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Objective

To investigate the risk factors, underlying mechanisms, and preventive strategies associated with hyperprogressive disease (HPD) induced by immunotherapy.





Methods

We analyzed the clinical data of a patient who developed HPD following palliative gastrectomy and received a combination therapy of Sintilimab, S-1 (tegafur, gimeracil, and oteracil potassium), and Oxaliplatin (SOX). Additionally, a literature review on tumor immunotherapy was conducted to further explore the risk factors and mechanisms of HPD.





Results

In this case, the development of HPD was associated with a high postoperative tumor burden, elevated PD-1 expression, and aberrant activation of signaling pathways mediated by EGFR, MET, and FGFR1 amplifications. In addition, a TP53 p.F270V mutation led to inactivation of tumor suppressor function.





Conclusion

Although immune checkpoint inhibitors (ICIs) have demonstrated significant efficacy in cancer treatment, HPD induced by ICIs can drastically shorten patients’ OS, warranting cautious use in populations with high-risk factors. Effective prevention of HPD involves screening for risk factors, monitoring predictive biomarkers such as circulating-free DNA (cfDNA) via liquid biopsy, and identifying high-risk populations through gene mutation analysis.
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Background

Gastric cancer (GC) is the fourth leading cause of cancer-related death globally, with approximately one million new cases diagnosed annually (1). In China, the incidence and mortality of GC rank second and third, respectively, accounting for approximately 45% of all new GC cases globally (1). Nearly 30% of patients are diagnosed at stage IV, thereby losing the opportunity for curative surgery. Due to limited treatment options, the 5-year survival rate remains below 10% (2).

In recent years, ICIs have demonstrated superior efficacy compared to conventional therapies in the first-line treatment of advanced GC and have revolutionized its treatment paradigm. However, advanced GC remains a significant threat to human health (3–5). Immunotherapy involves the use of ICIs to activate the immune system and counteract tumor-induced immunosuppression within the tumor microenvironment (TME), thereby enabling immune cells to eliminate cancer cells. In 2011, ipilimumab became the first ICI approved by the FDA, targeting CTLA-4 and marking the advent of the immunotherapy era (6). Subsequently, two PD-1 inhibitors—pembrolizumab and Nivolumab—were also approved for clinical use. In its 2013 annual report, Science recognized immunotherapy as one of the ten most significant scientific breakthroughs (7).

Multiple ICIs have been approved for the treatment of solid tumors. Immunotherapy has emerged as a promising strategy for treating refractory and recurrent tumors, with numerous clinical studies demonstrating the robust anti-tumor activity of ICIs across a wide range of tumor types (8, 9). The 2021 guidelines from the Chinese Society of Clinical Oncology (CSCO) recommend the use of Sintilimab in advanced GC patients with HER-2 negative expression (10).

Unfortunately, in 2016, Chubachi and Yasuda first reported HPD in a patient with lung adenocarcinoma treated with anti-PD-1 monotherapy (11). Subsequent studies have shown that HPD can occur across various tumor types, with reported incidence rate 4%-29% (12–14). Among 62 advanced GC patients treated with Nivolumab, 13 developed HPD (15). In another study, the incidence of HPD in advanced GC patients treated with Nivolumab was approximately 10% (16). However, the risk factors and underlying mechanisms of HPD remain poorly understood.

In this study, we present a case of HPD in a patient with high PD-1 expression who underwent palliative gastrectomy following treatment with Sintilimab. This report summarizes potential risk factors and underlying mechanisms of HPD, integrating relevant literature to offer insights for the future application of immunotherapy.





Case review

The patient, a 56-year-old male, was previously in good health with no history of genetic diseases or family history of malignant tumors. He was admitted to the hospital due to intermittent upper abdominal pain, nausea and postprandial vomiting for 5 months. In addition, he had experienced melena and fatigue for two months, and lost 6 kilograms in weight. Physical examination: vital signs were stable, with tenderness in the upper abdomen and an Cooperative Oncology Group (ECOG) score of 1. Gastroscopy revealed an extensive ulcer that extended from the cardia to the fundus, body, and angle of the stomach. Enhanced abdominal CT scan (Figure 3A, June 6th, 2021) showed lesions in the fundus and body. Tumor markers showed that CEA (496.51 ng/ml) was significantly elevated, while CA-125 (32.4 U/ml) and CA19-9 (1.28 U/ml) were moderately elevated (Figure 1, 3 June 2021). Despite symptomatic treatment, bleeding remained uncontrollable leading to palliative gastrectomy with D2 lymph node dissection on June 10th, 2021 (Figure 4A). Postoperative examination revealed ulcerative poorly differentiated adenocarcinoma (Figure 4B) with negative expression of HER-2 (Figure 4C) and high expression of PD-L1 (Figure 2), staged as pT4N3bM1.


