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Introduction

Hepatocellular carcinoma (HCC) is one of the most lethal cancers worldwide. Several novel therapeutic strategies have been developed to prolong the survival of patients with advanced HCC. However, therapeutic decision-making biomarkers owing to the extensive heterogeneity of HCC. Next-generation sequencing (NGS) is generally used in treatment decisions to help patients benefit from genome-directed targeting.





Case presentation

A 56 year-old male with type-B hepatitis for more than 20 years was admitted to our department and underwent laparoscopic left lateral hepatic lobectomy for hepatocellular carcinoma. Unfortunately, the tumor recurred 1 year later. Despite multiple treatments, the tumor continued to progress and invaded the patient’s 5th thoracic vertebras, leading to hypoesthesia and hypokinesia below the nipple line plane 2 years later. NGS revealed MET amplification, and crizotinib, an inhibitor of MET, was recommended. After administration for a month, tumor marker levels decreased, and the tumor shrunk. The patient has remained in remission since that time.





Conclusions

We report that a patient with high MET amplification benefited from its inhibitor, which was recommended by NGS. This indicates the potential clinical decision support value of NGS and the satisfactory effect of MET inhibitors.
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Introduction

Hepatocellular carcinoma (HCC) is an aggressive malignant tumor that affects more than 600,000 people worldwide (1). Because of the high incidence of hepatitis virus infection, China has been considered as a “large country for liver cancer” (2). With advancing methods, such as new targeting concepts and immune therapies, clinicians not only significantly prolong the survival of patients but also improve their quality of life. However, the response rates to these treatments were unsatisfactory. The classic targeting concept sorafenib, for example, which was recommended as the first-line treatment therapy by almost all guidelines, was reported to benefit only about 40% of patients due to genetic heterogeneity and other reasons (3). The checkpoint inhibition immunotherapy nivolumab was reported a six-month survival rate of 83% and a nine-month survival rate of 74% with a 15% overall objective response rate (ORR) (4). Novel therapies combining immune checkpoint inhibitors with anti-angiogenic agents or tyrosine kinase inhibitors have demonstrated exciting outcomes. Atezolizumab plus bevacizumab reached 67.2% overall survival at 12 months and 6.8 months median progression-free survival, which is much better than tyrosine kinase inhibitor alone (5). However, it is disappointing that lenvatinib plus pembrolizumab for the treatment of advanced HCC (NCT03713593) is not better than lenvatinib alone. Although these therapies have persistent progression, primary hepatic cancer remains the most lethal tumor worldwide with a 5-year survival rate of 18% (3).

Due to the genomic instability of carcinoma, it presents genetic and phenotypic variations within and between tumors (6). Correspondently, patients are not only in different tumor performance but also in different reactions with the same treatment. The side effects of treatment, such as diarrhea, hypertension, and bleeding, also limit its efficacy. For instance, the incidences of hypertension, diarrhea, decreased appetite, and decreased weight for lenvatinib were 42%, 39%, 34%, and 31%, respectively. Approximately 75% of patients experience grade 3 or higher treatment-emergent adverse events, leading to drug interruption (32.2%), dose reduction (38.1%), and drug withdrawal (7.2%) (7). Thus, considering the response and tolerance rates, some patients still could not receive appropriate treatment or had prolonged survival.

Here, we present a case of HCC that achieved a satisfactory partial response to crizotinib. The fundamental information, process of diagnosis and treatment, genetic test report, and evaluation of the treatment effectiveness of the patient were established in this article. We expect this study to provide new ideas for the diagnosis and treatment of advanced HCC.





