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Background

The second-line treatment of neuroendocrine tumors (NETs) of unknown primary origin remains uncertain. This report presented a patient who received octreotide plus IBI-318 plus anlotinib as a second-line treatment for multiple metastatic NETs of unknown primary lesions after the failure of octreotide plus everolimus.





Case presentation

A 32-year-old male patient presented with elevated CEA (197.83 ng/ml) without specific symptoms. A contrast-enhanced computed tomography (CT) scan showed multiple metastatic lymph nodes and multiple low-density nodules in the liver of undetermined nature. A right supraclavicular lymph node biopsy indicated NET, but the primary tumor origin remained unknown. PD-L1 expression was negative in tumor tissue according to immunohistochemistry. Immunofluorescence indicated the CD4+ T cells, CD8+ T cells, and Treg cells were gathered around blood vessels, with only a few infiltrating lymphocytes in the tumor tissue. Treatment with octreotide (30 mg/28 d) plus everolimus (5 mg qd) led to disease progression after three cycles. Treatment was changed to octreotide (30 mg/28 d) plus IBI318 (400 mg/28 d) plus anlotinib (10 mg/1-14 d/q3w), leading to partial remission, which was sustained up to the last follow-up (June 20, 2023), with a PFS of 11 months. The patient experienced no treatment-related adverse reactions.





Conclusions

Octreotide plus IBI318 plus anlotinib achieved benefits in a patient with advanced NETs of unknown primary lesions after first-line treatment failure, even though with low PD-L1 expression. This case suggests that combining SSAs, TKIs and PD-1/PD-L1 inhibitors could be an alternative second-line treatment for patients with advanced, well-differentiated NETs.
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1 Introduction

Neuroendocrine tumors (NETs) are rare, slow-growing neoplasms of neuroendocrine origin (1–3). The disease is often asymptomatic and detected incidentally, but it may present with symptoms that are related to excessive hormone release (1, 2). NETs meet the criteria for an orphan disease in the United States of America (USA), and their estimated incidence is 6.98 per 100,000 person-years (1, 4). Common types of neuroendocrine tumors include medullary thyroid cancer, gastrointestinal neuroendocrine tumors, etc., but the primary site is unknown in some cases (1–3). The median overall survival (OS) of patients with NETs is 9.3 years, but the actual individual survival fluctuates significantly due to stage, grade, age at diagnosis, primary site and time period of diagnosis (4). Still, the 5-year survival rates of patients with metastatic NETs are 1.7%-10.7%, depending upon the type of NET (5).

Patients with advanced NETs of unknown primary origin are treated with systemic therapies, including somatostatin analogs (SSAs), mTOR inhibitors, multi-kinase inhibitors, etc. (3, 6). Long-acting octreotide and lanreotide hydrogels, as common SSAs can exert antitumor effects by binding to the somatostatin receptor (SSTR), and SSAs are recommended as first-line treatment for advanced, SSTR-positive, slow-growing gastroenteropancreatic NETs (GEP-NETs) with a Ki-67 index of ≤10% and for NETs of unknown primary lesions (7, 8). Everolimus, an orally administered mTOR inhibitor, has exhibited a capacity to postpone tumor advancement in patients with gastroenteropancreatic, pulmonary NETs and NETs of unknown primary origin (9, 10). In the phase III SANET-p and SANET-ep trials, the new tyrosine kinase inhibitor (TKI) surufatinib prolonged the progression-free survival (PFS) of pancreatic and extrapancreatic NETs (11, 12). Thus, it is recommended for the treatment of pancreatic and extrapancreatic NETs.

Immune checkpoint inhibitors (ICIs) represent a significant shift in the cancer treatment paradigm, and they can be combined with anti-angiogenesis targeted drugs (13, 14). A previous meta-analysis showed that ICIs as monotherapy had low objective response rates (ORRs), and combination therapy might improve the ORRs in neuroendocrine neoplasms (15). Various ICIs and antiangiogenic agents are available, and the optimal combination regimen remains to be explored for neuroendocrine neoplasms.

Anlotinib is a novel oral antiangiogenic multi-target TKI that targets VEGFR-1-3, FGFR1-4, PDGFR-α/β, c-Kit, and Ret, inhibiting angiogenesis and tumor growth (16). Anlotinib can improve the PFS in patients with medullary thyroid cancer (17). IBI-318 is an anti-PD-1/PD-L1 bispecific antibody and a phase I trial suggested its efficacy and safety in patients with solid tumors (18). There are two reports of anlotinib combined with ICIs for esophageal NETs (19, 20), but the efficacy of the combination treatment in patients with unknown primary lesions is unclear.