[image: ]

Figure 1 | Changes in tumor marker levels. Time points: 0 = preoperative level; 1–5 = pre-chemotherapy levels for cycles 1 to 5, respectively. (A) Changes in CEA; (B) Changes in CA-125; (C) Changes in CA 19-9.
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Figure 2 | Expression of PD-L1 (A) Positive control; (B) Negative control; (C) Testing result.
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Figure 3 | Abdominal CT imaging findings. (A) Contrast-enhanced abdominal CT on June 6, 2021, prior to surgery, revealed bone metastases (red arrow), gastric cancer (green arrow), and confluent perigastric lymphadenopathy (blue arrow). (B) After two cycles of chemotherapy, contrast-enhanced CT on August 28, 2021, showed bone metastases (red arrow); liver metastases and perihepatic lymphadenopathy (pink arrow); confluent lymph nodes at the hepatic hilum and fissure (yellow arrow); retroperitoneal (green arrow) and perirenal lymphadenopathy (blue arrow); metastases in the psoas major muscle (purple arrow) and gluteal intermuscular space (black arrow). (C) After four chemotherapy cycles, contrast-enhanced CT on October 13, 2021, revealed bone metastases (red arrow); liver metastases with perihepatic and hepatic fissure lymphadenopathy (blue arrow); intra-abdominal confluent lymphadenopathy (yellow arrow); retroperitoneal (green arrow) and perirenal (purple arrow) lymphadenopathy; as well as metastases in the psoas major (orange arrow) and gluteal intermuscular region (black arrow).




[image: ]

Figure 4 | (A) Resected gastric specimen; (B) postoperative pathologic findings: poorly differentiated adenocarcinoma; (C) negative Her-2 expression (negative cell membrane, positive cytoplasm, and negative judgment).



As the patient underwent palliative gastrectomy with a high postoperative tumor burden, pre-chemotherapy tumor markers showed elevated levels of carcinoembryonic antigen (CEA, 540.60 ng/mL) (Figure 1A, July 6, 2021) and cancer antigen 125 (CA125, 50.4 U/mL) (Figure 1B, July 6, 2021), while cancer antigen 19-9 (CA19-9, 6.89 U/mL) (Figure 1C, July 6, 2021) remained within the normal range. According to the 2021 CSCO gastric cancer guidelines (10) and the ORIENT-16 study (3), the patient received first-line therapy with Sintilimab in combination with the SOX regimen (Sintilimab: 0.2 g, ivgtt, day 1, q3w; Oxaliplatin: 130 mg/m², ivgtt, day 1, q3w; S-1: 60 mg, po, bid, d1–14) (Table 2).

Tumor markers were re-evaluated before the second treatment cycle: CEA was 507.54 ng/mL, CA125 was 12.4 U/mL, and CA19–9 was 2.35 U/mL (Figure 1, July 28, 2021). However, following two cycles of therapy, the patient developed pain in the upper abdomen, lower back, and lumbosacral region. Tumor markers assessed prior to the third treatment cycle showed a significant increase in CEA to 1,631.73 ng/mL, while CA125 and CA19–9 were 17.3 U/mL and 4.24 U/mL, respectively (Figure 1, August 22, 2021). A repeat abdominal CT scan revealed new multiple liver metastases and lymphadenopathy in the hepatic fissure, hepatoduodenal ligament, abdominal aorta, and inferior vena cava regions. Additionally, cancer thrombosis was observed in the left portal vein, with newly detected metastases in the right psoas muscle, the T11 and L3 vertebrae, and the pelvis (Figure 3B, August 21, 2021), which were not present on the prior scan (Figure 3A, June 6, 2021).

Due to significant disease progression, the first-line SOX chemotherapy regimen was discontinued, and treatment was adjusted to second-line therapy with Sintilimab plus nab-paclitaxel (Sintilimab: 0.2 g, ivgtt, day 1, q3w; Nab-paclitaxel: 160 mg/m², ivgtt, day 1, q3w) (Table 2), as recommended by the 2021 CSCO gastric cancer guidelines (10). Tumor markers reviewed prior to the fourth cycle revealed further elevation: CEA 1,953.75 ng/mL, CA125 23.4 U/mL, and CA19-9 3.70 U/mL (Figure 1, September 14, 2021).

Despite receiving two cycles of the second-line regimen, the patient’s symptoms worsened. Tumor marker levels further increased: CEA 2,581.53 ng/mL, CA125 118.6 U/mL, and CA19-9 4.39 U/mL (Figure 1, October 10, 2021). A subsequent CT scan (Figure 3C, October 13, 2021) showed substantial disease progression, including enlarged metastatic lymph nodes around the liver, hepatic fissure, porta hepatis, left kidney, pancreas, abdominal aorta, and inferior vena cava. There was also localized invasion of the left hepatic lobe, portal vein trunk, and splenic vein. New metastatic nodules were observed in the bilateral psoas major, right gluteus maximus, and left gluteal region. Metastases in the T11 vertebra, L3 vertebra, and pelvic bones had also increased in size compared to the previous scan (Figure 3B, August 21, 2021). The patient’s TTF was less than two months.

