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Background

Little is known about the effect of histology on the efficacy of immune checkpoint inhibitors (ICI) in non-small-cell lung cancer (NSCLC). We conducted a systematic review and meta-analysis to assess the potential differences in the efficacy of ICIs between squamous NSCLC (SQ-NSCLC) and non-squamous NSCLC (non-SQ-NSCLC).



Methods

Systematic searches of PubMed, Embase, Scopus, and Cochrane Library databases were conducted. All randomized clinical trials of ICIs with available hazard ratios (HR) for progression-free survival (PFS) or overall survival (OS) according to histology were included. The primary endpoint was to assess the difference in the efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC, measured by the ratio of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC (RHR).



Results

A total of 40 trials were included in the meta-analysis. ICI monotherapy could improve OS in both SQ-NSCLC (OS-HR 0.71, 95% CI 0.65-0.77) and non-SQ-NSCLC (OS-HR 0.80, 95% CI 0.73-0.87) while OS benefit was larger in SQ-NSCLC (OS-RHR 0.89, 95% CI 0.80-0.99). In terms of PFS, ICI monotherapy could reduce the risk of progression by 35% (PFS-HR 0.65, 95% CI 0.56-0.77) in SQ-NSCLC while the PFS benefit was smaller (10%) and not statistically significant in non-SQ-NSCLC (PFS-HR 0.90, 95% CI 0.76-1.07). Similarly, ICI-based combination treatments could reduce the risk of both progression and death in SQ-NSCLC (OS-HR 0.70, 95% CI 0.61-0.80; PFS-HR 0.56, 95% CI 0.48-0.65) and non-SQ-NSCLC (OS-HR 0.78, 95% CI 0.74-0.83; PFS-HR 0.63, 95% CI 0.57-0.69) while the survival benefits were larger in SQ-NSCLC (OS-RHR 0.83, 95% CI 0.70-0.99; PFS-RHR 0.82, 95% CI 0.70-0.96).



Conclusions

ICIs could deliver survival benefits in both SQ-NSCLC and non-SQ-NSCLC while the magnitude of survival benefits was histology-dependent. Future researches should consider the effect of histology on the efficacy of ICIs.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier [CRD42022299603].
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Introduction

Lung cancer remains the leading cause of cancer death worldwide (1). Approximately 80–90% of lung cancers are non-small-cell lung cancer (NSCLC), which is typically classified into two major types according to histology: squamous NSCLC (SQ-NSCLC) and non-squamous NSCLC (non-SQ-NSCLC). Compared with non-SQ-NSCLC, SQ-NSCLC has fewer treatment options due to absence of targetable mutations (2). Platinum-based chemotherapy (CT) used to be the standard treatment for advanced SQ-NSCLC; however, it has limited survival benefits (3). The introduction of immune checkpoint inhibitors (ICI) has revolutionized the therapeutic landscape of patients with NSCLC (4). ICIs are associated with improved overall survival (OS), lower toxicity, and better quality of life compared with CT and have emerged as the new mainstay of treatment for both SQ-NSCLC and non-SQ-NSCLC (5–8).

Despite the higher efficacy of ICIs compared with CT, only a subset of patients responded to this class of therapy. Previous studies have shown that the beneficiary population of ICI monotherapy is limited to those with high programmed death ligand 1 (PD-L1) expression or high tumour mutational burden (TMB) (7–11). Since ICI monotherapy is only suitable for a specific subset of patients, studies have focused on ICI-based combination treatments to further improve the benefit. ICI-based combination therapies include ICIs plus CT (12–15), dual ICIs (16) and dual ICIs plus CT (17). The combination of ICI and CT is able to synergistically promote the respective anticancer efficacy of these two classes of drugs (18, 19). Dual ICIs targeting both programmed cell death 1(PD-1)/PD-L1 and cytotoxic T-cell lymphocyte antigen-4 (CTLA-4), with complementary mechanisms of action, would restore the function of existing anti-tumour T cells and induce T-cell proliferation and de-novo anti-tumour T-cell responses (20, 21). When tested in randomized clinical trials (RCT), ICI-based combination treatments consistently improved the clinical outcomes of both SQ-NSCLC and non-SQ-NSCLC (12, 14, 16, 17).

