’ activation, differentiation, and sensitivity, enhancing the immune system’s ability to respond swiftly to abnormal cells (21). Third, radiation induces immune cells to migrate to the irradiated tumor site, a process known as the homing effect. This enhanced homing of immune cells helps modulate the tumor microenvironment, creating favorable conditions for immune responses and aiding in eliminating residual tumor cells (22). Our previous results confirmed higher 1-year PFS rate in the concurrent ICIs group, while no marked difference was found in 2-year PFS rate. Similarly, higher 2-year OS rate was found in concurrent ICIs group, while 3-year OS rate was almost the same. This finding might be due to the time-limited mutual sensitization effect of radiotherapy and immunotherapy. Without the continued stimulation of radiation, the impact of immunotherapy may diminish due to the reduced availability of circulating tumor antigens and recruitment of immune cells. The optimal sequencing of radiotherapy and immunotherapy is still under investigation to achieve more durable and effective immune responses.

Survival analysis revealed similar cumulative incidences of locoregional progression between the concurrent and sequential ICI groups (43.14% vs. 42.55%, P=0.488). However, the simultaneous use of ICIs with c-CRT significantly reduced the incidence of distant metastasis (13.73% vs. 25.53%, P=0.049). The reduction is due to modulation of tumor and immune microenvironment by radiation, enhancing immune surveillance against micrometastatic tumor cells (3). Furthermore, multivariate analysis indicated that patients with moderately or well differentiated tumors and those with better ECOG scores (0-1) had longer mPFS, mOS and higher survival rates. The higher the degree of differentiation of tumor cells, the smaller the atypia and the lower the malignancy, so that it is not easy to for tumor cells to invade the surrounding normal tissues, or result in distant metastasis. The ECOG score indicates a patient's physical fitness and ability to tolerate medical treatments. Most patients with low ECOG scores can complete full-dose anti-tumor treatments (including radiotherapy and medical therapies) on schedule. Conversely, those with higher ECOG scores may require reduced treatment intensity or prolonged treatment cycles, potentially compromising therapeutic efficacy. Therefore, ECOG scores and tumor differentiation can serve as vital prognostic indicators for patients with tumors.

A primary concern regarding c-CRT combined with immunotherapy for NSCLC is the potential increase in pneumonitis (including radiation-induced and immune-mediated) and hematological toxicity. Our study showed that the overall occurrence rate of pneumonitis was slightly higher in concurrent ICI groups (43.1 vs 38.3%). The grade 3 or higher pneumonitis rates were similar, at 7.8% and 8.5%. Chang et al. (23) compared the incidence of pneumonitis following stereotactic ablative radiotherapy (SABR) alone versus SABR combined with PD1/PD-L1 inhibitors (I-SABR) in those with NSCLC. The incidence of grade 1-2 pneumonitis was rare, and no cases of higher grade were reported in either group. Another trial, which administered durvalumab within 42 days of the final radiotherapy dose in patients with unresectable stage III NSCLC, reported a 16.2% incidence of grade 1-2 pneumonitis, a relatively high rate. However, pneumonitis of higher grade was observed in only 2.6% of patients (24). In the DOLPHIN trial, 23 patients developed pneumonitis of varying grades, though only four cases were grade 3 or higher (15). A meta-analysis which included 38 studies proved that the incidence of pneumonitis of any grade and grade ≥3 was similar in concurrent and consolidation ICI groups. However, CRT after ICI showed higher incidence of pneumonitis, which needed further confirmation (25). These findings suggest that combining PD1/PD-L1 inhibitors with radiotherapy is a promising treatment option with manageable side effects. While mild to moderate pneumonitis may occur more frequently with concurrent or sequential CRT and immunotherapy, severe pneumonitis remains rare.