We reported a patient who received octreotide plus IBI-318 plus anlotinib as a second-line treatment for multiple metastatic NETs of unknown primary lesions after the failure of octreotide plus everolimus.




2 Case report

The patient was a 32-year-old male. A physical examination on January 14, 2022, revealed elevated CEA (197.83 ng/ml) without specific symptoms. The patient had a 5-year history of smoking and no history of alcohol consumption. In addition, he denied any family history of malignant tumors. The physical examination findings of the patient showed multiple enlarged lymph nodes in the neck with tenderness and no hepatosplenomegaly. A contrast-enhanced computed tomography (CT) scan of the chest, pelvis, and abdomen (April 11, 2022) showed 1) multiple enlarged lymph nodes in the right lower neck, bilateral supraclavicular area, left internal mammary area, and mediastinum, 2) multiple low-density nodules in the liver of undetermined nature, and 3) no abnormalities in bilateral lungs (Figure 1, Table 1). The 18F-FDG positron emission tomography (PET)/CT conducted on April 12, 2022, showed that the bilateral neck and supraclavicular areas, mediastinum (1R, 2R, 3A, and 4R groups), and internal mammary lymph nodes were enlarged and had a slightly increased FDG metabolism, suggesting lymph node metastases. The 68Ga-PET/CT conducted on April 13, 2022, showed multiple lymph nodes in the bilateral neck, bilateral supraclavicular area, anterior mediastinum (2R and 4R groups), and left internal mammary area, with increased expression of somatostatin receptor (SSTR2/5). A right supraclavicular lymph node biopsy was performed on February 16, 2022, which showed that the pathological type was metastatic neuroendocrine tumor, G2. The immunohistochemistry results included CK+, TTF-1+, NapsinA-, Syn+, CgA+, CK7+, P63-, P40-, ALK-, SSTR2(focus+), SSTR5(+++), Ki67 of 15% (Figure 2), and PD-L1 TPS <1%. The patient was diagnosed with multiple metastatic non-functioning NET (G2) of unknown primary origin, stage IV. Next-generation sequencing (NGS) of tumor tissue demonstrated negative mutation in driver genes, microsatellite stable (MSS), and tumor mutation burden (TMB) <1 mut/Mb. Immunofluorescence showed that lymphocytes were gathered around blood vessels, few lymphocytes infiltrated the tumor parenchyma area, and Treg cells gathered around blood vessels. PD-L1 protein expression was low (Figure 3).




Figure 1 | Timeline of the medication and computed tomography (CT) results before and during treatment. A pre-treatment enhanced CT scan was performed on April 11, 2022, showing multiple swollen lymph nodes in the right lower neck, bilateral supraclavicular areas, and left internal mammary area and mediastinum, and multiple low-density nodules in the liver. The first enhanced CT after starting treatment was on July 12, 2022, and showed that the multiple swollen lymph nodes in the right lower neck, bilateral supraclavicular areas, left internal mammary area, and mediastinum were smaller than before treatment, and multiple new ring-enhanced nodes appeared in the liver. The second enhanced CT scan after starting treatment was on August 30, 2022, and showed that the enlarged lymph nodes and liver nodules were smaller. The third enhanced CT scan after starting treatment was performed on March 15, 2023, and showed that the lymph nodes and liver lesions were stable. The fourth enhanced CT scan on June 20, 2023, showed that the lymph nodes were slightly smaller, while the liver lesions were roughly stable.




Table 1 | The timeline of treatments and responses.






Figure 2 | Tumor immunohistochemistry results before treatment: positive expression of chromogranin A (CgA), positive expression of synaptophysin (Syn), positive expression of cytokeratin 7 (CK7), positive expression of thyroid transcription factor 1 (TTF-1), and a Ki-67 proliferation index about 15%, directed at the individual tumor samples examined.






Figure 3 | Immunofluorescence staining results of tumor tissue before treatment. DAPI, CD31, and CD8/CD4 suggested that T cells accumulated around blood vessels, and there were few infiltrating lymphocytes in the tumor parenchyma area. DAPI, CD8, and forkhead box P3 (FOXP3) suggested that Treg cells accumulated around blood vessels. DAPI, CD8, CD4, and FOXP3 suggested that Tregs were mixed with CD8 cells. DAPI, CD8, CD4, and programmed cell death ligand 1 (PD-L1) suggested that some CD4 and CD8 cells expressed PD-L1.



