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Immunotherapy is increasingly used in advanced non-small-cell lung cancer (NSCLC), offering a significant anti-tumor response, as well as causing rising immune-related adverse effects. The incidence of immune checkpoint inhibitor-induced myocarditis–myositis–myasthenia gravis is increasing and particularly concerning due to its high mortality rate. Prompt recognition, diagnosis, and management are crucial. A 40-year-old patient, diagnosed with stage IV non-oncogene addicted lung adenocarcinoma, with nivolumab–ipilimumab–chemotherapy as first-line treatment, developed a rare myocarditis–myositis–myasthenia gravis overlap syndrome. Following the treatment, the patient presented with flu-like symptoms and chest pain and subsequently transferred to the cardiac intensive care unit. The physical examination revealed a visual acuity deficit, diplopia, ophthalmoparesis, ptosis, mydriasis, dysphagia, dyspnea, headache, nausea, dry mouth, asthenia, myalgia, and muscle weakness. Imaging and laboratory tests confirmed the triad, showing an elevation of hs-cTnI and CK and positive results for anti-SAE1 and anti-PL-7 Abs. ECG revealed ST segment elevation and RBBB. The echo showed hyperechogenicity of the inferolateral wall, pericardial detachment, and thickening. The cardiac MRI demonstrated hypokinesia, edema, subepicardial LGE, and pericardial effusion. Muscle biopsy revealed muscle fiber necrosis and regeneration with B and T lymphocytic endomysial inflammatory infiltrate and expression of MHC-I. Treatment with oral prednisone, pyridostigmine, and IV Igs was started due to poor clinical response followed by methylprednisolone. Despite stopping immunotherapy, the patient continued to benefit from it, as highlighted on subsequent re-evaluation CT scans by partial disease response, and as the patient was in complete remission, we decided to resume chemotherapy by omitting immunotherapy. At the radiological control following the four cycles of double CHT and during CHT maintenance, there was a further reduction of the disease. This report aims to raise awareness among physicians about these serious side effects. A multidisciplinary approach led to clinical improvement and early intervention, optimizing patient outcomes.
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Introduction

The number of cases of immune checkpoint inhibitor (ICI) overlap syndrome involving myasthenia gravis, myositis, and myocarditis is increasing in the published literature. ICI-associated myocarditis is particularly concerning due to its high mortality rate of nearly 50% and significant cardiovascular complications in up to 46% of cancer patients. The incidence of immune-related myocarditis is approximately 1%, and among the cases, 25% and 11% exhibit concurrent myositis and myasthenia gravis, respectively. Physicians should be familiar with this triad because it requires the prompt discontinuation of ICIs and the timely administration of high-dose glucocorticoids, which represents the mainstay of treatment. In advanced non-small-cell lung cancer (NSCLC), non-oncogene addicted, first-line strategies have shifted to immunotherapy-based treatments, driven by improvements in overall survival compared to standard platinum-based chemotherapy. However, the increasing use of ICIs is accompanied by a rise in toxicity, known as immune-related adverse effects (irAEs), resulting from the disruption of immune checkpoint signaling with ICIs. Any organ system may be affected by irAEs, which may differ in severity and onset (6). We focus on the challenges of recognizing, diagnosing, and treating concomitant myocarditis–myositis– myasthenia gravis associated with ICI.




Insight

Because of the expanding use of immunotherapy into different tumors, a deeper understanding of immune-related toxicities, their impact on outcomes, development risk factors, and appropriate treatment strategies beyond steroids appears to be crucial. Recognizing the limitations of clinical trials, real-world data are increasingly filling knowledge gaps.






