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Background

Immune-checkpoint inhibitors (ICIs) combined with chemotherapy have been successfully used in clinical trials to treat advanced gastric cancer. However, the efficacy and safety of first-line immunotherapy combined with chemotherapy in Chinese patients are unknown.





Methods

This multicenter retrospective study included patients with human epidermal growth factor receptor-2 (HER-2) negative advanced gastric cancer treated with first-line chemotherapy or chemotherapy with an ICI between January 2019 and December 2022. Propensity score matching was used to compare progression-free survival (PFS), overall survival, objective response rates, and adverse reactions between cohorts.





Results

After propensity score matching, 138 patients, who had balanced baseline characteristics, were included in the chemotherapy and combination treatment groups. The median follow-up duration was 16.90 months, and the median PFS was 8.53 months (95% confidence interval [CI] 7.77-9.28) in the combination treatment group and 5.97 months (95% CI 4.56-7.37) in the chemotherapy group. The median survival duration was 17.05 months (95% CI 14.18-19.92) in the combination treatment group and 16.46 months (95% CI 12.99-19.93) in the chemotherapy group. The PFS subgroup analysis revealed that age ≥65 years, women, Eastern Cooperative Oncology Group performance status of 1, non-signet ring cell carcinoma, esophagogastric junction, liver metastasis, peritoneal metastasis, no massive ascites, only one metastatic organ, and combined platinum-based chemotherapy correlated with treatment benefit. The incidences of adverse events above grade 3 were comparable between groups.





Conclusions

Our study confirmed the ATTRACTION-4 trial results. Compared with chemotherapy, first-line ICIs combined with chemotherapy prolonged PFS but did not improve overall survival in patients with HER-2-negative advanced gastric cancer.
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1 Introduction

Gastric cancer is a notable global health problem and the third leading cause of mortality and the sixth leading cause of morbidity (1). In China, approximately 679,000 new cases of gastric cancer and 498,000 deaths occurred in 2015, with gastric cancer ranking second in the mortality rate among malignant tumors (2). Currently, treatment methods for advanced gastric cancer are limited, and comprehensive treatment based on chemotherapy is the main strategy for advanced gastric cancer. The recommended chemotherapeutic agents for advanced gastric cancer include platinum, fluorouracil, and taxane drugs, as well as anti- human epidermal growth factor receptor-2 (HER-2) or anti-angiogenic drugs in specific populations. At present, the treatment outcome of advanced gastric cancer is unsatisfactory, and the median survival time is approximately only 1 year (3).

Recently, several clinical studies have revealed the survival benefits of immune- checkpoint inhibitor (ICI) therapy in select populations with gastric cancer. Compared with chemotherapy alone, combined immunotherapy can increase the overall response rate (ORR) while prolonging progression free survival (PFS) and overall survival (OS) in specific populations (4–7). Multiple guidelines, including those of the National Comprehensive Cancer Network, European Society for Medical Oncology, and Chinese Society of Clinical Oncology, recommend the first-line use of ICIs in combination with chemotherapy in patients with advanced gastric cancer with a high combined positive score (CPS) (3, 8, 9).

Currently, ICIs are highly accessible and widely used for the treatment of advanced gastric cancer in China. Here, we analyzed the short- and long-term outcomes and adverse reactions of patients with advanced gastric cancer treated with chemotherapy or chemotherapy combined with ICIs, to explore the efficacy and safety of immunotherapy in this patient population.




2 Materials and methods



2.1 Study design and participants

This retrospective, multicenter study involved patients diagnosed with HER-2 negative local advanced or metastatic gastric adenocarcinoma. The protocol of this study was reviewed and approved by the ethics committee of Tongji Hospital of Huazhong University of Science and Technology (Ethical approval no: TJ-IRB 20230303). All patients were fully informed about the objectives of the study, and the requirement for informed consent was waived due to this study’s observational retrospective design. This study retrospectively analyzed the clinical data of patients with advanced gastric cancer from six cancer centers across China, between January 2019 and December 2022. Data were collected from the first chemotherapy session until patient death.

All eligible patients had histologically or cytologically confirmed unresectable, locally advanced, relapsed, or metastatic gastric adenocarcinoma; had received at least one cycle of doublet or triplet chemotherapy or doublet or triplet chemotherapy combined with immunotherapy; and had been evaluated for efficacy at least once. Patients with recurrent gastric cancer were included when at least six months had elapsed from the end of adjuvant or neoadjuvant therapy. Patients were excluded if their clinical data were incomplete, survival follow-up data were not available, their HER-2 status was positive, or if they received single-agent chemotherapy.

After screening 3190 patients according to the above criteria, we excluded 2093 patients with no clear evidence of tumor recurrence and metastasis, 35 patients with positive HER-2 expression, 64 patients who received single-agent chemotherapy, 96 patients without tumor evaluation, and 586 patients with no readily accessible clinical data. In the final analysis, 316 patients were included (Figure 1).




Figure 1 | Flow diagram of the study.






2.2 Study procedures

All patients included in the final analysis received first-line oxaliplatin- or taxane-based chemotherapy and some patients received a treatment combined with ICIs, at the discretion of the clinician.

The following baseline characteristics were collected for each patient: age, sex, Eastern Cooperative Oncology Group (ECOG) performance status (PS), primary tumor location, involved organs, CPS, microsatellite instability status, and chemotherapy regimen, if available. Computed tomography scans were conducted every 6-8 weeks after the initiation of first-line chemotherapy, to evaluate the clinical response using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (10).




