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Objective

The objective of this study was to explore whether soluble programmed death ligand 1 (sPD-L1) is a potential prognostic biomarker in patients with non-small cell lung cancer (NSCLC).



Methods

A comprehensive search of electronic databases was carried out. Original studies with inclusion of sPD-L1, progression-free survival, and overall survival in NSCLC were eligible. The primary endpoints were overall survival and progression-free survival. Hazard ratios (HRs) and 95% confidence intervals (CIs) were applied for data analysis.



Results

Eight studies involving 710 patients with NSCLC were included in the analysis. A pooled data analysis revealed that high levels of sPD-L1 were correlated with poorer overall survival (HR = 2.34; 95% CI = 1.82–3.00; P < 0.001) and progression-free survival (HR = 2.35; 95% CI = 1.62–3.40, P < 0.001). A subgroup analysis revealed that high levels of sPD-L1 were correlated with poor overall survival in patients treated with immunotherapy (HR = 2.40; 95% CI = 1.79–3.22; P < 0.001).



Conclusion

This pooled analysis of published data suggests that sPD-L1 may serve as a readily available biomarker for survival in NSCLC patients treated with ICI based treatment. Prospective studies with well-designed standard assessment methods should be conducted to validate the prognostic role of sPD-L1 in NSCLC.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021283177.
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Introduction

Lung carcinoma is the most aggressive cancer worldwide (1). Approximately 85% of lung carcinomas are non-small cell lung cancers (NSCLC) (2). Accumulating evidence suggests that programmed death 1 receptor (PD-1) and its ligand, programmed death ligand 1 (PD-L1), are upregulated in lung cancers (3). Inhibition of the PD-1 and PD-L1 pathways are novel targets for immunotherapy, which has improved the outcomes of lung cancer (4).

PD-L1 is expressed in different types of cancer (5); membrane-bound PD-L1 is regarded as a prognostic factor in lung cancer (6, 7). However, apart from tumor tissue biomarkers, some blood-based biomarkers have been reported as valuable biomarkers (8, 9). In fact, blood tests have the benefits of being minimally invasive and allow monitoring of the ongoing treatment (10). Notably, both PD-1 and PD-L1 can exist either as membrane-bound or soluble form (11, 12). Some studies have reported that soluble PD-L1 (sPD-L1) can be detected in the blood of patients with cancer and is regarded as a prognostic marker (13–15). Although the source of sPD-L1 remains elusive, data from NSCLC favors the point that the proteins are derived from cancer cells (16). While the functions of sPD-L1 remain unclear, several biological effects have been proposed (17). Tumor cell-derived sPD-L1 has been suggested to induce apoptosis in T cells in patients with advanced renal carcinoma (18). SPD-L1 has also been hypothesized to inactivate the circulating tumoricidal T cells, thereby reducing antitumor immune activity. Furthermore, sPD-L1 can compete and saturate PD-1 binding sites, thereby eluding the activity of anti-PD-1 agents (16). Other study has indicated that sPD-L1 can promote Th1/Th17 cell proliferation (19).

PD-L1 can be divided into membrane-bound PD-L1 and sPD-L1 (17), and the detection of sPD-L1 in the plasma of cancer patients has gained great interest among researchers. Interestingly, recent studies have indicated that sPD-L1 may be a prognostic factor in multiple types of cancers (20–24). Previous meta-analyses have suggested that sPD-L1 can predict OS by combining data from various types of cancers (25–27). However, the prognostic value of sPD-L1 in several types of cancers has conflicting results (17, 28, 29). Zheng et al. (28) reported that patients with gastric cancer and with a higher sPD-L1 level had better overall survival (OS) than those patients with a low sPD-L1 level. Zhang et al. (29) indicated that a higher sPD-L1 level had a poor prognosis in patients with lung cancer. However, the predictive role of sPDL1 in NSCLC remains unknown. Moreover, whether sPD-L1 could be a prognostic factor in patients with NSCLC receiving immune checkpoint inhibitors (ICIs) is not clear. This study aimed to conduct a systematic review and meta-analysis to study these questions.



