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Background

Both apatinib and programmed death 1 (PD-1) monoclonal antibody (mAb) monotherapy have been licensed in China for the third-line treatment of advanced gastric cancer (AGC). However, whether the combination could improve the prognosis of patients with AGC after second-line treatment has not been evaluated.



Methods

We retrospectively screened 892 patients with AGC who received third-line or later treatment from June 2016 to July 2021 at the Affiliated Cancer Hospital of Zhengzhou University and second People’s Hospital of Pingdingshan. 166 patients who received apatinib plus PD-1 mAb, apatinib, or PD-1 mAb were included. Based on medical records and follow-up data, we analyzed the efficacy and safety of these three treatment options.



Results

Patients received apatinib plus PD-1 mAb (n=49), apatinib monotherapy (n=63), or PD-1 mAb monotherapy (n=54). Apatinib plus PD-1 mAb showed significantly longer progression-free survival (PFS) and overall surivival (OS) compared with the apatinib monotherapy (PFS: 5.5 months versus 3.0 months; p=0.002; OS: 10 months versus 7.6 months; p=0.011) or PD-1 mAb monotherapy (PFS: 5.5 months versus 2.3 months; p=0.017; OS: 10 months versus 6.5 months; p=0.004). Apatinib plus PD-1 mAb showed higher ORR and DCR than the apatinib and PD-1 mAb monotherapy (ORR: 34.7% versus 6.3% versus 9.3%; p=0.001; DCR: 75.5% versus 44.4% versus 40.7%; p=0.001). Further subgroup analysis for PFS and OS shown consistent efficacy in most subgroups with apatinib plus PD-1 mAb versus apatinib monotherapy or PD-1 mAb monotherapy. Multivariate analyses suggested that apatinib plus PD-1 mAb was significantly associated with better PFS and OS. Most of the treatment-related toxicities were mild and tolerable.



Conclusion

Compared with the monotherapy of either apatinib or PD-1 mAb, apatinib plus PD-1 mAb treatment yielded longer PFS and OS, and achieved significant higher ORR and DCR.
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Introduction

Gastric cancer (GC) remains an important cancer worldwide, ranking fifth for incidence and fourth for mortality (1). Due to late diagnosis and poor therapeutic efficacy, mortality from gastric cancer is high (2). Although standard treatment including cytotoxic agents and molecular targeted therapies has improved survival in patients with advanced gastric cancer (AGC) by around 1 year, the prognosis remains poor (3–7). The backbone of therapy against AGC in first line remains platinum-based chemotherapy combination regimens (with trastuzumab for HER-2-positive patients; with nivolumab for HER-2-negetive patients) (3, 4, 6, 8). In the second line, ramucirumab, a vascular endothelial growth factor receptor (VEGFR) inhibitor, can be administered as a single agent or in combination with taxane (5, 7), and the programmed death 1 (PD-1) monoclonal antibody (mAb) pembrolizumab is approved for patients with microsatellite instability-high (MSH) tumours (9). As for the third-line or later treatment, both apatinib and PD-1 mAb have been approved in China (10–12). However, although apatinib was demonstrated with benefits in both progression-free survival (PFS) and overall survival (OS) compared with placebo, the objective response rate (ORR) was only 2.8% and the PFS was only 2.6 months (10). In the ATTRACTION-2 study and KENOTE-059 study, the ORR with PD-1 mAb were limited to around 11% and PFS were limited to around 2 months (11, 12). Therefore, there remained an unmet need for effective therapies for AGC.

The combination of targeted therapy with immunotherapy is a new research field in the treatment of cancers. Apatinib is an oral multi-target drug which could block VEGFR-2 and inhibit tumor growth and metastasis (10, 13). Interestingly, one study has shown combined apatinib and PD-L1 blockade therapy synergistically enhances antitumor immune responses and promotes high endothelial venules formation in GC (14). Another study has shown PD-1 inhibitor combined with apatinib could modulate the tumor microenvironment and potentiate anti-tumor effect in mice bearing GC (15). Additionally, in a phase I study of PD-1 mAb (SHR-1210) combined with apatinib for advanced hepatocellular carcinoma, gastric or esophagogastric junction cancer, 25 of 43 patients with AGC achieved an ORR of 17.4% and DCR of 78.3%. In this study, PD-1 mAb (SHR-1210) plus apatinib achieved a median PFS of 2.9 months and a median OS of 11.4 months (16). In a phase 2 study, PD-1 mAb (SHR-1210) combined with apatinib and S-1 as second-line treatment for AGC achieved an ORR of 29.2% and a median PFS of 6.5 months (17). However, the combination of apatinib and PD-1 mAb has not been investigated in third-line or later treatment of patients with AGC. Therefore, we performed a multicenter retrospective analysis to compare the efficacy between apatinib plus PD-1 mAb and apatinib or PD-1 mAb monotherapy in patients with AGC as third-line or later treatment.