2.3 Outcomes

The primary endpoint was first-line PFS, which was estimated from treatment initiation to progression or death. The secondary endpoints included OS, defined as the duration from treatment initiation to death due to any reason; ORR, defined as the number of patients with a best overall response of complete response or partial response (PR); and disease control rate (DCR), defined as the proportion of patients who achieved a complete response, PR, stable disease, or non-PR/non-Progression Disease and safety. Adverse events (AEs) were monitored and classified according to the Common Terminology Criteria for Adverse Events version 5.0.




2.4 Statistical analysis

Continuous and categorical data were reported as medians (interquartile range [IQR]) and percentages. PFS and OS were estimated using Kaplan-Meier analysis and expressed as median values with corresponding two-sided 95% confidence intervals (CIs), and differences between treatment groups were compared by log-rank tests with two-sided significance levels of p=0.05. The ORR and DCR were compared using the chi-square test. Hazard ratios (HRs) and corresponding 95% CIs were calculated using the Cox proportional hazards model. Univariate and multivariate analyses were performed to evaluate the effects of immunotherapy on PFS and OS.

A 1:1 propensity score matching (PSM) algorithm with a caliper of 0.1 was conducted to adjust for the non-random design of the study. The propensity score was estimated by multivariate logistic regression, with combined immunotherapy as the dependent variable, and age, sex, ECOG PS, primary tumor location, liver metastasis, signet-ring cell status, peritoneum metastasis, massive ascites, first-line chemotherapy regimen, and number of organs involved as covariables.

All statistical analyses were performed using SPSS (version 27.0, IBM Corp., Armonk, NY) and GraphPad Prism (version 9.0; GraphPad Software, San Diego, CA).





3 Results



3.1 Patient characteristics

The median age of the included patients was 55 years (IQR 48-63); 180 (57.0%) of the 316 patients were men, and all patients had an ECOG PS of 0-1. The patients received a median of five cycles (IQR 4-6) of first-line fluoropyrimidine-based (5-fluorouracil, capecitabine, S-1, etc.) chemotherapy. The majority (65.5%) of patients received platinum drug regimens (oxaliplatin, cisplatin, etc.) and 41.5% received taxane drug regimens (docetaxel, paclitaxel, nap-paclitaxel, etc.), among whom 7% received platinum combined with taxane regimens (DCF, DOX, FLOT, etc.) A total of 166 patients (52.2%) received first-line chemotherapy combined with ICIs, including nivolumab, sintilimab, tislelizumab, camrelizumab, and pembrolizumab. Because CPS values were not available for more than 90% of the enrolled patients, no analysis was performed for this indicator. Patients who received up to eight cycles of first-line treatment without disease progression and with tolerable adverse event profiles were treated with maintenance therapy, which consisted of single-agent chemotherapy (S-1 or capecitabine) combined with or without immunotherapy.




3.2 PSM results

After performing PSM using the procedures described in the Methods section, 138 patients who received first-line chemotherapy alone and 138 matched patients who received first-line chemotherapy combined with immunotherapy were included in the final analysis. The baseline characteristics of patients before matching revealed statistically significant differences between the groups in terms of age and proportion of first-line platinum-based chemotherapy regimens. However, the post-matching analysis revealed well-balanced characteristics between the two groups (Table 1).


Table 1 | Demographic and clinical characteristics of patients before and after PSM.






3.3 Efficacy

At the cutoff date of January 9, 2023, 236 of 316 patients (74.7%) had disease progression, and 207 of the 276 matched patients (75.0%) had PFS. After a median follow-up duration of 16.90 months, the median PFS (mPFS) durations before matching were 5.84 months (95% CI 4.69-6.98) in the chemotherapy group and 8.56 months (95% CI 7.86-9.26) in the combination treatment group (HR 0.64 [95% CI 0.45-0.83], p<0.001). The post-match analysis revealed that the mPFS duration in the chemotherapy group was 5.97 months (95% CI 4.56-7.37), and that in the combination treatment cohort was 8.53 months (95% CI 7.77-9.28) (HR 0.68 [95% CI 0.52-0.91], p=0.008). The PFS curves before and after matching are shown in Figure 2. The 6-month PFS rate was 46.4% (95% CI 38-55) with chemotherapy and 58.7% (95% CI 50-67) with combined therapy.




Figure 2 | PFS curves before (A) and after (B) PSM. PFS, progression free survival; PSM, propensity score matching.



At the cutoff date, 150 of the 316 patients had died, with a median OS (mOS) duration of 16.39 months (95% CI 12.90-19.89) in the chemotherapy group and 17.05 months (95% CI 14.12-19.97) in the combination treatment group (HR 0.78 [95% CI 0.56-1.09], p=0.147). The matched data analysis showed that 135 (48.9%) of the 276 patients had died, with mOS durations of 16.46 months (95% CI 12.99-19.93) in the chemotherapy group and 17.05 months (95% CI 14.18-19.92) in the combination treatment group (HR 0.88 [95% CI 0.62-1.26], p=0.481), with no statistical difference in OS between the two groups, either before or after matching (Figure 3).




Figure 3 | OS curves before (A) and after (B) PSM. OS, overall survival; PSM, propensity score matching.