Methods


Literature Search

This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) (30). The protocol was registered on PROSPERO: CRD4202128377. Electronic databases from PubMed, Web of Science, EMBASE, and Cochrane library were searched to identify studies that evaluated the prognostic role of sPD-L1 in NSCLC. The following keywords were applied: cancer, carcinoma, tumor, or neoplasm; serum, plasma, blood serum, blood, circulating, or soluble; sPD-L1 or B7-H1 or PD-L1; survival or predictive or prognosis or prognostic, and non-small cell lung cancer. The latest search was conducted on October 1, 2021. Furthermore, the references of the included studies were screened for missing studies that potentially met the inclusion criteria. Two independent reviewers (GL and ZZ) performed the study selection.



Inclusion and Exclusion Criteria for Meta-Analysis

The inclusion criteria were as follows: (a) patients were with NSCLC, (b) the sPD-L1 levels were analyzed in serum or plasma, (c) the study was reported in a full research publication in English, (d) the relationship with human survival outcomes (overall survival, OS, or progression-free survival, PFS) was determined, and (e) the number of included cases was not less than 20. The exclusion criteria were as follows (27): (a) comments, systematic reviews, case reports, animal studies, and studies without sufficient data for meta-analysis were excluded and (b) studies with survival outcomes provided with survival cure and with the precision HR cannot be calculated were excluded.



Data Extraction

Two independent reviewers (GL and ZZ) extracted information by reviewing the eligible studies. The extracted data were as follows: the first author, the year of publication, the country where the study originated from, cancer type, sample size, age, study design, cutoff value of sPD-L1, Eastern Cooperative Oncology Group performance status, smoking status, lines of ICI treatment, tissue PD-L1 tumor proportion score, follow-up time, survival outcomes with regard to high/low sPD-L1 levels, and the relationship between clinicopathologic features and sPD-L1 concentrations.



Quality Assessment

The quality of the included studies was evaluated according to the Newcastle–Ottawa Quality Assessment Scale (NOS) (31). The scores were given from 0 to 9, according to the quality of the studies. A score equal to or higher than seven was regarded as high quality. Quality assessment was performed GL and ZZ. Any disagreements were resolved by a discussion with the author group.



Statistical Analysis

The association between sPD-L1 and survival outcomes was measured with hazard ratios (HRs) and 95% confidence interval (CI). Review Manage (5.4 version) (Cochrane Centre) was used. Furthermore, random-effect model was applied. Heterogeneity was evaluated using I2 (32, 33). Subgroup analyses were conducted based on Asian and non-Asian populations, the year of publication, sample size, cutoff values, study types, and NOS score. Sensitivity analysis was also carried out using “leave-one-out” analysis. Egger’s test and Begg’s test were conducted to assess publication bias (33, 34). STATA software (version 12.0) was used. If existing significant publication, “trim and fill” method was applied. A P-value <0.05 indicated a significant difference.




Results

A total of 2,382 studies were retrieved from the database search. The study selection process is illustrated in Figure 1. Overall, 15 studies were included for full-text screening. Four studies were excluded due to a lack of related survival data (29, 35–37). One study was excluded for cases less than 20 (38). Two studies focusing on small-cell lung cancer (39) and lung carcinomas (40) were excluded. Finally, eight studies (20, 41–47) were included in this study. The information of the included studies is summarized in Table 1 with inclusion of NOS scale for quality evaluation. The baseline patient and tumor characteristics are detailed in Table 2. OS was described in eight studies (20, 41–47), and PFS was mentioned in five studies (41, 43–46). The cutoff values ranged from 0.03 to 7.32 ng/ml. All studies had high NOS scores (≥7). Immunotherapy was adopted in six studies (20, 26, 41, 43–46). Five studies (20, 41, 43, 46, 47) were prospective studies, while three (42, 44, 45) studies were retrospective studies.




Figure 1 | The process of study selection.




Table 1 | Information on the included studies and quality assessment.




Table 2 | The characteristic of included patients.




High sPD-L1 Level Is Associated With Poorer Survival Outcomes in NSCLC

All eight included studies reported OS (20, 41–47). The combined data indicated that a higher level of sPD-L1 was associated with a significantly worse OS, compared with a lower level of sPD-L1 (HR = 2.34; 95% CI, 1.82–3.00; P < 0.001). Moreover, there was no significant heterogeneity among the studies (I2 = 1%; P = 0.43) (Figure 2A). By pooling the data of five studies, a higher level of sPD-L1 was found to be correlated with an unfavorable PFS (41, 43–46) using the random-effect model (HR = 2.35; 95% CI, 1.62–3.40; P < 0.001), with no heterogeneity (I2 = 0, P = 0.48) (Figure 2B).




