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Background Immune checkpoint inhibitors (ICIs) are a class of cancer immunotherapy with growing indications for treatment of various ma-
lignancies. Immune checkpoint inhibitors are monoclonal antibodies that block inhibitory pathways in immune cells, including 
cytotoxic T lymphocyte antigen-4 (CTLA4), programmed death 1 receptor (PD1), and programmed cell death ligand-1 
(PDL1), to activate the immune system. However, these agents can disrupt self-tolerance and lead to immune-related adverse 
events. Fulminant myocarditis, a feared complication of ICIs, can be highly fatal, and there is a need for effective treatment 
options.

Case summary A 70-year-old patient with recurrent metastatic disease of urothelial carcinoma subsequently developed fulminant myocar-
ditis after receiving eight cycles of pembrolizumab. He developed cardiogenic shock and required inotropes and a percu-
taneous microaxial flow pump placement for temporary mechanical circulatory support. He received methylprednisolone 
initially and then was started on second-line immunosuppression agents, ruxolitinib and abatacept, for steroid-refractory 
myocarditis. Abatacept is thought to inhibit activation of T-cell CTLA4 and PD1/PDL1 pathways and reverse ICI-activated 
pathways. Ruxolitinib is a Janus kinase inhibitor that impairs immune activation through suppressing cytokine sensing and 
production and T-cell activation. After these treatments, the patient subsequently clinically improved and his myocarditis 
resolved.

Discussion This case highlights ICI myocarditis refractory to corticosteroids leading to treatment with second-line immunosuppression. As 
immunotherapies are increasingly applied to a broader range of cancers, further research is needed to evaluate the optimal treat-
ment strategy for ICI-related myocarditis and other immune-related adverse events.
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Learning points
• Immune checkpoint inhibitors (ICIs) are monoclonal antibodies that block inhibitory pathways in immune cells but can disrupt self-tolerance 

and lead to immune-related adverse events.

• Immune checkpoint inhibitor myocarditis, although infrequent with a roughly 1% incidence rate, can be highly fatal with a mortality rate of 
25–50%. Second-line immunosuppression regimens such as abatacept and ruxolitinib are emerging treatments and may be an effective treat-
ment strategy for steroid-refractory ICI myocarditis.

Primary specialties involved other 
than cardiology
Oncology.

Introduction
Immune checkpoint inhibitors (ICIs) are a class of cancer immuno-
therapy with growing indications for treatment of various malignan-
cies. Immune checkpoint inhibitors are monoclonal antibodies that 
block inhibitory pathways in immune cells, including cytotoxic 
T lymphocyte antigen-4 (CTLA4), programmed death 1 receptor 
(PD1), and programmed cell death ligand-1 (PDL1), to activate the 
immune system. However, these agents can disrupt self-tolerance 
and lead to immune-related adverse events. Fulminant myocarditis, 
which although infrequent with a roughly 1% incidence rate, can be 
highly fatal with a mortality rate of 25–50%.1 Treatment guidelines 
generally recommend stopping ICI, supportive management, and 
corticosteroid therapy.2 However, fatality rate has remained high.1

There is an urgent need for effective treatment options for severe ful-
minant myocarditis.

Summary figure
Timeline of clinical course. Timeline of patient presentation and 
clinical course begins with index presentation to the hospital with 
the development of acute fulminant myocarditis and summarizes 

subsequent key events, biomarkers, and cardiac imaging findings fol-
lowing initial admission.

Case
A 70-year-old male with past medical history of chronic kidney disease, 
Hodgkin’s lymphoma (in remission), hyperlipidaemia, hypertension, 
and benign prostatic hypertrophy was diagnosed with recurrent meta-
static disease 2 years after right nephroureterectomy for urothelial car-
cinoma. At the time of diagnosis of metastatic disease, Eastern 
Cooperative Oncology Group Performance Status was 1. Computed 
tomography scan of chest, abdomen, and pelvis showed a right 
retroperitoneal infiltrating pericaval soft tissue mass, with biopsy con-
firming metastatic recurrence. He initially received 3 cycles of gemcita-
bine and carboplatin, and follow-up imaging showed stable disease. 
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His treatment was subsequently switched to pembrolizumab, receiving 
8 doses total at 200 mg/dose every 21 days. Follow-up imaging showed 
partial response with regression of the pericaval mass.

Approximately 2 weeks after receiving his eighth dose of pembrolizu-
mab, he presented to the emergency room with new-onset chest pain. 
Electrocardiogram (ECG) showed sinus rhythm (Figure 1), but high- 
sensitivity troponin T was elevated at 32 ng/L (ref < 20 ng/L). Chest 
radiograph showed clear lungs (Figure 2). He rapidly decompensated 
with peak elevation in troponin to 2144 ng/L and developed cardiogenic 
shock with severe left ventricular (LV) dysfunction (Figures 3–5, 

Supplementary material online). On examination, temperature was 
36.2°C, the blood pressure was 81/48 mmHg, pulse was 120 beats per 
minute, his respiratory rate was 19 breaths per minute, and saturation 
was 96% on ambient air. He required inotropes and a percutaneous mi-
croaxial flow pump placement for temporary mechanical circulatory sup-
port (MCS) and then had sustained ventricular tachycardia resulting in 
cardiac arrest requiring several rounds of cardiopulmonary resuscitation 
and pericardial tamponade requiring urgent pericardiocentesis.