According to RECIST criteria (17), tumor growth rate (TGR), tumor growth kinetics (TGK) and time to treatment failure (TTF) (12), the clinical presentation did not indicate natural progression or pseudoprogression, but rather met the criteria for HPD. Genetic testing revealed amplifications in EGFR, MET, and FGFR1, along with an inactivating TP53 mutation (p.F270V) (Table 1).


Table 1 | Genetic test results.



Although the patient demonstrated good treatment adherence, his ECOG performance status was 3, precluding the use of more intensive chemotherapy. Consequently, the treatment strategy was shifted to third-line palliative therapy with oral apatinib (0.5 g, once daily) (Table 2) combined with nutritional and supportive care. Unfortunately, the patient passed away three weeks later.


Table 2 | Timeline of patient care and medication dosing schedule (“/” indicates that the drug was not administered during that treatment cycle).







Discussion




Clinical predictors and risk factors for HPD

Currently, the risk factors for HPD remain unclear. Several studies have identified specific risk factors associated with HPD. Kanjanapan et al. (18) found that HPD occurrence was significantly associated with female gender (P = 0.01), but showed no correlation with age, performance status, or tumor type. However, studies (19, 20) indicated that advanced age (>65 years), female gender, and the presence of more than two metastatic lesions are high-risk factors for HPD development. Additionally, Borghaei (21) suggested that age ≥75 years is a significant risk factor. Sasaki et al. (14) identified a positive correlation between absolute neutrophil count and elevated C-reactive protein levels with the development of HPD. Another study (22) suggested that elevated lactate dehydrogenase (LDH) levels above the normal upper limit are associated with HPD occurrence. A systematic review (23) revealed a significant association between neutrophil-to-lymphocyte ratio (NLR) and the risk of HPD. Castello et al. (24) found that an NLR > 4.125 serves as an independent predictor of HPD, OS and PFS in patients undergoing immunotherapy. Dovedi et al. (25) observed that low-dose fractionated radiotherapy may upregulate PD-L1 expression, partially counteracting the effects of immunosuppressants and increasing the risk of HPD. Furthermore, research (26) demonstrated that early liquid biopsy monitoring of cfDNA is effective for early prediction of HPD. The incidence of HPD varies among patients with different malignant tumors treated with PD-1 inhibitors and is associated with certain clinicopathological features and poor prognosis. Chen et al. (27) found that tumor markers, particularly CA-19-9, may serve as early predictors of HPD. However, in our report, the patient’s CA19–9 levels remained within the normal range, whereas CEA showed a significant and sustained increase, which may represent a risk factor for predicting HPD. Although several risk factors associated with HPD have been identified, conclusions across studies are not entirely consistent. Therefore, these risk factors lack specificity, and future research is needed to identify independent predictors of HPD.





Molecular mechanisms of HPD

The molecular mechanisms underlying HPD remain poorly understood and may involve either single-gene mutations or concurrent multiple gene mutations. These gene mutations induce alterations in the TME, leading to HPD development. MDM2 mutations play a critical role in HPD occurrence. Kato et al. (12) observed that patients with MDM2 amplification experienced further amplification during immunotherapy, resulting in impaired p53 protein function and subsequent HPD development. Singavi et al. (28) reported an HPD incidence as high as 66% in patients exhibiting MDM2/MDM4 amplification following ICI therapy. EGFR amplification leads to autophosphorylation of receptor tyrosine kinases, triggering downstream signaling pathways that regulate cell proliferation, differentiation, and survival, and is implicated in the pathogenesis of various human cancers. Chubachi et al. (11) documented a case of lung adenocarcinoma harboring an EGFR mutation that developed HPD following ICI treatment. Singavi et al. (28) confirmed an HPD incidence of 50% among patients with EGFR amplification. Kato et al. (12) found that among ten patients with EGFR mutations, eight exhibited treatment failure within two months, and two developed HPD. A study (29) first identified MET copy number as a key factor influencing the response of lung cancer patients to ICIs, with higher MET copy numbers correlating with poorer prognosis. Combined treatment with MET inhibitors and PD-1 inhibitors can enhance anti-tumor immunity and promote tumor regression. Collectively, these studies indicate that MET amplification contributes to tumor immune resistance and progression, with higher MET copy numbers increasing this likelihood. FGFR signaling is dysregulated in numerous human cancers and is considered a potential uncontrolled therapeutic target. Singavi et al. (28) reported that specific genes on human chromosome 11q13, including CCND1, FGF3, FGF4, and FGF19, were amplified in 75% of five HPD patients, suggesting a potential association with HPD. Inhibition of FGFR phosphorylation suppresses downstream signaling in FGFR-dysregulated tumor cell lines, demonstrating broad-spectrum anti-tumor activity across various FGFR-mutated cancers, including gastric, lung, multiple myeloma, bladder, endometrial, and breast cancers (30). Study (31) found that increased FGFR-1 expression is associated with oral tongue squamous cell carcinoma (OTSCC) and correlates with metastasis and poor outcomes in OTSCC patients. Regulatory T cell (T-reg) exert negative regulatory effects in tumor immunotherapy, with immune checkpoints such as CTLA-4 and PD-1 selectively overexpressed on TME-resident T-reg cells. Research (32) demonstrated that tumor-infiltrating T-reg cells are abundant and highly suppressive in most GC patients, exhibiting PD-1 expression levels far exceeding those of circulating T-reg cells. Comparative analysis of GC tissue samples before and after ICI therapy revealed a significant increase in tumor-infiltrating T-reg cells in HPD patients. Functionally, circulating and tumor-infiltrating PD-1+ effector T-reg (eT-reg) cells are highly activated, and PD-1 blockade significantly enhances their suppressive activity in vitro.