Materials and methods


Patients

In this retrospective study, patients with AGC who received apatinib plus PD-1 mAb and either apatinib or PD-1 mAb monotherapy as the third-line or later treatment between June 2016 and July 2021 were identified from the Affiliated Cancer Hospital of Zhengzhou University and Second People’s Hospital of Pingdingshan. Patient characteristics and survival outcomes were retrospectively retrieved from medical records and follow-up data. The eligibility criteria were as follows: pathologically confirmed AGC; no prior treatment with apatinib or PD-1 mAb; adequate organ function; Eastern Cooperative Oncology Group performance status (ECOG PS) of 0–2; no bleeding disorders; with at least a measurable lesion; and with complete efficacy evaluation or follow-up data. Major exclusion criteria included history of previous treatment with apatinib, PD-1 mAb, or anti-PD-L1 monoclonal antibodies; autoimmune disease; or the presence of a serious comorbidity, such as intestinal obstruction, pulmonary fibrosis, and inadequate organ function.

This retrospective study was approved by the ethics committee of Affiliated Cancer Hospital of Zhengzhou University and second People’s Hospital of Pingdingshan and was implemented in accordance with the guidelines in Declaration of Helsinki. Because this was a retrospective study, informed consent was waived.



Molecular characteristics

Molecular characteristics such as human epidermal growth factor receptor-2 (HER-2), mismatch repair (MMR) and programmed cell death ligand 1 (PD-L1) were obtained by reviewing the results of immunohistochemistry and molecular pathology. HER-2 status was performed by immunohistochemistry (IHC) or fluorescence in situ hybridization (FISH). HER-2 positivity was defined as an IHC score of 3+ or an IHC score of 2+ and a FISH positive. PD-L1 expression was measured by combined positive score (CPS) and assessed by IHC using an anti-PD-L1 rabbit monoclonal antibody (Clone 22C3 or SP263). The CPS score was defined as the proportion of PD-L1-positive cells (tumor cells, lymphocytes and macrophages) multiplied by 100. MMR system (MLH1, MSH2, MSH6 and PMS2) was assessed by IHC, and tumors that lacked either MLH1, MSH2, MSH6 or PMS2 expression were considered as MMR-deficient, and those maintained expression of MLH1, MSH2, MSH6 and PMS2 were considered as MMR-proficient.



Treatment

In this study, PD-1 mAb included nivolumab, pembrolizumab, camrelizumab, sintilimab and toripalimab. PD-1 mAbs were administered at the following dose: nivolumab 240mg intravenous every 2 weeks or 360mg intravenous every 3 weeks, pembrolizumab, camrelizumab, sintilimab and toripalimab 200mg intravenous every 3 weeks. Patients in apatinib plus PD-1 mAb group received 250 mg oral apatinib daily and intravenous PD-1 mAb every 2 or 3 weeks. Patients in apatinib monotherapy group received 500 mg oral apatinib daily for 4 weeks as a cycle. Patients in PD-1 mAb group received intravenous PD-1 mAb every 2 or 3 weeks. Treatment was continued until patients experienced intolerable toxicity or disease progression. Dose modification was allowed for drug-related toxicity.



Statistical analysis

In this study, all outcomes were compared between apatinib plus PD-1 mAb and apatinib or PD-1 mAb monotherapy. Patient baseline characteristics and response rates were compared using χ2 test or Fisher’s exact test. Treatment responses, including partial response (PR), complete response (CR), stable disease (SD) and progressive disease (PD), were assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 every 2 or 3 cycles. The objective response rate (ORR) was defined as the proportion of CR plus PR. The disease control rate (DCR) was defined as the proportion of CR, PR, and SD. PFS was calculated from the beginning of study treatment to disease progression or death. OS was calculated from the initiation of study treatment to death from any cause. We assessed PFS and OS by the Kaplan-Meier method, compared between groups by the log-rank test. Hazards ratios (HRs) were determined using the Cox proportional hazards models.

Patient baseline characteristics were used as covariates in the analysis, including sex, age, tumor primary site, histology, ECOG PS, previous gastrectomy, previous treatment, metastatic site, HER-2 status and PD-L1 CPS expression. Subgroup analyses for PFS and OS were performed according to the baseline factors. Univariate analysis and multivariate Cox regression model were used to identify the impact factors of PFS and OS. Variables with p-value thresholds <0.20 determined by univariate analysis were entered into a Cox proportional hazards model for multivariate analysis. Adverse events were evaluated according to National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.0. All statistical analyses were performed using SPSS version 23.0 (IBM, New York, USA) and Graphpad prism (version 8.0.1 GraphPad Software Inc., San Diego, CA, USA). All p-value less than 0.05 was considered statistically significant.




Results


Patient characteristics

Between June 2016 and July 2021, 892 patients with advanced AGC were screened at the study centers, of which 166 patients met the inclusion criteria (apatinib plus PD-1 mAb, n=49; apatinib, n=63; PD-1 mAb n=54; Figure 1). The median age was 64 years (range, 26-79) and 112 (67.5%) patients were male. The most common histology type was diffuse (n=107, 64.5%), and the most common location of primary tumor was the gastric (n=110, 66.3%). Majority of patients (n=126, 75.9%) had ECOG PS of 0 or 1. Only 67 (40.4%) patients had received gastrectomy. Overall, 155 (93.4%) patients had received two previous lines of treatment, and 6.6% had received at least three lines of treatment. The most common metastatic sites were the lymph nodes, liver, peritoneum and lungs. All patients had measurable lesions. Baseline clinical characteristics were exhibited in Table 1. Data on HER-2, MMR status and PD-L1 CPS were available in 162, 151 and 119 patients. There was no significant difference between the three groups, except for MMR status and PD-L1 CPS expression.