Treatment with long-acting octreotide microspheres (30 mg/28 d) plus everolimus (5 mg/qd) was started on April 14, 2022. In June 2022, the patient felt pain in the mediastinal area of the chest and internal mammary lymph node areas. An evaluation was conducted after three cycles, and an enhanced CT conducted on July 12, 2022, showed that 1) the lymph nodes in the right lower neck, bilateral supraclavicular area, left internal mammary area, and mediastinum were reduced compared with baseline, 2) multiple new ring-shaped enhancing nodules were observed in the liver, suggesting metastases, and 3) no abnormalities in bilateral lungs. Hence, disease progression (PD) was revealed (Figure 1, Table 1).

For G2 NETs with an unknown primary origin, after first-line treatment with long-acting octreotide or everolimus, there is currently no standard second-line treatment model, and exploration is still ongoing. Anti-angiogenic TKIs (such as surufatinib) have achieved encouraging therapeutic effects in the treatment of NETs (11, 12), and the synergistic enhancement of anti-angiogenic drugs combined with ICIs has been verified in a large number of basic and clinical studies (19, 21). Therefore, on July 15, 2022, treatment was changed to long-acting octreotide microspheres (30 mg/28 days) plus IBI-318 (400 mg/28 days) plus anlotinib (10 mg/day, 1-14 days/cycle). IBI-318 was provided for compassionate use. The treatment regimen of octreotide plus IBI-318 plus anlotinib was not part of a clinical trial but was administered based on clinical judgment and the availability of these drugs. The patient highly recognized the concept of synergistic enhancement of anti-tumor activity with anti-angiogenic drugs plus ICIs and was willing to try this kind of regimen. CT was performed regularly during treatment. On August 30, 2022, CT showed that the lymph nodes in the right lower neck, bilateral supraclavicular area, left internal mammary area, and mediastinum and the liver lesions were smaller, indicating partial disease remission (Figure 1, Table 1). The following CT indicated a relatively stable disease. After changing treatment, the patient’s CEA level decreased to 60.56 ng/ml and the pain was also relieved. The patient was followed up until June 20, 2023, and was still in partial remission (Figure 1, Table 1), with a PFS of 11 months. As of June 20, 2023, the patient experienced no treatment-related adverse reactions.




3 Discussion

The case reported here was a 32-year-old male with multiple metastases from a non-functioning NET (G2) of unknown primary origin, stage IV. Disease progression occurred after three cycles of treatment with octreotide plus everolimus. The treatment regimen was changed to octreotide plus IBI318 plus anlotinib, achieving a partial remission sustained until the last follow-up 11 months after starting the second-line treatment.

In the case reported here, the SSTR2/5 expression was increased, and no driver genes mutation were detected. According to the NCCN guidelines (version 1.2022) (22), SSAs (when the NETs are SSTR-positive), everolimus, peptide receptor radionuclide therapy (PRRT), capecitabine with temozolomide, and cisplatin with etoposide can all be used as first-line treatment regimens for G1 or G2 NETs with unknown primary lesions. The phase III RADIANT-4 trial showed that patients with NETs of unknown primary lesions treated with everolimus had a median PFS of 13.6 (95% confidence interval (CI): 9.2-17.3) months, compared with 5.4 (95%CI: 3.6-9.3) months for the placebo (hazard ratio (HR)=0.56, 95%CI: 0.37-0.84), indicating that everolimus can be used for the treatment of NETs with unknown primary lesions (23). Therefore, the patient reported here was first treated with octreotide plus everolimus, but disease progression was observed after three treatment cycles. Octreotide has a high affinity for SSTR2 and SSTR5 (24); currently, SSAs such as octreotide and lanreotide have shown to be beneficial for the symptomatic and biochemical improvement of patients with NETs and exhibit a good safety profile (25). A systematic review including 17 studies indicated that high doses of long-acting octreotide (≥30 mg/month) are commonly used in the treatment of NETs (26). Although the use of SSAs typically requires the tumor to be SSTR-positive, SSTR positivity does not predict treatment response (27). Additionally, SSAs appear to be more effective in NETs with Ki-67 ≤10%, especially ≤5% (27). Considering the Ki-67 expression in this case is 15%, it seems understandable that the treatment was ineffective in this patient.

