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Male, 73-year-old

Immune checkpoint inhibitor-associated myocarditis, myositis, and myasthenia gravis overlap
syndrome

Dark urine ¢ exertional dyspnea e gait instability ¢ general weakness ¢ intermittent diplopia ¢
intermittent dysphagia

Cardiology ¢ Neurology ¢ Oncology

Rare disease

Immune checkpoint inhibitors (ICls) have transformed the treatment of advanced malignancies but can cause
life-threatening immune-related adverse events. Myocarditis, myositis, and myasthenia gravis (MMM) overlap
syndrome is a rare, highly morbid complication with high mortality. Most cases develop early in therapy, some-
times after a single dose.

A 73-year-old man with resected stage IIIC malignant melanoma presented 4 weeks after his first dose of adju-
vant nivolumab with progressive weakness, gait instability, dyspnea, and dark-colored urine. Workup revealed
markedly elevated troponin (11 162 ng/L), creatine kinase (5518 IU/L), and transaminases (aspartate transam-
inase 614 IU/L, alanine transaminase 497 1U/L), with new right bundle branch block on electrocardiography.
ICl-associated myocarditis, myositis, and hepatitis were diagnosed; high-dose intravenous methylprednisolone
was initiated. He subsequently developed diplopia, ptosis, bulbar weakness, and respiratory compromise from
myasthenia gravis, prompting plasmapheresis and pyridostigmine. He improved with escalating immunosup-
pression and was discharged on oral prednisone and pyridostigmine after 16 days. Nivolumab was permanent-
ly discontinued. Two and a half weeks later, he had a fatal out-of-hospital cardiac arrest.

This case illustrates the severe and unpredictable course of MMM overlap syndrome after a single dose of
nivolumab. Despite early aggressive immunosuppression and apparent recovery, the patient had a delayed fa-
tal cardiac event. Given the risk of relapse during corticosteroid taper, structured post-discharge cardiac surveil-
lance with serial troponin and ambulatory rhythm monitoring may help detect subclinical activity or arrhyth-
mia. Prospective studies are needed to define optimal monitoring and identify predictors of late mortality.
Case Reports ¢ Immune Checkpoint Inhibitors ¢ Melanoma ¢ Myasthenia Gravis ¢ Myocarditis ¢
Myositis ¢ Nivolumab
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Introduction

Immune checkpoint inhibitors (ICls) are widely used in the treat-
ment of advanced malignancies, including melanoma, and have
led to substantial improvements in survival [1,2]. These therapies
enhance antitumor immune responses by inhibiting key regulato-
ry pathways such as cytotoxic T-lymphocyte-associated protein
4 (CTLA-4), programmed cell death 1 (PD-1), and programmed
death ligand 1 (PD-L1) [1,2]. Nivolumab, a PD-1 inhibitor, was the
agent administered in this case. Although highly effective, dis-
ruption of immune tolerance by ICls can lead to immune-relat-
ed adverse events (irAEs) affecting multiple organ systems [1,2].

Myocarditis, myositis, and myasthenia gravis (MMM) over-
lap syndrome is a rare but highly morbid irAE. While immune
checkpoint inhibitor-associated myocarditis and myositis each
occur in fewer than 1% of treated patients, the concurrent de-
velopment of myasthenia gravis is associated with markedly
increased disease severity and mortality [3-5]. Reported mor-
tality rates for MMM overlap syndrome range from approxi-
mately 35% to 60%, substantially exceeding those observed
with isolated neuromuscular or cardiac irAEs [3,6]. Ventilatory
failure and malignant cardiac arrhythmias are the most com-
mon causes of death, with many patients requiring pacemak-
er implantation or experiencing sudden cardiac events [3,6].

MMM overlap syndrome most often develops early during ICI
therapy, frequently within the first month and sometimes after
a single dose [3,7]. Melanoma is the malignancy most common-
ly associated with this syndrome, accounting for approximately
one-third of reported cases [3,6]. Neuromuscular involvement is
often accompanied by markedly elevated creatine kinase levels,
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positivity for acetylcholine receptor antibodies in a substan-
tial subset of patients, and concurrent myocardial injury [3,6].

Given its rarity, evidence guiding early diagnosis, risk strat-
ification, and long-term management of MMM overlap syn-
drome remains limited [8]. We describe a case of MMM over-
lap syndrome with concurrent hepatitis after a single dose of
nivolumab, characterized by initial clinical and biochemical im-
provement with aggressive inpatient therapy followed by de-
layed fatal cardiac arrest after hospital discharge.

