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Despite the intriguing therapeutic prospects offered by immune checkpoint inhibitors (ICIs), immune-related adverse events (irAEs) become an increasingly important safety issue. Herein, we report a patient with locally advanced colorectal cancer (LACRC) who received anti-programmed cell death protein 1 (PD-1) (tislelizumab) therapy, then developed weakness of the limbs and drooping eyelids. He experienced sequential irAEs including severe myasthenia gravis, myocarditis, and rhabdomyolysis. Although many irAEs caused by tislelizumab have been reported, the cooccurrence of severe myasthenia gravis, myocarditis, and rhabdomyolysis caused by tislelizumab has not been described. The patient responded well to methylprednisolone and intravenous immunoglobulin therapy. This case illustrates the severe toxicity caused by ICIs, highlighting the importance of early prevention, early diagnosis, and appropriate management of irAEs. Multidisciplinary discussions should be held to improve the prognosis of patients.
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Introduction

In recent years, immune checkpoint inhibitors (ICIs) have been used to treat multiple types of tumors. Programmed death-1 (PD-1) and programmed death-ligand 1 (PD-L1) immuno-checkpoint inhibitors represent one of the most significant breakthrough in the treatment of advanced malignancies (1). PD-1 inhibitors facilitate restore the endogenous anti-tumor T cell response by blocking the binding of PD-1 to PD-L1 and PD-L2. PD-1 inhibitors, such as nivolumab, have been approved by the US Food and Drug Administration (FDA) for a wide range of cancers, such as melanoma, renal cell carcinoma (RCC), colon cancer, bladder cancer, and Hodgkin’s lymphoma since 2014 (2). Despite the impressive efficacy, ICI-related toxicities (i.e., immune-related adverse events and irAEs) should not be neglected, as many irAEs such as myocarditis and rhabdomyolysis are covert and fatal (3, 4). Therefore, the use of ICIs should be accompanied by vigilance against the occurrence of serious irAEs. Herein, we report a patient with locally advanced colorectal cancer (LACRC) who developed tislelizumab-induced multiple organ irAEs including myasthenia gravis, myocarditis, myositis, liver damage, and kidney damage. The patient was admitted to the neurological care unit (NCU) and his symptoms improved significantly after intravenous immunoglobulins (IVIGs) and corticosteroids treatments. We hope to provide reference for the prevention and treatment of clinically related adverse reactions.



Case report

A 65-year-old man was diagnosed with LACRC and received curative surgery in 3 years ago due to repeated, intermittent hematochezia and black stool. He was previously healthy with no autoimmune medical history. The tumor was staged as a T3N0Mx rectal adenocarcinoma as per the TNM (American Joint Committee on Cancer TNM Staging Handbook) staging system. He underwent five cycles of 5-fluorouracil and oxaliplatin (FOLFOX) chemotherapy, and his cancer was stable during the follow-up period from 2018 to 2021. A year ago, his carcinoembryonic antigen (CEA) levels were elevated to 25.43 ng/ml (normal range 0–5 ng/ml) and enhanced CT of the abdomen revealed recurrence of colon cancer and multiple enlarged metastases in the right anterior superior diaphragm and left inguinal region, suggesting the progression of disease. Therefore, molecular genotyping and microsatellite status was performed, and he was diagnosed as high microsatellite instability/defective mismatch repair (MSI-H/dMMR) phenotype colorectal cancer. Because therapeutic failure appears with FOLFOX therapy, then FOLFIRI chemotherapy (folic acid/fluorouracil/irinotecan) was applied for the 6th cycle chemotherapy without adverse effects. Tislelizumab was given to the patient intravenously (200 mg/day for 20 days, BeiGene, China) since December 9, 2021, and FOLFIRI scheme was conducted concomitantly. Twenty days later, the patient experienced weakness of the limbs, followed by bilateral eyelid ptosis, and was admitted to our department. Three days after admission, he had pigmented urine and developed cardiac symptoms such as palpitations. Neurological examination showed that the patient had head drop and complete bilateral gaze paralysis in all directions. Muscle strength of the limbs was 4/5, and the deep tendon reflex was absent. Electromyography (EMG) was normal. His neostigmine test result was positive, which showed clinically significant improvements in quantitative Myasthenia Gravis score (QMG) (> 3 points) (5). Laboratory results revealed significantly elevated levels of myocardial enzymes: creatine kinase (CK) (11920 U/L, normal range 50–310 U/L), CK isoenzyme (CK-MB) (244.2 U/L, normal range 0–25.0 U/L), lactate dehydrogenase (LDH) (1582 U/L, normal range 120 - 250 U/L), α-hydroxybutyric acid (AHB) (1120 U/L, normal range 72–182 U/L), myoglobin (7863 mg/L, normal range 1.5–70 mg/L) and cardiac troponin (cTnI) (0.839 ng/ml, normal range < 0.034 ng/ml). Abnormal liver function was also observed as evidenced by increased levels of alanine aminotransferase (ALT) (313.0 U/L, normal range 9–50 U/L) and AST (587.3 U/L, normal range 15 - 40 U/L). Additionally, his urine protein was positive, urine red blood cell count was 39.1, and his blood urea was 10.17 mmol/L (normal range 2.86–7.14 mmol/L); serum creatinine level was 140 umol/L (normal range 57–111 umol/L), suggesting kidney injury. We demonstrated reduced cortisol levels in the morning (75.89 nmol/L, normal range 244–619 nmol/L) and (77.88 nmol/L, normal range 244–619 nmol/L) at night. His ACTH (adrenocorticotropic hormone) levels were also decreased in the morning (0.22 pmol/L, normal range 1.6–13.9 nmol/L) and (0.22 pmol/L, normal range 1.6–13.9 nmol/L) at night. The patient had hypopituitarism as indicated by low plasma cortisol levels and plasma ACTH levels. His tumor marker CEA was elevated (9.47 ng/ml, normal range 0–5 ng/ml), however, was significantly decreased compared with levels prior to tislelizumab treatment. Antinuclear antibodies (ANA) were 1:100 positive. Serum IgG, IgA, IgM, and complement C3 and C4 were all within normal range. Other autoimmune tests, including antimitochondrial antibody (AMA), perinuclear anti-neutrophil cytoplasmic antibody (p-ANCA), cytoplasmic anti-neutrophil cytoplasmic antibody (c-ANCA), and ceruloplasmin, were all within normal range. Cerebrospinal fluid (CSF) routine test showed no abnormalities in cell counts, protein, and IgG levels. His autoimmune neuromuscular disease antibody tests by radioimmune assay (RIA) revealed elevated levels of anti-acetylcholine receptor antibody (AChR) (0.947 nmol/L, normal range 0–0.5 nmol/L), and anti-titin antibody was determined by enzyme-linked immunosorbent assay (ELISA) and the results showed positive (2.537, normal range < 1). The rest tests for autoimmune neuropathies or paraneoplastic syndrome were all negative. Grade 4 tislelizumab-induced irAEs including MG, myocarditis, myositis, liver damage, and kidney damage was diagnosed according to the Common Terminology Criteria for Adverse Events (CTCAEs) v5.0. The patient received methylprednisolone at 1g/day intravenously for 3 days, afterward the dose of methylprednisolone was gradually tapered down. IVIG treatment was given at 0.4g/kg per day for 3 days simultaneously. Despite no significant improvement of clinical symptoms, the patient’s myocardial enzymes decreased gradually 2 days after the treatment. Five days after admission, the patient complained tightness of the chest and had difficulty in breathing. Arterial blood gas analysis showed type I respiratory failure. The patient was transferred to the NCU for respiratory support, and dyspnea improved 6 days later. Non-invasive positive pressure ventilation was applied for respiratory support. Approximately 20 days after admission, the levels of CK-MB, CK, LDH, AHB, Myo, ALT, AST, troponin, urine microproteins, and kidney function gradually returned to normal (Figure 1). The patient was discharged from hospital 23 days after admission with conventional home ventilator support (intermittent), as he still had difficulty in breathing when he discharged from hospital. After discharge, the patients went to the community rehabilitation center intermittently for rehabilitation training, and the serum indicators (liver enzymes, CK, troponin, etc.) were closely monitored in the community hospital. The patient regained the autonomous walking and weaned off the breathing machine entirely 3 months later. (The symptoms and treatment of the patient were summarized in Figure 2).