Following first-line treatment failure, the NCCN guidelines (version 1.2022) recommended alternative first-line drugs. In other words, the second-line treatment of NETs of unknown primary origin remains uncertain, primarily because there are limited evidences from clinical trials on second-line treatment for NETs of unknown primary lesions. In clinical practice, for patients with NET G1/G2 and Ki-67 < 10% whose tumors are observed to progress rapidly while on SSA treatment, there is a tendency to choose peptide receptor radionuclide therapy (PRRT) as a second-line treatment (28). However, due to the radioactivity involved, PRRT has accessibility issues and is not available in every hospital. In addition, PRRT is also more expensive, with poor cost-effectiveness. Besides, in this case, the patient’s Ki-67 is 15%, therefore, targeted therapy is preferred as the first choice for second-line treatment (29). For patients with well-differentiated pancreatic NETs who have failed first-line treatment, the type of second-line treatment is significantly associated with patient treatment outcomes. The median PFS for patients receiving PRRT, targeted therapy, high-dose SSA, or switching to another SSA, and chemotherapy as second-line treatment were 26 months, 16 months, 10 months, and 7.7 months, respectively (30). A retrospective cohort study analyzed the PFS and OS of patients with advanced well-differentiated enteropancreatic G1-G3 who failed SSA treatment and received PRRT compared to those who received targeted therapy or chemotherapy. It suggested that the median PFS of patients receiving PRRT as second-line treatment was 2.2 years, which was significantly higher than that of patients receiving targeted therapy or chemotherapy as second-line treatment (0.6 years), with no significant difference in OS between the two groups (31). However, the aforementioned studies were all conducted on pancreatic-origin NETs, and the prognosis of these patients is generally better than that of patients with NETs of unknown origin (4). Therefore, it is difficult to compare the treatment outcomes of this patient with the results of the aforementioned studies.

PD-1/PD-L1 inhibitors have been approved for the treatment of various cancers (13, 14, 32), but the evidence for the use of ICIs in NETs remains thin. Ozdirk et al. (33) reported eight patients with NETs in whom pembrolizumab, avelumab, or nivolumab plus ipilimumab was used as salvage treatment, leading to partial remission in three patients and stable disease in one. In 2022, Gubbi et al. (34) published a review suggesting that ICIs can be an option for NETs but that there was no clear efficacy or safety benefit compared with other systemic therapies. On the other hand, Weber & Fottner (35) found that ICIs could be particularly useful in NETs with high tumor burden, microsatellite instability, and/or high mutational load. The patient reported here had a high tumor load but displayed microsatellite stability and a low tumor mutation burden. In addition, PD-L1 expression was negative in tumor tissue. The CD4+ T cells, CD8+ T cells, and Treg cells were gathered around blood vessels, with only a few infiltrating lymphocytes in the tumor tissue. Therefore, the patient had a “cold tumor,” which is typically not responsive to treatments with ICIs (36). However, combination therapy may improve tumor sensitivity to ICIs.

Currently, anti-angiogenic drugs, including antibodies targeting the VEGF-VEGFR pathway and TKIs, are one of the few combination therapies proven to enhance the efficacy of ICIs (37). VEGF can induce local immunosuppression in tumors through various mechanisms (38–40). Preclinical studies have shown that anti-angiogenic drugs can promote vessel normalization within tumors, which includes reducing vascular density, increasing pericyte coverage, and enhancing perfusion. This, in turn, suppresses the level of hypoxia in tumor tissue, improves the metabolic profile of the tumor microenvironment, and enhances the delivery and efficacy of exogenous therapeutic agents (41). The anti-tumor mechanisms of the combination of anlotinib and anti-PD-L1 drugs are multifaceted. Firstly, anlotinib induces the expression of PD-L1 through a JAK2 and STAT3 signaling pathway mediated by autocrine IL-6 secretion; the combined use of anlotinib and anti-PD-L1 drugs increases the infiltration of interferon-γ positive CD8+ T cells and natural killer (NK) cells and reduces the number of regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs), thereby producing a significant synergistic therapeutic effect (21). Secondly, anlotinib can promote the normalization of tumor vasculature through CD4+ T cells, transforming the immunosuppressive tumor microenvironment into an immunostimulatory one, inhibiting tumor growth, and preventing systemic immunosuppression. Moreover, the combination of anlotinib and a PD-1 checkpoint inhibitor can counteract the immunosuppression caused by the upregulation of PD-L1 after monotherapy, prolong the period of vessel normalization, and ultimately induce tumor regression (42). Thirdly, anlotinib enhances the infiltration of CD8+ T cells by inducing CCL5, improving the efficacy of PD-1/PD-L1 inhibitors (43). Fourthly, anlotinib may enhance the efficacy of anti-PD-1 antibody therapy by promoting the apoptosis of tumor-associated fibroblasts through the inhibition of the AKT pathway (44). A case of esophageal neuroendocrine carcinoma showed a 29-month response with anlotinib and camrelizumab (19). Another case of esophageal neuroendocrine carcinoma showed a 16-month response to anlotinib with tislelizumab (20). The case reported here harbored an immune “cold tumor” with negative PD-L1 expression. When octreotide plus everolimus proved ineffective, the treatment regimen of octreotide plus IBI-318 plus anlotinib produced a certain efficacy, which showed that the synergistic effect of IBI-318 and anlotinib might have a certain impact in patients with cold NETs.