Case presentation

We present the case of a 40-year-old Caucasian woman, a former smoker of 2.5 pack-year with an Eastern Cooperative Oncology Group Performance Status (ECOG PS) of 0. Her past medical history includes Hashimoto’s thyroiditis managed with levothyroxine. She had no surgical history and no family history of lung cancer. In October 2022, the patient presented to her general practitioner with persistent cough, dyspnea, and right hemithorax pain [Numeric Range Scale (NRS) = 6]. The patient was diagnosed with stage IV lung adenocarcinoma with no driver mutations and programmed death-ligand (PD-L1) expression <1%. Baseline computed tomography (CT) scan revealed an extensive solid tissue with irregular margins of 5.5 cm in the right perihilar area, with occlusion of the bronchial branch for the middle lobe. It also showed numerous solid nodular formations ranging from 6 to 36 mm, lymphadenopathy in the ilo-mediastinal area of approximately 2 cm, and morphological alteration of the XII right rib. Radiological staging according to the TNM staging VIII Edition system was cT4cN2cM1b Stage IVA (1). The patient underwent diagnostic EBUS-TBNA of the lower paratracheal and subcarinal mediastinal lymph nodes. The subject presented at our oncological outpatient department, and considering the absence of driver alterations, the negative value of PD-L1, and the need to start a systemic treatment to counteract oncological disease progression, we chose first-line systemic chemoimmunotherapy, a combination checkpoint blockade with nivolumab 360 mg every 3 weeks plus ipilimumab 1 mg/kg every 6 weeks, along with carboplatin AUC 5 + pemetrexed 500 mg/m2 administered every 3 weeks for two cycles (2). Lipegfilgrastim, a G-CSF, was administered as primary prophylaxis of febrile neutropenia. Additionally, palliative radiation therapy was performed for symptomatic bone lesions on the right XII rib, delivering a total dose of 25 Gray in five fractions. However, the subject only received one cycle of the four-drug combination in November 2022, because in December 2022, the patient reported flu-like symptoms and retrosternal chest pain after treatment and was admitted to the oncology department of our center in Sant’Andrea Hospital of “La Sapienza” University of Rome and subsequently transferred to the cardiac intensive care unit for continuous monitoring. The physical examination revealed a visual acuity deficit, diplopia, severe ophthalmoparesis, left eyelid ptosis, mydriasis, rhinolalia, dysphagia, dyspnea, headache, nausea, dry mouth, asthenia, myalgia, neck flexion deficit, and extensor digitorum communis strength deficit. To exclude a secondary brain metastasis, a brain MRI was performed, which had negative results. Electrocardiogram revealed sinus rhythm, normal atrioventricular conduction, ST segment elevation in inferolateral and V3–V6 leads, and right bundle branch block (Figure 1A). Echocardiogram showed normal left ventricular ejection fraction, hyperechogenicity of inferolateral wall, mild anterior pericardial detachment, and thickening (Figure 1B). Laboratory tests revealed that Troponin I (hs-cTnI) was persistently elevated up to 13,963 U/L, without dynamic changes. The cardiac MRI confirmed the diagnosis of myocarditis demonstrating LVEF within normal values with mild hypokinesia of the lateral wall, edema, subepicardial late gadolinium enhancement at the level of the lateral wall and antero-lateral to the mid-apical segments, and minimal pericardial effusion at the basal level of the left ventricle. Laboratory tests also showed an increase in creatinine kinase (CK) up to 6,388 U/L and positive results for anti-SAE1 and anti-PL-7 antibodies. Open muscle biopsy was performed on the extensor digitorum communis revealing muscle fiber necrosis and regeneration with marked B and T lymphocytic endomysial inflammatory infiltrate (CD4=CD8=CD68) and diffuse expression of MHC-I, consistent with inflammatory myopathy (Figure 2). Concerning neuromuscular transmission assessment, the myasthenia-associated antibodies (anti-AChR and anti-MuSK) and repetitive nerve stimulation were negative, but the ice-pack test was clinically positive. The diagnosis of immune-related myocarditis–myasthenia–myositis association was made, and according to the guidelines (9), we started a therapy with oral prednisone at 1 mg/kg, pyridostigmine bromide 60 mg (one tablet for 4 days), and IV immunoglobulins at 0.4 g/kg daily for 4 days. Despite these interventions, poor clinical response and high troponin values persisted. Moreover, frequent ventricular ectopic beats, with bigeminy, were detected at ECG monitoring. Following a multidisciplinary discussion, therapy with methylprednisolone sodium succinate 1 g IV/day for 5 days was initiated, resulting in an accelerated decline in cTnI and CK levels and the disappearance of arrhythmias (Figure 3). The patient remained hemodynamically stable with marked improvement of myocarditis and myositis in the early phase and slow improvement of ophthalmoparesis in the following months. After 2 weeks of hospital stay and treatment, our patient showed a significant symptomatic recovery accompanied by a decrease in myocardial and skeletal muscle injury markers. Anti-PD1 and anti-CTLA 4 therapies were permanently discontinued for the manifestations of grade 3–4 adverse events and no other specific anti-tumor therapy was initiated at that time. Owing to persistent asthenia, the case was discussed with a neurologist colleague, leading to the initiation of methotrexate at 7.5 mg weekly. However, after 2 weeks, the treatment was suspended due to hepatic toxicity. In February 2023, restaging imaging following suspension of ipilimumab–nivolumab treatment revealed a partial response of disease. In March 2023, the patient was in remission from severe dose-limiting toxicity associated with previously carried out immunotherapy with regression of diplopia, dysphagia, bilateral ptosis, and asthenia. Blood tests were within normal limits. The dose of prednisone was tapered and pyridostigmine was suspended. Considering the improvement in general conditions, the patient was advised to resume chemotherapy according to the scheme CBDCA AUC5 plus pemetrexed 500 mg/m2 every 3 weeks for four cycles. Subsequent restaging imaging following completion of treatment showed further reduction of disease. Thus, pemetrexed maintenance therapy was started and it is still ongoing. The patient underwent the last radiographic examination in November 2023, revealing continued partial disease response (Figures 4, 5).