Figure 1 | (A) Changes to the patient’s cardiac markers. Myo, myoglobin; cTNT, cardiac troponin T. (B) Changes to the patient’s liver function indexes. ALT, alanine aminotransferase; AST, aspartate aminotransferase. (C) Changes to the patient’s serum creatinine.






Figure 2 | Flow chart of patient condition during simulation progression.





Discussion

We present a 65-year-old male patient with tislelizumab-induced multiple organ irAEs, who manifested as weakness of the limbs, drooping eyelids, oculomotor nerve paralysis, dyspnea, rhabdomyolysis, and palpitations. The patient responded well to corticosteroids and IVIG treatment; the symptoms gradually improved. This is the first report of occurrence of polymyositis with MG in colorectal cancer (CRC) patients treated with tislelizumab.

LACRC is defined as CRC stage II (cT3–4, N0)/stage III (any cT, N+) (6). Except for patients with oligometastatic disease, most patients with LACRC have incurable disease (7). The 5- and 10-year survival rates of patients after successful surgical or ablative interventions are approximately 40 and 20%, respectively (8–10). Traditional surgical resection cannot meet the needs of all patients, and MSI-H/dMMR LACRC has low sensitivity to chemotherapy. Most clinical studies demonstrated that patients with MSI-H/dMMR solid tumors received obvious benefits from ICIs (11–13). Thus, ICIs may be a breakthrough for the treatment of colon cancer.

PD-1 inhibitor tislelizumab (BGB-A317) is a humanized IgG4 monoclonal antibody that inhibits the binding of FcγR to macrophages, thus eliminating antibody-dependent phagocytosis and improving T cell clearance (14, 15). Chinese authorities approved tislelizumab for Hodgkin’s lymphoma by the National Medical Products Administration (NMPA) in December 2019. PD-L1/PD-L2–associated cell signaling can lead to cytokine production and a reduction in tumor cell death associated immune response. The PD-1/PD-L1 cell signaling can be blocked by tislelizumab (15). Tislelizumab was approved in China due to its antitumor potential in a variety of malignant tumors including relapse or refractory classical Hodgkin lymphoma, urothelial carcinoma, non-small cell lung cancer, and hepatocellular carcinoma. Moreover, results from clinical trials showed tislelizumab had beneficial effects in treating tumors in multiple systems. On March 11, 2022, the NMPA officially approved tislelizumab for adult patients with MSI-H type or dMMR type solid tumor, which brings new options and hope for the treatment of many advanced solid tumors including CRC.

However, due to the increase in clinical use of PD-1 inhibitors, the associated irAEs increased as well (16). According to the European Society for Medical Oncology (ESMO) guidelines (17), Skin toxicity, gastrointestinal toxicity, liver toxicity, pneumonia, and endocrine disruption are common side effects of PD-1 inhibitors. Rare immune-related toxicities include cardiotoxicity, neurotoxicity, rheumatic immunotoxicity, nephrotoxicity, and ophthalmology have also been reported before (18–20). Although the incidence is less than 1%, they often develop in an explosive way, which endangers the life of patients (21) and requires great attention. In a retrospective analysis of a World Health Organization (WHO) pharmacovigilance database (Vigilyze) (4), 52 of 131 fatal immunotherapy-related adverse effects (39.7%) were attributed to myocarditis, and more than a quarter of the fatal myocarditis patients were associated with myositis and MG. PD-1 inhibitor associated myositis/myocarditis with MG often occurs early in treatment and deteriorates rapidly.