The case reported here suggests that SSAs and antiangiogenic TKI drugs combined with PD-1/PD-L1 inhibitors might be a feasible option for NETs with unknown primary lesions that failed first-line treatment, but their efficacy and safety need to be further explored in a large sample population. A recent multicenter retrospective study of 304 patients with metastatic NETs showed a median PFS of 7.9 months with capecitabine combined with temozolomide as a second-line treatment (45). In contrast, the second-line combination therapy used here achieved a PFS of at least 11 months (treatment is still ongoing).

However, there are limitations to this approach. Currently, there are no anti-PD-1/PD-L1 bispecific antibodies on the market, which may limit the broader application of this drug combination. It may be necessary to replace IBI-318 with other immunotherapeutic agents in future studies. Furthermore, the absence of standardized second-line treatment protocols for G2 NETs with unknown primary origins necessitates further prospective studies to establish effective and safe treatment regimens.




4 Conclusion

Octreotide plus IBI318 plus anlotinib achieved benefits in a patient with advanced NETs of unknown primary lesions after first-line treatment failure. This case suggests that combining SSAs, TKI, and PD-1/PD-L1 inhibitors might be an alternative regimen for patients with advanced, well-differentiated NETs whose primary tumor failed first-line treatment. Nevertheless, prospective trials are needed to verify the efficacy and safety of this treatment regimen.





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/s.





Ethics statement

Ethical approval was not required for the studies involving humans because according to local policy. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the participant/patient(s) for the publication of this case report.





Author contributions

HQ: Data curation, Validation, Writing – original draft. HY: Data curation, Validation, Writing – original draft. XZ: Data curation, Validation, Writing – original draft. ZH: Data curation, Validation, Writing – original draft. YC: Writing – review & editing. YuZ: Writing – review & editing. SX: Writing – review & editing. YoZ: Conceptualization, Investigation, Supervision, Writing – review & editing. NY: Conceptualization, Investigation, Supervision, Writing – review & editing. LZ: Conceptualization, Investigation, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The study was supported by the Natural Science Foundation of Hunan Province (grant numbers: 2021RC3118, 2021SK51105, 2023JJ30368, and 2020NSFC-A002); Guangdong Association of Clinical Trials (GACT)/Chinese Thoracic Oncology Group (CTONG) and Guangdong Provincial Key Lab of Translational Medicine in Lung Cancer (grant number: CTONG-YC20200203).





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. Oronsky, B, Ma, PC, Morgensztern, D, and Carter, CA. Nothing but NET: A review of neuroendocrine tumors and carcinomas. Neoplasia. (2017) 19:991–1002. doi: 10.1016/j.neo.2017.09.002

2. Tsoli, M, Chatzellis, E, Koumarianou, A, Kolomodi, D, and Kaltsas, G. Current best practice in the management of neuroendocrine tumors. Ther Adv Endocrinol Metab. (2019) 10:2042018818804698. doi: 10.1177/2042018818804698

3. Shah, MH, Goldner, WS, Bergsland, E, Benson, AB, Blaszkowsky, LS, Fanta, P, et al. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines). Neuroendocrine and Adrenal Tumors. Version 1.2023. Fort Washington: National Comprehensive Cancer Network (2023).

4. Dasari, A, Shen, C, Halperin, D, Zhao, B, Zhou, S, Xu, Y, et al. Trends in the incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors in the United States. JAMA Oncol. (2017) 3:1335–42. doi: 10.1001/jamaoncol.2017.0589

5. Dasari, A, Mehta, K, Byers, LA, Sorbye, H, and Yao, JC. Comparative study of lung and extrapulmonary poorly differentiated neuroendocrine carcinomas: A SEER database analysis of 162,983 cases. Cancer. (2018) 124:807–15. doi: 10.1002/cncr.v124.4

6. Shah, MH, Goldner, WS, Bergsland, E, Benson, AB, Blaszkowsky, LS, Fanta, P, et al. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines). Occult Primary. Version 1.2024. Fort Washington: National Comprehensive Cancer Network (2023).