Figure 1 | (A) Electrocardiogram showing ST segment elevation in inferior-lateral and V3–V6 leads. Right bundle branch block. (B) Echocardiography abnormalities: hyperechogenicity of the inferior-lateral wall, mild anterior pericardial detachment, and thickening.






Figure 2 | Histological analysis of muscle biopsy. Muscle fiber necrosis and regeneration with marked B and T lymphocyte inflammatory infiltrate (CD4=CD8=CD68), diffuse expression of MHC-I. Immune infiltrate can be observed in the muscle biopsy associated to necrotic fibers [A, Hematoxylin and eosin (H&E)]. The infiltrate was composed partially by T cells (CD4, C) and B-cell lymphocytes (CD20, E).






Figure 3 | Change in levels of blood indicators of cardiac and muscle damage.






Figure 4 | Representative CT images of patients at baseline and during the treatment (subsequently to chemoimmunotherapy, double chemotherapy, and maintenance chemotherapy).






Figure 5 | Patient timeline chart along with key dates for investigations and oncological treatments. Although our patient stopped treatment due to severe immuno-related toxicity, the patient had a partial disease response highlighted at the CT revaluation in February 2023. Five months later, however, the patient continued to benefit from treatment with a single administration of four drugs. In March, the patient was in complete remission from severe dose-limiting toxicity. In view of the high risk of disease progression, it was decided to resume chemotherapy treatment by omitting immunotherapy. At the end of the four chemotherapy cycles at the radiological control in July and in November, there was a further reduction of the disease.







Discussion

ICIs are novel therapeutic agents that have demonstrated relevant anti-tumor responses in various cancer types by enhancing the immune response against cancer and blocking the negative downregulation of T cells. As ICIs can lead to severe side effects and are increasingly used in subspecialties besides oncology, with less experience with these drugs, knowledge should be spread (3). The aim of this article is to raise awareness among physicians about the serious side effects of immune checkpoint blocking antibodies. A comprehensive assessment of the risk of irAEs in patients as early as possible will significantly improve the prognosis of our patients, considering that irAEs can lead to severe consequences. IrAEs caused by ICIs should be paid attention to from many aspects, and before their use, we suggest to comprehensively evaluate whether the patients have the risk factors for irAEs (6–8). Furthermore, it must be considered that ICIs are often used in combination with several drugs that may increase all the risks, mostly of cardiovascular disease.

In comparison to patients treated with nivolumab alone, those treated with nivolumab plus ipilimumab have an increased incidence and severity of myocarditis (up to 2%) (4, 5). The myasthenia symptoms of the patient we reported gradually worsened. The patient believed that it was due to the further development of the tumor and did not pay enough attention to it, which increased the difficulty of later treatment. Therefore, we need to improve the cognition of patients and their families regarding the severity of irAEs, make a clear diagnosis as soon as possible, and facilitate further treatment.

Recent guidelines from AIOM and ESMO (9) provide key recommendations for recognizing and managing acute irAEs.