Case presentation

A 56 year-old male was admitted to our department for liver mass. Because of type B hepatitis for more than 20 years and inappropriate and discontinuous anti-viral therapy, he was diagnosed with slight liver cirrhosis several years before admission. There were few positive findings on physical examination. Based on the elevated serum alpha-fetoprotein level (51 ng/ml) and typical imaging findings, the patient was diagnosed with hepatocellular carcinoma with a history of hepatitis. The patient underwent laparoscopic left lateral hepatic lobectomy on 23 May 2019. Postoperative pathology confirmed moderately to highly differentiated hepatocellular carcinoma (Figure 1). Liver radiofrequency ablation was performed on 19 October 2020, for local tumor recurrence. However, unexpectedly, another two lesions were found in the next 2 months. Thus, lenvatinib plus camrelizumab was administered, which was aborted 2 months later because of severe drug-induced liver injury. The patient spent more than 2 months recovering his liver function. The patient was found to have lumbar metastases. Lenvatinib plus camrelizumab was retaken 1 month after liver function returned to normal. Transcatheter arterial chemoembolization (TACE) was performed on 23 April 2021, to inhibit tumor progression in the liver. Stereotactic radiotherapy was adminstered to relieve bone destruction in May. However, the tumor continued to grow in size. Lenvatinib was replaced by sorafenib on 9 August 2021. He underwent TACE on 9 November 2021 and 6 December 2021.




Figure 1 | (A) The primary biopsy showed moderately to highly differentiated hepatocellular carcinoma (B) The biopsy of 5th thoracic vertebras metastasis, which showed several immunohistochemical difference between before and after.



The therapy was replaced with regorafenib plus sintilimab after the 5th thoracic vertebral metastasis in November. However, in December 2021, the patient experienced hypoesthesia and hypokinesia below the nipple line plane as 5th thoracic vertebras as metastasis progressed with spinal cord compression. Thoracic vertebral lesion resection combined with thoracic laminectomy and decompression was performed to relieve compression. The pathology of the metastasis is also shown in Figure 1, which was slightly different from the primary pathology. A summary of disease duration is shown in Figure 2.




Figure 2 | The disease duration of the patient.



Common therapies for unresectable HCC, including tyrosine kinase inhibitors, checkpoint inhibition immunotherapy, radiotherapy, and interventional treatment, seem to have gradually become invalid. The patient suffered a 5th thoracic vertebra metastasis, ending to paralysis from the waist down. Although lumbar decompression was performed to help regain exercise ability immediately, the tumor showed a rapid progression.

Thus, next-generation sequencing (NGS) was used to identify potential molecular-targeted agents. NGS covers all the coding exons, selected introns, and promoters, and analyses all gene mutations, including single-base mutation, DNA intercalation or deletion, gene copy number amplification or loss, and gene fusion or rearrangement. The NGS results of this patient showed MET amplification with copy number variations of 30.2.

The patient received crizotinib (200 mg/day) on 24 January 2022 and was continually administered until the last follow-up without any adverse events. The baseline condition and images of the patients are shown in Figure 3. The patient presented with mild anemia and acceptable liver damage (40 U/L for ALT and 92 U/L for AST). The AFP level was beyond the detection range and PIVKA-II was approximately 75,000 mAU/ml. Enhanced abdominal CT showed multiple masses in the liver, hilar, retroperitoneal, sacrum, and ilium; right branch of the portal vein invasion. The most recent follow-up visit was on 31 January 2023, and the images (taken on 16 December 2022) are shown in Figure 4. The patient achieved excellent tumor remission after targeted treatment. The levels of tumor markers, including AFP and PIVKA-II, declined to the normal range, while routine blood and hepatorenal function tests were stable. The advanced CT scan showed that the diameter of the tumor was observably reduced and even disappeared at several sites.




Figure 3 | (A) intrahepatic multiple lesions (arterial phase); (B) tumor invaded the right branch of the portal vein (portal vein phase); (C) the hyperintense signal lesion after TACE (arterial phase); (D) metastatic tumor in the right lung (arterial phase); (E) retroperitoneal metastasis which invaded left renal vein (venous phase); (F) metastases of the sacrum (arterial phase); (G) metastases of ilium (arterial phase).






Figure 4 | The lesions of liver (A, arterial phase), right lung (D, arterial phase), retroperitoneal metastasis (E, venous phase), sacrum (F, arterial phase), and ilium (G, arterial phase) shrunk significantly. The right branch of portal vein was released by tumor (B, portal vein phase), and necrotic tumor was absorbed generally (C, arterial phase).