Nevertheless, SQ-NSCLC and non-SQ-NSCLC are two distinct diseases with different origins (22). Beyond the morphologic difference, tumour microenvironment and mutational profiles differ markedly in these two histological subtypes (23, 24). It is plausible that these differences may influence the response to therapeutic agents, such as ICIs, and subsequent prognosis. However, whether histology could influence the efficacy of ICIs in NSCLC has not been fully evaluated yet. Therefore, we conducted a comprehensive systematic review and meta-analysis to uncover the potential differences in the clinical efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC.



Methods


Protocol and registration

This systematic review and meta-analysis was carried out following the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines (25), and the study protocol was registered in PROSPERO (CRD42022299603).



Search strategy and study selection

A comprehensive literature search in PubMed, Embase, Scopus, and Cochrane Library databases (from inception to October 16, 2021) was performed by two authors independently to identify RCTs that compared ICIs with CT in NSCLC. We also reviewed the abstracts and presentations from major conferences including American Society of Clinical Oncology, European Society for Medical Oncology, and World Conference on Lung Cancer. The following terms were used: “non-small cell lung cancer”, “carcinoma, non-small-cell lung”, “immune checkpoint”, “immunotherapy”, “programmed death”, “programmed cell death”, “PD-1”, “PD-L1”, “cytotoxic T lymphocyte-associated protein-4” and “CTLA-4”. We also checked the reference lists of all relevant studies for additional suitable studies.

Studies were considered eligible if they met the following criteria: (1) RCTs; (2) compared ICIs (as monotherapy or in combination with other agents) with CT; (3) had data available on hazard ratios (HR) for progression-free survival (PFS) or OS according to histological type; (4) published in English. The following studies were excluded: (1) studies with treatment regimens other than ICIs and CT, such as radiotherapy and surgery; (2) studies without sufficient data; (3) reviews, case reports, guidelines, and letters. If duplicate articles were identified, only the most recent article with complete data was selected.

Two authors independently reviewed the retrieved articles to decide which study to retain, and discrepancies were discussed and resolved with the consensus of all authors.



Data extraction and quality assessment

For each study, two investigators independently extracted the following information: trial name, year of publication, study phase, treatment regimens, line of therapy, number of patients, histological subtypes, class of ICI, HRs for PFS (PFS-HR), HRs for OS (OS-HR) and their 95% confidence intervals (CI). When HRs and/or the corresponding CIs were not numerically reported in the article, we extracted and calculated by plotting on a forest plot with a logarithmic scale. We assessed the methodological quality of studies using the Jadad scoring system, which assessed the quality of double-blinding and randomization as well as the flow of patients (26). This scoring system provides a Jadad score between 0 (poor methodological quality) and 5 (high methodological quality).



Statistical analysis

Two meta-analyses were conducted. The first meta-analysis focused on the survival benefits of ICIs compared with chemotherapy according to histological subtypes, measured by the pooled HRs in all included studies. The second meta-analysis focused on the differences in the efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC, measured by the pooled ratios of HRs (RHR) in studies with paired subgroups (SQ-NSCLC vs non-SQ-NSCLC).

The primary endpoint was the ratio of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC (RHR), which showed the difference in the efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC. As described previously (27, 28), we first calculated a trial-specific RHR in each study with paired subgroups and then these trial-specific RHRs were combined across trials to obtain a pooled RHR and a P-value for interaction (Pinteraction). A pooled RHR lower than 1 indicated greater efficacy in SQ-NSCLC, and higher than 1 indicated greater efficacy in non-SQ-NSCLC.

Heterogeneity among studies was assessed using Q test and I (2) test with significance set at P < 0.05 or I (2) >50%. A random-effects model was used when there was substantial heterogeneity. Publication bias was assessed using the Deeks funnel plot with Egger’s test (29). To assess the stability of the results, predefined subgroup analyses stratified by the type of immunotherapeutic strategy (ICI monotherapy or ICI-based combination treatments) and the class of ICI (anti-PD-1, anti-PD-L1, or anti-CTLA-4) were performed. Sensitivity analyses were conducted by removing studies that enrolled patients with epidermal growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK) mutations. All tests were two-sided and a P-value < 0.05 was considered statistically significant. All analyses were performed with STATA 16.0 (Stata Corp, College Station, Texas).