In the matched population, according to RECIST1.1 criteria, one patient in the chemotherapy group achieved complete response, 41 patients (29.7%) achieved PR, and the ORR was 30.4%. In the combined treatment group, 51 patients achieved PR, no patients achieved complete response, and the ORR was 37.0%. There was no statistically significant difference in ORR between the two groups (p=0.252). The DCR in the chemotherapy group was 84.8%, which was significantly lower than that in the combination treatment group (93.5%) (p=0.020). Supplementary Table 1 shows the tumor responses during first-line treatment in each study cohort.




3.4 Subgroup analysis

In the post-hoc subgroup analysis of PFS based on baseline characteristics, women aged 65 years or older, ECOG PS of 1, non-signet ring cell carcinoma, esophagogastric junction, liver metastasis, peritoneal metastasis, no massive ascites, and only one metastatic organ were associated with benefits from combination therapy. Moreover, in the choice of chemotherapy regimen, immunotherapy combined with a platinum-based chemotherapy regimen appeared to provide more PFS benefits. The results of the subgroup analysis of PFS and OS are shown in Figure 4.




Figure 4 | Subgroup analyses of PFS (A) and OS (B) based on baseline characteristics. PFS, progression free survival; OS, overall survival.



This study included 59 patients without measurable target lesions who presented with peritoneal metastases or ascites. In the cohort with measurable target lesions(n=217), chemotherapy combined with immunotherapy improved the DCR by 13.5% compared to chemotherapy alone (93.7% versus 80.2%; p=0.003; Supplementary Table 2), while there was no significant difference in ORR (45.9% versus 39.6%; p=0.347) between the treatments. In the cohorts with no measurable target lesions, there was no difference in DCR (92.6% versus 100.0%, p=0.398) between treatments. The survival analysis showed no significant differences in PFS (7.77 m vs. 8.72 m, HR 0.75 [95% CI 0.53-1.04], p=0.081) and OS (15.93 m vs. 20.75 m, HR 0.80 [95% CI 0.54-1.21], p=0.297) between patients with or without target lesions. The corresponding PFS and OS results are shown in Online Supplementary Figures 1, 2.




3.5 Expansion follow-up

Of the matched patients, 77 (55.8%) of 138 patients receiving chemotherapy, and 57 (41.3%) of 138 patients receiving combination therapy received at least one subsequent anticancer therapy following progression after first-line treatment. Of the patients in the chemotherapy group, 59.7% (46/77) received immunotherapy after first-line treatment progression, and 70.2% (40/57) of the patients in the combination treatment group received continued immunotherapy after disease progression. The subgroup analysis showed that in the first-line chemotherapy group, combined immunotherapy after disease progression reduced the risk of death by 53.6%, compared with chemotherapy (HR 0.46 [95% CI 0.26-0.84], p=0.010), with an associated mOS of 24.07 months and 14.07 months, respectively. In the first-line combination treatment group, sequential immunotherapy beyond progression had no significant impact on OS (17.97 m vs. 13.28 m, HR 0.80 [95% CI 0.36-1.79], p=0.590) (Supplementary Figures 3, 4). Patients who had been treated with ICIs during first-line or sequential treatment had a significantly longer OS durations compared with patients who had never been treated with ICI [19.97 m vs. 11.34 m, HR 0.60 (95% CI 0.43-0.84, p=0.003)]. The associated survival curves are shown in Figure 5.




Figure 5 | OS curve for the treatment with or without ICI. OS, overall survival; ICI, immune checkpoint inhibitors.



Of the 276 patients, 59 (21.4%) received palliative radiotherapy at various treatment stages. The corresponding treatments included radiotherapy for primary foci, liver metastases, metastatic lymph nodes, or metastatic bone lesions. The survival analysis revealed that compared to patients who did not receive palliative radiotherapy, patients who underwent palliative radiotherapy had significantly longer survival, with respective median OS durations of 21.80 months vs. 15.12 months (HR, 0.55 [95% CI 0.35-0.87], p=0.010). The corresponding survival curves for palliative radiotherapy are shown in Supplementary Figure 5.




3.6 Safety

The main AEs identified after matching are presented in Table 2. In the chemotherapy group, 92.8% (128/138) of the patients experienced some grade of AE, as did 98.6% (136/138) of patients in the combination treatment group. The most common AEs included anemia, leukopenia, neutropenia, elevated alanine aminotransferase or aspartate aminotransferase, and thrombocytopenia, most of which were of grade 1-2 and manageable.


Table 2 | Summary of adverse events.



Any grade thrombocytopenia and elevated alanine aminotransferase or aspartate aminotransferase were significantly more frequent in the combination treatment group; however, there was no difference in the incidence of AEs above grade 2 between the two cohorts. ICI-related thyroid dysfunction occurred in 15.9% of the patients, most of whom had hypothyroidism. Overall, hyperthyroidism occurred in 2.9% of the patients, all of whom eventually developed hypothyroidism. Two patients developed myocarditis, one of whom developed cardiogenic shock, and ICI therapy was discontinued in both patients. Acute renal failure occurred in one patient; however, it was difficult to determine whether the adverse reaction was an immune-related AE. The remaining immune-related AEs were grade 1-2.





4 Discussion

In this multicenter, retrospective, real-world study, chemotherapy combined with ICI therapy was found to significantly improve PFS in previously untreated HER-2 negative patients with advanced gastric adenocarcinoma. This regimen reduced the risk of disease progression by 32% compared with chemotherapy. Consistent with the results of previous clinical studies, our results reveal that ICIs combined with chemotherapy provide clinical benefits to patients with advanced HER-2 negative gastric adenocarcinoma (4–7).