Figure 1 | Patient inclusion flowchart.




Table 1 | Patient baseline characteristics.





Efficacy

At the time of the analysis (1 January 2022), the median follow-up time was 24.7 months (rang 2.3-42.9 months). The median PFS and OS in the overall population were 3.3 months (95% CI, 2.7-3.9 months) and 7.8 months (95% CI, 6.8-8.8 months), respectively. The apatinib plus PD-1 mAb group showed significantly longer PFS [median 5.5 months (95% CI, 3.7-7.3 months) versus 3.0 months (95% CI, 2.3-3.7 months); HR=0.56 (95% CI, 0.38-0.82); p=0.002] and OS [median 10 months (95% CI, 5.3-13.7 months) versus 7.6 months (95% CI, 6.5-8.7 months); HR=0.59 (95% CI, 0.39-0.89); p=0.011] compared with the apatinib monotherapy group. Likewise, apatinib plus PD-1 mAb showed significantly longer PFS [median 5.5 months (95% CI, 3.7-7.3 months) versus 2.3 months (95% CI, 1.4-3.2 months); HR=0.62 (95% CI, 0.41-0.95); p=0.017] and OS [median 10 months (95% CI, 5.3-14.7 months) versus 6.5 months (95% CI, 5.5-7.5 months); HR=0.54 (95% CI, 0.34-0.84); p=0.004] compared with the PD-1 mAb monotherapy group (Figure 2). In addition, the apatinib plus PD-1 mAb group showed higher ORR and DCR than the apatinib monotherapy (ORR: 34.7% versus 6.3%; p<0.001; DCR: 75.5% versus 44.4%; p=0.001) and PD-1 mAb monotherapy (ORR: 34.7% versus 9.3%; p=0.002; DCR: 75.5% versus 40.7%; p<0.001). Patient’s response to treatment was displayed in the Table 2.




Figure 2 | Kaplan-Meier estimates of PFS (A) and OS (B) for each group. (A) The median PFS was significantly longer in apatinib plus PD-1 mAb than in apatinib monotherapy (5.5 months versus 3.0 months; p=0.002) or in PD-1 mAb monotherapy (5.5 months versus 2.3 months; p=0.017). (B) The OS was significantly longer in apatinib plus PD-1 mAb than in apatinib monotherapy (10 months versus 7.6 months; p=0.011) or in PD-1 mAb group (10 months versus 6.5 months; p=0.004). PFS, progression-free survival. OS, progression-free survival; CI: confidence interval.




Table 2 | Overall response.



Further subgroup analysis for PFS and OS shown that apatinib plus PD-1 mAb was more effective than apatinib monotherapy or PD-1 mAb monotherapy in most subgroups (Figure 3). Further breakdown of the subgroup of patients with metastasis by the site of metastasis, apatinib plus PD-1 mAb showed no PFS benefit for patients who had liver metastasis (HR=1.06, 95% CI, 0.60-1.87; Figure 3A] and no OS benefit for patients who had lymph nodes metastasis (HR=1.05, 95% CI, 0.64-1.72; Figure 3B) than the apatinib monotherapy. In female patients, apatinib plus PD-1 mAb showed no advantage in PFS and OS compared with PD-1 mAb monotherapy (PFS : HR=1.02, 95% CI, 0.49-2.11; OS: HR=1.04, 95% CI, 0.50-2.15; Figures 3C, D). In patients with lung metastasis, apatinib plus PD-1 mAb showed a shorter PFS and OS than the PD-1 mAb monotherapy (PFS : HR=1.91, 95% CI, 0.65-5.63; OS: HR=1.69, 95% CI, 0.59-4.86; Figures 3C, D ). However, there were only 17 patients with lung metastasis received apatinib plus PD-1 mAb or PD-1 mAb monotherapy, caution should be taken when drawing conclusions.




Figure 3 | Subgroup analyses for PFS and OS. (A) PFS and (B) OS for apatinib plus PD-1 mAb versus apatinib monotherapy. (C) PFS and (D) OS for apatinib plus PD-1 mAb versus PD-1 mAb. PFS, progression-free survival. OS, progression-free survival.