Figure 2 | Forest plots of hazard ratio for the relationship between sPD-L1 level and survival outcomes. (A) Overall survival (OS) in patients with non-small cell lung cancer. (B) Progression-free survival (PFS) in patients with non-small cell lung cancer. (C) OS in patients with non-small cell lung cancer receiving immune checkpoint inhibitors. (D) PFS in patients with non-small cell lung cancer receiving immune checkpoint inhibitors.





High sPD-L1 Level Is Associated With Poorer Survival Outcomes in Patients With NSCLC Receiving Immunotherapy

Six studies (496 patients) reported the outcomes of patients receiving ICIs (20, 41, 43–46). The pooled data revealed that a higher level of sPD-L1 was related to a significantly worse OS in patients with NSCLC receiving ICI (HR = 2.34; 95% CI, 1.82–3.00; P < 0.001). Moreover, there was no significant heterogeneity among the studies (I2 = 1%; P = 0.43) (Figure 2C). Furthermore, a high level of sPD-L1 was found to be correlated with an unfavorable PFS by pooling data from five studies in patients with NSCLC receiving immunotherapy (41, 43–46) using a random-effect model (HR = 2.35; 95% CI, 1.62–3.40; P < 0.001) (Figure 2D).



Sensitivity and Subgroup Analysis

A sensitivity analysis was performed to determine the stability of the findings (48). The analysis was omitted from any single study for OS at each time point. As illustrated in Supplementary Figure S1, the sensitivity analysis did not affect the results. Subgroup analyses were performed to confirm the reliability of the results (48). The subgroups were divided according to Asian and non-Asian populations, publication year, sample sizes, cutoff values, study types, received immunotherapy, and NOS scores. The results are presented in Table 3 and Figure 3. High levels of sPD-L1 were associated with worse OS in all subgroup analyses and indicated the reliability of the results.


Table 3 | Subgroup assessing the high sPD-L1 level and overall survival in patients with lung cancer.






Figure 3 | Forest plot overall survival of all patients and subgroup analysis.



Moreover, in patients with NSCLC receiving ICIs, the characteristic of patients from the included studies were provided in Table S1. the baseline of sPD-L1 concentrations was detected in six studies (20, 41, 43–46), and five studies were reported with the OS in regard to the baseline level of sPD-L1 (20, 41, 43–45). The combined data suggested that the baseline level of sPD-L1 is a prognostic factor in patients with NSCLC receiving ICIs (Supplementary Figure S2).

Furthermore, age is quite associated with immunotherapy response (49) because the elderly patients will always be coupled with poor function of T cells and aggressive T cell exhaustion. In addition, we performed an analysis to determine whether age is a prognostic factor in patients with NSCLC receiving ICI. Five studies were focused on the prognostic value of age. The combined data revealed that age was not a prognostic factor for OS in patients with NSCLC receiving ICI (HR: 0.98, 95% CI: 0.94 to 1.02, P = 0.40) (Supplementary Figure S3).

Publication bias was evaluated using Begg’s test and Egger’s test for OS. No potential publication bias was detected (P = 0.621 for Begg’s test; P = 0.499 for Egger’s test) (Figure 4). Using the funnel plot of PFS, all the studies were found to be within the 95% CI, which further confirmed that there was no potential publication bias (Supplementary Figure S4).




Figure 4 | Publication bias evaluated by Begg’s test.