Case Report

A 73-year-old man with stage IlIC malignant melanoma status
after wide local excision of the left shoulder approximately 2
months earlier, currently receiving adjuvant nivolumab, pre-
sented with progressive generalized weakness, gait instability,
and difficulty walking. Symptoms began 4 to 5 days prior to
presentation and progressively worsened. At baseline, he was
fully independent and capable of walking several miles; how-
ever, 1 week before admission, he became unable to walk in-
dependently, and he had dark-colored urine for 4 days.

The patient had received his first dose of monthly adjuvant
nivolumab approximately 1 month earlier. He presented to
the chemotherapy infusion center for his second scheduled
dose but was referred to the emergency department because
of worsening weakness. He denied recent infections, sick con-
tacts, falls, trauma, fever, diarrhea, or dysuria. COVID-19 and in-
fluenza testing performed 1 week earlier for intermittent dys-
pnea were negative. He was not taking any medications other

Table 1. Serial trends in troponin, creatine kinase, aspartate transaminase (AST), and alanine transaminase (ALT) during the clinical
course.

Day 12
DEVAVE ] DEVA 3y . Day 15 2 weeks
. Day 0-1 completion of
presentation start of ) close to after
repeat labs . 5 sessions of . .
to ED plasmapheresis . discharge discharge
plasmapheresis
Troponin 11162 15353 3372 439 N/A N/A
(ng/L)
Creatine Kinase .
(/L) 5518 4563 391 353 N/A N/A
Aspartate
Transaminase (AST) 614> 518 55 55 62 53
(IU/L)
Alanine
Transaminase (ALT) 497* 493 139 226 212 162
(Iu/L)

Footnotes: Day 0 is the day of presentation to the emergency department. Peak values are marked with an asterisk; all peaks occurred
on Day 0. Reference ranges: high-sensitivity troponin <53 ng/L; creatine kinase 46-171 IU/L; AST < 34 |U/L; ALT 10-49 IU/L.
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Figure 1. (A) Telemetry rhythm strip from approximately 2 months prior showing a narrow QRS complex. (B) Electrocardiogram (ECG)

on admission showing normal sinus rhythm and new right b

than nivolumab. His medical history was notable for hypertri-
glyceridemia and autism spectrum disorder.

Initial laboratory evaluation demonstrated markedly elevated
high-sensitivity troponin (11162 ng/L; reference <53 ng/L),
which peaked later the same day at 15 353 ng/L; creatine ki-
nase (5518 IU/L; reference 46-171 IU/L); and transaminases
(aspartate transaminase [AST] 614 IU/L, reference < 34 IU/L;
alanine transaminase [ALT] 497 IU/L, reference 10-49 IU/L).
Creatine kinase and transaminase levels peaked at presenta-
tion and subsequently trended downward. The serial trends in
laboratory parameters are shown in Table 1. The initial elec-
trocardiogram showed sinus rhythm with right bundle branch
block and right axis deviation. A telemetry strip obtained

This work is licensed under Creative Commons Attribution-
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undle branch block.

about 2 months earlier demonstrated a narrow QRS complex
(Figure 1). Cardiology evaluated the patient for suspected im-
mune checkpoint inhibitor (ICl)-associated myocarditis, and
high-dose intravenous methylprednisolone (250 mg every 6
hours) was initiated. Transthoracic echocardiography revealed
normal left ventricular size and preserved systolic function,
with an ejection fraction of 64% and no regional wall motion
abnormalities (Figure 2).

Our patient met the International Cardio-Oncology Society
(IC-0S) definition of a probable diagnosis of ICl-associated
myocarditis, based on cardiac troponin elevation (above the
99th-percentile upper reference limit) in combination with
3 minor criteria: a compatible clinical syndrome (exertional
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Figure 2. Apical 4-chamber view of transthoracic echocardiogram with Definity contrast (perflutren lipid microsphere) demonstrating
preserved left ventricular ejection fraction (64%) in (A) end-diastole and (B) end-systole.

dyspnea), new conduction-system disease (a new right bun-
dle branch block relative to a prior telemetry strip), and con-
current multiorgan immune-related adverse events (myositis,
myasthenia gravis, and hepatitis). The major criteria—diag-
nostic cardiac magnetic resonance (CMR) by modified Lake
Louise criteria and endomyocardial biopsy—could not be ob-
tained due to the acuity of presentation and the rapid initia-
tion of immunosuppression [9].