Diagnosing myocarditis can be challenging due to the absence or the non-specificity of cardiovascular symptoms; thus, initial assessment includes cardiac enzymes, ECG, and echocardiogram. Most importantly, a high level of suspicion is required when managing these patients; otherwise, cases may be undiagnosed. Findings that should raise the suspicion of myocarditis include elevated troponin T and CK levels, cardiac conduction alterations, and ventricular size or function abnormalities. Cardiac imaging with MRI or even endomyocardial biopsy might be necessary for diagnosis confirmation. Given the high mortality rate, hospitalization for clinical monitoring and treatment in severe cases and management in a specialist cardiological environment may be useful in the case of suspected myocarditis (2, 12).

The clinical manifestations of myositis are the result of oculomotor and axial muscle involvement, leading to diplopia, ptosis, and drooping head, while bulbar muscle involvement can cause dysarthria, dysphonia, or dysphagia. Blood chemistry may show elevated muscle damage markers (CPK, LDH, and transaminase) and myositis-specific or myositis-related antibodies, although these are frequently negative. In ICI-related cases, frequent involvement of other peripheral nervous system targets (MG) is reported, detectable through examinations like the EMG/ENG, muscle MRI, and biopsy. Severe cases are linked to the extension of the myopathic process to the myocardium and diaphragm with the onset of myocarditis and respiratory failure with high lethality.

Myasthenia gravis during ICI treatment presents as a severe and high-mortality pathology, compared to idiopathic forms. Generally, it occurs de novo and two-thirds of patients have positive antibodies to acetylcholine receptor. The typical clinical picture is characterized by muscle weakness with exhaustion and fluctuation; eye involvement (ptosis and diplopia) and bulbar (dysphagia, dysphonia, dysarthria) or generalized forms are recognized (spinal innervation muscle deficiency). The low-frequency repetitive nerve stimulation (3–5 Hz) has a high specificity but a lower sensitivity, showing the typical decremental response; single-fiber electromyography with the jitter study has a higher sensitivity but a lower specificity. High-title anti-AChR antibodies are recognized in approximately 80%–85% of cases not related to ICI; in ICI-related forms, a higher incidence of seronegative forms is reported. Involvement of skeletal muscle and myocardium is significantly frequent. An emerging complication during ICI therapy is the appearance of an immune attack on multiple targets of the peripheral nervous system and muscle, giving rise to “overlap” or “combined” forms (myasthenia + myositis + polyneuropathy + myocarditis). The most common form of association appears to be between MG and myositis, often associated with at least subclinical myocardial involvement (i.e., asymptomatic elevation of hsTnI). These forms appear substantially exclusive of a related ICI etiology and are associated with higher severity and mortality compared to individual syndromes.

Management of clinically significant irAEs begins with discontinuation of ICI treatment and initiation of corticosteroids, typically prednisone at a dose of 1 to 2 mg/kg or equivalent. In non-responsive patients, increasing corticosteroid dose with intravenous methylprednisolone at a daily dose of 1–2 mg/kg or 500–1,000 mg and/or the addition of other immunosuppressive agents (MMF or tocilizumab 8 mg/kg) or using third-line drugs (such as ATG, alemtuzumab, or abatacept) is usually effective in controlling irAEs. Other therapeutic approaches include adalimumab, infliximab, mycophenolate, thymoglobulin, plasmapheresis, and intravenous immunoglobulin (0.4 g/kg/day for 5 days). Acetylcholinesterase inhibitors pyridostigmine bromide 60 mg (one tablet for 4 days) should be considered in the case of myasthenia gravis, and some studies have shown that plasma exchange is more effective.

Table 1 shows similar cases of ICI-related myocarditis and myositis/myasthenia gravis overlap syndrome reported in the literature, categorized by diagnosis, treatment, time of onset in weeks from the start of therapy, outcome, and best radiological disease response.


Table 1 | Reported cases of ICI-related myocarditis and myositis/myasthenia gravis overlap syndrome.