However, our results showed no significant difference in OS between the groups, which is inconsistent with the results of some previous clinical studies. In the CheckMate 649 and Orient 16 studies, chemotherapy combined with immunotherapy was associated with a significant improvement in OS in all randomly assigned patients and was more pronounced in patients with high CPS expression. In our study, 64.7% of the patients received sequential treatment after disease progression following first-line treatment, which was similar to the incidence reported in the ATTRACTION-4 study, whereas the incidence was only 39% in the CM649 study. It is widely accepted that patients who received subsequent anticancer pharmacotherapy had better survival. More than 60% of the patients who received sequential therapy chose combination immunotherapy, and patients who received immunotherapy throughout the course of their treatment had a 40% lower risk of death than those who did not. This finding suggests that the use of immunotherapy as a sequential therapy may provide survival benefits, even if first-line immunotherapy is not used. This finding can be explained by the fact that patients in the first-line chemotherapy group, chemotherapy combined with immunotherapy after disease progression significantly prolongs OS and increases HR benefits.

In the KEYNOTE-062 study, pembrolizumab plus chemotherapy was not superior to chemotherapy alone in terms of OS and PFS; however, immunotherapy combined with chemotherapy has been associated with significant improvements in both parameters in multiple studies, including CheckMate 649, ATTRACTION-4, and Orient 16 (11). Cisplatin-based chemotherapy was used in the KEYNOTE-062 study, whereas oxaliplatin-based chemotherapy was used in other clinical studies. Programmed cell death protein 1 (PD-1) inhibitors combined with oxaliplatin-based chemotherapy may be a better first-line treatment option for patients with advanced gastric cancer (12). In our study, 60.9% of the matched patients in the combination therapy group received platinum-based chemotherapy, but only four patients received a cisplatin-containing regimen, with the remainder receiving oxaliplatin, and 36.2% of the patients were treated with taxane-based chemotherapy. Preclinical studies have shown that paclitaxel can activate antitumor immunity by inducing immunogenic cell death, which increases PD-L1 expression within the tumor microenvironment, stimulates natural killer cells and T lymphocytes, and affects macrophage polarization, thereby enhancing PD-1 antibody efficacy (13–21). This combination may be more effective than other chemotherapeutic agents, such as cisplatin and oxaliplatin (13).

A previous clinical study conducted by our research team showed that first-line chemotherapy with albumin-paclitaxel plus S-1 resulted in prolonged PFS in patients with HER-2-negative advanced gastric cancer, compared with first-line chemotherapy with oxaliplatin plus S-1 (22). However, the results of the survival analysis in this study showed that when combined with immunotherapy, patients who received taxanes as first-line chemotherapy had slightly longer PFS and OS than those who received platinum-based drugs, although the differences were not statistically significant. Interestingly, the results of the PFS subgroup analysis suggested that patients benefited more from the addition of immunotherapy when platinum-based chemotherapy was selected as first-line treatment. The effects of chemotherapeutic agents on the immune microenvironment are complex and subtle, and further studies are needed to confirm which chemotherapeutic agents are the best combinations for immunotherapy.

Previous randomized clinical trial results have revealed that patients with liver metastases, ECOG PS of 1, and non-signet ring cell carcinoma were more likely to benefit from immunotherapy, which is consistent with the results of this study (5–7). In the subgroup analysis of the RATIONAL305 study, immunotherapy combined with chemotherapy significantly prolonged OS in patients without peritoneal metastasis, while no significant survival benefit was shown in patients with peritoneal metastasis (7). Our study included 59 patients without target lesions who presented with peritoneal metastases or massive ascites, a population that was excluded from prospective randomized controlled trials but represents a substantial proportion of patients in the real world. Our results showed no difference in PFS and OS between patients with and without target lesions, and the subgroup analysis results suggested that immunotherapy could impact survival benefit to patients with peritoneal metastasis but could not impact obvious benefits to patients with massive ascites. However, owing to the small sample size of only 59 patients, the accuracy of this result needs to be verified in a larger, diverse patient population. Notably, this population, which was excluded from prospective studies, is worthy of specific attention, and further studies are needed to investigate the efficacy of immunotherapy. Previous studies have confirmed that palliative radiotherapy plays an important role in relieving bleeding, obstruction, and pain and in improving the quality of life of patients with advanced gastric cancer; however, the relationship between palliative radiotherapy and survival is unclear (23–25). A total of 59 patients with advanced gastric cancer who received palliative radiotherapy during the course of the disease were included in this study, and the corresponding results showed that palliative radiotherapy improved their OS. Due to the small sample size, further subgroup analyses were not performed to explore whether radiotherapy could increase the efficacy of immunotherapy; however, it is well known that radiotherapy may increase the benefits of immunotherapy (26, 27). Whether palliative radiotherapy combined with chemotherapy and immunotherapy can provide survival benefits for patients with advanced gastric cancer warrants further investigation.

As this was a retrospective real-world study, clinical data collection was based on the extraction of electronic medical records and patient follow-up. Data for the safety analysis mainly came from medical records and objective laboratory and imaging examinations. Data on subjective AEs, such as rash, diarrhea, and peripheral neurotoxicity were partly missing; therefore, these subjective AEs were not included in the final safety analysis. Cardiotoxicity occurred in 1.4% of the patients in our study, which were consistent with the results of the previous studies (28, 29). One patient developed cardiogenic shock with a marked elevation in cardiac troponin levels, which resolved after treatment with high-dose corticosteroids. Overall, although chemotherapy combined with immunotherapy was associated with a low incidence of grade 3 or higher AEs and was generally well tolerated, patients with serious immune-related AEs, including cardiac and renal injuries, should be closely monitored.