Discussion

Based on 8 studies of 710 patients, this study demonstrated that higher levels of sPD-L1 were associated with unfavorable OS (HR = 2.34; P < 0.001) and PFS (HR = 2.35; P < 0.001) in patients with NSCLC. Moreover, the level of sPD-L1 may be considered as a prognostic marker for patients with NSCLC who received immunotherapy—poorer (HR = 2.40; P < 0.001). This was consistent with previous studies by Khan et al. (17) that higher sPD-L1 levels were correlated with a worse prognosis. Several studies have reported similar results, with a correlation between the high expression of sPD-L1 and poorer survival in breast cancer (50), renal cell carcinoma (21), and other solid cancers (17). Zheng et al. (29) also reported that the median OS in patients with high sPD-L1 concentrations and low sPDL-L1 levels were 18.7 and 26.8 months, respectively (P < 0.001). Okuma et al. (20) also reported similar results, and patients with low sPD-L1 levels had a high objective response rate. It is also important to note that enzyme-linked immunosorbent assay was the most frequently used method for measuring sPD-L1 (16), and seven of the included studies (20, 41, 43–47) used plasma. Positive results were determined based on specific receiver operating characteristic curves in most of the studies included. It was not inclusive to reach a consensus on the cutoff of positive from normal controls. Cheng et al. reported that the plasma sPD-L1 levels were different according to pathological types (51). Jin et al. (39) reported that the sPD-L1 levels were lower in healthy controls than in patients with lung cancer (1.2 vs. 7 ng/ml). He et al. (42) also described that the mean sPD-L1 concentrations in patients with NSCLC and healthy volunteers were 3.84 and 0.79 ng/mL, respectively. Thus, there is an urgent need to determine the optimal cutoff value in the future based on large case studies.

Six studies (496 patients) (20, 41, 43–46) reported results focusing on patients with NSCLC treated with immunotherapy. Costantini et al. (41) indicated that patients with low sPD-L1 concentrations were likely to benefit from immunotherapy. A study reported by Okuma et al. (20), including 39 patients with NSCLC treated with nivolumab, indicated that OS was significantly reduced in patients with high sPD-L1 levels than in those with low sPD-L1 levels. A recent study of 51 nivolumab-treated patients with NSCLC revealed that the baseline sPD-L1 levels were related to poor survival outcomes (45). Another study (43) with 109 patients with NSCLC received immunotherapy suggested that the median OS was 5.8 and 15.0 months in high and low levels of sPD-L1 patients, respectively. Murakami et al. (44) reported a study of 233 patients with NSCLC treated with immunotherapy revealed that the PFS and OS in the low-sPD-L1 group were longer than those in the high-sPD-L1 group. In the study of Okuma et al. (20), it was noted that high sPD-L1 levels in patients were correlated with a shorter time to treatment failure compared with those patients with low sPD-L1 levels. The objective response rate was favorable to the low-plasma-sPD-L1-concentration group (20). Similar results were found in patients with gastric cancer receiving ICIs (52). This pooled data of the six included studies indicated that sPD-L1 had a prognostic role in patients with NSCLC treated with immunotherapy (HR = 2.40; P < 0.001). This is consistent with a previous study showing that the sPD-L1 levels can be a prognostic marker in patients with melanoma receiving ICIs (53). Moreover, monitoring the level of sPD-L1 may be helpful for predicting survival in patients with cancer and subsequently improving the treatment effect (14).

An open question that remains to be answered is what makes sPD-L1 a suitable prognostic marker for cancer. The biology rationale is not clear to us. A potential hypothesis is that the inhibition of sPD-L1 can result in a similar function to other checkpoint inhibitors, thereby achieving a checkpoint inhibitor effect. Some studies reported that the inhibition of sPD-L1 restricting tumor growth showed a similar mechanism to that of anti-PD-L1 in mAb-injected mice (54, 55). A future study is needed. Secondly, the sPD-L1 levels were mostly tested at baseline. No dynamic analysis was carried out in the majority of patients. The sPD-L1 level at baseline was also a prognostic factor in patients with NSCLC receiving ICIs. The variation of sPD-L1 was reported between baseline and after 2 and 4 weeks of radiotherapy in the study of Zhao et al., which indicated a reduction of sPD-L1 after radiotherapy and patients with low baseline sPD-L1 concentrations reached a longer OS than those with higher sPD-L1 concentrations (47). Costantini et al. (41) indicated that there was no statistical difference in sPD-L1 levels between responders and non-responders to ICIs. High sPDL-L1 levels at baseline and an increase in sPD-L1 levels were correlated with poor survival outcomes (OS and PFS). In the study by He et al. (42), the detection time of sPD-L1 was 1 to 2 days before surgery.