Despite the adverse effects, the nivolumab–ipilimumab–chemotherapy combination now represents a first-line standard for treating advanced non-oncogene addicted lung cancer, either squamous or non-squamous histology. The Checkmate 9LA study, published in Lancet Oncology in January 2021, showed superior efficacy and activity in naive advanced NSCLC non-oncogene addicted patients treated with nivolumab (anti-PD1) plus ipilimumab (anti-CTLA4) associated with two cycles of platinum doublet chemotherapy histology based on their subsequent maintenance compared to four cycles of standard chemotherapy and subsequent maintenance with pemetrexed in non-squamous histology. The use of a double immunological block and the lower amount of chemotherapy differentiate this scheme from the therapeutic standard. The most common treatment-related adverse events were neutropenia 7% in the experimental arm vs. 9% in the control arm, anemia 6% vs. 14%, diarrhea 4% vs. 1%, increased lipase 6% vs. 1%, and asthenia 1% vs. 2%. Severe adverse events occurred in 30% of experimental arm patients and 18% of control arm patients. The percentage of toxic deaths in the two arms was similar, 2%. Efficacy and safety data support a favorable risk–benefit profile for nivolumab plus ipilimumab combined with chemotherapy as first-line treatment for patients with advanced NSCLC: median OS was 14.1 months in the experimental arm versus 10.7 months in the standard therapy arm, mPFS of 6.8 months versus 5 months, and an ORR of 37.7% versus 25.1% (2). The most important limitation of the study is the chemotherapy control arm, which does not represent the standard of care due to treatment advances during the trial. At this year’s ASCO annual meeting, the 4-year update of the Checkmate 9LA study confirmed that the overall risk of progression is reduced by 26%, with 21% of patients treated with chemoimmunotherapy combination alive compared to 16% of patients treated with chemotherapy alone at 4 years. The survival curves continue to show an advantage in favor of the chemoimmunotherapy combination in all subgroups of PD-L1 expression and isotype. The benefit appears to be more significant in the negative PD-L1 subgroup and the squamous isotype, with a 34% and 36% reduction in the risk of progression, respectively (10).

The post-hoc analysis reveals a persistent efficacy in patients who discontinued treatment due to treatment-related adverse events. Median OS was 27.5 months, ORR was 51%, and 56% of responders had an ongoing response 1 year after discontinuation, demonstrating a beneficial effect over time of the activation stimulus of the immune system, at different points, through the use of two drugs. In patients who stopped therapy due to adverse events related to treatment, median TFI was 10.6 months, with 27% of patients living and free from treatment 4 years after discontinuation of study therapy (11).





Conclusions

The therapeutic value of ICIs has been found and recognized in several tumors, and although ICIs have improved the prognosis of advanced diseases, sometimes they cause irAEs. Our experience highlights the importance of prompt suspicion, diagnosis, and early intervention of these fatal irAEs after receiving immunotherapy, and the reasonable treatment of patients are very important for the prognosis of patients. Our case shows that ICI-associated myocarditis–myositis–myasthenia gravis, which occurs early during therapy and more frequently with combination regimens, represents a severe irAE with a high mortality rate. Because symptoms can be overlooked, especially in sick patients, our observations suggest the need for a high index of suspicion among oncologists. Because of the rarity of ICI-associated myocarditis–myositis–myasthenia gravis, more high-quality evidence is necessary to establish reliable guidelines for the future.





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

Ethical approval was not required for the studies involving humans because The manuscript is a case report involving a human participant and has not been submitted to the Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

MM: Conceptualization, Methodology, Writing – original draft. GA: Writing – review & editing, Investigation. LT: Investigation, Writing – review & editing. AL: Investigation, Writing – review & editing. MM: Investigation, Writing – review & editing. GT: Investigation, Writing – review & editing. MG: Investigation, Writing – review & editing. RG: Conceptualization, Methodology, Writing – review & editing. FM: Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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. Goldstraw, P, Chansky, K, Crowley, J, Rami-Porta, R, Asamura, H, Eberhardt, WE, et al. The IASLC lung cancer staging project: proposals for revision of the TNM stage groupings in the forthcoming (Eighth) edition of the TNM classification for lung cancer. J Thorac Oncol. (2016) 11:39–51. doi: 10.1016/j.jtho.2015.09.009

2. Paz-Ares, L, Ciuleanu, TE, Cobo, M, Schenker, M, Zurawski, B, Menezes, J, et al. First-line nivolumab plus ipilimumab combined with two cycles of chemotherapy in patients with non-small-cell lung cancer (CheckMate 9LA): an international, randomised, open-label, phase 3 trial [published correction appears in. Lancet Oncol. (2021) 22:198–211. doi: 10.1016/S1470-2045(20)30641-0