Signaling pathways for HPD

Moreover, activation of certain oncogenic signaling pathways following immune checkpoint blockade, along with subsequent activation of cancer-promoting pathways, induces changes in the TME. This leads to upregulation of PD-1, PD-L1, and CTLA-4 expression, which adversely affects anti-tumor immunity and represents a key factor in the development of HPD. ICIs, by blocking the PD-1/PD-L1 pathway, disrupt immune homeostasis and alter the TME, causing a significant increase in T-reg and immunosuppressive tumor infiltration, ultimately promoting tumor immune evasion and accelerated growth. Besides directly inducing proliferation and activation of T-reg, ICIs can also upregulate PD-L1 expression, further enhancing T-reg expansion, thereby suppressing anti-tumor immunity and facilitating HPD development (33). Boussiotis et al. (34) reported that the PD-1/PD-L1 axis inhibits PLC-γ and RAS activation, subsequently suppressing Mek/Erk MAPK pathway activity, which paradoxically promotes tumor cell proliferation and invasion. Although blocking the PD-1/PD-L1 pathway can reactivate anti-tumor T cells, it also upregulates PD-1 expression, targeting PTEN-dependent signaling and enhancing transcription of oncogenic pathways such as PI3K/AKT and TGF-β, thereby contributing to HPD (35). Xiong et al. (36) found that tumor suppressor genes such as TSC2 negatively regulate signaling pathways controlling cell growth and proliferation; the pY1611S mutation located within the Rap/RanGAP domain of TSC2 may lead to functional loss, resulting in deregulated tumor cell proliferation following ICI treatment. This is associated with suppression of the TP53 pathway, which modulates expression of immune targets—including antigen-presenting cells (APCs), natural killer (NK) cells, and T-reg—in the tumor microenvironment via downstream TP53 signaling, while concurrently activating MYC, CCND1, and VEGF pathways, leading to tumor immune evasion and promotion of HPD (38). Known as the guardian of the genome, p53 is a tumor suppressor that regulates cellular functions through diverse mechanisms including DNA repair, apoptosis, cell cycle arrest, senescence, metabolism, and autophagy; mutations in p53 lead to uncontrolled cell proliferation. Studies indicate a link between the IFN-γ–MDM2–p53 axis and HPD development. ICIs induce upregulation of IFN-γ in the TME, activating the JAK-STAT pathway and enhancing IRF-8 expression, which binds to the MDM2 promoter to induce MDM2 expression, ultimately suppressing p53 activity and accelerating tumor progression (37). MDM2 amplification coexists with multiple gene mutations and promotes activation of several oncogenic signaling pathways. Among 3,650 patients with MDM2 amplification, 25.37% exhibited mutations in PI3K pathway-related genes, while 24.93% had TP53 mutations. Additionally, 23.64% of patients harbored MAPK pathway-related mutations along with TP53 mutations at a frequency of 24.93%. These co-mutations may be associated with HPD occurrence. MDM2 amplification has been shown to trigger functional autoimmune responses, thereby promoting the expansion of functional autologous tumor-specific T cells (39). One of the genes activated by p53 is MDM2, which induces p53 degradation; however, inhibitory drugs targeting MDM2 can reduce p53 degradation (39). Kato et al. (12) hypothesized that the signaling cascade triggered by MDM2 gene amplification promotes HPD, or that certain genes co-amplified with the MDM2 amplicon interact to mediate HPD. EGFR amplification enhances STAT expression, activating the IFN-γ-JAK1/2-STAT1-mediated PD-L1 axis, which upregulates PD-L1 expression and induces cytotoxic T lymphocyte (CTL) dysfunction, leading to host immune evasion (40). Okita et al. (41) demonstrated that the PI3K/AKT and JAK/STAT signaling pathways cooperatively regulate PD-L1 expression. Furthermore, EGFR mutations may regulate PD-L1 expression through signaling pathways such as MAPK (42), NF-κB (43), and GSK3β (44), ultimately contributing to HPD. In our report, it might be the alteration of the signal pathway caused by gene mutations that changed the TME, resulting in positive expression of PD-1, thereby causing a vicious cycle and leading to HPD.





