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Small-cell lung cancer (SCLC) is a fatal subtype of lung cancer characterized by high aggressiveness, poor prognosis, and limited treatment options. For the first time in more than three decades, it has been demonstrated that the addition of immunotherapy to chemotherapy improved the survival of patients with extensive-stage SCLC, thereby immunotherapy plus chemotherapy established a new standard of first-line treatment. However, it is important to improve the curative effect of immunotherapy on SCLC and identify the patients who could benefit from such treatment. In this article, we review the current status of the first-line immunotherapy, the strategies to improve the efficacy of immunotherapy and the discovery of potential predictive biomarkers of immunotherapy for SCLC.
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Introduction

Small-cell lung cancer (SCLC) is highly malignant and aggressive subtype of lung cancer with dismal outcomes, which is closely related to tobacco exposure and accounts for approximately 15% of all lung cancers (1). SCLC is divided into a limited stage SCLC (LS-SCLC) and an extensive stage SCLC (ES-SCLC) according to the US Veterans Administration staging system (2). For decades, platinum-based chemotherapy has been the cornerstone of SCLC treatment. Despite dozens of randomized controlled trials, the efficacy of platinum plus etoposide has not been surpassed. Progression-free survival (PFS) is <6 months, and median overall survival (OS) is approximately 10 months (3, 4). As a “recalcitrant cancer,” SCLC urgently needs new treatment strategies.

The advent of immune checkpoint inhibitors has revolutionized the standard treatment options for many solid tumors including SCLC. The programmed death ligand-1 (PD-L1) inhibitor atezolizumab combined with chemotherapy improved survival with ES-SCLC in the Impower133 trial (5). The median OS of the atezolizumab group and placebo group was 12.3 and 10.3 months, respectively (hazard ratio [HR], 0.70; 95% confidence interval [CI], 0.54–0.91). Atezolizumab was also associated with a significant improvement in PFS (HR, 0.77; 95% CI, 0.62–0.9). The IMpower133 trial was the first to demonstrate a survival benefit of treatment with PD-L1 inhibitors in patients with ES-SCLC. The CASPIAN trial was a global, randomized, open-label phase III trial. Unlike the IMpower133 trial, the CASPIAN trial included three treatment groups (1:1:1 randomization): durvalumab plus chemotherapy group, durvalumab plus tremelimumab plus chemotherapy group, and chemotherapy group. A total of 805 patients were randomized in this trial, and OS was the primary endpoint. First-line treatment with durvalumab plus platinum–etoposide (EP) significantly improved the OS (HR, 0.73; 95% CI, 0.59–0.91) of patients with ES-SCLC. The median OS of patients in the durvalumab plus chemotherapy group and chemotherapy group was 13.0 and 10.3 months, respectively. However, there was no significant difference in PFS between these two groups (6). The trial met its primary endpoint. The results of the IMpower133 and CASPIAN studies confirmed that the PD-L1 inhibitor-chemotherapy strategy prolonged the OS of patients with ES-SCLC, while pembrolizumab, a programmed death-1 (PD-1) inhibitor targeting the same PD-1/PD-L1 signaling pathway, failed to improve OS of patients with ES-SCLC in the KEYNOTE-604 trial (7). KEYNOTE-604 was a randomized (1:1), double-blinded, phase III trial that investigated the efficacy and safety of pembrolizumab or placebo plus EP in patients with previously untreated ES-SCLC. This trial included 223 participants per group, and the primary endpoints were PFS and OS. A statistically significant improvement in PFS was reported (4.5 vs. 4.3 months, respectively; HR, 0.75 [95% CI, 0.61–0.91], p=0.0023). The median OS was 10.8 and 9.7 months, respectively (HR, 0.80; 95% CI, 0.64–0.98). However, the statistical threshold (p=0.0128) of significant prolongation of OS was not reached (p=0.0164). The KEYNOTE-604 study did not demonstrate significant improvement in survival following the addition of the PD-1 inhibitor pembrolizumab to standard chemotherapy. More research is needed to explore whether PD-1 inhibitors combination with chemotherapy can provide survival improved and to discover more effective treatment strategies for patients with ES-SCLC. It is not clear which patients will benefit from immunotherapy plus chemotherapy. In this review, we summarize completed and ongoing trials and discuss the current challenges and future research directions of immunotherapy for SCLC.





New evidence of first-line immunotherapy for ES-SCLC

Recently, the results of two Phase III trials of first-line immunotherapy for ES-SCLC were published. One was the CAPSTONE-1 trial (8), which compared the efficacy and safety of the PD-L1 inhibitor adebrelimab (adebrelimab group) versus placebo in combination with chemotherapy (chemotherapy group) as first-line treatment in ES-SCLC. The primary endpoint was OS. Median OS of the adebrelimab group and the chemotherapy group were 15.3 and 12.8 months, respectively (HR, 0.72; 95% CI, 0.58–0.90; p = 0.0017). Adebrelimab plus chemotherapy significantly improved OS of patients with ES-SCLC. OS was numerically longer in both groups of the CAPSTONE-1 trial than that of the IMpower133 trial and the CASPIAN trial, which may be related to a higher proportion of patients receiving subsequent systemic treatments in the CAPSTONE-1 trial (59% and 70%) than other two trials (50.2% and 57.4% in the IMpower133 trial; 42% and 44% in the CASPIAN trial) (5, 6, 8). A lower proportion of patients with brain metastases included in the CAPSTONE-1 trial may also have contributed to this. However, the HR of OS in the CAPSTONE-1 trail was similar in the Impower133 trail (HR, 0.70) and the Caspian (HR, 0.73) trial. The CAPSTONE-1 trail further confirmed the results of the IMpower133 and CASPIAN trial, adding to the evidence for PD-L1 inhibitors plus chemotherapy. Adebrelimab plus chemoterapy is an alternate choice for first-line treatment of ES-SCLC.

The ASTRUM-005 trial (9) was another international, multicenter, phase III trial of the PD-1 inhibitor serplulimab or placebo plus chemotherapy for patients with ES-SCLC. The primary endpoint is also OS. Serplulimab plus chemotherapy prolonged OS of patients with ES-SCLC by 4.5 months and significantly reduced the risk of death (15.4 and 10.9 months, respectively; HR, 0.63; 95%CI, 0.49–0.82; p <0.001). The results still showed that serplulimab combination with chemotherapy favored PFS, objective response rate (ORR), and duration of response (DOR). This trial was the first to demonstrate that PD-1 inhibitor plus chemotherapy can also improve OS of ES-SCLC as first-line treatment, and the PD-1 inhibitor serplulimab in combination with chemotherapy is also an option for first-line treatment of ES-SCLC.