To further identify the impact factors of PFS and OS, firstly we performed a univariate analysis, and variables with p-value <0.20 were included in the multivariate analysis. The results of univariate analysis for PFS and OS are shown in Supplement Table S1 (apatinib plus PD-1 mAb versus apatinib monotherapy) and S2 (apatinib plus PD-1 mAb versus PD-1 mAb monotherapy). Multivariate analyses results were listed in Table 3 and Table 4. The results suggested that apatinib plus PD-1 mAb treatment was significantly associated with longer PFS and OS compared with apatinib monotherapy (PFS: HR=0.48, 95% CI, 0.32-0.74; p=0.001; OS: HR=0.48, 95% CI, 0.31-0.76; p=0.002) or PD-1 mAb monotherapy (PFS: HR=0.55, 95% CI, 0.34-0.87; p=0.011; OS: HR=0.46, 95% CI, 0.28-0.75; p=0.002). On multivariate analyses for apatinib plus PD-1 mAb versus apatinib monotherapy, ECOG PS of 0 or 1 was considered as an independent predictor of longer PFS and OS (PFS: HR=0.54, 95% CI, 0.35-0.83; p=0.005; OS: HR=0.48, 95% CI, 0.26-0.71; p=0.001), while presence of liver metastasis has detrimental effect on PFS and OS (PFS: HR=1.69, 95% CI, 1.31-2.52; p=0.005; OS: HR=1.72, 95% CI, 1.11-2.67; p=0.016). On multivariate analyses for apatinib plus PD-1 mAb versus PD-1 mAb monotherapy, PD-L1 CPS≥1 was considered as an independent protective prognosis factor of PFS and OS (PFS: HR=0.34, 95% CI, 0.21-0.54; p=0.001; OS: HR=0.22, 95% CI, 0.12-0.39; p=0.001), while ECOG PS of 0 or 1 has positive effect on OS (HR=0.48, 95% CI, 0.27-0.84; p=0.011).


Table 3 | Multivariate analyses of progression-free survival and overall survival for apatinib plus PD-1 mAb versus apatinib monotherapy.




Table 4 | Multivariate analyses of progression-free survival and overall survival for apatinib plus PD-1 mAb versus PD-1 mAb monotherapy.





Safety

The adverse events during the treatment were listed in the Table 5. Non-hematologic adverse events were more common than hematologic adverse events. Most of the treatment-related toxicities were mild and tolerable. No significant difference was observed in adverse events of any grade between apatinib plus PD-1 mAb and apatinib monotherapy groups (65.3% versus 68.3%; p=0.731). On the other hand, compared with the PD-1 mAb monotherapy group, the apatinib plus PD-1 mAb group showed more adverse events (65.3% versus 38.9%; p<0.001). The most common adverse events in apatinib plus PD-1 mAb group and apatinib monotherapy group of any grade were hypertentsion (40.8% veusus 42.9%), hand-foot syndrome (32.7% veusus 30.2%) and proteinuria (32.7% veusus 27%). The incidence of grade ≥3 adverse events was similar between apatinib plus PD-1 mAb and apatinib (34.7% versus 30.2%; p=0.612). The incidence of grade ≥3 adverse events with apatinib plus PD-1 mAb was significantly higher than that with PD-1 mAb monotherapy (34.7% versus 7.4%; p<0.001). No treatment related deaths were recorded.


Table 5 | Treatment-related toxicities (n [%]).






Discussion

To the best of our knowledge, this is the first study that evaluated the efficacy and safety of apatinib plus PD-1 mAb as third-line or later treatment for patients with AGC. Compared with the monotherapy of either apatinib or PD-1 mAb, apatinib plus PD-1 mAb treatment yielded longer PFS and OS, and achieved significant higher ORR and DCR. In addition, most of the treatment-related toxicities were mild and tolerable.

Although chemotherapy has been the backbone therapy for AGC for many years, treatment has shifted from chemotherapy to combination therapy including targeted therapy and immunotherapy (17). At present, the approved therapeutic strategies in third line for AGC in China are apatinib and PD-1 mAb monotherapy (10–12). However, apatinib or PD-1 mAb monotherapy has very limited prolongation of survival and cannot meet clinical treatment needs. Additionally, most gastric cancers are not sensitive to PD-1 mAb monotherapy. Therefore, patients with AGC will probably require combination therapy to improve the response rates and duration of immunotherapies.

Substantial preclinical evidence suggests that anti-angiogenic therapy can enhance anti-tumor immunity as it restores function and enhances infiltration of effector T cells, decreases the number of immunosuppressive regulatory T cells (Tregs), tumor- associated macrophages (TAMs) and mast cells, and inhibits the accumulation and the activity of myeloid-derived suppressor cells (MDSCs) (18, 19). Combinatorial approaches investigating PD-1 mAb and angiogenesis inhibitors have been preliminarily validated in several clinical trials. Several phase I/II trials of ramucirumab plus nivolumab or pembrolizumab have shown promising efficacy in patients with AGC (20–22). Also, PD-1 mAb combined with multikinase inhibitors targeting VEGF receptors and other receptor tyrosine kinases, such as regorafenib or lenvatinib, have also shown promising results in patients with AGC (23, 24). In the REGONIVO trial, regorafenib combined with nivolumab gained an ORR of 44% as third-line treatment for patients with AGC, and a median PFS of 5.6 months, and a median OS of 12.3 months (23). Also, a phase 2 trial (EPOC1706) of lenvatinib plus pembrolizumab showed that ORR was 69% and median PFS was 7.1 months for AGC patients in first- or second line treatment (24). The main limitations of these previous studies were not randomization, limited sample size, and high selection of patients with very good ECOG PS.