Summary

In summary, the patient in our report harbors an inactivating TP53 P.F270V mutation, resulting in loss of tumor suppressor function and unchecked tumor cell proliferation. Additionally, this patient exhibits amplification of EGFR, MET, and FGFR-1, with MET copy number reaching 32.76, which may alter the TME through activation of multiple signaling pathways, enhancing tumor cell invasiveness and metastatic potential, likely serving as the primary cause of HPD in this case.





Limitations

Although we observed HPD associated with Sintilimab, this retrospective case report cannot comprehensively reflect the heterogeneity of the disease or general patterns of therapeutic response. In addition, potential biases may exist in treatment selection and disease evaluation. Prospective studies with large cohorts are needed to validate these observations. Moreover, future studies should incorporate liquid biopsy techniques such as cfDNA, circulating tumor cells (CTCs), and exosomes. Genetic profiling of PD-1/PD-L1, EGFR, MET, and other relevant markers is also essential. In parallel, artificial intelligence (AI)-assisted decision-making should be applied to optimize comprehensive disease management.






Conclusion

Although ICIs have demonstrated significant efficacy in cancer treatment, HPD induced by ICIs can drastically shorten patients’ OS, warranting cautious use in populations with high-risk factors. Effective prevention of HPD involves screening for risk factors, monitoring predictive biomarkers such as cfDNA via liquid biopsy, and identifying high-risk populations through gene mutation analysis.





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

Our study was approved by The Medical Ethics Committee of Gansu Provincial Hospital (approval no. 2022-278). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

YL: Data curation, Software, Writing – original draft, Writing – review & editing. YW: Data curation,  Writing – review & editing. RS: Investigation, Writing – original draft, Writing – review & editing. WL: Data curation, Writing – original draft, Writing – review & editing. CZ: Conceptualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Natural Science Foundation of Gansu Province (grant number 25JRRA871 23JRRA1317).





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. Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834

2. Rawicz-Pruszyński, K, Endo, Y, Tsilimigras, DI, Munir, MM, Resende, V, Kim, A, et al. Neoadjuvant chemotherapy improves oncological outcomes and long-term survival among elderly patients with locally advanced gastric cancer: A propensity score matched analysis. Ann Surg Oncol. (2024) 31:753–61. doi: 10.1245/s10434-023-14569-y

3. Xu, J, Jiang, H, Pan, Y, Gu, K, Cang, S, Han, L, et al. Sintilimab plus chemotherapy for unresectable gastric or gastroesophageal junction cancer: the ORIENT-16 randomized clinical trial. JAMA. (2023) 330:2064–74. doi: 10.1001/jama.2023.19918

4. 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) 398:27–40. doi: 10.1016/S0140-6736(21)00797-2

5. Xu, R-H, Oh, D-Y, Kato, K, Arkenau, H-T, Tabernero, J, Cruz-Correa, M, et al. 139MO Tislelizumab (TIS) plus chemotherapy (Chemo) vs placebo (PBO) plus chemo as first-line (1L) treatment of advanced gastric or gastroesophageal junction adenocarcinoma (GC/GEJC): Final analysis results of the RATIONALE-305 study. Ann Oncol. (2023) 34:S1526–7. doi: 10.1016/j.annonc.2023.10.274

6. Lipson, EJ, and Drake, CG. Ipilimumab: an anti-CTLA-4 antibody for metastatic melanoma. Clin Cancer Res. (2011) 17:6958–62. doi: 10.1158/1078-0432.CCR-11-1595

7. Couzin-Frankel, J. Breakthrough of the year 2013. Cancer immunotherapy. Science. (2013) 342:1432–3. doi: 10.1126/science.342.6165.1432

8. Muro, K, Chung, HC, Shankaran, V, Geva, R, Catenacci, D, Gupta, S, et al. Pembrolizumab for patients with PD-L1-positive advanced gastric cancer (KEYNOTE-012): a multicentre, open-label, phase 1b trial. Lancet Oncol. (2016) 17:717–26. doi: 10.1016/S1470-2045(16)00175-3

9. Robert, C, Long, GV, Brady, B, Dutriaux, C, Maio, M, Mortier, L, et al. Nivolumab in previously untreated melanoma without BRAF mutation. N Engl J Med. (2015) 372:320–30. doi: 10.1056/NEJMoa1412082