Twenty days after tislelizumab therapy, our patient developed weakness of limbs and drooping eyelids, accompanied by chest tightness and pigmented urine. Blood biochemical examination showed that myocardial enzyme, CK and aminotransferase were significantly increased, and CK was more than 50 times the upper limit of normal value. The diagnosis of myasthenia gravis was confirmed because the patient had head drop, facial weakness, ptosis, dysphonia, and shortness of breath, and his anti-AChR antibody was positive. A recent study summarized the onset of ICI-induced MG ranged from 6 to 106 days after the first dose (22). Although patients with Guillain–Barre’ syndrome (GBS) may also present with oculomotor paralysis, limb weakness, and loss of tendon reflex, and GBS has been reported in patients with Non-Hodgkin’s Lymphoma of the colon during chemotherapy (23), GBS in our patient can be excluded as autoimmune peripheral polyneuropathy antibody were negative and EMG was normal. Myasthenia and myositis caused by paraneoplastic syndrome have also been reported (24, 25); however, paraneoplastic antibodies were all negative; therefore, paraneoplastic syndrome can be excluded. Myositis caused by the combination of atorvastatin and nivolumab has also been reported (26); the patient did not take any statins or other drugs that might cause rhabdomyolysis. After comprehensive analysis, ICI-related adverse effects affecting multiple organ systems were considered. Only two cases of tislelizumab-induced irAEs occurred during treatment of small-cell lung cancer and ureteral epithelium (27) have been previously reported (28). Autoantibodies associated with myositis, peripheral polyneuropathy or paraneoplastic syndrome was not detected in both of them. As ICI is rarely used in the treatment of colon cancer, our report provides a new reference for ICI irAEs.

The mechanism of irAEs has not been fully understood to date. It was reported that tumor tissues and striated muscle (myocardium and skeletal muscle) had cross-reactive antigens (29, 30). Consequently, the distinct T-cell receptors misled the immunological system by targeting dissimilar antigens with clonal T-cell receptors across tumor and muscle samples. According to cases of ICI-induced myositis or myocarditis in previous reports, the skeletal muscle and myocardium biopsy revealed a greater number of mononuclear cells, particularly CD8+ T cells, resulting in the development of irAEs (22, 29, 31). Cytokines or chemokines released from immune cells can also cause immune-mediated tissue damage (32–35). Researchers have demonstrated that genetic factors play a pivotal role in the development of ICI-associated irAEs in patients with arthritis (36), diabetes (37–39), and pruritus (40). The gut microbiome has been suggested to contribute to experimental irAEs (41, 42) and colitis in melanoma patients (43–45).

MG is a rare antibody-mediated neuromuscular disease, whereby predominant anti-AChR antibodies attack the muscle endplate, leading to fatigable weakness in skeletal muscles (46). Furthermore, in retrospective case-control study researchers found neuromuscular decompensation to be more pronounced in patients with anti–PD-1 treatment (47). It has been more previously reported that patients with a history of MG or positive anti-AChR antibody presented a myasthenic crisis after ICI treatment (48–51) compared with patients without a history of MG. For patients with a history of MG, the use of ICIs might activate the T-cell autoimmune response and may induce MG. For acetylcholine receptor antibody-positive MG patients, high doses of corticosteroids alone can exasperate the myasthenic crisis, and ASCO guideline recommend high doses of corticosteroids combined with gamma globulin or plasma replacement as first-line treatment (17).

IrAEs mainly involves skin, endocrine, liver, gastrointestinal and lung, and other rare immune-related toxicities include nervous system, heart, rheumatoid immunity, and kidney (52). ICI-induced adverse effects are summarized in Table 1. Most irAEs, despite being severe in some cases, can be managed and reverted by ceasing immunotherapy and taking steroids, so early diagnosis and treatment is very important (71). Additionally, if a significant irAE is suspected, high-dose corticosteroids must be administered promptly, and patients with persistent symptoms may require escalation to other immunosuppressive therapies. For example, IVIG or plasmapheresis can be used in severe neurologic toxicity. Myocarditis can be treated with infliximab, mycophenolate mofetil, or anti-thymocyte globulin (72–74). Despite the presence of abnormal cardiac biomarker testing, our patient’s surface ECG showed no evidence of atrioventricular conduction delay, and the electrophysiology study showed normal conduction. According to the ASCO guideline (55), these changes were classified as grade III cardiovascular toxicities, suggesting early (i.e., within 24h) initiation of high-dose corticosteroids. Our patient responded well to our treatment. Palpitations and shortness of breath improved, and his troponin gradually returns to normal, so he did not receive additional immunosuppressive therapy. Whenever high-dose corticosteroids fail to produce an immediate response, early institution of cardiac transplant rejection doses of corticosteroids (methylprednisolone 1 g every day) and the addition of either mycophenolate, infliximab, or antithymocyte globulin should be considered (55). Research has shown that the recurrence rate of any grade of irAE is between 25 and 50%. In general, it is recommended that patients suffering from severe irAEs discontinue their ICI treatment permanently (75–77).


Table 1 | ICI-induced adverse effects, clinical manifestations, and treatment.



Neurological irAEs have unique presentation, including disorders of the central nervous system, peripheral nerves, neuromuscular junctions, and muscles. It is possible for a single patient to have multiple neurological disorders during ICI treatment (78). Myasthenia and myositis are the most common overlap syndromes (79–81). A mixture of MG and myositis can present both clinical manifestations and laboratory findings, such as fatigue, appetite loss, proximal limb weakness, dropped head, dysphagia, respiratory insufficiency, and anti-striational antibodies. As an overlapping condition, myocarditis is also observed (82). In cases where myasthenia and myositis overlap, anti-striational antibodies including titin, ryanodine receptor, muscular voltage-gated potassium channel, Kv1.4 were detected in approximately 75% patients (22, 79, 83). A positive anti-striational antibody rate of 75% is expected to be a biomarker that can be used to diagnose overlapping myasthenia and myositis (84, 85). The anti-titin antibody was positive in our patient, which nicely supported this viewpoint. The T cell–mediated autoimmune mechanism against molecules in the skeletal and heart muscles may be important in the pathogenesis of these overlapping conditions (82). It is possible that peripheral blood may contain T cells that are autoreactive to muscle autoantigens such as titin, Kv1.4, and others (79). ICI treatment activates autoreactive CD8+ T cells, resulting in myositis and myocarditis. Also, autoreactive CD4+ T cells produce anti-AChR and anti-striational antibodies as a result of activation (82).

There is no tendency for neurological irAEs to appear with certain types of underlying cancer, according to epidemiological studies. Neurological irAEs are not associated with the brand of ICI. Nevertheless, atezolizumab can cause autoimmune encephalitis in Asian cancer patients at an unexpectedly high rate (86, 87).

There are several limitations of this case report. First, to further understand the underlying mechanisms of the irAEs, we intended to collect the muscle biopsy specimens from our patient and monitored the cytokine activation and immune cell infiltration. Considering that the muscle biopsy is an invasive test, the patient refused further diagnostic work-up. Second, pulmonary function tests are useful to assess severity of myasthenia gravis at the time of diagnosis and to monitor disease course. It is a pity that our patient cannot cooperate with the pulmonary function test.