Hematology/Oncology was also consulted because of concern
for immunotherapy-related myocarditis, myositis, and hepa-
titis, and continuation of corticosteroid therapy was recom-
mended. Immune checkpoint inhibitor-induced myositis was
diagnosed clinically based on proximal and generalized mus-
cle weakness, markedly elevated creatine kinase, transamini-
tis with an aspartate aminotransferase-predominant pattern
consistent with muscle origin, and recent nivolumab exposure
in the absence of an alternative etiology. Following initiation
of treatment, troponin, creatine kinase, and transaminase lev-
els showed progressive improvement.

On hospital day 3, the patient reported intermittent diplopia that
had begun approximately 1 week before admission. Physical
examination demonstrated bilateral ptosis, raising suspicion for
myasthenia gravis. Serologic testing for myasthenia gravis was
performed. ICl-induced myasthenia gravis was diagnosed clini-
cally based on fluctuating diplopia, bilateral ptosis, and bulbar
involvement (hypophonia, dysphagia) in the setting of recent
nivolumab exposure. Clinical improvement following plasma-
pheresis and pyridostigmine further supported the diagnosis.
Serology subsequently returned negative, including acetylcho-
line receptor antibody (< 0.3 nmol/L; negative), muscle-specif-
ic kinase antibody (negative, < 1: 10), and low-density lipopro-
tein receptor-related protein 4 antibody (negative), consistent
with seronegative myasthenia gravis. He subsequently devel-
oped a new oxygen requirement of 2 L/min via nasal cannula.

This work is licensed under Creative Commons Attribution-
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Neurologic evaluation revealed bulbar involvement, including
intermittent dysphagia, facial weakness, hypophonic speech,
and bilateral ptosis, findings concerning for myasthenic crisis.
The patient was placed on serial monitoring of negative inspi-
ratory force and vital capacity, and plasmapheresis was initi-
ated on hospital day 4.

MRI of the cervical, thoracic, and lumbar spine demonstrat-
ed multilevel degenerative changes without evidence of acute
pathology. The patient completed 6 days of high-dose intra-
venous methylprednisolone (1 g/day) and was transitioned to
weight-based dosing. Pyridostigmine was initiated and grad-
ually up-titrated. After 2 plasmapheresis sessions, proximal
muscle strength improved sufficiently to allow assisted am-
bulation. Ocular symptoms improved after the third session.

After completion of 5 plasmapheresis sessions, laboratory
abnormalities continued to improve, with troponin decreas-
ing to 439 ng/L, creatine kinase to 353 IU/L, and transami-
nases to AST 55 IU/L and ALT 226 IU/L. Muscle weakness and
diplopia improved substantially compared with presentation.
Corticosteroids were tapered cautiously, and the patient was
discharged on hospital day 16 with oral prednisone 70 mg dai-
ly (1 mg/kg/day) and pyridostigmine 90 mg every 8 hours. The
prednisone dose was decreased to 60 mg daily after 10 days,
with a planned subsequent taper of 10 mg every 2 weeks.

Given the extent of immune-mediated toxicity—including myo-
carditis, hepatitis, and myasthenia gravis—nivolumab was per-
manently discontinued at outpatient oncology follow-up, and the
patient was transitioned to melanoma surveillance. Approximately
2.5 weeks after discharge, he had an out-of-hospital cardiac ar-
rest at the rehabilitation facility, with a total downtime of ap-
proximately 34 minutes; he received an initial 4 minutes of
cardiopulmonary resuscitation with return of spontaneous cir-
culation, followed by a second arrest requiring 30 minutes of
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Table 2. Chronological summary of clinical presentation, management, and outcome in a patient with immune checkpoint inhibitor-
associated myocarditis, myositis, and myasthenia gravis overlap syndrome.