In the present study, we compared the efficacy and tolerability of apatinib plus PD-1 mAb and apatinib or PD-1 mAb monotherapy. Most of the included patients (75.9%) had ECOG PS of 0 or 1. Almost all of the included patients (93.4%) had received two previous lines of treatment. The median PFS and OS in the overall population were 3.3 months and 7.8 months, respectively, which were longer than the PFS and OS in patients who received chemotherapy in other studies (25–27). Both PFS and OS were significant longer with apatinib plus PD-1 mAb than with apatinib or PD-1 mAb monotherapy. In addition, our study showed better outcomes in terms of ORR and DCR with apatinib plus PD-1 mAb than with apatinib or PD-1 mAb monotherapy. The PFS, OS and ORR results of apatinib plus PD-1 mAb in this study were comparable to those of regorafenib plus nivolumab in the REGONIVO trial (23). These results suggest that immunotherapy (PD-1 mAb) combined with antiangiogenic agents is more favourable than single agent in third-line or later treatment of AGC.

We also conducted subgroup analyses according to clinical factors and found that both PFS and OS in most subgroups showed a better survival benefit in apatinib plus PD-1 mAb than in apatinib or PD-1 mAb. Further breakdown of the subgroup of patients with metastasis by the site of metastasis, apatinib plus PD-1 mAb showed no PFS benefit for patients who had liver metastasis and no OS benefit for patients who had lymph nodes metastasis compared to the apatinib monotherapy. This phenomenon was also observed in the REGONIVO study (23), which may be related to the systemic immunosuppressive activity of liver metastases (28, 29). When analyzing the PFS and OS benefits of patients with lung metastases, we found that these patients were favorable to apatinib or PD-1 mAb monotherapy than apaitnib plus PD-1 mAb. However, there were too few patients with lung metastases and the confidence interval was too large to draw firm conclusions. In females, apatinib plus PD-1 mAb failed to significantly improve PFS and OS when compared with PD-1 mAb monotherapy.

To further identify the impact factors of PFS and OS, we performed a multivariate analysis. Apatinib plus PD-1 mAb treatment was an independent prognostic factor for PFS and OS compared with apatinib or PD-1 mAb monotherapy. On multivariate analyses for apatinib plus PD-1 mAb versus apatinib monotherapy, ECOG PS of 0 or 1 was a protective factor and presence of liver metastasis was a detrimental factor for PFS and OS. On multivariate analyses for apatinib plus PD-1 mAb versus PD-1 mAb monotherapy, PD-L1 CPS ≥1 was considered as an independent protective factor for PFS and OS, while ECOG PS of 0 or 1 has positive impact on OS.

In terms of safety, most of the treatment-related toxicities were mild and tolerable. No significant differences in adverse events of any grade were observed between apatinib plus PD-1 mAb and apatinib monotherapy groups, and most adverse events were apatinib-related. The most frequent side effects were hypertension, hand–foot syndrome, and proteinuria. On the other hand, compared with the combination of apatinib and PD-1 mAb, PD-1 mAb monotherapy had fewer adverse events. No treatment related deaths were recorded.

The present study has several limitations that should be considered. Firstly, this is a non-randomized retrospective study with an inevitably selection bias. Secondly, the small sample size, the number of metastasis organs, different PD-1 mAbs, and lack of molecular pathological information in some patients may affect the results. Thirdly, the impact of different treatment after disease progression was not estimated in this study, which will inevitably affect OS analysis. Furthermore, retrospective studies may miss some patient details leading to underestimation of adverse effects. Thus, further large-scale prospective studies are required to determine the clinical efficacy and safety of apatinib plus PD-1 mAb. Several phase 2 studies comparing apatinib plus PD-1 mAb with apatinib monotherapy are ongoing (NCT04174339, NCT05095636, NCT05342389).

In conclusion, this retrospective study demonstrated that in overall population apatinib plus PD-1 mAb conferred benefit over apatinib or PD-1 mAb monotherapy in PFS, OS, ORR and DCR in third-line or later treatment of AGC patients. The safety profile of apatinib plus PD-1 mAb was similar to that of apatinib, and most adverse events were mild and tolerable. We look forward to exploring the efficacy of apatinib plus PD-1 mAb in larger cohorts of patients.



Data availability statement

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



Ethics statement

The studies involving human participants were reviewed and approved by Ethics committee of Affiliated Cancer Hospital of Zhengzhou University and second People’s Hospital of Pingdingshan. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

QC, YM and HL contributed to conception and design. QC, YM, DW, YH, LZ and DM acquired the data. DW, YM, DM, LZ and HL analyzed and interpreted the data. QC LZ and YH wrote, reviewed, and/or revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Medical Science and Technology Research Projects of Henan Province 201702257 (to YH). It was also supported by Henan Medical Science and Technology Research Project (212102310338), Henan Medical Science and Technology Project Jointly Built by the Ministry and the Province (LHGJ20190673), and Postdoctoral Research Project of Henan Province (202002077).