Results


Search results and characteristics of the included studies

The literature search retrieved 15049 publications. After detailed evaluation of the abstracts and full texts, 40 eligible RCTs involving 24479 patients were finally included (Figure 1). The main characteristics of the included studies are presented in Table 1. There were 3 phase II trials, 36 phase III trials, and 1 phase II–III trial. The included studies covered 15 trials comparing ICI monotherapy with CT, 22 trials comparing ICI + CT with CT, which included 2 trials combining ICI with antiangiogenic agents (IMpower150 (15) and ORIENT-31 (57)), 1 trial comparing dual ICIs + CT with CT and the remaining 2 trials had two or three intervention arms (CheckMate 227 (16) and MYSTIC (58)). IMpower150 compared atezolizumab plus chemotherapy, or atezolizumab plus bevacizumab and chemotherapy versus bevacizumab plus chemotherapy, while ORIENT-31 was a study of sintilimab with or without IBI305 (bevacizumab biosimilar) plus chemotherapy versus chemotherapy alone. CheckMate 227 had three parts: in part 1a, patients were randomized to receive nivolumab plus ipilimumab, nivolumab monotherapy, or chemotherapy; in part 1b, patients were randomized to receive nivolumab plus ipilimumab, nivolumab plus chemotherapy, or chemotherapy alone; in part 2, patients were randomized to receive nivolumab plus chemotherapy or chemotherapy alone. MYSTIC randomized patients to receive durvalumab, durvalumab plus tremelimumab, or chemotherapy alone. The dual-ICI arm of MYSTIC was excluded because it didn’t report HRs according to histological type. Ten trials focused on PD-L1 inhibitors, 28 trials on PD-1 inhibitors and 2 trials on a CTLA-4 inhibitor. Nine trials were performed in patients with SQ-NSCLC, 13 trials in those with non-SQ-NSCLC and 18 trials in patients with mixed histological subtypes. All trials were done in advanced or metastatic settings.




Figure 1 | PRISMA flow diagram of randomized controlled trials comparing immune checkpoint inhibitors with chemotherapy.




Table 1 | Main characteristics of the included trials.





Survival benefits of ICIs compared with chemotherapy in SQ-NSCLC and non-SQ-NSCLC

Meta-analyses of all included studies demonstrated that ICI monotherapy could improve OS regardless of line of treatment in both SQ-NSCLC and non-SQ-NSCLC (OS-HR 0.71, 95% CI 0.65-0.77 and OS-HR 0.80, 95% CI 0.73-0.87, respectively) while the OS benefit was smaller in non-SQ-NSCLC (Supplementary Figure 1 and Table 2). In terms of PFS, ICI monotherapy could reduce the risk of progression by 35% (PFS-HR 0.65, 95% CI 0.56-0.77) in SQ-NSCLC while the PFS benefit was smaller (10%) and not statistically significant in non-SQ-NSCLC (PFS-HR 0.90, 95% CI 0.76-1.07; Supplementary Figure 2, Table 2).

ICI-based combination treatments could reduce the risk of both progression and death in SQ-NSCLC (OS-HR 0.70, 95% CI 0.61-0.80; PFS-HR 0.56, 95% CI 0.48-0.65) and non-SQ-NSCLC (OS-HR 0.78, 95% CI 0.74-0.83; PFS-HR 0.63, 95% CI 0.57-0.69) regardless of combination modalities (ICI + CT, dual ICIs, or dual ICIs + CT) while the survival benefits were more pronounced in SQ-NSCLC (Supplementary Figures 3-4, Table 2).

Substantial inter-study heterogeneity was observed in both SQ-NSCLC (OS: I (2) = 29.1%, P = 0.077; PFS: I (2) = 73.1%, P <0.001) and non-SQ-NSCLC (OS: I (2) = 39.3%, P = 0.013; PFS: I (2) = 80.8%, P <0.001). Sensitivity analysis by removing studies that enrolled patients with EGFR or ALK mutations (CheckMate 057 (5), OAK (10), POPLAR (7), KEYNOTE-010 (34), IMpower150 (15), IMpower130 (39), PROLUNG (56), and ORIENT-31 (57)) did not alter the results (Supplementary Figures 5-8).

The results of subgroup analyses stratified by the class of ICI are shown in Table 2. PD-1 inhibitors could improve OS and PFS in both SQ-NSCLC (OS-HR 0.67, 95% CI 0.62-0.72; PFS-HR 0.58, 95% CI 0.52-0.65) and non-SQ-NSCLC (OS-HR 0.77, 95% CI 0.71-0.84; PFS-HR 0.67, 95% CI 0.59-0.76). Similarly, PD-L1 inhibitors could improve OS and PFS in both SQ-NSCLC (OS-HR 0.82, 95% CI 0.73-0.93; PFS-HR 0.55, 95% CI 0.35-0.86) and non-SQ-NSCLC (OS-HR 0.81, 95% CI 0.76-0.87; PFS-HR 0.72, 95% CI 0.57-0.90). However, CTLA-4 inhibitor (ipilimumab) could only reduce the risk of progression in SQ-NSCLC and it offered no survival benefit in non-SQ-NSCLC.