Discussion

MET is a proto-oncogene encoding the receptor tyrosine kinase c-MET for hepatocyte growth factor (HGF) (8), and it plays an essential role in tumor onset and progression in different tumor types (9, 10). Once MET is highly activated, it contributes to biogenesis in an autophagy-independent manner through the pathways including the mitogen-activated protein kinase (MAPK), phosphatidylinositol 3-kinase (PI3K), v-srcavian sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog (SRC), and signal transducer and activator of transcription (STAT), leading to cancer progression (11, 12). The MET pathway is altered in several ways including MET overexpression, MET amplification, and MET mutations (13). Although MET overexpression was found in about 27.9% of patients, it is less associated with tumor recurrence or patient survival and MET gene amplification (14, 15). Although rare, MET amplification has been found in various types of tumors, including non-small cell lung cancer (NSCLC) (1%–5%) (16, 17), gastric (6.6%) (18), colorectal (4.4%) (19), and hepatocellular carcinoma (1.7%) (15). It was also reported that 0.69% of AACR GENIE cases presented with MET amplification (20), and many clinical trials have been conducted in recent years, especially for NSCLC, malignant solid tumor, and gastroesophageal adenocarcinoma.

MET amplification may lead to oncogene addiction and confer poor prognosis (10). MET amplification decreases STING levels and antitumor T-cell infiltration, which could result in a weakened IFN response, leading to resistance to immune checkpoint blockade therapy (21). A recent study showed that MET-mediated PARP1 phosphorylation in the nucleus reduced the anti-tumor effects of PARP inhibitors (22). In addition, MET amplification is an important secondary driver in the context of EGFR or other tyrosine kinase inhibitor therapies, leading to drug resistance in many tumors (23–26), such as glioblastoma (27), gastroesophageal adenocarcinoma (28), colorectal cancer (24), and NSCLC (29). However, several studies have found that conventional tumor therapies would be re-sensitive when combined with MET kinase inhibitors (30).

HGF induced by MET was initially identified as a growth factor for hepatocyte and fibroblast-derived cell motility (31). As previously described, MET expression is an independent prognostic factor affecting metastasis and recurrence in patients with small HCC (32). The MET axis promotes glucose uptake, suppresses output, and decreases hepatic glucose production by activating the AMPK-dependent pathway, thereby preventing obesity and insulin resistance (33, 34). The triggered MET pathway upregulates crosstalk between hepatocellular carcinoma and hepatic stellate cells to aggravate cancer (35).

Fluorescence in situ hybridization (FISH) and NGS were used to evaluate MET amplification. The absolute gene copy number (GCN) or the ratio of MET to CEP 7 (chromosome 7 probe) was reported through FISH, while NGS compared samples to either a paired normal sample or a standardized set across many genes in a particular NGS assay (13, 36). Although FISH requires less tumor tissue than NGS, it is challenged by significant inter-observer variability and variable results due to tumor sample heterogeneity. The improvement in chromogenic in situ-hybridization improves the accuracy of FISH. NGS is limited by the quality of normal samples of non-tumoral DNA from non-neoplastic cells. Thus, it was generally considered that the positive results of NGS was receivable when it should be doubtful for the negative (10, 37, 38).

MET amplification is widely found in different tumors and is a therapeutic target for the treatment of several cancers (39). However, MET inhibitors have vastly different effects in different tumors. In NSCLC, MET receptors such as capmatinib (40), tepotinib (41), and crizotinib (42), have shown substantial antitumor activity in patients with advanced NSCLC. Cabozantinib, an inhibitor of multiple kinases, including VEGFR2 and MET, did affect the metastatic colorectal cancer (43). However, it was difficult to confirm the contribution of blocked MET because of the multiple target spots of cabozantinib. Crizotinib which was approved for the treatment of ALK-positive anaplastic large cell lymphoma, inflammatory myofibroblastic tumors and NSCLC, also showed favorable effects in MET-amplified NSCLC (42). Tivantinib, a small molecular inhibitor of MET, has passed a randomized, double-blind, placebo-controlled, phase 3 study in MET-high hepatocellular carcinoma, which came out with 2.8 month a median progression-free survival and 10.3 months median overall survival (44). However, for glioblastoma, although there were some positive results in in vitro and animal experiments, it was still not satisfactory in the clinical practice of MET kinase inhibitor monotherapy (45).