Our case report provides experiences in managing multiple irAEs induced by tislelizumab in a patient with colon cancer. Despite its exciting therapeutic prospects, it is becoming an important safety concern. Monitoring immune parameters, making early differential diagnoses, and glucocorticoid therapy as soon as necessary play a crucial role in the treatment of patients who suffer from multiple irAEs, especially when they develop potential lethal complications such as myocarditis.



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 individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

Every author has made substantial contributions to the manuscript. SW drafted the article and contributed to editing and revision. DP, HZ, MX, LP, RW contributed to patient follow-up. MZ has substantively edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by grants the Science and Technology Planning Project of Jilin Province (No. 20180520110JH), the outstanding Young Teacher Training Program of Jilin University, and from Jilin Kingmed for Clinical Laboratory Co., Ltd.



Acknowledgments

We are grateful to all the people who contributed to this work. The assistance of Figdraw software for drawing is gratefully acknowledged.



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. Du, S, McCall, N, Park, K, Guan, Q, Fontina, P, Ertel, A, et al. Blockade of tumor-expressed PD-1 promotes lung cancer growth. Oncoimmunology (2018) 7(4):e1408747. doi: 10.1080/2162402x.2017.1408747

2. Abushalha, K, Abulaimoun, S, and Silberstein, PT. So slow, so fast, a case of nivolumab-induced hypothyroidism with subsequent rhabdomyolysis. Immunotherapy (2020) 12(9):625–8. doi: 10.2217/imt-2020-0053

3. Huang, X, Tian, T, Zhang, Y, Zhou, S, Hu, P, and Zhang, J. Age-associated changes in adverse events arising from anti-PD-(L)1 therapy. Front Oncol (2021) 11:619385. doi: 10.3389/fonc.2021.619385

4. Wang, DY, Salem, JE, Cohen, JV, Chandra, S, Menzer, C, Ye, F, et al. Fatal toxic effects associated with immune checkpoint inhibitors: A systematic review and meta-analysis. JAMA Oncol (2018) 4(12):1721–8. doi: 10.1001/jamaoncol.2018.3923

5. Rowin, J. Etanercept treatment in myasthenia gravis. Ann N Y Acad Sci (2008) 1132:300–4. doi: 10.1196/annals.1405.028

6. Zhang, X, Wu, T, Cai, X, Dong, J, Xia, C, Zhou, Y, et al. Neoadjuvant immunotherapy for MSI-H/dMMR locally advanced colorectal cancer: New strategies and unveiled opportunities. Front Immunol (2022) 13:795972. doi: 10.3389/fimmu.2022.795972

7. Franke, AJ, Skelton, WP, Starr, JS, Parekh, H, Lee, JJ, Overman, MJ, et al. Immunotherapy for colorectal cancer: A review of current and novel therapeutic approaches. J Natl Cancer Inst (2019) 111(11):1131–41. doi: 10.1093/jnci/djz093

8. Hornbech, K, Ravn, J, and Steinbrüchel, DA. Outcome after pulmonary metastasectomy: analysis of 5 years consecutive surgical resections 2002-2006. J Thorac Oncol (2011) 6(10):1733–40. doi: 10.1097/JTO.0b013e3182287da2

9. Simmonds, PC, Primrose, JN, Colquitt, JL, Garden, OJ, Poston, GJ, and Rees, M. Surgical resection of hepatic metastases from colorectal cancer: a systematic review of published studies. Br J Cancer (2006) 94(7):982–99. doi: 10.1038/sj.bjc.6603033

10. Tomlinson, JS, Jarnagin, WR, DeMatteo, RP, Fong, Y, Kornprat, P, Gonen, M, et al. Actual 10-year survival after resection of colorectal liver metastases defines cure. J Clin Oncol (2007) 25(29):4575–80. doi: 10.1200/jco.2007.11.0833

11. Overman, MJ, McDermott, R, Leach, JL, Lonardi, S, Lenz, HJ, Morse, MA, et al. Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study. Lancet Oncol (2017) 18(9):1182–91. doi: 10.1016/s1470-2045(17)30422-9

12. Le, DT, Uram, JN, Wang, H, Bartlett, BR, Kemberling, H, Eyring, AD, et al. PD-1 blockade in tumors with mismatch-repair deficiency. N Engl J Med (2015) 372(26):2509–20. doi: 10.1056/NEJMoa1500596

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

14. Dahan, R, Sega, E, Engelhardt, J, Selby, M, Korman, AJ, and Ravetch, JV. FcγRs modulate the anti-tumor activity of antibodies targeting the PD-1/PD-L1 axis. Cancer Cell (2015) 28(4):543. doi: 10.1016/j.ccell.2015.09.011

15. Zhang, T, Song, X, Xu, L, Ma, J, Zhang, Y, Gong, W, et al. The binding of an anti-PD-1 antibody to FcγRI has a profound impact on its biological functions. Cancer Immunol Immunother (2018) 67(7):1079–90. doi: 10.1007/s00262-018-2160-x

16. Postow, MA, Sidlow, R, and H., M. Immune-related adverse events associated with immune checkpoint blockade. N Engl J Med (2018) 378(2):158–68. doi: 10.1056/NEJMra1703481

17. Brahmer, JR, Lacchetti, C, Schneider, BJ, Atkins, MB, Brassil, KJ, Caterino, JM, et al. Management of immune-related adverse events in patients treated with immune checkpoint inhibitor therapy: American society of clinical oncology clinical practice guideline. J Clin Oncol (2018) 36(17):1714–68. doi: 10.1200/JCO.2017.77.6385

18. Herrmann, SM, and Perazella, MA. Immune checkpoint inhibitors and immune-related adverse renal events. Kidney Int Rep (2020) 5(8):1139–48. doi: 10.1016/j.ekir.2020.04.018

19. Haugh, AM, Probasco, JC, and Johnson, DB. Neurologic complications of immune checkpoint inhibitors. Expert Opin Drug Saf (2020) 19(4):479–88. doi: 10.1080/14740338.2020.1738382