A major limitation of this study was the absence of PD-L1 CPS expression results in most patients. Owing to the obvious heterogeneity of CPS detection, many pathology centers, including ours, do not perform routine CPS detection, which results in a large amount of missing data (30). Although high PD-L1 expression has been confirmed to be a good independent prognostic factor for survival in previous clinical studies, CPS was not further analyzed in this study due to missing data (31, 32). In this study, four patients had deficient mismatch repair/microsatellite instability-high tumors, and only one patient achieved PFS. Therefore, the relationship between the mismatch repair status and survival was not analyzed. Despite the use of PSM, the potential biases caused by the retrospective, non-randomized design remains a limitation of this study.




5 Conclusion

The findings of this PSM study showed that first-line treatment with chemotherapy combined with ICIs significantly improved PFS in patients with HER-2 negative advanced gastric cancer; however, there was no significant improvement in OS, and the side effects were tolerable. The results of this study are consistent with those of ATTRACTION-4 and confirm the efficacy and safety of immunotherapy in combination with chemotherapy in a real-world setting.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by the ethics committee of Tongji Hospital of Huazhong University of Science and Technology. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the requirement for informed consent was waived due to this study’s observational retrospective design.





Author contributions

YD: Data curation, Investigation, Software, Writing – original draft. YL: Data curation, Writing – original draft. ZG: Resources, Writing – original draft. LH: Resources, Writing – original draft. LW: Data curation, Writing – original draft. WY: Data curation, Writing – original draft. PQ: Resources, Writing – original draft. FZ: Data curation, Writing – original draft. XY: Conceptualization, Methodology, Writing – review & editing. HC: Conceptualization, Methodology, Writing – review & editing. HQ: Conceptualization, Methodology, Writing – review & editing.




Acknowledgments

We acknowledge the patients and their families for participating in the study, we thank the physicians and staff at the hospitals that participated in this study.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1264929/full#supplementary-material




References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Chen, W, Zheng, R, Baade, PD, Zhang, S, Zeng, H, Bray, F, et al. Cancer statistics in China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

3. Wang, FH, Zhang, XT, Li, YF, Tang, L, Qu, XJ, Ying, JE, et al. The Chinese Society of Clinical Oncology (CSCO): Clinical guidelines for the diagnosis and treatment of gastric cancer, 2021. Cancer Commun (Lond) (2021) 41(8):747–95. doi: 10.1002/cac2.12193

4. Kang, YK, Chen, LT, Ryu, MH, Oh, DY, Oh, SC, Chung, HC, et al. Nivolumab plus chemotherapy versus placebo plus chemotherapy in patients with HER2–negative, untreated, unresectable advanced or recurrent gastric or gastro–oesophageal junction cancer (ATTRACTION–4): a randomised, multicentre, double–blind, placebo–controlled, phase 3 trial. Lancet Oncol (2022) 23(2):234–47. doi: 10.1016/S1470-2045(21)00692-6

5. Xu, J–M, Jiang, H, Pan, Y, Gu, K, Cang, S, Han, L, et al. Abstract CT078: First–line treatment with sintilimab (sin) vs placebo in combination with chemotherapy (chemo) in patients (pts) with unresectable gastric or gastroesophageal junction (G/GEJ) cancer: Final overall survival (OS) results from the randomized, phase III ORIENT–16 trial. Cancer Res (2023) 83:CT078–CT. doi: 10.1158/1538-7445

6. Janjigian, YY, Shitara, K, Moehler, M, Garrido, M, Salman, P, Shen, L, et al. First–line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro–oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a randomised, open–label, phase 3 trial. Lancet. (2021) 398(10294):27–40. doi: 10.1016/S0140-6736(21)00797-2

7. Moehler, MH, Kato, K, Arkenau, HT, Oh, DY, Tabernero, J, Cruz-Correa, M, et al. Rationale 305: Phase 3 study of tislelizumab plus chemotherapy vs placebo plus chemotherapy as first–line treatment (1L) of advanced gastric or gastroesophageal junction adenocarcinoma (GC/GEJC). J Clin Oncol (2023) 41:286. doi: 10.1200/JCO.2023.41.4_suppl.286

8. Ajani, JA, D'Amico, TA, Bentrem, DJ, Chao, J, Cooke, D, Corvera, C, et al. Gastric cancer, version 2.2022, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2022) 20(2):167–92. doi: 10.6004/jnccn.2022.0008

9. Pavel, M, Oberg, K, Falconi, M, Krenning, EP, Sundin, A, Perren, A, et al. Gastroenteropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow–up. Ann Oncol (2020) 31(7):844–60. doi: 10.1016/j.annonc.2020.03.304

10. Eisenhauer, EA, Therasse, P, Bogaerts, J, Schwartz, LH, Sargent, D, Ford, R, et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1. 1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

11. Shitara, K, Van Cutsem, E, Bang, YJ, Fuchs, C, Wyrwicz, L, Lee, KW, et al. Efficacy and safety of pembrolizumab or pembrolizumab plus chemotherapy vs chemotherapy alone for patients with first–line, advanced gastric cancer: the KEYNOTE–062 phase 3 randomized clinical trial. JAMA Oncol (2020) 6(10):1571–80. doi: 10.1001/jamaoncol.2020.3370