7. Rinke, A, Müller, H-H, SChade-Brittinger, C, Klose, K-J, Barth, P, Wied, M, et al. Placebo-Controlled, double-blind, prospective, randomized study on the effect of octreotide LAR in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors: A report from the PROMID study group. J Clin Oncol. (2009) 27:4656–63. doi: 10.1200/JCO.2009.22.8510

8. Caplin, ME, Pavel, M, Ćwikła, JB, Phan, AT, Raderer, M, Sedláčková, E, et al. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. N Engl J Med. (2014) 371:224–33. doi: 10.1056/NEJMoa1316158

9. Yao, JC, Pavel, M, Lombard-Bohas, C, Van Cutsem, E, Voi, M, Brandt, U, et al. Everolimus for the treatment of advanced pancreatic neuroendocrine tumors: overall survival and circulating biomarkers from the randomized, phase III RADIANT-3 study. J Clin Oncol. (2016) 34:3906–13. doi: 10.1200/JCO.2016.68.0702

10. Yao, JC, Fazio, N, Singh, S, Buzzoni, R, Carnaghi, C, Wolin, E, et al. Everolimus for the treatment of advanced, non-functional neuroendocrine tumours of the lung or gastrointestinal tract (RADIANT-4): a randomised, placebo-controlled, phase 3 study. Lancet. (2016) 387:968–77. doi: 10.1016/S0140-6736(15)00817-X

11. Xu, J, Shen, L, Zhou, Z, Li, J, Bai, C, Chi, Y, et al. Surufatinib in advanced extrapancreatic neuroendocrine tumours (SANET-ep): a randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. (2020) 21:1500–12. doi: 10.1016/S1470-2045(20)30496-4

12. Xu, J, Shen, L, Bai, C, Wang, W, Li, J, Yu, X, et al. Surufatinib in advanced pancreatic neuroendocrine tumours (SANET-p): a randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. (2020) 21:1489–99. doi: 10.1016/S1470-2045(20)30493-9

13. Song, Y, Fu, Y, Xie, Q, Zhu, B, Wang, J, and Zhang, B. Anti-angiogenic agents in combination with immune checkpoint inhibitors: A promising strategy for cancer treatment. Front Immunol. (2020) 11:1956. doi: 10.3389/fimmu.2020.01956

14. Lee, WS, Yang, H, Chon, HJ, and Kim, C. Combination of anti-angiogenic therapy and immune checkpoint blockade normalizes vascular-immune crosstalk to potentiate cancer immunity. Exp Mol Med. (2020) 52:1475–85. doi: 10.1038/s12276-020-00500-y

15. Bongiovanni, A, Maiorano, BA, Azzali, I, Liverani, C, Bocchini, M, Fausti, V, et al. Activity and safety of immune checkpoint inhibitors in neuroendocrine neoplasms: A systematic review and meta-analysis. Pharmaceuticals. (2021) 14:476. doi: 10.3390/ph14050476

16. Gao, Y, Liu, P, and Shi, R. Anlotinib as a molecular targeted therapy for tumors (Review). Oncol Lett. (2020) 20:1001–14. doi: 10.3892/ol.2020.11685

17. Li, D, Chi, Y, Chen, X, Ge, M, Zhang, Y, Guo, Z, et al. Anlotinib in locally advanced or metastatic medullary thyroid carcinoma: A randomized, double-blind phase IIB trial. Clin Cancer Res. (2021) 27:3567–75. doi: 10.1158/1078-0432.CCR-20-2950

18. Xu, R-h, Zhao, H, Wei, X-L, Zhang, Y, Wang, F, Wang, Z, et al. Phase Ia dose escalation of IBI318, a first-in-class bispecific anti-PD-1/PD-L1, in patients with advanced tumors. J Clin Oncol. (2020) 38:3062–. doi: 10.1200/JCO.2020.38.15_suppl.3062

19. Zhou, L, Xu, G, Chen, T, Wang, Q, Zhao, J, Zhang, T, et al. Anlotinib plus camrelizumab achieved long-term survival in a patient with metastatic esophageal neuroendocrine carcinoma. Cancer Rep. (2023) 6:e1855. doi: 10.1002/cnr2.1855

20. Zhang, Y, Liu, X, Liang, H, Liu, W, Wang, H, and Li, T. Late-stage esophageal neuroendocrine carcinoma in a patient treated with tislelizumab combined with anlotinib: a case report. J Int Med Res. (2023) 51:3000605231187942. doi: 10.1177/03000605231187942

21. Li, J, Cao, P, Chen, Y, Wang, J, Sun, X, Chen, R, et al. Anlotinib combined with the PD-L1 blockade exerts the potent anti-tumor immunity in renal cancer treatment. Exp Cell Res. (2022) 417:113197. doi: 10.1016/j.yexcr.2022.113197

22. Shah, MH, Goldner, WS, Bergsland, E, Benson, AB, Blaszkowsky, LS, Fanta, P, et al. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines). Neuroendocrine and Adrenal Tumors. Version 1.2022. Fort Washington: National Comprehensive Cancer Network (2022).