20. Porcu, M, De Silva, P, Solinas, C, Battaglia, A, Schena, M, Scartozzi, M, et al. Immunotherapy associated pulmonary toxicity: Biology behind clinical and radiological features. Cancers (Basel) (2019) 11(3):305. doi: 10.3390/cancers11030305

21. Geisler, BP, Raad, RA, Esaian, D, Sharon, E, and Schwartz, DR. Apical ballooning and cardiomyopathy in a melanoma patient treated with ipilimumab: a case of takotsubo-like syndrome. J.J.f.I.o.C. (2015) 3(1):1–4. doi: 10.1186/s40425-015-0048-2

22. Suzuki, S, Ishikawa, N, Konoeda, F, Seki, N, Fukushima, S, Takahashi, K, et al. Nivolumab-related myasthenia gravis with myositis and myocarditis in Japan. Neurology (2017) 89(11):1127–34. doi: 10.1212/wnl.0000000000004359

23. Kiyat Atamer, A, Okutur, K, Tüzün, E, Hasbal, B, Boyaciyan, A, Krespi, Y, et al. Guillain-Barre syndrome in a patient with primary extranodal intestinal non-hodgkin's lymphoma: Paraneoplastic, drug induced or coincidental? Noro Psikiyatr Ars (2014) 51(3):288–92. doi: 10.4274/npa.y7059

24. Wennekers, MM, Appelman, M, and van der Weele, WF. Dermatomyositis as a paraneoplastic syndrome. Ned Tijdschr Geneeskd (2018) 161:D1916.

25. Baer, AN. Paraneoplastic muscle disease. Rheum Dis Clin North Am (2011) 37(2):185–200. doi: 10.1016/j.rdc.2011.01.011

26. Yoshioka, M, Kambe, N, Yamamoto, Y, Suehiro, K, and Matsue, HJ. Case of respiratory discomfort due to myositis after administration of nivolumab. J Dermatol (2015) 42(10):1008–9. doi: 10.1111/1346-8138.12991

27. Hu, X, Wei, Y, and Shuai, X. Case report: Glucocorticoid effect observation in a ureteral urothelial cancer patient with ICI-associated myocarditis and multiple organ injuries. Front Immunol (2021) 12:799077. doi: 10.3389/fimmu.2021.799077

28. Deng, C, Yang, M, Jiang, H, Wang, R, Yang, Z, Sun, H, et al. Immune-related multiple-organs injuries following ICI treatment with tislelizumab in an advanced non-small cell lung cancer patient: A case report. Front Oncol (2021) 11:664809. doi: 10.3389/fonc.2021.664809

29. Johnson, DB, Balko, JM, Compton, ML, Chalkias, S, Gorham, J, Xu, Y, et al. Fulminant myocarditis with combination immune checkpoint blockade. N Engl J Med (2016) 375(18):1749–55. doi: 10.1056/NEJMoa1609214

30. Moslehi, J, Lichtman, AH, Sharpe, AH, Galluzzi, L, and Kitsis, RN. Immune checkpoint inhibitor-associated myocarditis: manifestations and mechanisms. J Clin Invest (2021) 131(5):e145186. doi: 10.1172/jci145186

31. Kimura, T, Fukushima, S, Miyashita, A, Aoi, J, Jinnin, M, Kosaka, T, et al. Myasthenic crisis and polymyositis induced by one dose of nivolumab. Cancer Sci (2016) 107(7):1055–8. doi: 10.1111/cas.12961

32. Phillips, GS, Wu, J, Hellmann, MD, Postow, MA, Rizvi, NA, Freites-Martinez, A, et al. Treatment outcomes of immune-related cutaneous adverse events. J Clin Oncol (2019) 37(30):2746–58. doi: 10.1200/jco.18.02141

33. Tarhini, AA, Zahoor, H, Lin, Y, Malhotra, U, Sander, C, Butterfield, LH, et al. Baseline circulating IL-17 predicts toxicity while TGF-β1 and IL-10 are prognostic of relapse in ipilimumab neoadjuvant therapy of melanoma. J Immunother Cancer (2015) 3:39. doi: 10.1186/s40425-015-0081-1

34. Kurimoto, C, Inaba, H, Ariyasu, H, Iwakura, H, Ueda, Y, Uraki, S, et al. Predictive and sensitive biomarkers for thyroid dysfunctions during treatment with immune-checkpoint inhibitors. Cancer Sci (2020) 111(5):1468–77. doi: 10.1111/cas.14363

35. Poto, R, Troiani, T, Criscuolo, G, Marone, G, Ciardiello, F, Tocchetti, CG, et al. Holistic approach to immune checkpoint inhibitor-related adverse events. Front Immunol (2022) 13:804597. doi: 10.3389/fimmu.2022.804597

36. Cappelli, LC, Dorak, MT, Bettinotti, MP, Bingham, CO, and Shah, AA. Association of HLA-DRB1 shared epitope alleles and immune checkpoint inhibitor-induced inflammatory arthritis. Rheumatol (Oxford) (2019) 58(3):476–80. doi: 10.1093/rheumatology/key358

37. Stamatouli, AM, Quandt, Z, Perdigoto, AL, Clark, PL, Kluger, H, Weiss, SA, et al. Collateral damage: Insulin-dependent diabetes induced with checkpoint inhibitors. Diabetes (2018) 67(8):1471–80. doi: 10.2337/dbi18-0002

38. de Filette, JMK, Pen, JJ, Decoster, L, Vissers, T, Bravenboer, B, van der Auwera, BJ, et al. Immune checkpoint inhibitors and type 1 diabetes mellitus: a case report and systematic review. Eur J Endocrinol (2019) 181(3):363–74. doi: 10.1530/eje-19-0291

39. Akturk, HK, Kahramangil, D, Sarwal, A, Hoffecker, L, Murad, MH, and Michels, AW. Immune checkpoint inhibitor-induced type 1 diabetes: a systematic review and meta-analysis. Diabetes Med (2019) 36(9):1075–81. doi: 10.1111/dme.14050

40. Hasan Ali, O, Berner, F, Bomze, D, Fässler, M, Diem, S, Cozzio, A, et al. Human leukocyte antigen variation is associated with adverse events of checkpoint inhibitors. Eur J Cancer (2019) 107:8–14. doi: 10.1016/j.ejca.2018.11.009