In addition, a 3-year survival rate was reported in the CASPIAN trial and KEYNOTE-604 trial. After a median follow-up of 39.4 months and 3.5 years, the 3-year survival rates of two trials were 17.6% and 15.5% in the immune-chemotherapy group, respectively, while the 3-year survival rates were 5.8% and 5.9% in the chemotherapy group of the two trials, respectively (10, 11), and the results were similar in the two trials. These results suggest that immunotherapy combination with chemotherapy can improve the long-term survival of patients with ES-SCLC. These results also support the addition of PD-L1 inhibitor to chemotherapy as the first-line treatment option for ES-SCLC.

Up to now, four drugs target on the PD-1/PD-L1 checkpoint in phase III trials have achieved positive results as the first-line immunotherapy of ES-SCLC. However, there is a lack of head-to-head comparison of efficacy and safety between different drugs. A randomized phase III trial to evaluate the activity and safety of serplulimab or atezolizumab plus chemotherapy as first-line treatment for patients with ES-SCLC is ongoing. Clinical Benefit Scale (CBS) is an objective and effective method for the evaluation of clinical benefit of drugs. It can be used as a reference for treatment selection in clinical practice by ranking the clinical benefit of multiple drugs in a certain type of treatment. Although direct comparisons between different trials need to be made with caution, when stratifying the expected benefits of the four trials about the first-line immunotherapy of ES-SCLC based on the European Society for Medical Oncology Magnitude of Clinical Benefit Scale (ESMO-MCBS) (12), the ASTRUM-005 trial was the only regimen with a score of 4. In addition, the short- and long-term efficacies of the ASTRUM-005 study were both improved, and the HRs of PFS and OS were the lowest among the four studies. The results were consistent with those of ESMO-MCBS. However, we also see that the median follow-up time of 12.3 months in the ASTRUM-005 trial is shorter than the median OS of 15.4 months in the serplulimab group (9), suggesting that the median OS, the HR for OS, and the 1- and 2-year OS rates may change as the follow-up time extension and the OS matures further. In terms of safety, durvalumab combination with chemotherapy had a lower incidence of grade ≥3 adverse events (AEs) and immunotherapy-related adverse events (irAEs), and serplulimab combination with chemotherapy had a lower incidence of treatment interruptions and treatment-related adverse events leading to death.

Although results from several phase III randomized controlled trials (RCTs) have established immunotherapy plus chemotherapy as a new standard of first-line treatment for ES-SCLC (Table 1). However, RCTs often exclude patients with active brain metastases, poor performance status, severe comorbidities, or autoimmune diseases. Whether immunotherapy plus chemotherapy is suitable for ES-SCLC in the real world also needs to be evaluated. A prospective real-world study of first-line immunotherapy for ES-SCLC from Spain included 155 patients (the Imfirst study) (13). There were 11.0% of patients with Eastern Cooperative Oncology Group performance status (ECOG) ≥2 and 17.4% of patients with brain metastases. The median PFS and OS of atezolizumab plus chemotherapy in the Imfirst study were 6.2 and 10.0 months, respectively. Of the patients, 27.8% and 4.5% of patients had the adverse events (AEs) and irAEs of grade ≥3, respectively, which were comparable to the Impower133 trial. A real-world retrospective study from China evaluated the efficacy and safety of immunotherapy plus chemotherapy versus chemotherapy alone (14). There were 14 (12.8%) patients and 11 (9.6%) patients with ECOG performance status≥2 in immunotherapy plus chemotherapy group and chemotherapy group. A total of 30 (27.5%) patients and 27 (23.5%) patients had brain metastases in two groups. A total of 27 (24.8%) patients and 33 (28.7%) patients had liver metastases, respectively. The median PFS was 8.5 and 5.0 months, and OS was 19.0 and 12.0 months, respectively. The proportion of patients with ≥ grade 3 AEs was similar between the two groups, and 32.1% of patients in the immunotherapy group had irAEs. This study suggests that immunotherapy plus chemotherapy can also prolong survival of patients with ES-SCLC in the real world, and it has a good safety profile. In contrast, another real-world prospective study of first-line chemoimmunotherapy for ES-SCLC investigated the efficacy and safety depending on whether the key eligible study criteria of previous trials are met (15). A total of 207 patients were enrolled in the study, of which 75 patients were ineligible for previous trials, including ECOG performance status 2–3, active brain metastases, uncontrolled pleural effusion, abnormal laboratory tests, immunosuppressive therapy, autoimmune diseases, and other malignant tumors within 5 years. The median PFS of eligible patients and ineligible patients were 5.1 and 4.7 months, respectively (HR, 0.72; 95% CI, 0.53–0.97, p =0.03). The median OS was 15.8 and 13.1 months, respectively (HR, 0.73; 95% CI, 0.51–1.07, p =0.10). Serious adverse events (SAEs) occurred in 27% and 39% of patients, respectively (p = 0.07). Although the OS of ineligible patients is similar to that of eligible patients, ineligible patients have a higher risk of SAEs. Therefore, it is still necessary to be cautious about the choice chemoimmunotherapy for some ineligible patients.


Table 1 | Pivotal trials of the PD-L1/PD-1 inhibitor in combination with chemotherapy in ES-SCLC.







Gains and losses of PD-1 inhibitors as the first-line treatment in patients with ES-SCLC