3. Heinzerling, L, and Goldinger, SM. A review of serious adverse effects under treatment with checkpoint inhibitors. Curr Opin Oncol. (2017) 29:136–44. doi: 10.1097/CCO.0000000000000358

4. Salem, JE, Manouchehri, A, Moey, M, Lebrun-Vignes, B, Bastarache, L, Pariente, A, et al. Cardiovascular toxicities associated with immune checkpoint inhibitors: an observational, retrospective, pharmacovigilance study. Lancet Oncol. (2018) 19:1579–89. doi: 10.1016/S1470-2045(18)30608-9

5. Ramos-Casals, M, Brahmer, JR, Callahan, MK, Flores-Chávez, A, Keegan, N, Khamashta, MA, et al. Immune-related adverse events of checkpoint inhibitors. Nat Rev Dis Primers. (2020) 6:38. doi: 10.1038/s41572-020-0160-6

6. Pathak, R, Katel, A, Massarelli, E, Villaflor, VM, Sun, V, and Salgia, R. Immune checkpoint inhibitor-induced myocarditis with myositis/myasthenia gravis overlap syndrome: A systematic review of cases. Oncologist. (2021) 26:1052–61. doi: 10.1002/onco.13931

7. Valenti-Azcarate, R, Vazquez, IE, Illan, CT, Gastearena, MAI, and Pérez-Larraya, JG. Nivolumab and Ipilimumab-induced myositis and myocarditis mimicking a myasthenia gravis presentation. Neuromuscular Disord. (2019) 30:67–9. doi: 10.1016/j.nmd.2019.10.006

8. Zhou, S, Khanal, S, and Zhang, H. Risk of immune-related adverse events associated with ipilimumab-plus-nivolumab and nivolumab therapy in cancer patients. Ther Clin Risk Manage. (2019) 15:211–21. doi: 10.2147/TCRM.S193338

9. Haanen, J, Obeid, M, Spain, L, Carbonnel, F, Wang, Y, Robert, C, et al. Management of toxicities from immunotherapy: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann Oncol. (2022) 33:1217–38. doi: 10.1016/j.annonc.2022.10.001

10. Carbone, DP, Ciuleanu, T-E, Schenker, M, Cobo-Dols, M, Bordenave, S, Juan-Vidal, O, et al. First-line (1L) nivolumab (N) + ipilimumab (I) + chemotherapy (C) vs C alone in patients (pts) with metastatic NSCLC (mNSCLC) from CheckMate 9LA: 4-y clinical update and outcomes by tumor histologic subtype (THS). J Clin Oncol. (2023) 41:LBA9023. doi: 10.1200/JCO.2023.41.17_suppl.LBA9023

11. Reck, M, Ciuleanu, TE, Cobo, M, Schenker, M, Zurawski, B, Menezes, J, et al. First-line nivolumab plus ipilimumab with two cycles of chemotherapy versus chemotherapy alone (four cycles) in advanced non-small-cell lung cancer: CheckMate 9LA 2-year update [published correction appears in ESMO Open. ESMO Open. (2021) 6:100273. doi: 10.1016/j.esmoop.2021.100273

12. Mahmood, SS, Fradley, MG, Cohen, JV, Nohria, A, Reynolds, KL, Heinzerling, LM, et al. Myocarditis in patients treated with immune checkpoint inhibitors. J Am Coll Cardiol. (2018) 71:1755–64. doi: 10.1016/j.jacc.2018.02.037

13. Xing, Q, Zhang, ZW, Lin, QH, Shen, LH, Wang, PM, Zhang, S, et al. Myositis-myasthenia gravis overlap syndrome complicated with myasthenia crisis and myocarditis associated with anti-programmed cell death-1 (sintilimab) therapy for lung adenocarcinoma. Ann Transl Med. (2020) 8:250. doi: 10.21037/atm.2020.01.79

14. Fukasawa, Y, Sasaki, K, Natsume, M, Nakashima, M, Ota, S, Watanabe, K, et al. Nivolumab-induced myocarditis concomitant with myasthenia gravis. Case Rep Oncol. (2017) 10:809–12. doi: 10.1159/000479958