41. Gil-Cruz, C, Perez-Shibayama, C, De Martin, A, Ronchi, F, van der Borght, K, Niederer, R, et al. Microbiota-derived peptide mimics drive lethal inflammatory cardiomyopathy. Science (2019) 366(6467):881–6. doi: 10.1126/science.aav3487

42. Vétizou, M, Pitt, JM, Daillère, R, Lepage, P, Waldschmitt, N, Flament, C, et al. Anticancer immunotherapy by CTLA-4 blockade relies on the gut microbiota. Science (2015) 350(6264):1079–84. doi: 10.1126/science.aad1329

43. Chaput, N, Lepage, P, Coutzac, C, Soularue, E, Le Roux, K, Monot, C, et al. Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with ipilimumab. Ann Oncol (2017) 28(6):1368–79. doi: 10.1093/annonc/mdx108

44. Dubin, K, Callahan, MK, Ren, B, Khanin, R, Viale, A, Ling, L, et al. Intestinal microbiome analyses identify melanoma patients at risk for checkpoint-blockade-induced colitis. Nat Commun (2016) 7:10391. doi: 10.1038/ncomms10391

45. Anderson, R, Theron, AJ, and Rapoport, BL. Immunopathogenesis of immune checkpoint inhibitor-related adverse events: Roles of the intestinal microbiome and Th17 cells. Front Immunol (2019) 10:2254. doi: 10.3389/fimmu.2019.02254

46. Nel, M, Prince, S, and Heckmann, JM. Profiling of patient-specific myocytes identifies altered gene expression in the ophthalmoplegic subphenotype of myasthenia gravis. Orphanet J Rare Dis (2019) 14(1):24. doi: 10.1186/s13023-019-1003-y

47. Johansen, A, Christensen, SJ, Scheie, D, Højgaard, JLS, and Kondziella, D. Neuromuscular adverse events associated with anti-PD-1 monoclonal antibodies: Systematic review. Neurology (2019) 92(14):663–74. doi: 10.1212/wnl.0000000000007235

48. Lau, KH, Kumar, A, Yang, IH, and Nowak, RJ. Exacerbation of myasthenia gravis in a patient with melanoma treated with pembrolizumab. Muscle Nerve (2016) 54(1):157–61. doi: 10.1002/mus.25141

49. Zhu, J, and Li, Y. Myasthenia gravis exacerbation associated with pembrolizumab. Muscle Nerve (2016) 54(3):506–7. doi: 10.1002/mus.25055

50. Shirai, T, Sano, T, Kamijo, F, Saito, N, Miyake, T, Kodaira, M, et al. Acetylcholine receptor binding antibody-associated myasthenia gravis and rhabdomyolysis induced by nivolumab in a patient with melanoma. Jpn J Clin Oncol (2016) 46(1):86–8. doi: 10.1093/jjco/hyv158

51. Bai, J, Li, D, Yang, P, Xu, K, Wang, Y, Li, Q, et al. Camrelizumab-related myocarditis and myositis with myasthenia gravis: A case report and literature review. Front Oncol (2021) 11:778185. doi: 10.3389/fonc.2021.778185

52. Haanen, J, Carbonnel, F, Robert, C, Kerr, KM, Peters, S, Larkin, J, et al. Management of toxicities from immunotherapy: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol (2018) 29(Suppl 4):iv264–6. doi: 10.1093/annonc/mdy162

53. Eigentler, TK, Hassel, JC, Berking, C, Aberle, J, Bachmann, O, Grünwald, V, et al. Diagnosis, monitoring and management of immune-related adverse drug reactions of anti-PD-1 antibody therapy. Cancer Treat Rev (2016) 45:7–18. doi: 10.1016/j.ctrv.2016.02.003

54. Nadeau, BA, Fecher, LA, Owens, SR, and Razumilava, N. Liver toxicity with cancer checkpoint inhibitor therapy. Semin Liver Dis (2018) 38(4):366–78. doi: 10.1055/s-0038-1667358

55. Schneider, BJ, Naidoo, J, Santomasso, BD, Lacchetti, C, Adkins, S, Anadkat, M, et al. Management of immune-related adverse events in patients treated with immune checkpoint inhibitor therapy: ASCO guideline update. J Clin Oncol (2021) 39(36):4073–126. doi: 10.1200/jco.21.01440

56. Min, L, Hodi, FS, Giobbie-Hurder, A, Ott, PA, Luke, JJ, Donahue, H, et al. Systemic high-dose corticosteroid treatment does not improve the outcome of ipilimumab-related hypophysitis: a retrospective cohort study. Clin Cancer Res (2015) 21(4):749–55. doi: 10.1158/1078-0432.Ccr-14-2353

57. Delanoy, N, Michot, JM, Comont, T, Kramkimel, N, Lazarovici, J, Dupont, R, et al. Haematological immune-related adverse events induced by anti-PD-1 or anti-PD-L1 immunotherapy: a descriptive observational study. Lancet Haematol (2019) 6(1):e48–57. doi: 10.1016/s2352-3026(18)30175-3

58. Johnson, DB, Manouchehri, A, Haugh, AM, Quach, HT, Balko, JM, Lebrun-Vignes, B, et al. Neurologic toxicity associated with immune checkpoint inhibitors: a pharmacovigilance study. J Immunother Cancer (2019) 7(1):134. doi: 10.1186/s40425-019-0617-x

59. Khunger, A, Battel, L, Wadhawan, A, More, A, Kapoor, A, and Agrawal, N. New insights into mechanisms of immune checkpoint inhibitor-induced cardiovascular toxicity. Curr Oncol Rep (2020) 22(7):65. doi: 10.1007/s11912-020-00925-8

60. Brahmer, JR, Lacchetti, C, and Thompson, JA. Management of immune-related adverse events in patients treated with immune checkpoint inhibitor therapy: American society of clinical oncology clinical practice guideline summary. J Oncol Pract (2018) 14(4):247–9. doi: 10.1200/jop.18.00005

61. Puzanov, I, Diab, A, Abdallah, K, Bingham, CO 3rd, Brogdon, C, Dadu, R, et al. Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the society for immunotherapy of cancer (SITC) toxicity management working group. J Immunother Cancer (2017) 5(1):95. doi: 10.1186/s40425-017-0300-z