23. Singh, S, Carnaghi, C, Buzzoni, R, Pommier, RF, Raderer, M, Tomasek, J, et al. Everolimus in neuroendocrine tumors of the gastrointestinal tract and unknown primary. Neuroendocrinol. (2018) 106:211–20. doi: 10.1159/000477585

24. Grozinsky-Glasberg, S, Shimon, I, Korbonits, M, and Grossman, AB. Somatostatin analogues in the control of neuroendocrine tumours: efficacy and mechanisms. Endocr Relat Cancer. (2008) 15:701–20. doi: 10.1677/ERC-07-0288

25. Massironi, S, Conte, D, and Rossi, RE. Somatostatin analogues in functioning gastroenteropancreatic neuroendocrine tumours: literature review, clinical recommendations and schedules. Scand J Gastroenterol. (2016) 51:513–23. doi: 10.3109/00365521.2015.1115117

26. Broder, MS, Beenhouwer, D, Strosberg, JR, Neary, MP, and Cherepanov, D. Gastrointestinal neuroendocrine tumors treated with high dose octreotide-LAR: a systematic literature review. World J Gastroenterol. (2015) 21:1945–55. doi: 10.3748/wjg.v21.i6.1945

27. La Salvia, A, Modica, R, Rossi, RE, Spada, F, Rinzivillo, M, Panzuto, F, et al. Targeting neuroendocrine tumors with octreotide and lanreotide: Key points for clinical practice from NET specialists. Cancer Treat Rev. (2023) 117:102560. doi: 10.1016/j.ctrv.2023.102560

28. Krug, S, Damm, M, Garbe, J, Konig, S, Schmitz, RL, Michl, P, et al. Finding the appropriate therapeutic strategy in patients with neuroendocrine tumors of the pancreas: guideline recommendations meet the clinical reality. J Clin Med. (2021) 10:3023. doi: 10.3390/jcm10143023

29. Hope, TA, Pavel, M, and Bergsland, EK. Neuroendocrine tumors and peptide receptor radionuclide therapy: when is the right time? J Clin Oncol. (2022) 40:2818–29. doi: 10.1200/JCO.22.00176

30. Panzuto, F, Andrini, E, Lamberti, G, Pusceddu, S, Rinzivillo, M, Gelsomino, F, et al. Sequencing treatments in patients with advanced well-differentiated pancreatic neuroendocrine tumor (pNET): results from a large multicenter italian cohort. J Clin Med. (2024) 13:2074. doi: 10.3390/jcm13072074

31. Pusceddu, S, Prinzi, N, Tafuto, S, Ibrahim, T, Filice, A, Brizzi, MP, et al. Association of upfront peptide receptor radionuclide therapy with progression-free survival among patients with enteropancreatic neuroendocrine tumors. JAMA Netw Open. (2022) 5:e220290. doi: 10.1001/jamanetworkopen.2022.0290

32. Abaza, A, Sid Idris, F, Anis Shaikh, H, Vahora, I, Moparthi, KP, Al Rushaidi, MT, et al. Programmed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1) immunotherapy: A promising breakthrough in cancer therapeutics. Cureus. (2023) 15:e44582. doi: 10.7759/cureus.44582

33. Ozdirik, B, Jann, H, Bischoff, P, Fehrenbach, U, Tacke, F, Roderburg, C, et al. PD-L1 - inhibitors in neuroendocrine neoplasia: Results from a real-life study. Med (Baltimore). (2021) 100:e23835. doi: 10.1097/MD.0000000000023835

34. Gubbi, S, Vijayvergia, N, Yu, JQ, Klubo-Gwiezdzinska, J, and Koch, CA. Immune checkpoint inhibitor therapy in neuroendocrine tumors. Horm Metab Res. (2022) 54:795–812. doi: 10.1055/a-1908-7790

35. Weber, MM, and Fottner, C. Immune checkpoint inhibitors in the treatment of patients with neuroendocrine neoplasia. Oncol Res Treat. (2018) 41:306–12. doi: 10.1159/000488996