After cardiac arrest, he was admitted to the intensive care unit, intu-
bated and paralyzed, with temporary MCS support and on multiple 

Figure 1 Electrocardiogram at time of presentation showed normal sinus rhythm with question of inferior infarction with Q wave in lead III and 
possibly in AVF.

Figure 2 Chest radiograph at time of presentation showed clear lungs, calcified right upper and lower paratracheal lymph nodes, and no evidence of 
pulmonary oedema.
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inotropes. Admission transthoracic echocardiogram (TTE) showed de-
creased LV ejection fraction of 25% (from baseline of 55–60%). He add-
itionally underwent left heart catheterization, which showed normal 
coronary arteries. Other work-up was negative for infectious causes.

Due to his rapidly progressive severe heart failure symptoms 
resulting in cardiogenic shock, a presumptive diagnosis of fulminant ICI 
myocarditis was made. He was started on 500 mg IV BID methylpredni-
solone. Despite first-line high-dose steroid administration, he remained 
in cardiogenic shock requiring Impella support after treatment with ster-
oids alone. An endomyocardial biopsy was not performed at the time of 
admission due to the lack of procedural access for endomyocardial bi-
opsy at the hospital, his clinical instability at the time of presentation, 
and increased risk due to the need for systemic anticoagulation for his 
temporary MCS. Seven days after admission, abatacept was started at 
20 mg/kg administered on Days 0, 5, and 12, as well as ruxolitinib at 
15 mg twice daily for 1 month. No clinically significant side effects 
were noted, and he improved clinically. Cardiac magnetic resonance im-
aging (MRI) after initiating treatment (Day 20) showed recovery of LV 
ejection fraction to 54%, subendocardial late gadolinium enhancement 
(LGE) in the inferolateral LV but without evidence of active myocardial 
inflammation or myocarditis based on T2 imaging sequences.

The patient was eventually discharged around 6 weeks after admis-
sion on amiodarone, apixaban, and prednisone taper. However, 2 
months after his index presentation with cardiogenic shock, he devel-
oped chest pain and was found to have pulmonary embolism and recur-
rent pericardial tamponade requiring repeat pericardiocentesis. Repeat 
cardiac MRI showed full thickness LGE in the basal inferolateral wall 
with elevation in native T1 mapping of 1124 ms; T2 quantification 
was limited due to artefact. Due to concern for stuttering myocarditis, 
he was treated with solumedrol IV again and discharged on oral corticos-
teroids with a slow taper plan. Since then, he remains stable from a cardiac 
standpoint, without evidence of cancer progression and excellent func-
tional status with the most recent follow-up 18 months since his index 
presentation with myocarditis.

Discussion
We present a case of ICI-associated myocarditis presenting with cardio-
genic shock that demonstrated a remarkable and moderate-term sus-
tained response to combination treatment with corticosteroids, 
abatacept and ruxolitinib. Our case highlights several emerging concepts 
relevant to this toxicity: (i) administration of abatacept as rescue therapy 
for ICI-associated myocarditis that did not respond to high-dose steroids; 
(ii) addition of the JAK inhibitor ruxolitinib, which may enhance efficacy of 
abatacept by exerting rapid additive and synergistic effect; (iii) the delay in 
cardiac MRI findings consistent with myocarditis that has been previously 
described3 and (iv) the severity of cardiogenic shock that resolved with 
treatment.

Based on the 2022 European Society of Cardiology’s (ESC) guide-
lines, the patient met clinical criteria for ICI myocarditis based on re-
ceiving ICI therapy 2 weeks before developing (i) a new troponin 
elevation with (ii) meeting a minimum of two minor criteria including 
clinical syndrome (fatigue, myalgias, chest pain, shortness of breath, pal-
pitations, and cardiogenic shock), ECG abnormalities including ventricular 
arrhythmia, and an acute severe decline in LV systolic function (demon-
strated with TTE), in addition to suggestive cardiac MRI findings.4 While 
eosinophilic myocarditis and giant cell myocarditis were on the differential 
for fulminant myocarditis, based on the clinical features and history of ICI 
exposure, the presumptive diagnosis of fulminant ICI myocarditis was 
most likely and in alignment with the ESC guidelines. Eosinophilic myocar-
ditis was considered but thought to be less likely as this patient did not 
have peripheral eosinophilia and the cardiac MRI did not demonstrate dif-
fuse subendocardial LGE that is often seen with eosinophilic myocarditis. 
Additionally, if the patient had eosinophilic myocarditis or giant cell 

Figure 3 Apical four-chamber view on transthoracic echocardiogram.

Figure 4 Short-axis view on transthoracic echocardiogram.

Figure 5 Parasternal long-axis view on transthoracic echocardiogram.
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myocarditis, up-front steroids can also be considered in the treatment 
paradigm. We excluded acute coronary syndrome as there was no cor-
onary artery disease on cardiac catheterization, in addition to a systemic 
infectious work-up to rule out infectious aetiology for myocarditis.