62. Li, L, Mok, H, Jhaveri, P, Bonnen, MD, Sikora, AG, Eissa, NT, et al. Anticancer therapy and lung injury: molecular mechanisms. Expert Rev Anticancer Ther (2018) 18(10):1041–57. doi: 10.1080/14737140.2018.1500180

63. Kalisz, KR, Ramaiya, NH, Laukamp, KR, and Gupta, A. Immune checkpoint inhibitor therapy-related pneumonitis: Patterns and management. Radiographics (2019) 39(7):1923–37. doi: 10.1148/rg.2019190036

64. Song, P, Wang, H, Si, X, Guo, X, Li, Y, Zhou, J, et al. Recommendations and exploration of diagnosis and treatment of critical and refractory immune checkpoint inhibitor-associated adverse events. Thorac Cancer (2020) 11(8):2077–86. doi: 10.1111/1759-7714.13553

65. Abu-Sbeih, H, Ali, FS, Wang, X, Mallepally, N, Chen, E, Altan, M, et al. Early introduction of selective immunosuppressive therapy associated with favorable clinical outcomes in patients with immune checkpoint inhibitor-induced colitis. J Immunother Cancer (2019) 7(1):93. doi: 10.1186/s40425-019-0577-1

66. Bergqvist, V, Hertervig, E, Gedeon, P, Kopljar, M, Griph, H, Kinhult, S, et al. Vedolizumab treatment for immune checkpoint inhibitor-induced enterocolitis. Cancer Immunol Immunother (2017) 66(5):581–92. doi: 10.1007/s00262-017-1962-6

67. Darnell, EP, Mooradian, MJ, Baruch, EN, Yilmaz, M, and Reynolds, KL. Immune-related adverse events (irAEs): Diagnosis, management, and clinical pearls. Curr Oncol Rep (2020) 22(4):39. doi: 10.1007/s11912-020-0897-9

68. Jeurling, S, and Cappelli, LC. Treatment of immune checkpoint inhibitor-induced inflammatory arthritis. Curr Opin Rheumatol (2020) 32(3):315–20. doi: 10.1097/bor.0000000000000701

69. Mamlouk, O, Selamet, U, Machado, S, Abdelrahim, M, Glass, WF, Tchakarov, A, et al. Nephrotoxicity of immune checkpoint inhibitors beyond tubulointerstitial nephritis: single-center experience. J Immunother Cancer (2019) 7(1):2. doi: 10.1186/s40425-018-0478-8

70. Bitton, K, Michot, JM, Barreau, E, Lambotte, O, Haigh, O, Marabelle, A, et al. Prevalence and clinical patterns of ocular complications associated with anti-PD-1/PD-L1 anticancer immunotherapy. Am J Ophthalmol (2019) 202:109–17. doi: 10.1016/j.ajo.2019.02.012

71. Wai Siu, DH, O'Neill, RS, Harris, CA, Wang, J, Ardolino, L, Downton, T, et al. Immune checkpoint inhibitor-induced myocarditis, myositis, myasthenia gravis and transaminitis: a case series and review. Immunotherapy (2022) 14(7):511–20. doi: 10.2217/imt-2021-0225

72. Haanen, J, Carbonnel, F, Robert, C, Kerr, KM, Peters, S, Larkin, J, et al. Management of toxicities from immunotherapy: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol (2017) 28(suppl_4):iv119. doi: 10.1093/annonc/mdx225

73. Palaskas, N, Lopez-Mattei, J, Durand, JB, Iliescu, C, and Deswal, A. Immune checkpoint inhibitor myocarditis: Pathophysiological characteristics, diagnosis, and treatment. J Am Heart Assoc (2020) 9(2):e013757. doi: 10.1161/JAHA.119.013757

74. Portolés Hernández, A, Blanco Clemente, M, Escribano García, D, Velasco Calvo, R, Núñez García, B, Oteo Domínguez, JF, et al. Checkpoint inhibitor-induced fulminant myocarditis, complete atrioventricular block and myasthenia gravis-a case report. Cardiovasc Diagn Ther (2021) 11(4):1013–9. doi: 10.21037/cdt-21-147

75. Dolladille, C, Ederhy, S, Sassier, M, Cautela, J, Thuny, F, Cohen, AA, et al. Immune checkpoint inhibitor rechallenge after immune-related adverse events in patients with cancer. JAMA Oncol (2020) 6(6):865–71. doi: 10.1001/jamaoncol.2020.0726

76. Haanen, J, Ernstoff, M, Wang, Y, Menzies, A, Puzanov, I, Grivas, P, et al. Rechallenge patients with immune checkpoint inhibitors following severe immune-related adverse events: review of the literature and suggested prophylactic strategy. J Immunother Cancer (2020) 8(1):e000604. doi: 10.1136/jitc-2020-000604

77. Shen, L, Chen, H, and Wei, Q. Immune-Therapy-Related toxicity events and dramatic remission after a single dose of pembrolizumab treatment in metastatic thymoma: A case report. Front Immunol (2021) 12:621858. doi: 10.3389/fimmu.2021.621858

78. Dubey, D, David, WS, Reynolds, KL, Chute, DF, Clement, NF, Cohen, JV, et al. Severe neurological toxicity of immune checkpoint inhibitors: Growing spectrum. Ann Neurol (2020) 87(5):659–69. doi: 10.1002/ana.25708

79. Seki, M, Uruha, A, Ohnuki, Y, Kamada, S, Noda, T, Onda, A, et al. Inflammatory myopathy associated with PD-1 inhibitors. J Autoimmun (2019) 100:105–13. doi: 10.1016/j.jaut.2019.03.005

80. Touat, M, Maisonobe, T, Knauss, S, Ben Hadj Salem, O, Hervier, B, Auré, K, et al. Immune checkpoint inhibitor-related myositis and myocarditis in patients with cancer. Neurology (2018) 91(10):e985–94. doi: 10.1212/wnl.0000000000006124

81. Kadota, H, Gono, T, Shirai, Y, Okazaki, Y, Takeno, M, and Kuwana, M. Immune checkpoint inhibitor-induced myositis: a case report and literature review. Curr Rheumatol Rep (2019) 21(4):10. doi: 10.1007/s11926-019-0811-3