Table 2 | Pooled HRs and pooled ratios of HRs for OS and PFS by subgroups.



Meta-analyses of the studies with paired subgroups showed consistent results. ICI monotherapy could improve OS in both SQ-NSCLC (OS-HR 0.71, 95% CI 0.65-0.77) and non-SQ-NSCLC (OS-HR 0.80, 95% CI 0.73-0.87) while the OS benefit was smaller in non-SQ-NSCLC (Figure 2A). PFS benefit was observed in SQ-NSCLC (PFS-HR 0.69, 95% CI 0.62-0.77), but it was smaller and not statistically significant in non-SQ-NSCLC (PFS-HR 0.90, 95% CI 0.76-1.07) when ICIs were given alone (Figure 3A). ICI-based combination treatments could reduce the risk of both progression and death in SQ-NSCLC (OS-HR 0.67, 95% CI 0.58-0.78; PFS-HR 0.58, 95% CI 0.46-0.72) and non-SQ-NSCLC (OS-HR 0.81, 95% CI 0.74-0.89; PFS-HR 0.72, 95% CI 0.65-0.79) while the survival benefits were more pronounced in SQ-NSCLC (Figures 4A, 4C). Subgroup analysis stratified by the class of ICI demonstrated that PD-1 inhibitors could improve OS and PFS in both histological subtypes, with larger benefits in SQ-NSCLC (Supplementary Figures 9A, 10A), while PD-L1 inhibitors could not improve PFS in non-SQ-NSCLC (PFS-HR 0.87, 95% CI 0.41-1.86).




Figure 2 | Overall survival benefits of ICI monotherapy compared with chemotherapy in studies with paired subgroups. (A) HRs according to histology. (B) Trial-specific ratios of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC. ICI, immune checkpoint inhibitor; HR, hazard ratio; RHR, ratios of the HRs; CI, confidence interval.






Figure 3 | Progression-free survival benefits of ICI monotherapy compared with chemotherapy in studies with paired subgroups. (A) HRs according to histology. (B) Trial-specific ratios of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC. ICI, immune checkpoint inhibitor; HR, hazard ratio; RHR, ratios of the HRs; CI, confidence interval.






Figure 4 | Overall and progression-free survival benefits of ICI-based combination treatments compared with chemotherapy in studies with paired subgroups. (A) HRs of overall survival according to histology. (B) Trial-specific ratios of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC (RHR). (C) HRs of progression-free survival according to histology. (D) Trial-specific ratios of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC. ICI, immune checkpoint inhibitor; HR, hazard ratio; RHR, ratios of the HRs; CI, confidence interval.





Effect of histology on the efficacy of ICIs

The above analyses demonstrated that SQ-NSCLC could obtain more survival benefits from ICIs, although the risk of progression and death decreased in both SQ-NSCLC and non-SQ-NSCLC due to the addition of ICIs. Next, we further evaluated the effect of histology on the efficacy of ICIs.

The pooled ratio of OS-HRs reported in SQ-NSCLC versus OS-HRs reported in non-SQ-NSCLC (OS-RHR) in each trial evaluating the survival benefit of ICI monotherapy was 0.89 (95% CI 0.80-0.99, Pinteraction =0.031; Figure 2B). Similarly, the pooled PFS-RHR was 0.76 (95% CI 0.65-0.88, Pinteraction <0.001; Figure 3B). These results indicated a significantly larger survival benefit of ICI monotherapy in SQ-NSCLC compared with non-SQ-NSCLC. As regards ICI-based combination treatments, the pooled OS-RHR was 0.83 (95% CI 0.70-0.99, Pinteraction =0.040; Figure 4B) and the pooled PFS-RHR was 0.82 (95% CI 0.70-0.96, Pinteraction =0.016; Figure 4D), suggesting that the efficacy of ICI-based combination treatments in SQ-NSCLC was higher than that in non-SQ-NSCLC.