The other significant concern with TRAEs in our study was hematological toxicity. The total incidences of hematological toxicity in the concurrent and sequential ICI groups were 29.4% and 34.0%. The incidences of grade 3 or higher toxicity were 3.9% and 2.1%, respectively, showing comparable results. Lin et al. (14) reported that patients with unresectable NSCLC receiving concurrent atezolizumab and CRT did not experience higher rates of decreased white blood cells or neutrophils. Only one case of grade 4 neutropenia was attributed to c-CRT rather than immunotherapy. Other adverse events showed similar rates between the groups, including radiation esophagitis (9.80% vs. 12.77%), myocarditis (1.96% vs. 2.13%), abnormal liver function (19.61% vs. 19.15%), hypothyroidism (31,37% vs. 25.53%), asthenia (29.41% vs. 27.66%), decreased appetite (45.10% vs. 44.68%), and diarrhea (1.96% vs. 4.26%). The CLOVER study, which divided patients into three groups receiving different chemotherapy drugs combined with immunotherapy and radiotherapy, found that the most common high grade TRAEs were neutropenia (51.6%), leukopenia (20.3%), and anemia (17.2%), primarily due to chemotherapy. The study hypothesized that concurrent durvalumab with CRT provided high efficacy with manageable safety (26). In conclusion, combining immunotherapy with c-CRT will not significantly increase the risk of TRAEs, especially pneumonitis and hematological toxicity.





Conclusions

Concurrent chemoradiotherapy with immunotherapy in unresectable stage III NSCLC demonstrated superior efficacy to sequential immunotherapy, with favorable tolerance and safety profiles.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by committee of The First Affiliated hospital of Anhui Medical University (PJ 2023-11-62). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin because it was a retrospective study.





Author contributions

ZM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. FW: Data curation, Resources, Writing – review & editing. ZN: Data curation, Resources, Writing – review & editing. ZL: Formal analysis, Software, Writing – review & editing. WH: Funding acquisition, Supervision, Validation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The research was funded by Health research project of Anhui Province (AHWJ2023A20070).




Acknowledgments

We thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Nicholson, AG, Tsao, MS, Beasley, MB, Borczuk, AC, Brambilla, E, Cooper, WA, et al. The 2021 WHO classification of lung tumors: impact of advances since 2015. J Thorac Oncol. (2022) 17:362–87. doi: 10.1016/j.jtho.2021.11.003

3. Yang, Y, Wang, J, Zhang, T, Zhou, Z, Wang, Y, Jiang, Y, et al. Efficacy and safety of definitive chemoradiotherapy with or without induction immune checkpoint inhibitors in patients with stage III non-small cell lung cancer. Front Immunol. (2023) 14:1281888. doi: 10.3389/fimmu.2023.1281888

4. Siegel, RL, Miller, KD, Fuchs, HE, and Jemal, A. Cancer Statistics 2021. CA Cancer J Clin. (2021) 71:7–33. doi: 10.3322/caac.21669

5. Tan, WL, Chua, KLM, Lin, CC, Lee, VHF, Tho, LM, Chan, AW, et al. Asian thoracic oncology research group expert consensus statement on optimal management of stage III NSCLC. J Thorac Oncol. (2020) 15:324–43. doi: 10.1016/j.jtho.2019.10.022

6. Jia, Z, Fang, F, Cao, Y, Zhu, X, Yang, X, Guo, X, et al. Efficacy and toxicity of stereotactic body radiotherapy for un-resectable stage III non-small cell lung cancer patients unfit for concurrent chemoradiation therapy: a retrospective study. Radiat Oncol. (2023) 18:140. doi: 10.1186/s13014-023-02333-1

7. Li, Y, Juergens, RA, Finley, C, and Swaminath, A. Current and future treatment options in the management of stage III NSCLC. J Thorac Oncol. (2023) 18:1478–91. doi: 10.1016/j.jtho.2023.08.011

8. Spigel, DR, Faivre-Finn, C, Gray, JE, Vicente, D, Planchard, D, Paz-Ares, L, et al. Five-year survival outcomes from the PACIFIC trial: durvalumab after chemoradiotherapy in stage III non-small-cell lung cancer. J Clin Oncol. (2022) 40:1301–11. doi: 10.1200/JCO.21.01308

9. Menderes, G, Black, J, Schwab, CL, and Santin, AD. Immunotherapy and targeted therapy for cervical cancer: an update. Expert Rev Anticancer Ther. (2016) 16:83–98. doi: 10.1586/14737140.2016.1121108

10. Chen, D, Menon, H, Verma, V, Guo, C, Ramapriyan, R, Barsoumian, H, et al. Response and outcomes after anti-CTLA4 versus anti-PD1 combined with stereotactic body radiation therapy for metastatic non-small cell lung cancer: retrospective analysis of two single-institution prospective trials. J Immunother Cancer. (2020) 8:e000492. doi: 10.1136/jitc-2019-000492