At present, the results of several trials of PD-L1 inhibitors combination with chemotherapy are consistent, which can prolong the survival of patients with ES-SCLC. However, the effect on OS of the addition of PD-1 inhibitor to chemotherapy was different in two phase 3 trials of first-line treatment in ES-SCLC (Table 1). The inconsistent results may be related to the following factors. First, although both trials of untreated ES-SCLC, there were differences in the baseline characteristics of the patients enrolled. Liver metastases accounted for more than 40% in the KEYNOTE-604 trial (7) and 25% of patients in the ASTRUM-005 trial (9). In addition, in subgroup analyses of the KEY-NOTE-604 (7) and Impower133 trial (5), there was no trend toward a significant OS improvement for patients with liver metastases receiving immune combination chemotherapy compared with standard chemotherapy. The median sum of largest diameters of target lesions of immunotherapy group was 134.8 mm in the KEYNOTE-604 trial (7) vs. 117.7 mm in the ASTRUM-005 trial (9); patients in the immunotherapy group had a higher tumor burden in the KEYNOTE-604 trail (7). Furthermore, there was significant difference in age, sex, ECOG score, smoker history, and race between the two trials, which may have affected OS. Second, differences in the study design may also have contributed to the divergent results of OS in the two phase III trials. The KEYNOTE-604 trial had the dual primary end points for PFS and OS; two interim analyses and a final analysis were planned, and the two interim analyses were delayed, all of which led to the actual alpha consumption expected to be larger. In the end, the KEYNOTE-604 trial missed the positive result of OS with an extremely small difference. Third, subsequent cancer therapies were different between the two trials. In both trials, the continuation of the original immunotherapy regimen plus second-line standard chemotherapy after first-line treatment of progressive disease (PD) was allowed at the discretion of the investigator. In the ASTRUM-005 trial (9), 108 (27.8%) patients in the serplulimab group received checkpoint inhibitor rechallenge after PD, of whom 95 patients (24.4%) received serplulimab rechallenge. However, in the KEYNOTE604 trial (7), only nine patients (4%) in the pembrolizumab group received subsequent immunotherapy, of whom only one patient (0.4%) received pembrolizumab. In the OAK trial, the median post-PD OS was longer in patients who had PD who continued atezolizumab than in patients switching to non-protocol therapy (16). Recently, a retrospective study showed a significantly improved PFS of immunotherapy rechallenge in patients with ES-SCLC who progressed after first-line immunotherapy plus chemotherapy using inverse propensity weighting to balance baseline characteristics (4.8 vs. 2.4 m; HR, 0.40; 95%CI, 0.24–0.67; p=0.002) and had a trend toward prolonged OS (17.4 vs. 8.0; HR, 0.55; 95%CI, 0.29–1.04, p=0.098) (17). In the ASTRUM-005 trial, PFS2 was a secondary end point, and we look forward to subsequent reports of efficacy and safety results in patients who have been rechallenged with immunotherapy. Finally, although pembrolizumab and serplulimab are both PD-1 inhibitors, the epitopes selected by the two drugs are different, so they are two different macromolecules antibodies. There may be differences in efficacy between the two drugs, but clinical studies are needed to confirm.





Strategies to improve the efficacy of first-line immunotherapy for ES-SCLC

Although immunotherapy combination with chemotherapy has brought survival improvement to patients with ES-SCLC, the improvement in OS was modest. Researchers are also exploring more effective treatment strategies. Immunochemotherapy plus “X” has become an important exploration direction. The efficacy and safety of immunochemotherapy plus CTLA-4 inhibitors for ES-SCLC was also explored in the CASPIAN trial (18). However, this treatment strategy did not increase efficacy, but rather increased toxicities. A phase II study is ongoing on the addition of QL1706 to first-line chemotherapy in ES-SCLC (NCT05309629) to determine whether dual antibodies targeting PD-1 and CLTA-4 can bring different results. The T-cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT), an inhibitory receptor, is expressed by several immune cells including CD4+T cells, CD8+ T cells, and natural killer cells (19). Treatment with TIGIT inhibitors may enhance the antitumor effect of PD-1/PD-L1 inhibitors. The SKYSCRAPER-02 trial was a randomized, double-blinded, phase III trial, which compared tiragolumab (a TIGIT inhibitor) plus atezolizumab and EP with atezolizumab plus EP as first-line treatment for ES-SCLC (20). However, the addition of tiragolumab to chemo-immunotherapy did not confer additional survival benefit (OS, 13.6 vs. 13.6 months, respectively). This evidence suggests that chemo-immunotherapy remains the standard first-line treatment option for ES-SCLC. In addition, the LAG3 inhibitor IBI110 (NCT05026593) combined with sintilimab and chemotherapy is also being explored. However, it remains unclear for the immune escape mechanism that plays a dominant role in the immune microenvironment of SCLC. The expression of TIGIT and LAG3 in SCLC tumor tissues has not been fully studied. The current dual-immune combination strategy lacks reliable theoretical support. Marian L. Bur et al. found that most SCLCs have low expression of the major histocompatibility complex class I (MHC-I) antigen processing pathway-related genes (21). The low expression of MHC-I is also one of the reasons for poor response of PD-1/PD-L1 inhibitors in SCLC. Epigenetic silencing of MHC-I in SCLC may be mediated by lysine (K)-specific demethylase 1 A (KDM1A) who encoded lysine-specific demethylase 1(LSD1). LSD1 inhibitors can restore the expression of MHC-I (22) and potentiate responses to anti-PDL1 antibody for SCLC (23), which suggests that LSD1 inhibitors plus chemo-immunotherapy is a promising approach for ES-SCLC. Bispecific antibodies (BsAb) have attracted more and more attention because they can simultaneously build a bridge between target cells and functional molecules or cells and stimulate a directed immune response. DLL3 is highly expressed in most SCLC, which is a potential therapeutic target. Tarlatamab is a bispecific T-cell connector that targets CD3 and DLL3. Furthermore, tarlatamab is independent of MHC-I expression to induce immune responses. Tarlatamab showed good efficacy and safety with an ORR of 23% in a phase 1 study of relapsed SCLC (24). A phase 1b trial is evaluating the efficacy and safety of atezolizumab and chemotherapy plus tarlatamab in treatment-naive ES-SCLC.

Tumor angiogenesis is a functional component of the tumor microenvironment, interacting with the immune microenvironment to promote tumor growth. The addition of anti-angiogenesis agents to chemo-immunotherapy as a first-line treatment has improved survival in patients with non-small cell lung cancer (NSCLC) (25). SCLC is characterized by high vascularization (26, 27). High levels of vascular endothelial growth factor (VEGF) inhibit the maturation of dendritic cells (28) and promote the proliferation of regulatory T cells and myeloid-derived suppressor cells (29). Abnormal tumor vessels increase the interstitial fluid pressure inside the tumor to affect the infiltration of effector T cells. In addition, hypoxia in the tumor also promotes the differentiation of tumor-associated macrophages toward the M2-like phenotype, which is an immuno-suppressive phenotype (30). In a mouse model of SCLC, anti-PD-L1 therapy induced an PD-1/T-cell immunoglobulin and mucin domain 3 double-positive exhausted T-cell phenotype. This effect was diminished by the addition of anti-VEGF-targeted treatment. Compared with anti-PD-L1 or anti-VEGF monotherapy, treatment with anti-PD-L1 plus anti-VEGF inhibition significantly improved PFS and OS in a mouse model of SCLC (31). These results indicate that the dual inhibition of VEGF and PD-L1 may be an effective therapeutic strategy for SCLC. It is worth exploring whether the addition of an anti-angiogenesis agent to chemo-immunotherapy can further improve the efficacy of first-line treatment in ES-SCLC. Several phase II and III trials are evaluating the efficacy and safety of the addition of an anti-angiogenesis agent to chemo-immunotherapy for untreated ES-SCLC.