10. 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) 41:747–95. doi: 10.1002/cac2.12193

11. Chubachi, S, Yasuda, H, Irie, H, Fukunaga, K, Naoki, K, Soejima, K, et al. A case of non-small cell lung cancer with possible “Disease flare” on nivolumab treatment. Case Rep Oncol Med. (2016) 2016:1075641. doi: 10.1155/2016/1075641

12. Kato, S, Goodman, AM, Walavalkar, V, Barkauskas, DA, Sharabi, A, and Kurzrock, R. Hyperprogressors after immunotherapy: analysis of genomic alterations associated with accelerated growth rate. Clin Cancer Res. (2017) 23:4242–50. doi: 10.1158/1078-0432.CCR-16-3133

13. Yoshida, T, Furuta, H, and Hida, T. Risk of tumor flare after nivolumab treatment in patients with irradiated field recurrence. Med Oncol. (2017) 34:34. doi: 10.1007/s12032-017-0895-4

14. Fuentes-Antrás, J, Provencio, M, and Díaz-Rubio, E. Hyperprogression as a distinct outcome after immunotherapy. Cancer Treat Rev. (2018) 70:16–21. doi: 10.1016/j.ctrv.2018.07.006

15. Sasaki, A, Nakamura, Y, Mishima, S, Kawazoe, A, Kuboki, Y, Bando, H, et al. Predictive factors for hyperprogressive disease during nivolumab as anti-PD1 treatment in patients with advanced gastric cancer. Gastric Cancer. (2019) 22:793–802. doi: 10.1007/s10120-018-00922-8

16. Kamada, T, Togashi, Y, Tay, C, Ha, D, Sasaki, A, Nakamura, Y, et al. PD-1+ regulatory T cells amplified by PD-1 blockade promote hyperprogression of cancer. Proc Natl Acad Sci U S A. (2019) 116:9999–10008. doi: 10.1073/pnas.1822001116

17. Schwartz, LH, Litière, S, de Vries, E, Ford, R, Gwyther, S, Mandrekar, S, et al. RECIST 1.1-Update and clarification: From the RECIST committee. Eur J Cancer. (2016) 62:132–7. doi: 10.1016/j.ejca.2016.03.081

18. Kanjanapan, Y, Day, D, Wang, L, Al-Sawaihey, H, Abbas, E, Namini, A, et al. Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities. Cancer. (2019) 125:1341–9. doi: 10.1002/cncr.31999

19. Ferrara, R, Mezquita, L, Texier, M, Lahmar, J, Audigier-Valette, C, Tessonnier, L, et al. Hyperprogressive disease in patients with advanced non-small cell lung cancer treated with PD-1/PD-L1 inhibitors or with single-agent chemotherapy. JAMA Oncol. (2018) 4:1543–52. doi: 10.1001/jamaoncol.2018.3676

20. Abbas, E, and Salem, TZ. Back to the light side: the role of mechanotransduction in the paradoxical response to checkpoint inhibitors in cancer patients. Crit Rev Immunol. (2019) 39:165–73. doi: 10.1615/CritRevImmunol.2019031554

21. Borghaei, H, Paz-Ares, L, Horn, L, Spigel, DR, Steins, M, Ready, NE, et al. Nivolumab versus docetaxel in advanced nonsquamous non-small-cell lung cancer. N Engl J Med. (2015) 373:1627–39. doi: 10.1056/NEJMoa1507643

22. Kim, JY, Lee, KH, Kang, J, Borcoman, E, Saada-Bouzid, E, Kronbichler, A, et al. Hyperprogressive disease during anti-PD-1 (PDCD1)/PD-L1 (CD274) therapy: A systematic review and meta-analysis. Cancers (Basel). (2019) 11:1699. doi: 10.3390/cancers11111699

23. PPei, B, Zhang, J, Lai, L, and Chen, H. Neutrophil-to-lymphocyte ratio as a predictive biomarker for hyperprogressive disease mediated by immune checkpoint inhibitors: a systematic review and meta-analysis. Front Immunol. (2024) 15:1393925. doi: 10.3389/fimmu.2024.1393925

24. Castello, A, Rossi, S, Mazziotti, E, Toschi, L, and Lopci, E. Hyperprogressive disease in patients with non-small cell lung cancer treated with checkpoint inhibitors: the role of 18F-FDG PET/CT. J Nucl Med. (2020) 61:821–6. doi: 10.2967/jnumed.119.237768

25. Dovedi, SJ, Adlard, AL, Lipowska-Bhalla, G, McKenna, C, Jones, S, Cheadle, EJ, et al. Acquired resistance to fractionated radiotherapy can be overcome by concurrent PD-L1 blockade. Cancer Res. (2014) 74:5458–68. doi: 10.1158/0008-5472.CAN-14-1258