The relationship between the PD-L1 expression of the tissue and the level of sPD-L1 is not fully understood. As described in the study of Mazzachi et al. (43), there was no significant correlation between sPD-L1 level and the expression of tissue PD-L1 assessed on primary tumors. Murakami et al. (44) reported the expression of tissue PD-L1 and sPD-L1 level, but the details of the two parameters were not shown. In the study of Costantini et al. (41), no correlation was found between sPD-L1 concentrations and the expression of PD-L1 in immunohistochemistry performed on the initial biopsy. In contrast, Yang et al. revealed that the blood PD-L1 had a significant positive correlation with tissue PD-L1 expression at the same time points. More studies are needed to explore these topics.

As described by He et al. (42), there was no association between sPD-L1 levels and clinicopathologic features (sex, histologic type, differentiation degree, T stage, N stage, tumor size, pTNM stage, and smoking status) in patients with NSCLC. Moreover, Murakami et al. (44) also indicated that there was no significant correlation between sPD-L1 concentrations and clinicopathologic characteristics, including age, sex, Eastern Cooperative Oncology Group performance status, smoking status, histology, brain metastasis, and EGFR mutations. However, sPD-L1 concentrations were associated with live metastasis (P = 0.015). Mazzachi et al. (43) also indicated that sPD-L1 concentrations were not associated with sex, age, smoking status, or histology. However, the authors indicated that sPD-L1 levels were related to N metastatic sites and live metastasis, and another study indicated that the sPD-L1 levels were related to abdominal organ metastasis (29). Some researchers have revealed that there may be a relationship between high lung cancer tumor burden and the elevated sPD-L1 levels in patients with NSCLC (56). Okuma et al. (40) also investigated the relationship between sPD-L1 levels and the clinical features and revealed that the sPD-L1 levels were not related to the clinicopathological features in patients with advanced lung cancer. Due to the limited data and studies, combined data studies were not performed.

The relationship between age and immunotherapy response in patients receiving ICIs is controversial. In a clinical study, subgroup analyses (≥65 vs. <65 years old) suggested no significant difference in survival outcomes (57). A study reported that patients with advancing age with NSCLC and receiving ICIs seem to have a longer PFS (58). In contrast, a study published in 2015 indicated that elderly patients have a shorter OS (59). A meta-analysis comparing the efficacy of immunotherapy in elderly vs. young populations indicated that OS was not significant between the two groups (HR = 0.76, P = 0.66) (60). This is in consistent with our analysis. More studies are required to evaluate the effect of age on immunotherapy.

This study had some limitations. First, some of the included studies were retrospective studies, and there may have been a selection bias or publication bias, as positive results are more easily published in journals compared with negative results. Second, in regard to heterogeneity, all analyses used the random-effect model (61). In the process of evaluation of the results from different studies, the heterogeneity among these studies should be taken into consideration. Heterogeneity could have come from study design, different stages, different management, different detection method, sample sizes, or ages. Moreover, sensitivity and subgroups analyses were performed to identify the potential source of heterogeneity. Our analyses indicated that all the analyses were with low heterogeneity and indicated the reliability of the results. Moreover, the cutoff values, the definitions of abnormal high level, and the evaluation methods for sPD-L1 and high PD-L1 were not consistent, all of which may have contributed to heterogeneity, and the cutoff values of sPD-L1 were not uniform, leading to limitations in clinical applications (25). However, all of the analyses in this meta-analysis had low heterogeneity, and the analyses used a random-effect model, where the results were reliable. Finally, due to the limited data and small number of patients in a few studies, we were unable to determine the relationship between sPD-L1 concentrations and the clinical features due to an inability to pool the data together.

In conclusion, our meta-analysis indicates that sPD-L1 has a prognostic role in patients with NSCLC. Moreover, low sPD-L1 levels may be a prognostic factor in patients receiving immunotherapy. A high expression of sPD-L1 was correlated significantly with worse OS and PFS. Prospective studies with well-designed and standard assessment methods (41) should be carried out in the future to determine the prognostic role of sPD-L1 in NSCLC.
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Supplementary Figure 1 | Sensitivity analysis by omitting every single study.

Supplementary Figure 2 | Forest plot overall survival in regard to the baseline level of sPD-L1 in patients with non-small cell lung cancer receiving immune checkpoint inhibitors.

Supplementary Figure 3 | Forest plot overall survival in regard to age in patients with non-small cell lung cancer receiving immune checkpoint inhibitors.