11. Peters, S, Felip, E, Dafni, U, Tufman, A, Guckenberger, M, Álvarez, R, et al. Progression-free and overall survival for concurrent nivolumab with standard concurrent chemoradiotherapy in locally advanced stage IIIA-B NSCLC: results from the European thoracic oncology platform NICOLAS phase II trial (European thoracic oncology platform 6-14). J Thorac Oncol. (2021) 16:278–88. doi: 10.1016/j.jtho.2020.10.129

12. Antonia, SJ, Villegas, A, Daniel, D, Vicente, D, Murakami, S, Hui, R, et al. Overall survival with durvalumab after chemoradiotherapy in stage III NSCLC. N Engl J Med. (2018) 379:2342–50. doi: 10.1056/NEJMoa1809697

13. Zhou, X, Zhou, L, Yao, Z, Huang, M, Gong, Y, Zou, B, et al. Safety and tolerability of low-dose radiation and stereotactic body radiotherapy + Sintilimab for treatment-naïve stage IV PD-L1+ Non-small cell lung cancer patients. Clin Cancer Res. (2023) 29:4098–108. doi: 10.1158/1078-0432.CCR-23-0315

14. Lin, SH, Lin, Y, Yao, L, Kalhor, N, Carter, BW, Altan, M, et al. Phase II trial of concurrent atezolizumab with chemoradiation for unresectable NSCLC. J Thorac Oncol. (2020) 15:248–57. doi: 10.1016/j.jtho.2019.10.024

15. Tachihara, M, Tsujino, K, Ishihara, T, Hayashi, H, Sato, Y, Kurata, T, et al. Durvalumab plus concurrent radiotherapy for treatment of locally advanced non-small cell lung cancer: the DOLPHIN phase 2 nonrandomized controlled trial. JAMA Oncol. (2023) 9:1505–151. doi: 10.1001/jamaoncol.2023.3309

16. Antonia, SJ, Villegas, A, Daniel, D, Vicente, D, Murakami, S, Hui, R, et al. Durvalumab after chemoradiotherapy in stage III non-small-cell lung cancer. N Engl J Med. (2017) 377:1919–29. doi: 10.1056/NEJMoa1709937

17. Zhao, L, Zhao, Z, Yan, X, Wu, F, Sun, N, Guo, R, et al. Comparison of efficacy and safety of first-line treatment options for unresectable stage III non-small cell lung cancer: A retrospective analysis. Int J Clin Pract. (2024) 2024:8585035. doi: 10.1155/2024/8585035

18. Rapoport, BL, and Anderson, R. Realizing the clinical potential of immunogenic cell death in cancer chemotherapy and radiotherapy. Int J Mol Sci. (2019) 20:959. doi: 10.3390/ijms20040959

19. Liu, Y, Dong, Y, Kong, L, Shi, F, Zhu, H, Yu, J, et al. Abscopal effect of radiotherapy combined with immune checkpoint inhibitors. J Hematol Oncol. (2018) 11:104. doi: 10.1186/s13045-018-0647-8

20. Chen, Y, Gao, M, Huang, Z, Yu, J, and Meng, X. SBRT combined with PD-1/PD-L1 inhibitors in NSCLC treatment: a focus on the mechanisms, advances, and future challenges. J Hematol Oncol. (2020) 13:105. doi: 10.1186/s13045-020-00940-z

21. Jarosz-Biej, M, Smolarczyk, R, Cichoń, T, and Kułach, N. Tumor microenvironment as a “Game Changer” in cancer radiotherapy. Int J Mol Sci. (2019) 20:3212. doi: 10.3390/ijms20133212

22. Wang, Y, Deng, W, Li, N, Neri, S, Sharma, A, Jiang, W, et al. Combining immunotherapy and radiotherapy for cancer treatment: current challenges and future directions. Front Pharmacol. (2018) 9:185. doi: 10.3389/fphar.2018.00185

23. Chang, JY, Lin, SH, Dong, W, Liao, Z, Gandhi, SJ, Gay, CM, et al. Stereotactic ablative radiotherapy with or without immunotherapy for early-stage or isolated lung parenchymal recurrent node-negative non-small-cell lung cancer: an open-label, randomised, phase 2 trial. Lancet. (2023) 402:871–81. doi: 10.1016/S0140-6736(23)01384-3