26. Zulato, E, Del Bianco, P, Nardo, G, Attili, I, Pavan, A, Boscolo Bragadin, A, et al. Longitudinal liquid biopsy anticipates hyperprogression and early death in advanced non-small cell lung cancer patients treated with immune checkpoint inhibitors. Br J Cancer. (2022) 127:2034–42. doi: 10.1038/s41416-022-01978-1

27. Chen, S, Gou, M, Yan, H, Fan, M, Pan, Y, Fan, R, et al. Hyperprogressive disease caused by PD-1 inhibitors for the treatment of pan-cancer. Dis Markers. (2021) 2021:6639366. doi: 10.1155/2021/6639366

28. Singavi, AK, Menon, S, Kilari, D, Alqwasmi, A, Ritch, PS, Thomas, JP, et al. Predictive biomarkers for hyper-progression (HP) in response to immune checkpoint inhibitors (ICI) -analysis of somatic alterations (SAs). Ann Oncol. (2017) 28:v405. doi: 10.1093/annonc/mdx376.006

29. Finocchiaro, G, Toschi, L, Gianoncelli, L, Baretti, M, and Santoro, A. Prognostic and predictive value of MET deregulation in non-small cell lung cancer. Ann Transl Med. (2015) 3:83. doi: 10.3978/j.issn.2305-5839.2015.03.43

30. Sootome, H, Fujita, H, Ito, K, Ochiiwa, H, Fujioka, Y, Ito, K, et al. Futibatinib is a novel irreversible FGFR 1–4 inhibitor that shows selective antitumor activity against FGFR-deregulated tumors. Cancer Res. (2020) 80:4986–97. doi: 10.1158/0008-5472.CAN-19-2568

31. Mariz, BALA, Soares, CD, de Carvalho, MGF, and Jorge-Júnior, J. FGF-2 and FGFR-1 might be independent prognostic factors in oral tongue squamous cell carcinoma. Histopathology. (2019) 74:311–20. doi: 10.1111/his.13739

32. Lowther, DE, Goods, BA, Lucca, LE, Lerner, BA, Raddassi, K, van Dijk, D, et al. PD-1 marks dysfunctional regulatory T cells in Malignant gliomas. JCI insight vol. (2016) 1:5. doi: 10.1172/jci.insight.85935

33. Kamada, T, Togashi, Y, Tay, C, Ha, D, Sasaki, A, Nakamura, Y, et al. PD-1+ regulatory T cells amplified by PD-1 blockade promote hyperprogression of cancer. Proc Natl Acad Sci U S A. (2019) 116:9999–10008. doi: 10.1073/pnas.1822001116

34. Boussiotis, VA, Chatterjee, P, and Li, L. Biochemical signaling of PD-1 on T cells and its functional implications. Cancer J. (2014) 20:265–71. doi: 10.1097/PPO.0000000000000059

35. Ludin, A, and Zon, LI. Cancer immunotherapy: The dark side of PD-1 receptor inhibition. Nature. (2017) 552:41–2. doi: 10.1038/nature24759

36. Xiong, D, Wang, Y, Singavi, AK, Mackinnon, AC, George, B, and You, M. Immunogenomic landscape contributes to hyperprogressive disease after anti-PD-1 immunotherapy for cancer. iScience. (2018) 9:258–77. doi: 10.1016/j.isci.2018.10.021

37. Peng, W, Liu, C, Xu, C, Lou, Y, Chen, J, Yang, Y, et al. PD-1 blockade enhances T-cell migration to tumors by elevating IFN-γ inducible chemokines. Cancer Res. (2012) 72:5209–18. doi: 10.1158/0008-5472.CAN-12-1187

38. Mayr, C, Bund, D, Schlee, M, Bamberger, M, Kofler, DM, Hallek, M, et al. MDM2 is recognized as a tumor-associated antigen in chronic lymphocytic leukemia by CD8+ autologous T lymphocytes. Exp Hematol. (2006) 34:44–53. doi: 10.1016/j.exphem.2005.09.016

39. Koo, N, Sharma, AK, and Narayan, S. Therapeutics targeting p53-MDM2 interaction to induce cancer cell death. Int J Mol Sci. (2022) 23:5005. doi: 10.3390/ijms23095005

40. Cheng, CC, Lin, HC, Tsai, KJ, Chiang, YW, Lim, KH, Chen, CG, et al. Epidermal growth factor induces STAT1 expression to exacerbate the IFNr-mediated PD-L1 axis in epidermal growth factor receptor-positive cancers. Mol Carcinog. (2018) 57:1588–98. doi: 10.1002/mc.22881

41. Okita, R, Maeda, A, Shimizu, K, Nojima, Y, Saisho, S, and Nakata, M. PD-L1 overexpression is partially regulated by EGFR/HER2 signaling and associated with poor prognosis in patients with non-small-cell lung cancer. Cancer Immunol Immunother. (2017) 66:865–76. doi: 10.1007/s00262-017-1986-y