Time point Clinical event

~2 months before admission

Presented with weakness and gait impairment; markedly elevated troponin, CK, and

Wide local excision of left shoulder for stage IlIC malignant melanoma

transaminases; ECG showed right bundle branch block; high-dose IV methylprednisolone
initiated for suspected ICl-associated myocarditis and myositis

Development of diplopia and bilateral ptosis; concern for myasthenia gravis; new oxygen

requirement

Completed 6 days of high-dose IV methylprednisolone (1 g/day); transitioned to weight-

based dosing of IV methylprednisolone (2 mg/kg/day)

Completed 5 sessions of plasmapheresis with improvement in muscle strength and ocular

symptoms

Out-of-hospital cardiac arrest with prolonged downtime (~34 minutes); death following

~2.5 weeks after discharge

transition to comfort-focused care

ICl, immune checkpoint inhibitor; ECG, electrocardiogram; CK, creatine kinase; IV, intravenous. Hospital Day O denotes the day of
hospital admission; subsequent hospital days are referenced relative to admission. All medication doses are reported as administered

during hospitalization unless otherwise specified.

cardiopulmonary resuscitation before circulation was again re-
stored. He subsequently died following transition to comfort-
focused care. The mechanism of his cardiac arrest could not be
confirmed, as he was not on cardiac monitoring at the time of
the event. A malignant arrhythmia is the most likely explana-
tion given his recent diagnosis of MMM overlap syndrome. The
clinical course and key interventions are summarized in Table 2.

Discussion

This case illustrates the severe and unpredictable clinical course
of immune checkpoint inhibitor-associated myocarditis, my-
ositis, and myasthenia gravis overlap syndrome with concur-
rent hepatitis. Despite early recognition and timely initiation
of high-dose immunosuppressive therapy, the patient had a
fatal out-of-hospital cardiac arrest after apparent clinical sta-
bilization, highlighting the persistent and frequently underap-
preciated risk associated with this condition [6,8,10].

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The pathophysiology of MMM overlap syndrome is not fully
elucidated but is believed to involve shared immune-mediated
mechanisms affecting skeletal muscle, myocardium, and the
neuromuscular junction. Dysregulated T-cell activation, break-
down of immune tolerance, and shared antigenic targets like-
ly contribute to simultaneous multiorgan involvement [2,10].
Histopathologic analyses of immune checkpoint inhibitor-asso-
ciated myopathy have demonstrated necrotic myofibers, mac-
rophage-predominant inflammatory infiltrates, and increased
major histocompatibility complex class | expression, features
that help distinguish these conditions from idiopathic inflam-
matory myopathies [11].

The diagnosis of immune checkpoint inhibitor-related myas-
thenia gravis remains challenging. Expert consensus criteria
recommend the presence of both serologic antibody positivi-
ty and electrodiagnostic evidence of impaired neuromuscular
transmission to establish a definite diagnosis [12]. However,
many patients present with overlapping or incomplete clinical
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features, and antibody-negative cases have been reported, fur-
ther complicating timely identification [3,11]. In our patient, the
clinical diagnosis of myasthenia gravis despite a negative se-
rologic panel is consistent with this seronegative presentation.

Clinical outcomes in MMM overlap syndrome are general-
ly poor. Pooled analyses and systematic reviews have report-
ed in-hospital mortality rates approaching 60%, with arrhyth-
mias, respiratory failure, and early onset of immune-related
adverse events identified as indicators of worse prognosis [3,6].
Importantly, improvement in laboratory markers and appar-
ent neurologic recovery do not reliably predict favorable long-
term outcomes. Delayed cardiac complications, including fatal
arrhythmias, have been described even after clinical stabiliza-
tion, suggesting ongoing myocardial vulnerability or delayed
immune-mediated remodeling [6,10].

Beyond these broad observations, more granular predictors
of outcome have emerged from recent case series and regis-
tries. Outcomes appear to depend heavily on the timing and
intensity of immunosuppression. Early initiation of high-dose
corticosteroids has been associated with substantially low-
er mortality, while severe and steroid-refractory cases have
demonstrated benefit from escalation to additional immu-
nomodulatory agents, including intravenous immunoglobu-
lin, plasmapheresis, mycophenolate, antithymocyte globulin,
abatacept, and rituximab [13-15]. Biomarker and clinical fea-
tures further inform prognosis, with higher peak troponin lev-
els, earlier symptom onset after ICl initiation, and the presence
of multiorgan immune-related adverse events all correlating
with greater disease severity and worse outcomes [16]. Our
patient’s markedly elevated peak troponin level of 15353
ng/L on presentation is consistent with this high-risk profile.
Electrocardiographic findings provide additional risk stratifi-
cation; in a large international registry, pathological Q waves,
low QRS voltage, complete heart block, and life-threatening
ventricular arrhythmias were each independently associated
with myocarditis-related mortality [17].