Sensitivity analysis was conducted by removing studies that enrolled patients with EGFR or ALK mutations. Only 4 studies with paired subgroups enrolled patients with EGFR or ALK mutations (CheckMate 057 (5), OAK (10), POPLAR (7) and KEYNOTE-010 (34)) and all these studies compared ICI monotherapy with chemotherapy. After removing these studies, the results remained unchanged (Supplementary Figures 11-12). Subgroup analysis stratified by the class of ICI showed that SQ-NSCLC could derive significantly more survival benefits from PD-1 inhibitors compared to non-SQ-NSCLC (OS-RHR 0.85, 95% CI 0.77-0.94; PFS-RHR 0.82, 95% CI 0.73-0.93; Supplementary Figures 9B and 10B). However, no significant difference in the efficacy of PD-L1 inhibitors regarding OS was noted between SQ-NSCLC and non-SQ-NSCLC (OS-RHR 1.00, 95% CI 0.82-1.21; Supplementary Figures 9B). Regarding the CTLA-4 inhibitor (ipilimumab), no significant difference in the efficacy of ipilimumab between SQ-NSCLC and non-SQ-NSCLC was observed.



Quality assessment of the studies and publication bias

Jadad scores for each trial are summarized in Table 1. All trials had moderate-to-high quality (Jadad scores of 3–5). The Egger’s test yielded no publication bias in OS (SQ-NSCLC: P= 0.090; non-SQ-NSCLC: P= 0.951) and PFS (SQ-NSCLC: P= 0.115; non-SQ-NSCLC: P= 0.250).




Discussion

Although ICIs have been approved for the treatment of patients with advanced NSCLC, regardless of histology, whether they deliver different clinical efficacy in SQ-NSCLC and non-SQ-NSCLC remains controversial (22). The survival benefits were larger in SQ-NSCLC compared with non-SQ-NSCLC in some trials (KEYNOTE-042 (30), CheckMate 026 (32), CheckMate 227 (16), CheckMate 078 (35)), and were similar in OAK (10), POPLAR (7) and CHOICE-01 (52), but were smaller in KEYNOTE-010 (34) and KEYNOTE-024 (8). To investigate if there is a difference in the efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC, we conducted this systematic review and meta-analysis.

The results demonstrated that ICIs could improve OS and PFS in both SQ-NSCLC and non-SQ-NSCLC while SQ-NSCLC derived significantly larger survival benefits from ICIs (vs CT) as compared with non-SQ-NSCLC. As a strength of this work, the effect of histology on the efficacy of ICIs was assessed separately for each type of immunotherapeutic strategy (ICI monotherapy and ICI-based combination treatments), considering different underlying mechanisms. ICI monotherapy could reduce the risk of death by 29% in SQ-NSCLC and 20% in non-SQ-NSCLC and the OS-RHR was 0.89 (Pinteraction =0.031), indicating higher efficacy in SQ-NSCLC. In terms of PFS, ICI monotherapy could reduce the risk of progression by 35% in SQ-NSCLC while the PFS benefit was smaller (10%) and not statistically significant in non-SQ-NSCLC. Similarly, ICI-based combination treatments could reduce the risk of both progression and death in SQ-NSCLC and non-SQ-NSCLC while the survival benefits were more pronounced in SQ-NSCLC.

SQ-NSCLC and non-SQ-NSCLC are two different biologic subtypes with distinct genomic alterations and immune microenvironment (22–24). More extensive infiltration of CD8+ effector T cells and less profound accumulation of Foxp3+ regulatory T cells were observed in SQ-NSCLC as compared to non-SQ-NSCLC (23, 59), which partly explained the higher efficacy of ICIs in SQ-NSCLC. Besides, SQ-NSCLC is associated with a higher likelihood of smoking. Studies have shown that SQ-NSCLC was more frequently observed in smokers while adenocarcinoma was more prevalent among never smokers (60, 61). Smokers are generally correlated with higher levels of mutational burden, neoantigens, and PD-L1 expression and thereby may obtain greater benefit from ICIs (62, 63). A recently published study confirmed that ICIs were associated with significant longer OS and PFS than chemotherapy in smokers but not in never smokers (64). Consistently, studies have demonstrated that TMB and neoantigens are significantly higher in SQ-NSCLC compared with adenocarcinoma (65), with this being another potential biological rationale to explain the higher efficacy in SQ-NSCLC. Furthermore, oncogenic driver mutations, such as EGFR mutation and ALK translocation, are more common in adenocarcinoma than in SQ-NSCLC (2, 22). EGFR mutation is associated with an uninflamed tumour microenvironment and low TMB, leading to less sensitivity to ICI (66, 67). ALK translocation is also considered a negative predictive factor of response to ICI (67). To assess the stability of our results, sensitivity analyses were conducted by excluding studies that enrolled patients with EGFR or ALK mutations. The results remained unchanged after sensitivity analyses, confirming the higher efficacy of ICIs in SQ-NSCLC.