12. Guo, X, Yang, B, He, L, Sun, Y, Song, Y, and Qu, X. PD–1 inhibitors plus oxaliplatin or cisplatin–based chemotherapy in first–line treatments for advanced gastric cancer: A network meta–analysis. Front Immunol (2022) 13:905651. doi: 10.3389/fimmu.2022.905651

13. Yang, Q, Shi, G, Chen, X, Lin, Y, Cheng, L, Jiang, Q, et al. Nanomicelle protects the immune activation effects of Paclitaxel and sensitizes tumors to anti–PD–1 Immunotherapy. Theranostics. (2020) 10(18):8382–99. doi: 10.7150/thno.45391

14. Chen, Q, Xia, R, Zheng, W, Zhang, L, Li, P, Sun, X, et al. Metronomic paclitaxel improves the efficacy of PD–1 monoclonal antibodies in breast cancer by transforming the tumor immune microenvironment. Am J Transl Res (2020) 12(2):519–30.

15. Kubo, M, Morisaki, T, Matsumoto, K, Tasaki, A, Yamanaka, N, Nakashima, H, et al. Paclitaxel probably enhances cytotoxicity of natural killer cells against breast carcinoma cells by increasing perforin production. Cancer Immunol Immunother. (2005) 54(5):468–76. doi: 10.1007/s00262-004-0617-6

16. Vicari, AP, Luu, R, Zhang, N, Patel, S, Makinen, SR, Hanson, DC, et al. Paclitaxel reduces regulatory T cell numbers and inhibitory function and enhances the anti–tumor effects of the TLR9 agonist PF–3512676 in the mouse. Cancer Immunol Immunother. (2009) 58(4):615–28. doi: 10.1007/s00262-008-0586-2

17. Zhang, L, Dermawan, K, Jin, M, Liu, R, Zheng, H, Xu, L, et al. Differential impairment of regulatory T cells rather than effector T cells by paclitaxel–based chemotherapy. Clin Immunol (2008) 129(2):219–29. doi: 10.1016/j.clim.2008.07.013

18. Wanderley, CW, Colon, DF, Luiz, JPM, Oliveira, FF, Viacava, PR, Leite, CA, et al. Paclitaxel reduces tumor growth by reprogramming tumor–associated macrophages to an M1 profile in a TLR4–dependent manner. Cancer Res (2018) 78(20):5891–900. doi: 10.1158/0008-5472.CAN-17-3480

19. Yamaguchi, T, Fushida, S, Yamamoto, Y, Tsukada, T, Kinoshita, J, Oyama, K, et al. Low–dose paclitaxel suppresses the induction of M2 macrophages in gastric cancer. Oncol Rep (2017) 37(6):3341–50. doi: 10.3892/or.2017.5586

20. Paz–Ares, L, Luft, A, Vicente, D, Tafreshi, A, Gumus, M, Mazieres, J, et al. Pembrolizumab plus chemotherapy for squamous non–small–cell lung cancer. N Engl J Med (2018) 379(21):2040–51. doi: 10.1056/NEJMoa1810865

21. Zhang, F, Huang, D, Zhao, L, Li, T, Zhang, S, Zhang, G, et al. Efficacy and safety of PD–1/PD–L1 inhibitors plus nab–paclitaxel for patients with non–small cell lung cancer who have progressed after platinum–based chemotherapy. Ther Adv Med Oncol (2020) 12:1758835920936882. doi: 10.1177/1758835920936882

22. Dai, YH, Yu, XJ, Xu, HT, Zhuang, L, Zhang, MS, Zou, YM, et al. Nab–paclitaxel plus S–1 versus oxaliplatin plus S–1 as first–line treatment in advanced gastric cancer: results of a multicenter, randomized, phase III trial (GAPSO study). Ther Adv Med Oncol (2022) 14:17588359221118020. doi: 10.1177/17588359221118020

23. Tey, J, Zheng, H, Soon, YY, Leong, CN, Koh, WY, Lim, K, et al. Palliative radiotherapy in symptomatic locally advanced gastric cancer: A phase II trial. Cancer Med (2019) 8(4):1447–58. doi: 10.1002/cam4.2021

24. Yu, J, Jung, J, Park, SR, Ryu, MH, Park, JH, Kim, JH, et al. Role of palliative radiotherapy in bleeding control in patients with unresectable advanced gastric cancer. BMC Cancer. (2021) 21(1):413. doi: 10.1186/s12885-021-08145-4

25. Merchant, SJ, Kong, W, Mahmud, A, Booth, CM, and Hanna, TP. Palliative radiotherapy for esophageal and gastric cancer: population–based patterns of utilization and outcomes in ontario, Canada. J Palliat Care (2023) 38(2):157–66. doi: 10.1177/08258597211072946

26. Yu, WD, Sun, G, Li, J, Xu, J, and Wang, X. Mechanisms and therapeutic potentials of cancer immunotherapy in combination with radiotherapy and/or chemotherapy. Cancer Lett (2019) 452:66–70. doi: 10.1016/j.canlet.2019.02.048

27. Arina, A, Gutiontov, SI, and Weichselbaum, RR. Radiotherapy and immunotherapy for cancer: from "Systemic" to "Multisite". Clin Cancer Res (2020) 26(12):2777–82. doi: 10.1158/1078-0432.CCR-19-2034

28. Mahmood, SS, Fradley, MG, Cohen, JV, Nohria, A, Reynolds, KL, Heinzerling, LM, et al. Myocarditis in patients treated with immune checkpoint inhibitors. J Am Coll Cardiol (2018) 71(16):1755–64. doi: 10.1016/j.jacc.2018.02.037