Elevated troponin at the time of discharge has been associ-
ated with a higher risk of subsequent major adverse cardiac
events [18], and because relapse during corticosteroid taper
has been described, continued troponin surveillance after dis-
charge is a reasonable strategy, although prospective data are
lacking. Current guidelines, including those from the National
Comprehensive Cancer Network, rely on Common Terminology
Criteria for Adverse Events severity grading to direct acute man-
agement but do not define a structured approach to post-dis-
charge monitoring, representing an important gap given the
potential for delayed cardiac deterioration [19]. Notably, on-
going cardiotoxicity can persist despite discontinuation of the
offending agent and apparent clinical recovery, with cases of
refractory or recurrent myocarditis reported months after the

This work is licensed under Creative Commons Attribution-
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initial event, underscoring the need for sustained cardiac sur-
veillance after hospital discharge [20]. Our patient exhibited
several features associated with adverse outcomes in this syn-
drome, including a new conduction abnormality (right bundle
branch block), markedly elevated troponin at presentation,
and concurrent multiorgan involvement, although the contri-
bution of these factors to his delayed fatal cardiac event can-
not be established with certainty from a single case. Because
malignant ventricular arrhythmia and conduction disease are
among the leading causes of death in patients with this syn-
drome, and because such events can occur after apparent clin-
ical recovery, extended ambulatory rhythm monitoring—using
a wearable external monitor or, in selected high-risk patients,
an implantable cardiac monitor—may be a complementary
strategy to biomarker surveillance for detecting electrical in-
stability before catastrophic deterioration, although this ap-
proach has not been formally evaluated in this population [17].

Published case reports demonstrate a consistent pattern: pa-
tients who recovered typically received early escalation be-
yond corticosteroids, with plasma exchange and intravenous
immunoglobulin initiated within 24 to 72 hours of recognition
[3,14,21]. In contrast, fatal cases have most often involved ei-
ther delayed escalation, an inability to deliver second-line
therapy due to hemodynamic instability, or progression to re-
fractory multiorgan failure despite early high-dose corticoste-
roids [14,20]. This pattern suggests that timely escalation of
immunosuppression is an important determinant of survival,
although the retrospective and heterogeneous nature of the
available evidence precludes firm causal conclusions.

Current management approaches emphasize prompt discon-
tinuation of immune checkpoint inhibitor therapy and early
initiation of high-dose corticosteroids, with escalation to plas-
mapheresis, intravenous immunoglobulin, or other immuno-
modulatory therapies in refractory cases [8,19]. Although many
patients have initial clinical improvement, treatment-refractory
disease has been reported, leading to the use of agents such
as rituximab, eculizumab, or other targeted immunotherapies
based on limited case reports and small series [22]. Evidence
guiding the management of steroid-refractory MMM overlap
syndrome remains limited, and standardized treatment algo-
rithms are not yet established [3,6].

Data regarding relapse after initial recovery are scarce but
suggest that recurrence can occur during corticosteroid ta-
pering or weeks to months following hospital discharge [6].
Emerging evidence also indicates that thymic abnormalities
may increase susceptibility to severe immune checkpoint in-
hibitor-related myotoxicities, raising the possibility that clini-
co-radiologic assessment of the thymus could aid future risk
stratification [23].
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This case reinforces the importance of thorough neuromuscu-
lar and cardiac evaluation in patients presenting with immune
checkpoint inhibitor-associated myocarditis or myositis, as my-
asthenic manifestations can be subtle or under-recognized.

Further studies are needed to identify reliable predictors of dis-
ease severity, relapse, and delayed cardiac risk, and to develop
evidence-based management and monitoring strategies aimed
at reducing both early and late mortality associated with this
rare but life-threatening immune-related adverse event [6,8,10].

Conclusions

Myocarditis, myositis, and myasthenia gravis overlap syndrome
is a severe and unpredictable complication of immune check-
point inhibitor therapy with high associated mortality. This case
demonstrates that, despite prompt recognition and aggressive
inpatient management resulting in initial clinical improvement,
patients remain at risk for delayed fatal outcomes after dis-
charge. Because the risk of relapse persists during corticoste-
roid taper, our case suggests a potential role for structured
post-discharge cardiac surveillance—including serial troponin
monitoring and prolonged ambulatory rhythm monitoring (eg,
with a wearable or implantable cardiac monitor)—to detect
subclinical disease activity or arrhythmia before catastrophic
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