In the era of chemotherapy, the addition of thoracic radiotherapy (TRT) to ES-SCLC can improve the local control rate and 2-year survival rate (32). Several phase III trials of the first-line treatment of ES-SCLC with chemo-immunotherapy did not allow patients to receive TRT. In the era of immunotherapy, it is worth exploring the potential effects of the addition of TRT to chemo-immunotherapy on efficacy and safety. One strategy involves consolidation therapy with TRT plus immunotherapy after the completion of four to six cycles of chemotherapy (Table 2). The safety and preliminary efficacy of pembrolizumab plus TRT (45 Gy in 15 daily fractions) after induction chemotherapy for ES-SCLC or large-cell neuroendocrine cancer were assessed in a phase 1 trial (33). The results showed that dose-limiting toxicity did not occur during the 35-day period, while grade ≥3 AEs occurred in only 6% of patients. Concurrent treatment with pembrolizumab and TRT was well tolerated. The median PFS and OS were 6.1 and 8.4 months, respectively. These results are comparable to the historical data (PFS and OS were 4 and 8 months, respectively) obtained from a phase III study of consolidative TRT alone for ES-SCLC (32). Nevertheless, in another phase 1/2 study of consolidation therapy (i.e., ipilimumab and nivolumab with TRT) (33), the incidence rate of grade ≥3 TRAEs was 61.9%. The results of these two studies with small sample sizes are inconsistent. Therefore, further data from phase 2/3 studies on consolidation therapy combining TRT with immunotherapy are required. Another strategy is consolidation therapy combining TRT with immunotherapy after chemo-immunotherapy. A phase II, single-arm trial explored the efficacy and safety of adebrelimab plus chemotherapy and sequential TRT as first-line therapy for ES-SCLC (34). The study included 31 patients; of these patients, 10 received TRT and 24 received at least one dose of adebrelimab. The median PFS was 7.56 months, and ORR was 50%. The ORR of patients who received TRT was 80%. The incidence of grade ≥3 TRAEs was 51.6%. According to the preliminary results, the administration of chemo-immunotherapy followed by TRT warrants further study. In addition, there are also some studies exploring TRT and chemo-immunotherapy concurrent treatment (Table 2). Of course, it is important to explore the efficacy and safety of different modes of TRT (including conventional-dose division, low-dose TRT, SBRT, etc.) plus chemo-immunotherapy.


Table 2 | Select ongoing trials with immunotherapy plus thoracic radiation therapy in ES-SCLC.



Consolidation or maintenance therapy after four to six cycles of induction therapy have been explored to improve the efficacy of first-line treatment for ES-SCLC. The CheckMate-451 trial was a double-blinded phase III trial evaluating the efficacy and safety of nivolumab plus ipilimumab, nivolumab, or placebo as maintenance therapy following first-line chemotherapy for ES-SCLC (35). However, nivolumab monotherapy or nivolumab plus ipilimumab did not improve the OS of patients with ES-SCLC. A subgroup analysis showed that nivolumab monotherapy tended to improve OS in patients who initiated maintenance therapy within 5 weeks of the last dose of first-line chemotherapy. This result suggests that the timing and schedule of immunotherapy as maintenance therapy warrants further exploration. A phase II, single-arm study explored the efficacy and safety of nivolumab plus rucaparib—a poly (ADP-ribose) polymerase (PARP) inhibitor—as maintenance therapy in patients who response to first-line chemotherapy (36). In the interim analysis, the study included 20 patients with partial response to first-line chemotherapy. The PFS was 7.27 months from the initiation of induction therapy; the PFS of one patient was more than 23 months. The results suggest that nivolumab plus rucaparib as maintenance therapy may offer lasting benefits for some patients. These studies also will explore predictive biomarkers associated with response. Lurbinectedin is a novel chemotherapeutic agent with immunomodulatory properties and was conditionally approved by the FDA for second-line treatment of SCLC. A phase 3 trial is also comparing the efficacy and safety of atezolizumab versus maintenance atezolizumab plus Lurbinectedin as consolidation treatment in patients with ES-SCLC who did not have PD to induction therapy with atezolizumab plus chemotherapy.





To explore patients who responded to immunotherapy

It is a key to achieve a breakthrough of immunotherapy for SCLC to guide therapy according to predictive biomarkers. Potential biomarkers associated with response to SCLC immunotherapy are also under investigation. The commonly used markers of PD-L1 expression and tumor mutation burden (TMB) did not significantly correlate with response to first-line immunotherapy for patients with ES-SCLC.

Recently, researchers have divided SCLC into four subtypes based on the expression of key transcription factors of ASCL1, NEUROD1, and POU2F3. Among them, SCLC-I subtype had higher expression of immune-related genes and more immune cell infiltration. In a retrospective analysis of the IMpower133 trial, patients with SCLC-I had a significant OS improvement with atezolizumab plus chemotherapy compared with other subtypes (HR, 0.566; 95% CI, 0.321–0.998) (37). Similarly, the retrospective analysis of the CASPIAN trial also obtained consistent results (38), which suggested that SCLC-I may be a predictive biomarker for immunotherapy of ES-SCLC; however, it needs to be confirmed by prospective studies.

MHC-I molecules are responsible for presenting antigenic peptides to CD8+T cells and play an important role in immune surveillance (39). In SCLC, using a multiplexed immunofluorescence assay, researchers found that patients with high expression of MHC-I had more infiltration of CD3+ T cells and CD45+/PD-L1+ immune cells in intratumoral regions than those with low or no expression of MHC-I (40). SCLC with high expression of MHC-I was characterized by low neuroendocrine differentiation and epithelial–mesenchymal transformation. This type represents a small proportion of patients with SCLC exhibiting long-term response to immunotherapy (40). According to the results, MHC-I expression may also be a promising predictive biomarker of immunotherapy in SCLC.

SCLC has neuroendocrine (NE) and non-neuroendocrine (non-NE) phenotypes. Non-NE SCLC highly expressed immune-related genes, which were related to immune response. In addition, NOTCH signaling is usually activated in non-NE SCLC, and notch-signaling-related genes can also predict the efficacy of immunotherapy for SCLC (41). One study found that RB1 plays an important role in the immune response, and tumors lacking RB1 showed reduced immune responses to various stimuli (42). Although RB1 is absent in the majority of SCLC, SCLC with non-NE phenotype and high YAP1 expression is often accompanied by RB1 protein expression (43). RB1 wild-type SCLC was also enriched in the SCLC-Y subtype (43). Recently, it has been found that patients with RB1 loss of function (LOF) score low or RB1 wild in transcriptional level benefit more from immunotherapy, while non-NE subtypes cannot predict the response to immunotherapy, suggesting that RB1 functional status may be a more relevant biomarker of immune response in SCLC (44).