36. Bonaventura, P, Shekarian, T, Alcazer, V, Valladeau-Guilemond, J, Valsesia-Wittmann, S, Amigorena, S, et al. Cold tumors: A therapeutic challenge for immunotherapy. Front Immunol. (2019) 10:168. doi: 10.3389/fimmu.2019.00168

37. Kuo, HY, Khan, KA, and Kerbel, RS. Antiangiogenic-immune-checkpoint inhibitor combinations: lessons from phase III clinical trials. Nat Rev Clin Oncol. (2024) 21:468–482. doi: 10.1038/s41571-024-00886-y

38. 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) 2:1096–103. doi: 10.1038/nm1096-1096

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

40. Voron, T, Colussi, O, Marcheteau, E, Pernot, S, Nizard, M, Pointet, AL, et al. VEGF-A modulates expression of inhibitory checkpoints on CD8+ T cells in tumors. J Exp Med. (2015) 212:139–48. doi: 10.1084/jem.20140559

41. Goel, S, Duda, DG, Xu, L, Munn, LL, Boucher, Y, Fukumura, D, et al. Normalization of the vasculature for treatment of cancer and other diseases. Physiol Rev. (2011) 91:1071–121. doi: 10.1152/physrev.00038.2010

42. Su, Y, Luo, B, Lu, Y, Wang, D, Yan, J, Zheng, J, et al. Anlotinib induces a T cell-inflamed tumor microenvironment by facilitating vessel normalization and enhances the efficacy of PD-1 checkpoint blockade in neuroblastoma. Clin Cancer Res. (2022) 28:793–809. doi: 10.1158/1078-0432.CCR-21-2241

43. Luo, J, Cheng, K, Ji, X, Gao, C, Zhu, R, Chen, J, et al. Anlotinib enhanced CD8(+) T cell infiltration via induction of CCL5 improves the efficacy of PD-1/PD-L1 blockade therapy in lung cancer. Cancer Lett. (2024) 591:216892. doi: 10.1016/j.canlet.2024.216892

44. Tang, H, You, T, Ge, H, Gao, J, Wang, Y, Bai, C, et al. Anlotinib may enhance the efficacy of anti-PD1 therapy by inhibiting the AKT pathway and promoting the apoptosis of CAFs in lung adenocarcinoma. Int Immunopharmacol. (2024) 133:112053. doi: 10.1016/j.intimp.2024.112053

45. Ünal, Ç, Azizy, A, Karabulut, S, Taştekin, D, Akyıldız, A, Yaşar, S, et al. Efficacy of capecitabine and temozolomide regimen in neuroendocrine tumors: data from the Turkish oncology group. Oncologist. (2023) 28:875–84. doi: 10.1093/oncolo/oyad257




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 © 2024 Qin, Yan, Zhang, Huang, Chen, Zhang, Xiang, Zhang, Yang and Zeng. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Octreotide plus IBI-318 plus anlotinib in the treatment of multiple neuroendocrine metastases of unknown primary lesions: a case report

      

        		

          Background

        



        		

          Case presentation

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Case report

        



        		

          3 Discussion

        



        		

          4 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2024.1390299_cover.jpg
& frontiers | Frontiers in Oncology

Octreotide plus IBI-318 plus
anlotinib in the treatment of
multiple neuroendocrine metastases of
unknown primary lesions: a case report





OEBPS/Images/fonc-14-1390299-g002.jpg





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





OEBPS/Images/fonc-14-1390299-g001.jpg
Biopsy

Pathologically confirmed: NET

NGS: Driver gene mut negative .
MSS; TMB <1 Mut/Mb On-going

IHC: = PD-L1 TPS < 1%

Months -1.5 0 1.5 3.0 4.5 6.0 7.5 9.0 10.5 12 13.5 15 16.5 18

Time (mon) -0.2 3.0 4.6 11.0 14.2
Response NA PD PR PR PR






OEBPS/Images/table1.jpg
Time point = Measures

February 2022 Diagnosed with multiple metastatic non-functioning
neuroendocrine tumor (G2) of unknown primary origin,
stage IV.

April 14, 2022 Started 3 cycles of long-acting octreotide microspheres

(30 mg/28 d) plus everolimus (5 mg/qd).

July 12, 2022 Disease progression observed.

July 15, 2022 Treatment changed to long-acting octreotide microspheres
(30 mg/28 d) plus IBI318 (400 mg/28 d) plus anlotinib
(10 mg/1-14 d/q3w).

August 30, 2022 Partial disease remission noted.

March 16, 2023 Continued partial disease remission.
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