Supplementary Figure 4 | Funnel plot of progression-free survival in patients with non-small cell lung cancer.
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Test for overall effect: Z = 4.48 (P < 0.00001)

1.1.10 Prospective study

Costantini 2018 142 095 02%  4.14[0.64,26.63)
Mazzaschi 2020 111 028 26%  3.03[1.75,525
Okuma 2018 069 029 24%  199[1.13,352)
Yang 2021 065 052 08%  192(0.69,531]
Zhao 2017 069 029 24%  199[1.13,352)
Subtotal (95% CI) 84%  231[170,343]

Heterogeneity: Tau® = 0.00; Chi* = 1.97, df = 4 (P = 0.74); I' = 0%
Test for overall effect: Z = 5.37 (P < 0.00001)

1.1.11 Retrospective study

He 2020 099 042 12%  269[1.18,6.13]
Murakami 2020 073 034 18%  208[1.07,4.04]
Tiako 2020 099 04 13%  269(1.23,589
Subtotal (95% C1) 42%  241[157,372]
Heterogeneity: Tau? = 0.00; Chi* = 0.34, df = 2 (P = 0.84); ' = 0%
Test for overall effect: Z = 3.99 (P < 0.0001)

1.1.12 Quality scores >8

Costantini 2018 142 095 02%  4.14[064,2663]
He 2020 099 042 12%  269[1.18,6.13]
Mazzaschi 2020 111 028 26% 303175525
Okuma 2018 069 020 24%  199[1.13,352)
Tiako 2020 099 04 13%  269[1.23,589
Subtotal (95% CI) 77%  258[1.88,3.55]
Heterogeneity: Tau® = 0.00; Chi* = 1.39, df = 4 (P = 0.85); I' = 0%

Test for overall effect: Z = 5.82 (P < 0.00001)

1.1.13 Qualtly scores<8

Murakami 2020 073 034 18%  208[1.07,4.04]
Yang 2021 065 052 08%  192(0.69,531)
Zhao 2017 069 029 24%  199[1.13,352]
Subtotal (95% CI) 49%  201[1.35,299]
Heterogeneity: Tau? = 0.00; Chi? = 0,02, df =2 (P = 0.99); = 0%

Testfor overall effect: Z = 3.4 (P = 0.0006)

1.1.14 Cut-off value>1ng/ml

He 2020 099 042 12%  269[1.18,643]
Okuma 2018 069 029 24%  199[1.13,352
Subtotal (95% CI) 36%  220[1.38,351]
Heterogeneity: Tau? = 0.00; Chi* = 0.35, df = 1 (P = 0.56); I'= 0%

Test for overall effect: Z = 3.30 (P = 0.0010)

1.4.15 Cut-off value<ing/ml

Costantini 2018 142 095 02%  4.14[0.64,26.63)
Mazzaschi 2020 111 028 26% 303175525
Murakami 2020 073 034 18%  208[1.07,4.04]
Tiako 2020 099 04 13%  269[1.23,589
Zhao 2017 069 029 24%  199[1.13,352
Subtotal (95% CI) 83%  245[180,3.33]
Heterogeneity: Tau? = 0.00; Chi* = 1.69, df = 4 (P = 0.79); ' = 0%

Testfor overall effect: Z = 5.71 (P < 0.00001)

Total (95% CI) 1000%  2.34[215,256]
Heterogeneily: Tau? = 0.00; Chi* = 18.55, df = 62 (P = 1.00); = 0%

Test for overall effect: Z = 18.89 (P < 0.00001)
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Study Country Study type Sample sizes Treatment Outcomes Follow-up time (M) Quality assessment

Costantini et al. (41) France P 43 ICI 0S, PFS 16.3 (11.7-21.1) 8
He et al. (42) China R 88 Surgery 0s 67 (3-78) 8
Mazzaschi et al. (43) Italy P 109 ICl+C 0S, PFS 17.3 8
Murakami et al. (44) Japan R 233 ICI 0OS, PFS NA 7
Okuma et al. (20) Japan P 39 ICI 0s NA 8
Tiako et al. (45) France R 51 ICl+C 0OS, PFS NA 8
Yang et al. (46) China P 21 icl 08, PFS NA 7
Zhao et al. (47) China P 126 CRT os NA 7

P, prospective; R, retrospective; ICI, immune checkpoint inhibitors; C, chemotherapy; CRT, chemoradiotherapy.