42. Ota, K, Azuma, K, Kawahara, A, Hattori, S, Iwama, E, Tanizaki, J, et al. Induction of PD-L1 expression by the EML4-ALK oncoprotein and downstream signaling pathways in non-small cell lung cancer. Clin Cancer Res. (2015) 21:4014–21. doi: 10.1158/1078-0432.CCR-15-0016

43. Lin, K, Cheng, J, Yang, T, Li, Y, and Zhu, B. CCorrigendum to “EGFR-TKI down-regulates PD-L1 in EGFR mutant NSCLC through inhibiting NF-κB” [Biochem. Biophys. Res. Commun. 463(1-2) (2015) 95-101. Biochem Biophys Res Commun. (2022) 629:189. doi: 10.1016/j.bbrc.2022.09.023

44. Li, CW, Lim, SO, Xia, W, Lee, HH, Chan, LC, Kuo, CW, et al. Glycosylation and stabilization of programmed death ligand-1 suppresses T-cell activity. Nat Commun. (2016) 7:12632. doi: 10.1038/ncomms12632




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 © 2025 Li, Wang, Shen, Liu and Zhu. 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-15-1494007-g001.jpg
A

CEA(ng/ml)

3000
2500
2000

=
o O
o o
o o

500

0

1 2 3 4
Chemotherapy cycles

5

CA-125(p/ml)

150

=y
(=3
o

o
o

0

1 2 3 4
Chemotherapy cycles

5

CA19-9(p/ml)

N

(-]

IS

0

1 2 3 4
Chemotherapy cycles

5





OEBPS/Images/fonc-15-1494007-g003.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Hyperprogression disease induced by Sintilimab combined with Oxaliplatin and S-1 after surgery: a case report and literature review

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Background

        



        		

          Case review

        



        		

          Discussion

        

          		

            Clinical predictors and risk factors for HPD

          



          		

            Molecular mechanisms of HPD

          



          		

            Signaling pathways for HPD

          



          		

            Summary

          



          		

            Limitations

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Date/medication

First cycle
2021.07.07

Second cycle
2021.07.28

Third cycle
2021.08.23

Fourth cycle
2021.09.15

Fifth cycle
2021.10.10

Sintilimab (g)

0.2

02

02

02

Oxaliplatin Nab-paclitaxel (mg)
200 60 /
200 60 /
/ / 280
/ / 280
/ / /

Apatinib (bid) (g)

0.5





OEBPS/Images/fonc-15-1494007-g002.jpg





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





OEBPS/Images/fonc-15-1494007-g004.jpg
S
(=
2

X






OEBPS/Images/fonc.2025.1494007_cover.jpg
& frontiers | Frontiers in Oncology

Hyperprogression disease
induced by Sintilimab combined
with Oxaliplatin and S-1 after surgery:
a case report and literature review





OEBPS/Images/table1.jpg
ation type/gene EGFR MET FGF TP
Mutation type amplification amplification amplification P.E270V
Copy number 274 3276 2.60 inactivating mutation

This study established a standardized molecular testing system based on Next-Generation Sequencing (NGS), which was validated through external quality assessment conducted by a College of
American Pathologists (CAP)-certified laboratory and met the ISO15189 quality standards. The specific methods were as follows: Targeted enrichment and library preparation: Key genes such as
EGFR and MET were selectively enriched using probe hybridization capture technology. A standardized workflow was applied to process DNA samples, including fragmentation (200-300 bp),
ligation with Tllumina adapters, and hybridization with specific probes. Libraries were purified using magnetic beads and amplified by PCR. Positive and negative controls were included
throughout the workflow to ensure the reliability of the system. High-throughput sequencing: Paired-end sequencing (2x150 bp) was performed on the Illumina NextSeq CN500 platform based
on the Sequencing by Synthesis (SBS) principle. Cyclic sequencing was achieved via reversible termination of fluorescently labeled dNTPs, combined with laser signal detection. Quality
evaluation showed that all samples had a median sequencing depth exceeding 1000, coverage over 99%, and Q30 scores 290%. Sensitivity validation: Systematic validation was performed using
serially diluted reference materials from Horizon HDx™ (Horizon Discovery, UK). Logistic regression analysis determined that the system’s limit of detection (LOD) was 1% mutant allele
frequency at a 95% confidence level, meeting clinical testing requirements. Variant interpretation criteria: Copy Number Variations (CNVs): Determined using a depth- and GC-content-adjusted
algorithm; copy number >2.5 was considered positive; Single Nucleotide Variants (SNVs)/Indels: Required an effective coverage depth 2500x and variant allele frequency >1% (e.g., TP53
p.E270V); Structural Variants (SVs): Required =500 coverage at the fusion breakpoint, with 210 supporting reads and variant frequency >1%.