At present, a subset of patients with SCLC benefits from immunotherapy from retrospective and small-sample exploration research; further exploration is required. These is a lack of reliable biomarkers for response to immunotherapy in SCLC. The lack of tissue samples limits our understanding of the tumor microenvironment of SCLC. This is one of the reasons responsible for the slow development of biomarkers of immunotherapy for SCLC. Analysis based on liquid samples may facilitate the study of biomarkers.





Conclusions

Since the IMpower133 trial first demonstrated that immunotherapy combination with chemotherapy could improve the survival of patients with ES-SCLC, it has been further confirmed in subsequent several trials of phase 3 of PD-1/PD-L1 inhibitors plus chemotherapy in the first-treatment of ES-SCLC. Meta-analysis also supported that first-line immunotherapy could bring survival benefits to ES-SCLC. Immunotherapy combination with chemotherapy has replaced chemotherapy as the new standard care of first-line treatment for ES-SCLC. At present, the benefit of immunotherapy for ES-SCLC is still limited, especially as it is not cost effective. Exploring better therapeutic strategies and selecting patients who can benefit from immunotherapy are the main research directions of first-line immunotherapy for ES-SCLC. In addition, in trials of first-line immunotherapy for ES-SCLC, regardless of whether the median OS of immunotherapy is significantly better than that of chemotherapy, a higher proportion of patients in the immunotherapy group survived for more than 2 years. Immune checkpoint drugs have different response patterns and pharmacokinetic characteristics from cytotoxic drugs. Previous efficacy evaluation systems and criteria based on cytotoxic drugs are facing challenges. The restricted mean survival time (RMST) and other indicators in evaluating the efficacy of immunotherapy in ES-SCLC also need to be explored. Although RCTs and real-world studies have included some patients with brain metastases, due to the limited sample size, more studies are needed to guide clinical decision regarding the efficacy of immunotherapy in patients with brain metastases and the safety profile of brain radiotherapy during immunotherapy. In the current trials, ES-SCLC with liver metastasis does not benefit from immune plus chemotherapy, while chemo-immunotherapy plus anti-vascular therapy can improve survival for patients with liver metastasis in NSCLC. Whether patients with liver metastasis in SCLC also benefit from this treatment mode needs to be explored. An in-depth understanding of the characteristics of the immune microenvironment of SCLC is the key to achieve a leap forward for individualized immunotherapy strategy.





Author contributions

Article concept: SZ and YC. Literature data collection: SZ. Writing—original draft: SZ and YC. Writing review and editing: SZ and YC. Supervision: YC. SZ and YC have read and agreed to the published version of the manuscript.





Funding

This study was supported by grants from Major Science and Technology Special Project for Major Disease Prevention and Control in Jilin Province (20210303002SF).





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.





References

1. Gazdar, AF, Bunn, PA, and Minna, JD. Small-cell lung cancer: what we know, what we need to know and the path forward. Nat Rev Cancer (2017) 17(12):725–37. doi: 10.1038/nrc.2017.87

2. Davis, S, Stanley, KE, Yesner, R, Kuang, DT, and Morris, JF. Small-cell carcinoma of the lung–survival according to histologic subtype: a veterans administration lung group study. Cancer (1981) 47(7):1863–6. doi: 10.1002/1097-0142(19810401)47:7<1863::AID-CNCR2820470724>3.0.CO;2-6

3. Socinski, MA, Smit, EF, Lorigan, P, Konduri, K, Reck, M, Szczesna, A, et al. Phase III study of pemetrexed plus carboplatin compared with etoposide plus carboplatin in chemotherapy-naive patients with extensive-stage small-cell lung cancer. J Clin Oncol (2009) 27(28):4787–92. doi: 10.1200/JCO.2009.23.1548

4. Rossi, A, Di Maio, M, Chiodini, P, Rudd, RM, Okamoto, H, Skarlos, DV, et al. Carboplatin- or cisplatin-based chemotherapy in first-line treatment of small-cell lung cancer: the COCIS meta-analysis of individual patient data. J Clin Oncol (2012) 30(14):1692–8. doi: 10.1200/JCO.2011.40.4905

5. Horn, L, Mansfield, AS, Szczęsna, A, Havel, L, Krzakowski, M, Hochmair, MJ, et al. First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N Engl J Med (2018) 379(23):2220–9. doi: 10.1056/NEJMoa1809064

6. Paz-Ares, L, Dvorkin, M, Chen, Y, Reinmuth, N, Hotta, K, Trukhin, D, et al. Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line treatment of extensive-stage small-cell lung cancer (CASPIAN): a randomised, controlled, open-label, phase 3 trial. Lancet (2019) 394(10212):1929–39. doi: 10.1016/S0140-6736(19)32222-6

7. Rudin, CM, Awad, MM, Navarro, A, Gottfried, M, Peters, S, Csőszi, T, et al. Pembrolizumab or placebo plus etoposide and platinum as first-line therapy for extensive-stage small-cell lung cancer: randomized, double-blind, phase III KEYNOTE-604 study. J Clin Oncol (2020) 38(21):2369–79. doi: 10.1200/JCO.20.00793

8. Wang, J, Zhou, C, Yao, W, Wang, Q, Min, X, Chen, G, et al. Adebrelimab or placebo plus carboplatin and etoposide as first-line treatment for extensive-stage small-cell lung cancer (CAPSTONE-1): a multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol (2022) 23(6):739–47. doi: 10.1016/S1470-2045(22)00224-8

9. Cheng, Y, Han, L, Wu, L, Chen, J, Sun, H, Wen, G, et al. Effect of first-line serplulimab vs placebo added to chemotherapy on survival in patients with extensive-stage small cell lung cancer: the ASTRUM-005 randomized clinical trial. JAMA (2022) 328(12):1223–32. doi: 10.1001/jama.2022.16464

10. Paz-Ares, L, Chen, Y, Reinmuth, N, Hotta, K, Trukhin, D, Statsenko, G, et al. Durvalumab, with or without tremelimumab, plus platinum-etoposide in first-line treatment of extensive-stage small-cell lung cancer: 3-year overall survival update from CASPIAN. ESMO Open (2022) 7(2):100408. doi: 10.1016/j.esmoop.2022.100408