29. Salem, JE, Manouchehri, A, Moey, M, Lebrun–Vignes, B, Bastarache, L, Pariente, A, et al. Cardiovascular toxicities associated with immune checkpoint inhibitors: an observational, retrospective, pharmacovigilance study. Lancet Oncol (2018) 19(12):1579–89. doi: 10.1016/S1470-2045(18)30608-9

30. Yeong, J, Lum, HYJ, Teo, CB, Tan, BKJ, Chan, YH, Tay, RYK, et al. Choice of PD–L1 immunohistochemistry assay influences clinical eligibility for gastric cancer immunotherapy. Gastric Cancer. (2022) 25(4):741–50. doi: 10.1007/s10120-022-01301-0

31. Yoon, HH, Jin, Z, Kour, O, Kankeu Fonkoua, LA, Shitara, K, Gibson, MK, et al. Association of PD–L1 expression and other variables with benefit from immune checkpoint inhibition in advanced gastroesophageal cancer: systematic review and meta–analysis of 17 phase 3 randomized clinical trials. JAMA Oncol (2022) 8(10):1456–65. doi: 10.1001/jamaoncol.2022.3707

32. Zhao, JJ, Yap, DWT, Chan, YH, Tan, BKJ, Teo, CB, Syn, NL, et al. Low programmed death–ligand 1–expressing subgroup outcomes of first–line immune checkpoint inhibitors in gastric or esophageal adenocarcinoma. J Clin Oncol (2022) 40(4):392–402. doi: 10.1200/JCO.21.01862




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 Dai, Liu, Gong, He, Wang, Yang, Qiu, Zhang, Yuan, Cheng and Qiu. 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/fimmu-14-1264929-g003.jpg
Overall survival (%)

Number at risk
chemotherapy

combination therapy

100

—— chemotherapy
80 —— conbination therapy
60

40

20
17.05m vs. 16.39

HR 0.78 (95%Cl 0.56-1.09)

0 5 10 15 20 25 30 35

Time (months)

150 130 91 65 39 20 8 6

166 144 86 46 19 & 1 0

Overall survival (%)

Number at risk

chemotherapy

combination therapy

100

46 —— chemotherapy

—— conbination therapy

60

40

20
17.05m vs. 16.46m

HR 0.88 (95%Cl 0.62-1.26)
0 5 10 15 20 25 30 35
Time (months)

138
138

121 86 62 37 19 8 4
118 7 35 15 6 1 0





OEBPS/Images/fimmu-14-1264929-g005.jpg
100

~—— chemotherapy

80
— —— conbination therapy
R
.g 60
2
3
n
T 40
]
>
(o)
20
17.05m vs. 16.46m
HR 0.88 (95%CI 0.62-1.26)
0
0 5 10 15 20 25 30 35
Number at risk Time (months)
chemotherapy 138 121 86 62 37 19 8 4

combination therapy 138 118 71 35 15 6 1 0





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Revalidation of the ATTRACTION-4 study in a real-world setting: a multicenter, retrospective propensity score matching study in China

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design and participants

          



          		

            2.2 Study procedures

          



          		

            2.3 Outcomes

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Patient characteristics

          



          		

            3.2 PSM results

          



          		

            3.3 Efficacy

          



          		

            3.4 Subgroup analysis

          



          		

            3.5 Expansion follow-up

          



          		

            3.6 Safety

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1264929-g002.jpg
A 100 B 100

~+ chemotheraj ~— chemotherapy
L i L —— conbination therapy
—— conbination therapy

60; 60;

40, 40,

Progression-free survival (%)

20;

Progression-free survival (%)

20;
8.56m vs. 5.84m

HR 0.64(95%Cl 0.45-0.83)

8.53m vs. 5.97m
HR 0.68(95%Cl 0.52-0.91)

0 0

0 5 0 15 20 25 30 35 0 5 10 15 20 25 30 35
Number at risk Time (months) Number at risk Time (months)
chemotherapy 150 87 4 18 9 6 3 2 chemotherapy 138 82 39 17 9 5 3 1

combination therapy 166 118 49 21 5 2 0 0 combination therapy 138 95 39 16 3 0 0 0





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
CT (N=138) CT+ICI (N=138)

Any >3 Grade Any >3 Grade >3 Grade

Hematological

Leucopenia 74 53.6 20 14.5 82 594 15 10.9 0331 0.366

Neutropenia 72 522 34 246 81 587 23 16.7 0.276 0.102
Anemia 118 85.5 24 174 116 84.1 18 13.0 0.738 0.315
Thrombocytopenia 49 355 8 58 66 478 6 43 0.038 0.583

Non-hematological

ALT/AST increase 49 355 1 0.7 76 55.1 2 14 0.001 0.583
Creatinine increase 9 6.5 0 0 8 5.8 1 0.7 0.830 1.000
Total bilirubin increase 14 10.1 1 0.7 13 9.4 0 0 0.839 0.316
Albumin decrease 36 26.1 1 0.7 48 3438 0 0 0.116 0316
hypothyroidism NA NA NA NA 18 13.0 0 0 NA NA
Hyperthyroidism | NA NA | NA [ NA | 4 29 0 0 I NA NA
Hypophysitis NA NA NA NA 2 14 0 0 NA NA
Amylase/lipase evaluation NA NA NA NA 7 5.1 0 0 NA NA
myocarditis NA NA NA NA 2 14 1 ‘ 0.7 NA NA
pneumonitis NA NA NA NA 2 14 0 0 NA NA

CT, chemotherapy; ICI, immune checkpoint inhibitors; ALT/AST, alanine aminotransferase/aspartate aminotransferase; NA, not available.