Recently, with the development of NGS, many patients have received effective targeted agents that are not mentioned in conventional treatment guidelines. However, besides MET inhibitors, several agents have different curative effects between tumors, such as IDH1 inhibitor, which showed significant clinical benefit in acute myeloid leukemia but only slight benefit in cholangiocarcinoma (46, 47). This might be due to the different primary gene phenotypes and secondary genetic alterations between tumors.

In conclusion, we report a rare case of advanced HCC treated with a MET inhibitor that achieved excellent tumor remission. Its manifestations confirmed the potential clinical decision support value of NGS and the validity of molecular-targeting treatment.





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

Written informed consent was obtained from the participant/patient(s) for the publication of this case report.





Author contributions

YG contributed to the study concept and design, collected, and analyzed the data, and participated in drafting the manuscript. MX contributed to data acquisition and assisted in drafting the manuscript. ZC contributed to data acquisition and critically revised the article. QL conceived the study, participated in study design and coordination, and revised the manuscript critically. All authors read and approved the final manuscript





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. Liu, Y, Lu, LL, Wen, D, Liu, DL, Dong, LL, Gao, DM, et al. MiR-612 regulates invadopodia of hepatocellular carcinoma by HADHA-mediated lipid reprogramming. J Hematol Oncol (2020) 13(1):12. doi: 10.1186/s13045-019-0841-3

2. Liu, X, Jiang, N, Xu, X, Liu, C, Liu, Z, Zhang, Y, et al. Anti-hepatoma compound determination by the method of spectrum effect relationship, component knock-out, and UPLC-MS(2) in scheflera heptaphylla (L.)Frodin harms and its mechanism. Front Pharmacol (2020) 11:1342. doi: 10.3389/fphar.2020.01342

3. Fan, G, Wei, X, and Xu, X. Is the era of sorafenib over? a review of the literature. Ther Adv Med Oncol (2020) 12:1758835920927602. doi: 10.1177/1758835920927602

4. Chen, Z, Xie, H, Hu, M, Huang, T, Hu, Y, Sang, N, et al. Recent progress in treatment of hepatocellular carcinoma. Am J Cancer Res (2020) 10(9):2993–3036. Available at: https://pubmed.ncbi.nlm.nih.gov/33042631.

5. Finn, RS, Qin, S, Ikeda, M, Galle, PR, Ducreux, M, Kim, TY, et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med (2020) 382(20):1894–905. doi: 10.1056/NEJMoa1915745

6. Li, M, Zhang, Z, Li, L, and Wang, X. An algorithm to quantify intratumor heterogeneity based on alterations of gene expression profiles. Commun Biol (2020) 3(1):505. doi: 10.1038/s42003-020-01230-7

7. Kudo, M, Finn, RS, Qin, S, Han, KH, Ikeda, K, Piscaglia, F, et al. Lenvatinib versus sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma: a randomised phase 3 non-inferiority trial. Lancet (2018) 391(10126):1163–73. doi: 10.1016/S0140-6736(18)30207-1

8. Sattler, M, and Salgia, R. C-met and hepatocyte growth factor: potential as novel targets in cancer therapy. Curr Oncol Rep (2007) 9(2):102–8. doi: 10.1007/s11912-007-0005-4

9. Giordano, S, and Columbano, A. Met as a therapeutic target in HCC: facts and hopes. J Hepatol (2014) 60(2):442–52. doi: 10.1016/j.jhep.2013.09.009

10. Guo, R, Luo, J, Chang, J, Rekhtman, N, Arcila, M, and Drilon, A. MET-dependent solid tumours - molecular diagnosis and targeted therapy. Nat Rev Clin Oncol (2020) 17(9):569–87. doi: 10.1038/s41571-020-0377-z

11. Huang, X, Gan, G, Wang, X, Xu, T, and Xie, W. The HGF-MET axis coordinates liver cancer metabolism and autophagy for chemotherapeutic resistance. Autophagy (2019) 15(7):1258–79. doi: 10.1080/15548627.2019.1580105

12. Ma, PC, Maulik, G, Christensen, J, and Salgia, R. C-met: structure, functions and potential for therapeutic inhibition. Cancer Metastasis Rev (2003) 22(4):309–25. doi: 10.1023/a:1023768811842

13. Lee, M, Jain, P, Wang, F, Ma, PC, Borczuk, A, and Halmos, B. MET alterations and their impact on the future of non-small cell lung cancer (NSCLC) targeted therapies. Expert Opin Ther Targets (2021) 25(4):249–68. doi: 10.1080/14728222.2021.1925648

14. Lee, SJ, Lee, J, Sohn, I, Mao, M, Kai, W, Park, CK, et al. A survey of c-MET expression and amplification in 287 patients with hepatocellular carcinoma. Anticancer Res (2013) 33(11):5179–86. Available at: https://pubmed.ncbi.nlm.nih.gov/24222167.