11. Rudin, CM, Kim, HR, Navarro, A, Gottfried, M, Peters, S, Csőszi, T, et al. OA12.06 first-line pembrolizumab or placebo combined with etoposide and platinum for ES-SCLC: KEYNOTE-604 long-term follow-up results. J Thorac Oncol (2022) 17(9):S33–4. doi: 10.1016/j.jtho.2022.07.063

12. Cherny, NI, Dafni, U, Bogaerts, J, Latino, NJ, Pentheroudakis, G, Douillard, JY, et al. ESMO-magnitude of clinical benefit scale version 1.1. Ann Oncol (2017) 28(10):2340–66. doi: 10.1093/annonc/mdx310

13. Garcia Campelo, MR, Domine Gomez, M, De Castro Carpeno, J, Moreno Vega, AL, Ponce Aix, S, Arriola, E, et al. 1531P primary results from IMfirst, a phase IIIb open label safety study of atezolizumab (ATZ) + carboplatin (CB)/cisplatin (CP) + etoposide (ET) in an interventional real-world (RW) clinical setting of extensive-stage small cell lung cancer (ES-SCLC) in Spain. Ann Oncol (2022) 33(Supplement 7):S1246–7. doi: 10.1016/j.annonc.2022.07.1626

14. Qu, J, Kalyani, FS, Shen, Q, Yang, G, Cheng, T, Liu, L, et al. Efficacy and safety of PD-L1 inhibitors plus chemotherapy versus chemotherapy alone in first-line treatment of extensive-stage small-cell lung cancer: a retrospective real-world study. J Oncol (2022) 2022:3645489. doi: 10.1155/2022/3645489

15. Tamiya, M, Fujimoto, D, Akamatsu, H, Morimoto, T, Hata, A, Matsumoto, H, et al. Impact of underrepresented populations on clinical outcomes of chemo-immunotherapy for extensive-stage small cell lung cancer: real-world prospective cohort study. J Clin Oncol (2022) 16_suppl:8567–7. doi: 10.1200/JCO.2022.40.16_suppl.8567

16. Gandara, DR, von Pawel, J, Mazieres, J, Sullivan, R, Helland, Å, Han, JY, et al. Atezolizumab treatment beyond progression in advanced NSCLC: results from the randomized, phase III OAK study. J Thorac Oncol (2018) 13(12):1906–18. doi: 10.1016/j.jtho.2018.08.2027

17. Li, L, Liu, T, Liu, Q, Mu, S, Tao, H, Yang, X, et al. Rechallenge of immunotherapy beyond progression in patients with extensive-stage small-cell lung cancer. Front Pharmacol (2022) 13:967559. doi: 10.3389/fphar.2022.967559

18. Goldman, JW, Dvorkin, M, Chen, Y, Reinmuth, N, Hotta, K, Trukhin, D, et al. Durvalumab, with or without tremelimumab, plus platinum-etoposide versus platinum-etoposide alone in first-line treatment of extensive-stage small-cell lung cancer (CASPIAN): updated results from a randomised, controlled, open-label, phase 3 trial. Lancet Oncol (2021) 22(1):51–65. doi: 10.1016/S1470-2045(20)30539-8

19. Annese, T, Tamma, R, and Ribatti, D. Update in TIGIT immune-checkpoint role in cancer. Front Oncol (2022) 12:871085. doi: 10.3389/fonc.2022.871085

20. Rudin, CM, Liu, SV, Lu, S, Soo, RA, Hong, MH, Lee, J-S, et al. SKYSCRAPER-02: primary results of a phase III, randomized, double-blind, placebo-controlled study of atezolizumab (atezo) + carboplatin + etoposide (CE) with or without tiragolumab (tira) in patients (pts) with untreated extensive-stage small cell lung cancer (ES-SCLC). J Clin Oncol (2022) 17_suppl:LBA8507. doi: 10.1200/JCO.2022.40.17_suppl.LBA8507

21. Burr, ML, Sparbier, CE, Chan, KL, Chan, YC, Kersbergen, A, Lam, EYN, et al. An evolutionarily conserved function of polycomb silences the MHC class I antigen presentation pathway and enables immune evasion in cancer. Cancer Cell (2019) 36(4):385–401. doi: 10.1016/j.ccell.2019.08.008

22. Nguyen, EM, Taniguchi, H, Chan, JM, Zhan, YA, Chen, X, Qiu, J, et al. Targeting lysine-specific demethylase 1 rescues major histocompatibility complex class I antigen presentation and overcomes programmed death-ligand 1 blockade resistance in SCLC. J Thorac Oncol (2022) 17(8):1014–31. doi: 10.1016/j.jtho.2022.05.014

23. Hiatt, JB, Sandborg, H, Garrison, SM, Arnold, HU, Liao, SY, Norton, JP, et al. Inhibition of LSD1 with bomedemstat sensitizes small cell lung cancer to immune checkpoint blockade and T-cell killing. Clin Cancer Res (2022) 28(20):4551–64. doi: 10.1158/1078-0432.CCR-22-1128

24. Borghaei, H, Paz-Ares, L, Johnson, M, Champiat, S, Owonikoko, T, Lai, V, et al. OA12.05 phase 1 updated exploration and first expansion data for DLL3-targeted T-cell engager tarlatamab in small cell lung cancer. J Thorac Oncol (2022) 17(9):S33. doi: 10.1016/j.jtho.2022.07.062

25. Socinski, MA, Nishio, M, Jotte, RM, Cappuzzo, F, Orlandi, F, Stroyakovskiy, D, et al. IMpower150 final overall survival analyses for atezolizumab plus bevacizumab and chemotherapy in first-line metastatic nonsquamous NSCLC. J Thorac Oncol (2021) 16(11):1909–24. doi: 10.1016/j.jtho.2021.07.009

26. Lucchi, M, Mussi, A, Fontanini, G, Faviana, P, Ribechini, A, and Angeletti, CA. Small cell lung carcinoma (SCLC): the angiogenic phenomenon. Eur J Cardiothorac Surg (2002) 21(6):1105–10. doi: 10.1016/S1010-7940(02)00112-4

27. Fontanini, G, Boldrini, L, Chinè, S, Pisaturo, F, Basolo, F, Calcinai, A, et al. Expression of vascular endothelial growth factor mRNA in non-small-cell lung carcinomas. Br J Cancer (1999) 79(2):363–9. doi: 10.1038/sj.bjc.6690058