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/fonc.2022.952494/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. Ajani, JA, D'Amico, TA, Almhanna, K, Bentrem, DJ, Chao, J, Das, P, et al. Gastric cancer, version 3.2016, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2016) 14(10):1286–312. doi: 10.6004/jnccn.2016.0137

3. Bang, YJ, Van Cutsem, E, Feyereislova, A, Chung, HC, Shen, L, Sawaki, A, et al. Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): A phase 3, open-label, randomised controlled trial. Lancet (2010) 376(9742):687–97. doi: 10.1016/S0140-6736(10)61121-X

4. Cunningham, D, Starling, N, Rao, S, Iveson, T, Nicolson, M, Coxon, F, et al. Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl J Med (2008) 358(1):36–46. doi: 10.1056/NEJMoa073149

5. Fuchs, CS, Tomasek, J, Yong, CJ, Dumitru, F, Passalacqua, R, Goswami, C, et al. Ramucirumab monotherapy for previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (REGARD): an international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet (2014) 383(9911):31–9. doi: 10.1016/S0140-6736(13)61719-5

6. Koizumi, W, Narahara, H, Hara, T, Takagane, A, Akiya, T, Takagi, M, et al. S-1 plus cisplatin versus s-1 alone for first-line treatment of advanced gastric cancer (SPIRITS trial): A phase III trial. Lancet Oncol (2008) 9(3):215–21. doi: 10.1016/S1470-2045(08)70035-4

7. Wilke, H, Muro, K, Van Cutsem, E, Oh, SC, Bodoky, G, Shimada, Y, et al. Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients with previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial. Lancet Oncol (2014) 15(11):1224–35. doi: 10.1016/S1470-2045(14)70420-6

8. 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

9. Marabelle, A, Le, DT, Ascierto, PA, Di Giacomo, AM, De Jesus-Acosta, A, Delord, JP, et al. Efficacy of pembrolizumab in patients with noncolorectal high microsatellite Instability/Mismatch repair-deficient cancer: Results from the phase II KEYNOTE-158 study. J Clin Oncol (2020) 38(1):1–10. doi: 10.1200/JCO.19.02105

10. Li, J, Qin, S, Xu, J, Xiong, J, Wu, C, Bai, Y, et al. Randomized, double-blind, placebo-controlled phase III trial of apatinib in patients with chemotherapy-refractory advanced or metastatic adenocarcinoma of the stomach or gastroesophageal junction. J Clin Oncol (2016) 34(13):1448–54. doi: 10.1200/JCO.2015.63.5995

11. Kang, YK, Boku, N, Satoh, T, Ryu, MH, Chao, Y, Kato, K, et al. Nivolumab in patients with advanced gastric or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet (2017) 390(10111):2461–71. doi: 10.1016/S0140-6736(17)31827-5

12. Fuchs, CS, Doi, T, Jang, RW, Muro, K, Satoh, T, Machado, M, et al. Safety and efficacy of pembrolizumab monotherapy in patients with previously treated advanced gastric and gastroesophageal junction cancer: Phase 2 clinical KEYNOTE-059 trial. JAMA Oncol (2018) 4(5):e180013. doi: 10.1001/jamaoncol.2018.0013

13. Li, J, Zhao, X, Chen, L, Guo, H, Lv, F, Jia, K, et al. Safety and pharmacokinetics of novel selective vascular endothelial growth factor receptor-2 inhibitor YN968D1 in patients with advanced malignancies. BMC Cancer (2010) 10:529. doi: 10.1186/1471-2407-10-529

14. Zhang, Y, Wang, F, Sun, HR, Huang, YK, Gao, JP, and Huang, H. Apatinib combined with PD-L1 blockade synergistically enhances antitumor immune responses and promotes HEV formation in gastric cancer. J Cancer Res Clin Oncol (2021) 147(8):2209–22. doi: 10.1007/s00432-021-03633-3

15. Chen, H, Jiang, T, Lin, F, Guan, H, Zheng, J, Liu, Q, et al. PD-1 inhibitor combined with apatinib modulate the tumor microenvironment and potentiate anti-tumor effect in mice bearing gastric cancer. Int Immunophar (2021) 99:107929. doi: 10.1016/j.intimp.2021.107929

16. Xu, J, Zhang, Y, Jia, R, Yue, C, Chang, L, Liu, R, et al. Anti-PD-1 antibody SHR-1210 combined with apatinib for advanced hepatocellular carcinoma, gastric, or esophagogastric junction cancer: An open-label, dose escalation and expansion study. Clin Cancer Res (2019) 25(2):515–23. doi: 10.1158/1078-0432.CCR-18-2484

17. Jing, C, Wang, J, Zhu, M, Bai, Z, Zhao, B, Zhang, J, et al. Camrelizumab combined with apatinib and s-1 as second-line treatment for patients with advanced gastric or gastroesophageal junction adenocarcinoma: A phase 2, single-arm, prospective study. Cancer Immunol Immunother (2022). 71(11):2597–608. doi: 10.1007/s00262-022-03174-9