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1264929-g004.jpg
A
cici et HRO5%CH  pvalue
Sroun 3 )
oy PR — oruzostzams o
Fomste G s osmomeosss 00
Ao
<oy e e omsspseit om0
sy s zer osppmsame oo
o P e oamossazs  oa
i T s [T
ooy
Nonsigneting e v oemoasasz oo
ety saen e omsoastae  oan
P [T R —— osworeass ooz
e s v oreossram oo
restve sz e osommazn  oss
Ler s s e ——t ouaozsrame oo
ot omen o osmosiz ez 024
[R— Tearn e osmnoiszases oo
ot P ——— oemoasan oo
Mien s i weirg meen [YErp———
it o oo oeoussases  oom
FRR—
. s assen osousasan oo
a2 s s omssosmram oo
[r—
Tasane based s e orssouer e oz
RS- ) saeosn ossrosrazs oo

05 00 05 10 15 20
CTHC| e ey CT

el o HR(S%C)  pvalue
St W e
e e s — giepsiseioy; Aen
Fome owr o | osupusossy oo
-
P ey e ey )
sy B D [
. sy nee —_,— Tmpmsze  oie
' s ) e osssaTas oot
oy
Noneigrteng wme wmm el amcpsmazy o
et T R T I— [
e s el osmpmaz o
o o [
e e we e comumesnm oe
e sasry  waew et omspamsas o3
hout om0z [
[— Tery e I
o s oo 1opsmang  oem
Massve s e B snmpsrason  oat
whout ez e 4 umpamize  orm
. s sse2e) ——— ruocosmane 030
22 W wee e [
LR ——
pa—— onvy s smpssion  orm
— e ouson) R
o 1 2
cricl 4——  —— CT





OEBPS/Images/fimmu.2023.1264929_cover.jpg
& frontiers | Frontiers in Immunology

Revalidation of the ATTRACTION-4 study
in a real-world setting: a multicenter,
retrospective propensity score matching
study in China





OEBPS/Images/fimmu-14-1264929-g001.jpg
Gastric Cancer
(n=3190)

No clear evidence of tumor
recurrence and metastasis
(n=2093)

Advanced or recurrent
gastric cancer
(n=1097)

Positive Her-2 expression
(n=35)

Her-2 negative advanced or
recurrent gastric cancer
(n=1062)

Sigle-agent chemotherapy
(n=64)

Her-2 negative advanced or
recurrent gastric cancer
(n=998)

Without tumor evaluation (n=96)
Absence of clinical data (n=586)

Advanced or recurrent
gastric cancer
(n=316)

Treated with
chemotherapy with ICI
(n=166)

Treated with chemotherapy
(n=150)

Treated with
chemotherapy with ICI
(n=138)

Treated with chemotherapy
(n=138)





OEBPS/Images/table1.jpg
Before PSM After PSM
Variable CT (er CT+ICI

(n=15 (n=138) (n=138)
Sex 0.136 0.543
Male 92(61.3%) 88(53.0%) 81(58.7%) 76(55.1%)
Female 58(38.7%) 78(47.0%) 57(41.3%) 62(44.9%)
Age 56.5(51.0-64.0) | 53.0(44.8-63.0) 0.011 55.0(49.8-63.0) 54.0(47.5-64.0) 0.395
ECOG PS 0.813 0.185
0 73(48.7%) 83(50.0%) 73(52.9%) 62(44.9%)
1 77(51.3%) 83(50.0%) 65(47.1%) 76(55.1%)
Primary tumor location
EGJ 29(19.3%) 18(10.8%) 24(17.4%) 14(10.1%) 0.204
GC 119(79.3%) 145(87.3%) 112(81.2%) 121(87.7%)
residue 2(1.3%) 3(1.8%) 2(1.4%) 3(2.2%)
Signet-ring cell 0413 0.457
Yes 27(18.0%) 36(21.7) 26(18.8%) 31(22.5%)
No 123(82.5) 130(78.3%) 112(81.2%) 107(77.5%)
Metastatic site
Liver 42(28.0%) 44(26.5%) 0.766 37(26.8%) 36(26.1%) 0.891
Peritoneum 82(54.7%) 80(48.2%) 0.250 73(52.9%) 71(50.7%) 0.718
Number of organs involved
1 49(32.7%) 63(38.0%) 0.327 45(32.6%) 52(37.7%) 0.377
=2 101(67.3%) 103(62.0%) 93(67.4%) 86(62.3%)
Massive ascites 0312 0.651
Yes 32(21.3%) 28(16.9%) 29(21.0%) 26(18.8%)
No 118(78.7%) 138(83.1%) 109(79.0%) 112(81.2%)
First-line chemotherapy regimen
Taxane-based 68(45.3%) ‘ 63(38.0%) 0.184 59(42.8%) 54(39.1%) 0.541
Platinum-based 87(58.0%) 120(72.3%) 0.008 84(60.9%) 92(66.7%) 0.316

PSM, propensity score matching; CT, chemotherapy; ICI, immune-checkpoint inhibitors; ECOG PS, Eastern Cooperative Oncology Group performance status; GC, gastric cancer; EGJ,

esophagogastric junction.