PD-1 inhibitors were reported to exhibit superior efficacy compared with PD-L1 inhibitors either as monotherapy or in combination with chemotherapy in NSCLC (68). In the present study, the pooled HRs in patients receiving PD-1 inhibitors were smaller than those in patients receiving PD-L1 inhibitors (Table 2), indirectly indicating that PD-1 inhibitors could deliver more pronounced survival benefits. Besides, in studies with paired subgroups, we found that PD-1 inhibitors could improve PFS while the PFS benefit of PD-L1 inhibitors was not statistically significant in non-SQ-NSCLC, also indicating better efficacy of PD-1 inhibitors. This study also suggested that PD-1 inhibitors delivered more pronounced OS benefits in SQ-NSCLC compared with non-SQ-NSCLC while no significant difference in the efficacy of PD-L1 inhibitors regarding OS was noted between SQ-NSCLC and non-SQ-NSCLC. One main reason for the discrepancy in the effect of histology on the efficacy of PD-1 inhibitors and PD-L1 inhibitors is the inherent differences between these two inhibitors. Theoretically, PD-L1 inhibitors only inhibit the binding of PD-1 to PD-L1. No difference in PD-L1 expression was observed between SQ-NSCLC and non-SQ-NSCLC (12, 14, 23). Thus, SQ-NSCLC and non-SQ-NSCLC may obtain comparable survival benefits from PD-L1 inhibitors. In contrast, PD-1 inhibitors can bind to PD-1 on T cells, so it will block the binding of PD-1 to PD-L1 and programmed death ligand 2 (PD-L2) at the same time. PD-1 and PD-L2 expression levels were reported to be significantly higher in SQ-NSCLC (69). Besides, PD-L2 expression level was also identified as a predictive biomarker of survival benefit from ICI (70). Therefore, SQ-NSCLC could derive larger survival benefits from PD-1 inhibitors compared to non-SQ-NSCLC.

To our knowledge, this is the first meta-analysis to clearly show the effect of histology on the efficacy of ICIs in NSCLC. One previous meta-analysis by Lee et al (71) showed that there was no difference in survival benefits from ICI between SQ-NSCLC and non-SQ-NSCLC. However, the reliability of the study may be inconclusive in several ways. First, the result was based on only two studies, which may lead to a high false discovery rate. Second, the comparison of survival benefits from ICIs in SQ-NSCLC vs survival benefits in non-SQ-NSCLC was conducted only between the pooled HRs on each side, leaving the important issue of ecological bias or confounding (72). In our study, to avoid the risk of ecological bias, we first calculated an interaction trial-specific RHR (ratio of the HR in SQ-NSCLC to the HR in non-SQ-NSCLC) for each trial with paired subgroups, which ensured the comparability of the HRs in SQ-NSCLC and non-SQ-NSCLC. Then we combined these trial-specific RHRs across trials to obtain a pooled RHR. Another meta-analysis investigating the survival benefits of ICIs according to the histology also suggested that ICI monotherapy significantly prolonged OS in both SQ-NSCLC and non-SQ-NSCLC (73). However, the effect of histology on the efficacy of ICIs was not assessed and it didn’t evaluate the survival benefits of ICI-based combination treatments. Other strengths of this meta-analysis include the broad inclusion of all recently published RCTs, the strict method-logic inclusion criteria and rigorous statistical analyses. As a result, this study provides a comprehensive assessment of the difference in the efficacy of ICIs between SQ-NSCLC and non-SQ-NSCLC.

This study has several limitations. First, this meta-analysis relied on trial-level results and not on individual patient-level data. Second, not all included trials provided paired subgroups according to histology. Third, there was substantial inter-study heterogeneity although the random-effects model was used to minimize its influence and results were consistent across sensitivity analyses and subgroup analyses. Further studies are warranted to confirm our findings.

In conclusion, ICIs could deliver survival benefits in both SQ-NSCLC and non-SQ-NSCLC while the magnitude of survival benefits was histology-dependent. SQ-NSCLC derived larger survival benefits from ICIs, especially PD-1 inhibitors, as compared with non-SQ-NSCLC. The effect of histology on the efficacy of ICIs should be taken into account in future researches and clinical practice.
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