18. Huinen, ZR, Huijbers, E, van Beijnum, JR, Nowak-Sliwinska, P, and Griffioen, AW. Anti-angiogenic agents - overcoming tumour endothelial cell anergy and improving immunotherapy outcomes. Nat Rev Clin Oncol (2021) 18(8):527–40. doi: 10.1038/s41571-021-00496-y

19. Khan, KA, and Kerbel, RS. Improving immunotherapy outcomes with anti-angiogenic treatments and vice versa. Nat Rev Clin Oncol (2018) 15(5):310–24. doi: 10.1038/nrclinonc.2018.9

20. Chau, I, Penel, N, Soriano, AO, Arkenau, HT, Cultrera, J, Santana-Davila, R, et al. Ramucirumab in combination with pembrolizumab in treatment-naive advanced gastric or GEJ adenocarcinoma: Safety and antitumor activity from the phase 1a/b JVDF trial. Cancers (2020) 12(10):1101-23. doi: 10.3390/cancers12102985

21. Herbst, RS, Arkenau, HT, Santana-Davila, R, Calvo, E, Paz-Ares, L, Cassier, PA, et al. Ramucirumab plus pembrolizumab in patients with previously treated advanced non-small-cell lung cancer, gastro-oesophageal cancer, or urothelial carcinomas (JVDF): a multicohort, non-randomised, open-label, phase 1a/b trial. Lancet Oncol (2019) 20(8):1109–23. doi: 10.1016/S1470-2045(19)30458-9

22. Nakajima, TE, Kadowaki, S, Minashi, K, Nishina, T, Yamanaka, T, Hayashi, Y, et al. Multicenter phase I/II study of nivolumab combined with paclitaxel plus ramucirumab as second-line treatment in patients with advanced gastric cancer. Clin Cancer Res (2021) 27(4):1029–36. doi: 10.1158/1078-0432.CCR-20-3559

23. Fukuoka, S, Hara, H, Takahashi, N, Kojima, T, Kawazoe, A, Asayama, M, et al. Regorafenib plus nivolumab in patients with advanced gastric or colorectal cancer: An open-label, dose-escalation, and dose-expansion phase ib trial (REGONIVO, EPOC1603). J Clin Oncol (2020) 38(18):2053–61. doi: 10.1200/JCO.19.03296

24. Kawazoe, A, Fukuoka, S, Nakamura, Y, Kuboki, Y, Wakabayashi, M, Nomura, S, et al. Lenvatinib plus pembrolizumab in patients with advanced gastric cancer in the first-line or second-line setting (EPOC1706): an open-label, single-arm, phase 2 trial. Lancet Oncol (2020) 21(8):1057–65. doi: 10.1016/S1470-2045(20)30271-0

25. Choi, IS, Choi, M, Lee, JH, Kim, JH, Suh, KJ, Lee, JY, et al. Treatment patterns and outcomes in patients with metastatic gastric cancer receiving third-line chemotherapy: A population-based outcomes study. PLoS One (2018) 13(6):e198544. doi: 10.1371/journal.pone.0198544

26. Davidson, M, Cafferkey, C, Goode, EF, Kouvelakis, K, Hughes, D, Reguera, P, et al. Survival in advanced esophagogastric adenocarcinoma improves with use of multiple lines of therapy: Results from an analysis of more than 500 patients. Clin Colorectal Cancer (2018) 17(3):223–30. doi: 10.1016/j.clcc.2018.05.014

27. Shitara, K, Doi, T, Dvorkin, M, Mansoor, W, Arkenau, HT, Prokharau, A, et al. Trifluridine/tipiracil versus placebo in patients with heavily pretreated metastatic gastric cancer (TAGS): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol (2018) 19(11):1437–48. doi: 10.1016/S1470-2045(18)30739-3

28. Brodt, P. Role of the microenvironment in liver metastasis: From pre- to prometastatic niches. Clin Cancer Res (2016) 22(24):5971–82. doi: 10.1158/1078-0432.CCR-16-0460

29. Tumeh, PC, Hellmann, MD, Hamid, O, Tsai, KK, Loo, KL, Gubens, MA, et al. Liver metastasis and treatment outcome with anti-PD-1 monoclonal antibody in patients with melanoma and NSCLC. Cancer Immunol Res (2017) 5(5):417–24. doi: 10.1158/2326-6066.CIR-16-0325



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 © 2022 Cui, Mao, Wu, Hu, Ma, Zhang and Liu. 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-12-952494-g002.jpg
A

Percent survival

Progression free survival

100

—4—  Apatinib plus PD-1 mAb
—i—  Apatinib

== PD-1 inhibitor

Log-rank, p=0.0064

5 10 15 20 25

Progression survival (month)

B overall survival

Percent survival

100

50

10

—i— Apatinib plus PD-1 mAb

—i—  Apatinib

== PD-1 inhibitor

20

Overall survival (month)

Log-rank, p=0.0086

30

40





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Apatinib combined with PD-1 antibody for third-line or later treatment of advanced gastric cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Molecular characteristics