82. Seki, M, Kitano, S, and Suzuki, S. Neurological disorders associated with immune checkpoint inhibitors: an association with autoantibodies. Cancer Immunol Immunother (2022) 71(4):769–75. doi: 10.1007/s00262-021-03053-9

83. Kao, JC, Liao, B, Markovic, SN, Klein, CJ, Naddaf, E, Staff, NP, et al. Neurological complications associated with anti-programmed death 1 (PD-1) antibodies. JAMA Neurol (2017) 74(10):1216–22. doi: 10.1001/jamaneurol.2017.1912

84. Haddox, CL, Shenoy, N, Shah, KK, Kao, JC, Jain, S, Halfdanarson, TR, et al. Pembrolizumab induced bulbar myopathy and respiratory failure with necrotizing myositis of the diaphragm. Ann Oncol (2017) 28(3):673–5. doi: 10.1093/annonc/mdw655

85. Takamatsu, K, Nakane, S, Suzuki, S, Kosaka, T, Fukushima, S, Kimura, T, et al. Immune checkpoint inhibitors in the onset of myasthenia gravis with hyperCKemia. Ann Clin Transl Neurol (2018) 5(11):1421–7. doi: 10.1002/acn3.654

86. Suzuki, S. Encephalitis as an immune-related adverse event. J Neurol Neurosurg Psychiatry (2020) 91(7):680. doi: 10.1136/jnnp-2020-323212

87. Chang, H, Shin, YW, Keam, B, Kim, M, Im, SA, and Lee, ST. HLA-B27 association of autoimmune encephalitis induced by PD-L1 inhibitor. Ann Clin Transl Neurol (2020) 7(11):2243–50. doi: 10.1002/acn3.51213


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

Copyright © 2022 Wang, Peng, Zhu, Min, Xue, Wu, Shao, Pan 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/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2022.1053370_cover.jpg
, frontiers ‘ Frontiers in Oncology

Acetylcholine receptor binding
antibody— associated myasthenia
gravis, myocarditis, and
rhabdomyolysis induced by
tislelizumab in a patient with
colon cancer: A case report
and literature review





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Acetylcholine receptor binding antibody–associated myasthenia gravis, myocarditis, and rhabdomyolysis induced by tislelizumab in a patient with colon cancer: A case report and literature review

      

        		

          Introduction

        



        		

          Case report

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-1053370-g002.jpg
Timeline 28 days ago

He was diagnosed with LACRC, received curative surgery and underwent five The tumor markers were elevated and he agreed to have FOLFIRI
cycles of FOLFOX chemotherapy. chemotherapy and tislelizumab administered as a single cycle.
Be hospitalized 8 days ago
He had pigmented urine, presented with palpitations and was hospitalized in He experienced weakness of the limbs, followed by ptosis.
our hospital.
5 days later 7 days later
He presented with symptoms of precardiac suffocation. He was treated with methylprednisolone 1g per day and IVIG 0.4g/kg per day

intravenously. Methylprednisolone was tapered progressively.

He stopped taking methylprednisolone and went to the community He complained of tightness in the chest, had difficulty breathing and was
rehabilitation center intermittently for rehabilitation training. diagnosed as type I respiratory failure.

He was able to move freely and breathe normally without discomfort.
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OEBPS/Images/table1.jpg
Adverse
reactions

Hepatobiliary
diseases (53)

Endocrine diseases
(53, 55)

Blood and
lymphatic system
disorders (53)
Neurological
system disorders
(19, 58)
Cardiovascular
diseases (59)

Respiratory
diseases (62, 63)

Gastrointestinal
diseases (64)

Mucosal or
cutaneous disease
(64)
Musculoskeletal
and connective
tissue disorders
(67, 68)

Kidney and
urologic diseases
(18)

Ocular diseases
(20)

Systemic symptoms
(64)

Clinical manifestations

Increased levels of AST, ALT, y-glutamyl
transferase, and bilirubin; autoimmune hepatitis

Hypothyroidism, hyperthyroidism, or other thyroid
disorder; adrenocortical insufficiency, diabetes, and
secondary hyperglycemia

Anemia, leukopenia, neutropenia,
thrombocytopenia, hemophilia, and hemolytic
anemia

Neuromuscular dysfunction (myasthenia gravis),
encephalitis, myelitis, cerebral vasculitis, Guillain—
Barre Syndrome, and non-infectious meningitis

Pericarditis, myocarditis, and vasculitis

Pulmonary infections, cough, chest pain,
hemoptysis, dyspnea, organizing pneumonia,
autoimmune alveolitis, ARDS, and sarcoid-like
granulomatosis

Gastritis, nausea, decreased appetite, esophagitis,
gastritis, ileitis, colitis, and pancreatitis

Rash, pruritus, and vitiligo

Arthralgias and rhabdomyolysis

Urinary tract infection and nephritis

Conjunctivitis, scleritis, episcleritis, uveitis,
blepharitis, retinitis, and optic neuritis

Fever, weight gain, and fatigue

Treatment

Hepatic irAEs can require discontinuation of checkpoint inhibitor therapy and treatment
with immunosuppressive agents (54).

Some hormone deficiencies can be managed with the corresponding hormone replacement
(56).

Glucocorticoids are the first line of therapy; IVIG or rituximab can be considered in difficult
cases. Neutropenic patients can be treated with G-CSF (57).

Corticosteroids were the most frequent treatment, followed by IVIg and plasma exchange
(PEX).

Treatment of ICl-associated myocarditis includes ICI discontinuation, supportive
management, and glucocorticoids (60). Prednisone (0.5-2.0 mg/kg), followed by 4-6 weeks
taper upon symptoms improvement, is recommended (30, 61).

Intravenous steroid therapy with intravenous methylprednisolone along with empirical
antibiotic therapy should be administered. Bronchoscopy and/or bronchoalveolar lavage are
typically performed, and transbronchial biopsy can be considered in a serious condition.

Symptomatic treatment. There is also evidence that infliximab and vedolizumab can be used
to treat ICI-induced colitis (35, 65, 66).
The use of topical glucocorticoids is effective for treating low-grade skin reactions, but

systemic glucocorticoids are required for high-grade reactions (35).

Most patients can be managed with non-
steroidal anti-inflammatory drugs or intra-articular glucocorticoid injections (35).

Nephrology symptomatic treatment (69).

Ophthalmic symptomatic treatment (70).

Symptomatic treatment.