28. Gabrilovich, DI, Chen, HL, Girgis, KR, Cunningham, HT, Meny, GM, Nadaf, S, et al. Production of vascular endothelial growth factor by human tumors inhibits the functional maturation of dendritic cells. Nat Med (1996) 2(10):1096–103. doi: 10.1038/nm1096-1096

29. Huang, Y, Yuan, J, Righi, E, Kamoun, WS, Ancukiewicz, M, Nezivar, J, et al. Vascular normalizing doses of antiangiogenic treatment reprogram the immunosuppressive tumor microenvironment and enhance immunotherapy. Proc Natl Acad Sci U S A. (2012) 109(43):17561–6. doi: 10.1073/pnas.1215397109

30. Huang, Y, Kim, BYS, Chan, CK, Hahn, SM, Weissman, IL, and Jiang, W. Improving immune-vascular crosstalk for cancer immunotherapy. Nat Rev Immunol (2018) 3):195–203. doi: 10.1038/nri.2017.145

31. Meder, L, Schuldt, P, Thelen, M, Schmitt, A, Dietlein, F, Klein, S, et al. Combined VEGF and PD-L1 blockade displays synergistic treatment effects in an autochthonous mouse model of small cell lung cancer. Cancer Res (2018) 78(15):4270–81. doi: 10.1158/0008-5472.CAN-17-2176

32. Slotman, BJ, van Tinteren, H, Praag, JO, Knegjens, JL, El Sharouni, SY, Hatton, M, et al. Use of thoracic radiotherapy for extensive stage small-cell lung cancer: a phase 3 randomised controlled trial. Lancet (2015) 385(9962):36–42. doi: 10.1016/S0140-6736(14)61085-0

33. Perez, BA, Kim, S, Wang, M, Karimi, AM, Powell, C, Li, J, et al. Prospective single-arm phase 1 and 2 study: ipilimumab and nivolumab with thoracic radiation therapy after platinum chemotherapy in extensive-stage small cell lung cancer. Int J Radiat Oncol Biol Phys (2021) 109(2):425–35. doi: 10.1016/j.ijrobp.2020.09.031

34. Chen, D, Zou, B, Meng, X, Huang, W, Shao, Q, Tang, X, et al. Safety and efficacy of SHR-1316 combined with chemotherapy and sequential chest radiotherapy as first-line therapy for extensive-stage small cell lung cancer (ES-SCLC):The results from a phase II single-arm trial. J Clin Oncol (2022) 16_suppl:8563. doi: 10.1200/JCO.2022.40.16_suppl.8563

35. Owonikoko, TK, Park, K, Govindan, R, Ready, N, Reck, M, Peters, S, et al. Nivolumab and ipilimumab as maintenance therapy in extensive-disease small-cell lung cancer: CheckMate 451. J Clin Oncol (2021) 39(12):1349–59. doi: 10.1200/JCO.20.02212

36. Chauhan, A, Kolesar, J, Yan, D, Maskey, A, Gaurav, K, Mcgarry, R, et al. OA07.03 phase II study of frontline rucaparib + nivolumab in platinum sensitive ES SCLC: interim analysis. J Thorac Oncol (2021) 16(10):S859. doi: 10.1016/j.jtho.2021.08.056

37. Gay, CM, Stewart, CA, Park, EM, Diao, L, Groves, SM, Heeke, S, et al. Patterns of transcription factor programs and immune pathway activation define four major subtypes of SCLC with distinct therapeutic vulnerabilities. Cancer Cell (2021) 39(3):346–60. doi: 10.1016/j.ccell.2020.12.014

38. Xie, M, Chugh, P, Broadhurst, H, Lai, Z, Whitston, D, Paz-Ares, L, et al. CT024: durvalumab (D) + platinum-etoposide (EP) in 1L extensive-stage small-cell lung cancer (ES-SCLC): exploratory analysis of SCLC molecular subtypes in CASPIAN. Cancer Res (2022) 82(12_Supplement):CT024. doi: 10.1158/1538-7445.AM2022-CT024

39. Oliveira, CC, and van Hall, T. Alternative antigen processing for MHC class I: multiple roads lead to Rome. Front Immunol (2015) 6:298. doi: 10.3389/fimmu.2015.00298

40. Mahadevan, NR, Knelson, EH, Wolff, JO, Vajdi, A, Saigí, M, Campisi, M, et al. Intrinsic immunogenicity of small cell lung carcinoma revealed by its cellular plasticity. Cancer Discovery (2021) 11(8):1952–69. doi: 10.1158/2159-8290.CD-20-0913

41. Roper, N, Velez, MJ, Chiappori, A, Kim, YS, Wei, JS, Sindiri, S, et al. Notch signaling and efficacy of PD-1/PD-L1 blockade in relapsed small cell lung cancer. Nat Commun (2021) 12(1):3880. doi: 10.1038/s41467-021-24164-y

42. Hutcheson, J, Bourgo, RJ, Balaji, U, Ertel, A, Witkiewicz, AK, and Knudsen, ES. Retinoblastoma protein potentiates the innate immune response in hepatocytes: significance for hepatocellular carcinoma. Hepatology (2014) 60(4):1231–40. doi: 10.1002/hep.27217

43. McColl, K, Wildey, G, Sakre, N, Lipka, MB, Behtaj, M, Kresak, A, et al. Reciprocal expression of INSM1 and YAP1 defines subgroups in small cell lung cancer. Oncotarget (2017) 8(43):73745–56. doi: 10.18632/oncotarget.20572

44. Dowlati, A, Abbas, A, Chan, T, Henick, B, Wang, X, Doshi, P, et al. Immune checkpoint blockade outcome in small-cell lung cancer and its relationship with retinoblastoma mutation status and function. JCO Precis Oncol (2022) 6:e2200257. doi: 10.1200/PO.22.00257




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 © 2023 Zhang and Cheng. 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.2023.1142081_cover.jpg
& frontiers | Frontiers in Oncology

Immunotherapy for extensive-stage small-
cell lung cancer: current landscape and
future perspectives





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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Immunotherapy for extensive-stage small-cell lung cancer: current landscape and future perspectives

      

        		

          Introduction

        



        		

          New evidence of first-line immunotherapy for ES-SCLC

        



        		

          Gains and losses of PD-1 inhibitors as the first-line treatment in patients with ES-SCLC

        



        		

          Strategies to improve the efficacy of first-line immunotherapy for ES-SCLC

        



        		

          To explore patients who responded to immunotherapy

        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Trial Name
N
The primary outcome

Brain metastases, N(%)

Liver metastases, N(%)

111 stage, N (%)