          



          		

            Treatment

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Efficacy

          



          		

            Safety

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Best response n (%) Apatinib plus PD-1 mAb (n = 49) Apatinib (n = 63) PD-1 mAb (n = 54) p value
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PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; DCR, disease control rate.
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Variables Apatinib plus PD-1 mAb (n=49) Apatinib (n=63) PD-1 mAb (n=54) p value

Age
Median (rang) 63 (26-78) 64 (30-79) 64 (35-79)
265 years, n (%) 19 (38.8) 25(39.7) 22 (40.7) 0.979
<65 years, n (%) 30 (61.2) 38 (60.3) 32(59.3)
Gender, n (%)
Male 32 (65.3) 42 (66.7) 38 (70.4) 0.848
Female 17 (34.7) 21 (33.3) 16 (29.6)
Primary site, n (%)
Gastric 34 (69.4) 40 (63.5) 36 (66.7) 0.805
Gastroesophageal 15 (30.6) 23 (36.5) 18 (33.3)
Histology, n (%)
Diffuse 30 (61.2) 44 (69.8) 33 (61.1) 0.526
Intestinal 19 (38.3) 19 (30.2) 21 (38.9)
ECOG PS, n (%)
0-1 35 (71.4) 45 (71.4) 46 (85.2) 0152
2 14 (28.6) 18 (28.6) 8 (14.8)
Previous gastrectomy, n (%) 15 (30.6) 28 (44.4) 24 (44.4) 0.253
Previous lines of treatment, n (%)
2 45 (91.8) 61 (96.8) 49 (90.7) 0.367
>2 4(82) 2(32) 5(9.3)
Site of metastasis, n (%)
Lymph node 38 (77.6) 49 (77.8) 39 (72.2) 0.743
Liver 21 (42.9) 30 (47.6) 20 (37) 0.514
Peritoneum 15 (30.6) 19 (30.2) 20 (37) 0.690
Lung 7 (14.3) 12 (19) 10 (18.5) 0.781
Other 17 (34.7) 16 (25.4) 14 (25.9) 0.497
Her-2 status, n (%)
Positive 9 (18.4) 10 (15.9) 12 (22.2) 0.124
Negetive 40 (81.6) 49 (77.8) 42 (77.8)
Unknown 0 (0.0) 4 (6.3) 0 (0.0)
MMR status, n (%)
MMR-proficient 49 (100) 48 (76.2) 53 (98.1) 0.001
MMR-deficient 0 (0.0) 0(0.0) 1(1.9)
Unknown 0 (0.0) 15 (23.8) 0 (0.0)
PD-L1 CPS, n (%)
<1 28 (57.1) 13 (20.6) 32 (59.3) 0.001
>1 20 (40.8) 7 (11.1) 19 (35.2)
Unknown 1(2) 43 (68.3) 3 (5.6)

ECOG PS, eastern cooperative oncology group performance status; Her-2, human epidermal growth factor receptor 2; MMR, mismatch repair; CPS, combined positive score.
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Apatinib plus PD-1 mAb (n = 49) Apatinib (n = 63) PD-1 mAb (n = 54)

TRAEs Any grade Grade=3 Any grade Grade 23 Any grade Grade>3
Any events 32 (65.3) 17 (34.7) 43 (68.3) 19 (30.2) 21 (38.9) 4(7.4)
Hypertension 20 (40.8) 6(12.2) 27 (42.9) 9 (14.3) 1(19) 0
Fatigue 14 (28.6) 2 (4.1) 16 (25.4) 1(16) 5(9.3) 0
Anorexia 13 (26.5) 1(2.0) 15 (23.8) 0 6 (11.1) 1(1.9)
Hand-foot syndrome 16 (32.7) 3(6.1) 19 (30.2) 4 (6.3) 0 0
Diarrhea 10 (20.4) 1(2.0) 11 (17.5) 1(16) 7(13.0) 1(1.9)
Proteinuria 16 (32.7) 0 17 (27.0) 2(32) 0 0
Pruritus 2(4.1) 0 4(6.3) 0 6(11.1) 0
Rash 6(12.2) 2 (4.1) 6(9.5) 0 8(14.8) 1(1.9)
Nausea 11 (22.4) 0 15 (23.8) 0 3(5.6) 0
Vomiting 10 (20.4) 0 14 (22.2) 0 2(37) 0
Abdominal pain 8(16.3) 0 9 (143) 0 1(19) 0
Hypothyroidism 10 (20.4) 0 4 (6.3) 0 5(9.3) 1(1.9)
Neutropenia 17 (34.7) 1(2.0) 2(19.0) 0 2(37) 0
Thrombocytopenia 18 (36.7) 2 (4.1) 3(20.6) 0 3(56) 0
Anemia 17 (34.7) 2 (4.1) 18 (28.6) 1(16) 3 (5.6) 0
AST/ALT increase 14 (28.6) 2 (4.1) 15 (23.8) 3(4.8) 1(19) 0

TRAEs, treatment-related adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase.