24. Garassino, MC, Mazieres, J, Reck, M, Chouaid, C, Bischoff, H, Reinmuth, N, et al. Durvalumab after sequential chemoradiotherapy in stage III, unresectable NSCLC: the phase 2 PACIFIC-6 trial. J Thorac Oncol. (2022) 17:1415–27. doi: 10.1016/j.jtho.2022.07.1148

25. Mi, S, Liang, N, Zhang, Y, Zhang, Y, Wang, F, Qiao, L, et al. Effect of sequence of radiotherapy combined with immunotherapy on the incidence of pneumonitis in patients with lung cancer: A systematic review and network meta-analysis. Clin Lung Cancer. (2024) 25:18–28.e3. doi: 10.1016/j.cllc.2023.08.008

26. Kim, DW, Chul Cho, B, Pachipala, K, Kim, SW, Wang, CL, Chang, GC, et al. Durvalumab in combination with chemoradiotherapy for patients with unresectable stage III non-small-cell lung cancer: Results from the phase 1 CLOVER study. Lung Cancer. (2024) 190:107530. doi: 10.1016/j.lungcan.2024.107530




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Meng-Xi, Wen-Jie, Ning, Li-Yang and Hong-Yan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-14-1515382-g002.jpg
[ Progression-free

Sequential ICIs [ Distant metastasis

Bl Locoregional progression

Concurrent ICls

60 80





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Concurrent versus sequential immunotherapy with chemoradiotherapy for unresectable stage III non-small-cell lung cancer: a retrospective study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Background

        



        		

          Methods

        

          		

            Population

          



          		

            Procedures

          



          		

            Outcomes

          



          		

            Follow-up

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics

          



          		

            Response evaluation and efficacy

          



          		

            Survival analysis

          



          		

            Cumulative incidence of locoregional progression and distant metastasis

          



          		

            Univariate and multivariate analysis for PFS

          



          		

            Treatment-related adverse events

          



        



        



        		

          Discussions

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Concurrent = Sequential

ICIs (n =5 ICls (n = 47)
Pneumonitis 22 (43.1) 18 (38.3) 0.626
Grade 3/4 pneumonitis . 4 (7.8) 4 (8.5) 0.904
Hematological toxicity 15 (29.4) 7 16 (34.0) 0.622
Grade 3/4 hematological | 2 (3.9) 1(2.1) 0.607
toxicity
Radiation esophagitis 5(9.8) 6 (12.8) 0.751
Myocarditis 1(2.0) 1(2.1) 0.932
Abnormal liver function 10 (19.6) 9 (19.2) 0.972
Hypothyroidism 16 (31.4) 12 (25.5) 0.605
Asthenia 15 (294) 13 (27.7) 0.943
Decreased appetite 23 (45.1) 21 (44.7) 0.897
Diarrhoea ‘ 1(2.0) 2 (4.3) 0.600






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2024.1515382_cover.jpg
& frontiers | Frontiers in Oncology

Concurrent versus sequential
immunotherapy with chemoradiotherapy for
unresectable stage Il non-small-cell lung
cancer: a retrospective study





OEBPS/Images/table2.jpg
Concurrent

cvatiation | IClsm=sD | SR,

CR 0 (0.0) 0 (0.0)

PR 15 (29.4) 11 (23.4)

SD 10 (19.6) 7 (14.9)

PD 26 (51.0) 29 (61.7)

ORR (%) 29.4 234 0.501
DCR (%) 49.0 38.3 0.285






OEBPS/Images/table4.jpg
Univariate Multivariate

Characteristics

95% Cl 95% ClI
Gender
Male 1
0314
Female 1.409 0.720-2.756
Age, years
265 1
0.456
<65 1231 0.713-2.123
ECOG
0 1 1
0.002 0.011*
12 2619 1.424-4.818 2.251 1.201-4.219
Histological classification
Squamous 1 1
0.013 0.179
Adenocarcinoma 0471 0.260-0.855 0.657 0.356-1.212
Differentiation
Poorly 1 1
<0.001 0.001*
Moderate-+well 0300 0.164-0.549 0.330 0.175-0.623
Location
Center lung 1
0.591
Right lung 0.862 0.500-1.484
History of smoking
Yes 1
0.499
No 0.829 0.482-1.427
History of drinking
Yes 1
0.687
No 0.884 0.485-1.610

* p<0.05.