15. Kondo, S, Ojima, H, Tsuda, H, Hashimoto, J, Morizane, C, Ikeda, M, et al. Clinical impact of c-met expression and its gene amplification in hepatocellular carcinoma. Int J Clin Oncol (2013) 18(2):207–13. doi: 10.1007/s10147-011-0361-9

16. Kim, JH, Kim, HS, and Kim, BJ. Prognostic value of MET copy number gain in non-small-cell lung cancer: an updated meta-analysis. J Cancer (2018) 9(10):1836–45. doi: 10.7150/jca.24980

17. Tong, JH, Yeung, SF, Chan, AW, Chung, LY, Chau, SL, Lung, RW, et al. MET amplification and exon 14 splice site mutation define unique molecular subgroups of non-small cell lung carcinoma with poor prognosis. Clin Cancer Res (2016) 22(12):3048–56. doi: 10.1158/1078-0432.CCR-15-2061

18. Janjigian, YY, Tang, LH, Coit, DG, Kelsen, DP, Francone, TD, Weiser, MR, et al. MET expression and amplification in patients with localized gastric cancer. Cancer Epidemiol Biomarkers Prev (2011) 20(5):1021–7. doi: 10.1158/1055-9965.EPI-10-1080

19. Zhang, M, Li, G, Sun, X, Ni, S, Tan, C, Xu, M, et al. MET amplification, expression, and exon 14 mutations in colorectal adenocarcinoma. Hum Pathol (2018) 77:108–15. doi: 10.1016/j.humpath.2018.03.024

20. AACR Project GENIE. Powering precision medicine through an international consortium. Cancer Discovery (2017) 7(8):818–31. doi: 10.1158/2159-8290.Cd-17-0151

21. Zhang, Y, Yang, Q, Zeng, X, Wang, M, Dong, S, Yang, B, et al. MET amplification attenuates lung tumor response to immunotherapy by inhibiting STING. Cancer Discovery (2021) 11(11):2726–37. doi: 10.1158/2159-8290.CD-20-1500

22. Du, Y, Yamaguchi, H, Wei, Y, Hsu, JL, Wang, HL, Hsu, YH, et al. Blocking c-met-mediated PARP1 phosphorylation enhances anti-tumor effects of PARP inhibitors. Nat Med (2016) 22(2):194–201. doi: 10.1038/nm.4032

23. Engelman, JA, Zejnullahu, K, Mitsudomi, T, Song, Y, Hyland, C, Park, JO, et al. MET amplification leads to gefitinib resistance in lung cancer by activating ERBB3 signaling. Science (2007) 316(5827):1039–43. doi: 10.1126/science.1141478

24. Pietrantonio, F, Oddo, D, Gloghini, A, Valtorta, E, Berenato, R, Barault, L, et al. MET-driven resistance to dual EGFR and BRAF blockade may be overcome by switching from EGFR to MET inhibition in BRAF-mutated colorectal cancer. Cancer Discovery (2016) 6(9):963–71. doi: 10.1158/2159-8290.CD-16-0297

25. Bardelli, A, Corso, S, Bertotti, A, Hobor, S, Valtorta, E, Siravegna, G, et al. Amplification of the MET receptor drives resistance to anti-EGFR therapies in colorectal cancer. Cancer Discovery (2013) 3(6):658–73. doi: 10.1158/2159-8290.CD-12-0558

26. Nussinov, R, Tsai, CJ, and Jang, H. Anticancer drug resistance: an update and perspective. Drug Resist Update (2021) 59:100796. doi: 10.1016/j.drup.2021.100796