ECOG 1, N(%)
Never smoking, N (%)
Size of target lesions,

median, mm in diameter

Treatment arms

Median follow-up

OS (months; HR, 95%
[0)]

OS rate at 1 year
OS rate at 2 year

PFS, (months; HR, 95%
qn

ORR

IMpower 133
201 vs. 202
08, PFS

17 (8.5%) vs. 18
(8.9%)

77 (38.3%) vs. 72
(35.6%)

NA

128 (63.7%) vs. 135
(66.8%)

9(4.5%) vs. 3(1.5%)

113.0 vs. 105.5

Atezolizumab + EC
vs. Placebo + EC

13.9m

12.3 vs. 103
0.70 (0.54-0.91)

51.7% vs. 38.2%
NA

52vs. 43
0.77 (0.62-0.96)

60.2% vs. 64.4%

CASPIAN
268 vs. 269 vs. 269
[e

28 (10%) vs. 27 (10%) vs. 38 (14%)

108 (40%) vs. 104 (39%) vs. 117 (44%)

28 (10%) vs. 24 (9%) vs. 18 (7%)

169 (63%) vs. 179 (67%) vs. 159 (59%)

22 (8%) vs. 15 (6%) vs. 15 (6%)

NA

Durvalumab Durvalumab+

+EC/EP vs. EC/ tremelimumab+ EC/EP
EP vs. EC/EP

14.2m 25.1m

13.0 vs. 10.3 104 vs. 10.5

0.73 (0.59-0.91) 0.82 (0.68-1.00)

54% vs. 40% 43.8% vs. 39.3%
NA 23.4% vs. 14.4%
5.1vs. 54 4.9 vs. 54

0.78 (0.65-0.94) | 0.84 (0.70-1.01)

68% vs. 58% 58% vs. 58%

CAPSTONE-1
230 vs. 232

0s

5(2%) vs. 5 (2%)
73 (32%) vs. 74
(32%)

8 (3%) vs. 6 (3%)

197 (86%) vs. 202
(87%)

50 (22%) vs. 53
(23%)

NA

Adebrelimab+EC
vs. placebo+EC

13.5m

153 vs. 12.8
0.72 (0.58-0.90)

62.9% vs. 52.0%
31.3% vs. 17.2%

5.8 vs. 5.6
0.67 (0.54-0.83)

70.4% vs. 65.9%

KEYNOTE

228 vs. 225
PFS, OS

33 (14.5%) vs. 22
(9.8%)

95 (41.7%) vs. 92
(40.9%)

0vs. 0

168 (73.7%) vs. 169
(75.1%)

8 (3.5%) vs. 8 (3.6%)

134.8 vs. 126.6

Pembrolizumab+EC/
EP vs. Placebo+EC/EP

21.6m

10.8 vs. 9.7
0.80(0.64-0.98)

45.1% vs. 39.6%
22.5% vs. 11.2%

4.5vs. 43
0.75 (0.61-0.91)

70.6% vs. 61.8%

ASTRUM

389 vs. 196
0s

50 (12.9%) vs. 28
(14.3)

99 (25.4%) vs. 51
(26.0%)

NA

318 (81.7%) vs.
164 (83.7%)

81 (20.8%) vs. 35
(17.9%)

117.7 vs. 120.5

Serplulimab+EC
vs. placebo+EC

12.3m

15.4 vs. 10.9
0.63(0.49-0.82)

60.7% vs. 47.8%
43.1% vs. 7.9%

5.7vs. 4.3
0.48(0.38-0.59)

80.2% vs. 70.4%





OEBPS/Images/table2.jpg
Phase

TRT Setting

Interventions

thoracic radiotherapy(TRT)

Primary

end point

NCT04402788  Phase Maintenance after atezolizumab vs. atezolizumab+ TRT QD on days 1-5 during weeks 1-5 only 138 PFSand OS
(RAPTOR/ 2/3 atezolizumab +
NRG-LU007) chemotherapy
NCT04462276  Phase 2 Maintenance after atezolizumab vs. atezolizumab+ TRT 30 Gy in 10 fractions 104  OS
(TREASURE) atezolizumab +
chemotherapy
NCT03923270  Phase 1 Maintenance after TRT + Durvalumab vs. TRT+ 30 Gy in 10 fractions 25 Unacceptable
Chemotherapy Durvalumab + Tremelimumab vs. TRT+ SAEs;
Durvalumab +Olaparib PFS(Phase
1B)
NCT04314297  Phase 2~ Maintenance after Anlotinib+ Durvalumab at the end of NA 33 PFS
(AVATAR 2) Chemotherapy TRT
NCT04472949  Phase 2 Maintenance after TRT + Durvalumab 39 Gy in 13 fractions 46 PFS
(SAKK 15/19) EC+ Durvalumab
NCT04728230  Phase Maintenance Chemotherapy + Durvalumab+ Olaparib+ NA 63 AEs
(PRIO) 1/2 TRT
NCT04562337  Phase 2 Maintenance SHR1316+Chemotherapy —TRT+ NA 67 [eN
SHR1316
NCT05161533  Phase 2 Maintenance EC/EP+ durvalumab x 4 Hypofractionated TRT beginning cycle 5 50 PFS
(CASPIAN- cycles—durvalumab + hypofractionated or 6 of durvalumab
RT) TRT
NCT05403723  Phase 1  First-line induction SBRT+ durvalumab+EC —durvalumab 30Gy in 5 fractions or 27 Gy in 3 fractions 50 AEs
therapy* maintenance to the primary tumor site between cycle 2
and cycle 3
NCT05092412  Phase 2 First-line induction Low-dose TRT + durvalumab + EP/EC 15 Gy in 5fractions starting from Day 1 in 30 PFS
therapy the first cycle
NCT05223647  Phase 3 First-line induction Chemo-immunotherapy + TRT vs. 30 Gy inl0 fractions between 2nd and 3rd 302 Change in 1-
(TRIPLEX) therap Chemo-immunotherapy cycle year OS
NCT04951115  Phase 2 First-line induction SBRT+ Chemo-Immunotherapy 6 Gy of radiotherapy targeting multiple 42 AEs and PFS
therap sites of intrathoracic disease on Days 1-5
of cycle 1
NCT04622228  Phase 2 First-line induction LDRT+ EC/EP + atezolizumab 15 Gy in 5 fractions from Day 1- 5 in the 55 ORR
(Match) therap first cycle

TRT, thoracic radiotherapy; LDRT, low-dose radiotherapy; SBRT, stereotactic body radiotherapy.
*Patients with SD or PD completed two cycles of durvalumab+EC.