OEBPS/Images/table3.jpg
Survival analy:
median PFS, month (95% CI)
1-year PES rate, % (95% CI)
2-year PFS rate, % (95% CI)
median OS, month (95% CI)

2-year OS rate, % (95% CI)

Concurrent ICls
19.0 (14.2-23.8)
79.6 (67.6-91.6)
404 (22.2-58.6)
315 (243-38.7)

65.7 (48.6-82.8)

128 (9.5-16.1)

51.0 (35.9-66.1)
31.6 (14.5-48.7)
285 (19.3-37.7)

54.6 (35.8-73.4)

3.939

0.965

0.047%

0.326

3-year OS rate, % (95% CI)

* p<0.05.

40.0 (16.1-63.9)

28.7 (4.8-52.6)






OEBPS/Images/fonc-14-1515382-g003.jpg
an

<

concurrent

concurrent

b
-

1.0

—  sequenti

% 9 o o
[} L [ [}

SISBISEIaW JUBISIP JO DUIPIDUI IARBJNLIND

—  sequential

o o L
o o =

ka
=

uoissatboad
|[euo163.1020] JO IdUIPIDUI AIE|NWND

0.0

0.0

50

40

30

20

10

50

40

30

20

10

Time (months)

Time (months)





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-14-1515382-g001.jpg
Progression-Free survival

Progression-Free survival

1.0

0.8 -

0.6

0.4

0.2

0.0

p=0.047

10

20

Time (months)

30

40

50

concurrent

sequential

10

20

Time (months)

30

40

50

Overall survival

Overall survival

1.0

0.8

0.6 -

0.4

0.2

0.0

0 10 20 30 40 50

Time (months)

concurrent

- sequential

p=0.326

i) 10 20 30 40 50

Time (months)





OEBPS/Images/table1.jpg
Characteristics Concurrent ICls Sequential ICls

Gender
Male 46 (90.2) 36 (76.6)
3312 0.069
Female 5(9.8) 11 (23.4)
Age, years
!
265 26 (51.0) 30 (63.8)
1.649 0.199
<65 25 (49.0) 17 (36.2)
ECOG
0 18 (35.3) 15 (31.9)
1 30 (58.8) 29 (61.7) 0.127 0.939
2 3(5.9) 3 (6.4)
Histological classification
Squamous 32 (62.8) 28 (59.6)
0.104 0748
Adenocarcinoma 19 (37.3) 19 (40.4)
Differentiation
|
Poorly differentiated 18 (35.3) 16 (34.0)
0.017 0.897
Moderate+well differentiated 33 (64.7) 31 (66.0)
i
Location
Center lung 26 (51.0) 18 (38.3)
1.590 0.207
Right lung 25 (49.0) 29 (61.7)
Diagnosdic method
Fiberoptic bronchoscopy 25 (49.0) 21 (44.7)
Percutaneous lung puncture 24 (47.1) 25 (53.2) 0.539 0.764
Lymph node puncture 2(3.9) 1(2.0)
History of smoking
Yes 23 (45.1) 21 (44.68)
0.002 0.967
No 28 (54.9) 26 (55.32)
History of drinking
Yes 16 (31.4) 9 (19.2) 1.923 0.166

No 35 (68.6) 38 (80.9)





OEBPS/Images/table5.jpg
Univariate Multivariate

Characteristics

95% Cl 95% Cl
Gender
Male 1
0.811
Female 0.897 0.367-2.179
Age, years
265 1
0.370
<65 1376 0.685-2.762
ECOG
0 1 0.022 1 0.047*
| 12 2429 1.137-5.186 2.196 1.012-4.767
Histological classification
Squamous 1 1
0.008 0.053
Adenocarcinoma 0.323 0.140-0.747 0.431 0.183-1.013
Differentiation
Poorly 1 1
0.001 0.014*
Moderate+well 0279 0.131-0.595 0.366 0.164-0.816
Location
Center lung 1
0.246
Right lung 1152 0.750-3.084
History of smoking
Yes 1
0.183
No 0.625 0.313-1.247
History of drinking
Yes 1
0.725
No 0.875 0.414-1.844

* p<0.05.