27. Cardona, AF, Jaramillo-Velásquez, D, Ruiz-Patiño, A, Polo, C, Jiménez, E, Hakim, F, et al. Efficacy of osimertinib plus bevacizumab in glioblastoma patients with simultaneous EGFR amplification and EGFRvIII mutation. J Neurooncol (2021) 154(3):353–64. doi: 10.1007/s11060-021-03834-3

28. Saeed, A, Park, R, and Sun, W. The integration of immune checkpoint inhibitors with VEGF targeted agents in advanced gastric and gastroesophageal adenocarcinoma: a review on the rationale and results of early phase trials. J Hematol Oncol (2021) 14(1):13. doi: 10.1186/s13045-021-01034-0

29. Jamal-Hanjani, M, Wilson, GA, McGranahan, N, Birkbak, NJ, Watkins, TBK, Veeriah, S, et al. Tracking the evolution of non-Small-Cell lung cancer. N Engl J Med (2017) 376(22):2109–21. doi: 10.1056/NEJMoa1616288

30. Hu, H, Mu, Q, Bao, Z, Chen, Y, Liu, Y, Chen, J, et al. Mutational landscape of secondary glioblastoma guides MET-targeted trial in brain tumor. Cell (2018) 175(6):1665–1678.e18. doi: 10.1016/j.cell.2018.09.038

31. Schmidt, C, Bladt, F, Goedecke, S, Brinkmann, V, Zschiesche, W, Sharpe, M, et al. Scatter factor/hepatocyte growth factor is essential for liver development. Nature (1995) 373(6516):699–702. doi: 10.1038/373699a0

32. Wang, ZL, Liang, P, Dong, BW, Yu, XL, and Yu, DJ. Prognostic factors and recurrence of small hepatocellular carcinoma after hepatic resection or microwave ablation: a retrospective study. J Gastrointest Surg (2008) 12(2):327–37. doi: 10.1007/s11605-007-0310-0

33. Muratsu, J, Iwabayashi, M, Sanada, F, Taniyama, Y, Otsu, R, Rakugi, H, et al. Hepatocyte growth factor prevented high-fat diet-induced obesity and improved insulin resistance in mice. Sci Rep (2017) 7(1):130. doi: 10.1038/s41598-017-00199-4

34. Duca, FA, Cote, CD, Rasmussen, BA, Zadeh-Tahmasebi, M, Rutter, GA, Filippi, BM, et al. Metformin activates a duodenal ampk-dependent pathway to lower hepatic glucose production in rats. Nat Med (2015) 21(5):506–11. doi: 10.1038/nm.3787

35. Zhang, R, Gao, X, Zuo, J, Hu, B, Yang, J, Zhao, J, et al. STMN1 upregulation mediates hepatocellular carcinoma and hepatic stellate cell crosstalk to aggravate cancer by triggering the MET pathway. Cancer Sci (2020) 111(2):406–17. doi: 10.1111/cas.14262

36. Garcia, EP, Minkovsky, A, Jia, Y, Ducar, MD, Shivdasani, P, Gong, X, et al. Validation of OncoPanel: a targeted next-generation sequencing assay for the detection of somatic variants in cancer. Arch Pathol Lab Med (2017) 141(6):751–8. doi: 10.5858/arpa.2016-0527-OA

37. Noonan, SA, Berry, L, Lu, X, Gao, D, Baron, AE, Chesnut, P, et al. Identifying the appropriate FISH criteria for defining MET copy number-driven lung adenocarcinoma through oncogene overlap analysis. J Thorac Oncol (2016) 11(8):1293–304. doi: 10.1016/j.jtho.2016.04.033

38. Cappuzzo, F, Marchetti, A, Skokan, M, Rossi, E, Gajapathy, S, Felicioni, L, et al. Increased MET gene copy number negatively affects survival of surgically resected non-small-cell lung cancer patients. J Clin Oncol (2009) 27(10):1667–74. doi: 10.1200/JCO.2008.19.1635

39. Landi, L, Minuti, G, D'Incecco, A, Salvini, J, and Cappuzzo, F. MET overexpression and gene amplification in NSCLC: a clinical perspective. Lung Cancer (Auckl) (2013) 4:15–25. doi: 10.2147/LCTT.S35168