15. Fazel, M, and Jedlowski, PM. Severe myositis, myocarditis, and myasthenia gravis with elevated anti-striated muscle antibody following single dose of ipilimumab-nivolumab therapy in a patient with metastatic melanoma. Case Rep Immunol. (2019) 2019:2539493. doi: 10.1155/2019/2539493

16. Yin, B, Xiao, J, Wang, X, Li, X, Guan, Y, Chen, J, et al. Myocarditis and myositis/myasthenia gravis overlap syndrome induced by immune checkpoint inhibitor followed by esophageal hiatal hernia: A case report and review of the literature. Front Med (Lausanne). (2022) 9:950801. doi: 10.3389/fmed.2022.950801




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

Copyright © 2024 Mariniello, Arrivi, Tufano, Lauletta, Moro, Tini, Garibaldi, Giusti and Mazzuca. 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-14-1431971-g002.jpg





OEBPS/Images/fonc-14-1431971-g004.jpg
29 September 2022 07 February 2023 22 July 2023 07 November 2023






OEBPS/Images/fonc-14-1431971-g005.jpg
I Line
Therapy
CBDCA+
Pemetrexed+
Ipilimumab+
Nivolumab

Hospitalization for management
of immune-related toxicity
myocarditis/myositis/myasthenia

CHT restarted
CBDCA+
Pemetrexed
regimen

Compl remission
from st immune-
related dose-limiting
toxicity

Restaging CT
Scan > further
response

Restaging CT
Scan > further

response

NEXT?





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Management of overlapping immune-related myocarditis, myositis, and myasthenia in a young patient with advanced NSCLC: a case report

      

        		

          Introduction

        

          		

            Insight

          



        



        



        		

          Case presentation

        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1431971-g001.jpg
lulti TIS0.6 MI1.3

= wiam rad Ao 2.6 cm
~-Dimen LA 25cm

LA/Ao (MM) 0.962

curmm
x 68% 68%
C50

o~ A e e S e A S S A P Basso
x AGen
b N A L R e LD
RS SN G S SRS N SRR SR S I S
_'n) It '\ 1'- -~ ~ t | \ ~ =
H B (RSt o b e s i A L R SEEHIE 8 5
|
4 LA - s . N A~ L - =4 — s | PN (P A 3 V" > -
L e 'S Vam = ~A N A\ AN -
{ \ | | { | i | | f |
; / ~
| ‘ | | | | | | | | ]
| | { | | | | | | | "
| | . | | ~ 3 - ..,
o\ R Vi & & L 5 L i3 " HOS I\ 33
1 C e S S A ey
{ . e i—t | - |, b1 S ¢ - AT
& e > se e Bl i smtier 43 —eia 4 =Y st S S8a — = s - e LN e BN SIRERRR e e TN S e M WU

75mmis






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





OEBPS/Images/fonc-14-1431971-g003.jpg
Hospital stay Outpatient

AChE-|
00— 60
Methylprednisolone Methotraxate
—— G

14,000 Prednisone

50
12.000
40
10.000
==Prednisone
=== AChE-| 30
8.000
VI —IVig
B ———
—Methylprednisol
6.000 ethylprednisolone
——Methotraxate 20
4.000
10
2.000
’ 0

15.12 15.12 16.12 1812 19.12 20.12 21.12 22.12 23.12 24.12 25.12 26.12 . .
dic-22 feb-23 apr-23 jun-23 aug-23 oct-23

S -C TN e—CK





OEBPS/Images/fonc.2024.1431971_cover.jpg
& frontiers | Frontiers in Oncology

Management of overlapping immune-related
myocarditis, myositis, and myasthenia in a
young patient with advanced NSCLC: a
case report





OEBPS/Images/table1.jpg
Reference

In-hospital
outcome

Best response
to ICI

Xing, 2020 (13)
Valenti-Azcarate, 2020 (7)
Fukasawa, 2017 (14)
Fazel, 2019 (15)

Yin, 2022 (16)

Type Time to
of malignancy onset (weeks)
NSCLC Sintilimab 3-4
NSCLC Nivolumab + Ipilimumab 4
NSCLC Nivolumab 7
Melanoma Nivolumab + Ipilimumab !

Cholangiocarcinoma Sintilimab 1

Alive

Dead

Alive

Dead

Alive

PD

PD

SD

PD

SD