40. Wolf, J, Seto, T, Han, JY, Reguart, N, Garon, EB, Groen, HJM, et al. Capmatinib in MET exon 14-mutated or MET-amplified non-Small-Cell lung cancer. N Engl J Med (2020) 383(10):944–57. doi: 10.1056/NEJMoa2002787

41. Wu, YL, Cheng, Y, Zhou, J, Lu, S, Zhang, Y, Zhao, J, et al. Tepotinib plus gefitinib in patients with EGFR-mutant non-small-cell lung cancer with MET overexpression or MET amplification and acquired resistance to previous EGFR inhibitor (INSIGHT study): an open-label, phase 1b/2, multicentre, randomised trial. Lancet Respir Med (2020) 8(11):1132–43. doi: 10.1016/s2213-2600(20)30154-5

42. Camidge, DR, Otterson, GA, Clark, JW, Ignatius Ou, SH, Weiss, J, Ades, S, et al. Crizotinib in patients with MET-amplified NSCLC. J Thorac Oncol (2021) 16(6):1017–29. doi: 10.1016/j.jtho.2021.02.010

43. Strickler, JH, Rushing, CN, Uronis, HE, Morse, MA, Niedzwiecki, D, Blobe, GC, et al. Cabozantinib and panitumumab for RAS wild-type metastatic colorectal cancer. Oncologist (2021) 26(6):465–e917. doi: 10.1002/onco.13678

44. Kudo, M, Morimoto, M, Moriguchi, M, Izumi, N, Takayama, T, Yoshiji, H, et al. A randomized, double-blind, placebo-controlled, phase 3 study of tivantinib in Japanese patients with MET-high hepatocellular carcinoma. Cancer Sci (2020) 111(10):3759–69. doi: 10.1111/cas.14582

45. Cheng, F, and Guo, D. MET in glioma: signaling pathways and targeted therapies. J Exp Clin Cancer Res (2019) 38(1):270. doi: 10.1186/s13046-019-1269-x

46. Montesinos, P, Recher, C, Vives, S, Zarzycka, E, Wang, J, Bertani, G, et al. Ivosidenib and azacitidine in IDH1-mutated acute myeloid leukemia. N Engl J Med (2022) 386(16):1519–31. doi: 10.1056/NEJMoa2117344

47. Casak, SJ, Pradhan, S, Fashoyin-Aje, LA, Ren, Y, Shen, YL, Xu, Y, et al. FDA Approval summary: ivosidenib for the treatment of patients with advanced unresectable or metastatic, chemotherapy refractory cholangiocarcinoma with an IDH1 mutation. Clin Cancer Res (2022) 28(13):2733–7. doi: 10.1158/1078-0432.Ccr-21-4462




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Gu, Xiao, Chen and Li. 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-13-1196211-g004.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Advanced hepatocellular carcinoma with MET-amplified contained excellent response to crizotinib: a case report

      

        		

          Introduction

        



        		

          Case presentation

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Case presentation

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1196211-g002.jpg
lumbar metastases
laparoscopic left lateral hepatic sectionectomy

unresectable tumor recurrence stereotactic radiotherapy andtranscatheter arterial 5th thoracic vertebras metastasis with spinal cord compression
moderately to highly differentiated chemoembolization (TACE) plus Radiotherapy NGS
hepatocellular carcinoma Lenvatinib plus Camrelizumab plus Lenvatinib plus Camrelizumab TACE plus Regorafenib plus Sintilimab Crizotinib
May 23,2019 January 21, 2021 April 23,2021 November 09, 2021 and December 06, 2021 January 06, 2022

| | ! ! |
!

Hepatitis( type B) for more local tumor recurrence sever drug-induced liver injury TACE Plus Sorafini plus Camrelizumab hypoesthesia and hypokinesia below the nipple line plane
than 20 years
Liver radiofrequency ablation February 25, 2021 August 09, 2021 Thoracic vertebral lesions resection combined with thoracic
T laminectomy and decompression
October 19, 2020

January 06, 2022





OEBPS/Images/crossmark.jpg
©

2

i

|





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





OEBPS/Images/fonc-13-1196211-g003.jpg





OEBPS/Images/fonc.2023.1196211_cover.jpg
& frontiers | Frontiers in Oncology

Advanced hepatocellular carcinoma with
MET-amplified contained excellent response
to crizotinib: a case report
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