Although an endomyocardial biopsy would be ideal for confirming 
the diagnosis and excluding other potential causes of fulminant myocar-
ditis, such as eosinophilic or giant cell myocarditis, it was not performed 
in this case due to the patient’s haemodynamic instability, limited access 
to the procedure at the treating centre, and the need for systemic antic-
oagulation with temporary MCS. The lack of endomyocardial biopsy re-
flects real-world clinical practice in many instances, where procedural 
risks or logistical constraints may limit access. In such cases, clinicians 
must remain vigilant in excluding alternative diagnoses before proceed-
ing with treatment for presumed ICI myocarditis.

For initial treatment of fulminant ICI-associated myocarditis, the ESC 
guidelines have a Class I recommendation on initial treatment with 
methylprednisolone 500–100 mg IV per day for the first 3–5 days.4

A case series of 126 patients with ICI-related myocarditis showed that 
patients who received high-dose corticosteroids (methylprednisolone 
500–1000 mg/day) compared with low-dose (<60 mg/day) corticoster-
oids had a 73% lower risk of major adverse cardiovascular events 
(MACEs).5 Additionally, patients receiving corticosteroids within 24 h 
of admission had a MACE rate of 7.0% compared with those initiating 
treatment between 24 and 72 h (34.3%) and those initiating treatment 
at >72 h (85.1%) (P < 0.001). The reduction in risk of MACE for shorter 
time of initiation and higher initial dose suggests that myocardial damage 
may be attenuated by early and intensive corticosteroid therapy.

In addition to corticosteroids, the role of immunosuppressive ther-
apies targeting T lymphocytes in ICI myocarditis remains unclear. In 
accordance, the ESC guidelines acknowledge the lack of data to recom-
mend a specific second-line immunosuppression regimen and recom-
mend multidisciplinary discussion.4 While exact indications are not 
well defined, escalation of therapy is frequently considered in the fol-
lowing scenarios: (i) first-line therapy in severe cases of fulminant myo-
carditis with multiorgan dysfunction and (ii) cases refractory to initial 
high-dose corticosteroids alone. The optimal timing or sequencing of 
these therapies requires further study. An emerging option is the use 
of abatacept, as a CTLA4 immunoglobulin fusion protein-binding 
CD80/CD86 on antigen-presenting cells and prevents ligands from in-
teracting with T-cell co-stimulatory receptor CD28.6 By inhibiting acti-
vation of T-cell CTLA4 and PD1/PDL1 pathways, T cells specifically 
reverse ICI-activated pathways. A CTLA4/PD1 genetic knockout 
mice model showed that abatacept led to a significant reduction in car-
diac immune activation and increased survival rates in ICI myocarditis.7

A first clinical case of ICI-induced fulminant myocarditis demonstrated 
successful treatment with abatacept via receptor occupancy and tai-
lored dosing based on a threshold of occupancy of CD86RO ≥ 80%.8

This concept was further expanded recently in a prospective ICI myo-
carditis case series, showing that high-dose abatacept was necessary to 
reach these objectives (in general three injections of 20 mg/kg within 
the first 2 weeks as a starting dose).9 Currently, abatacept is in clinical 
trials for use in mild–moderate (NCT05335928) and severe ICI myo-
carditis cases (NCT05195645).10 Abatacept is appealing on a mechan-
istic level as it directly opposes the pathway of T-cell activation by ICI by 
inhibiting T-cell interaction with antigen-presenting cells.

Despite the promising immune mechanism of abatacept, an import-
ant consideration is the addition of ruxolitinib as an adjunctive treat-
ment for ICI-related myocarditis. Abatacept is thought to have a slow 
onset, with a mouse model demonstrating that myocardial immune in-
filtration was attenuated after 10 weeks of abatacept but minimal at 2 
weeks.7 Therefore, in rapid development of fulminant myocarditis, the 
use of faster-acting immunosuppressive agents or combinations may be 
appropriate. In addition to corticosteroids, other fast-acting combina-
tions should be considered. Ruxolitinib is a Janus kinase (JAK) inhibitor 
that impairs immune activation through suppressing cytokine sensing 

and production and T-cell activation. A CTLA4/PD1 mouse model of 
ICI myocarditis demonstrated that JAK2 and JAK-STAT signalling path-
ways were substantially upregulated in cardiac tissue compared with con-
trol mice.9 Based on these findings, a study of 30 patients with ICI-related 
myocarditis and concurrent myositis leading to respiratory failure found 
that patients receiving both abatacept and ruxolitinib had a 
myotoxicity-related fatality of 3.4% compared with 60% in the standard 
of care cohort (P < 0.001).9 These preliminary data suggest that ruxoliti-
nib may likely enhance efficacy of abatacept by exerting rapid additive and/ 
or synergistic effect by decreasing CD86 expression on macrophages and 
inactivating T cells. The exact mechanism, toxicity, and efficacy of this 
combination require further investigation in prospective trials.

This case also highlights diagnostic imaging challenges with ICI myocar-
ditis. Magnetic resonance imaging allows for the evaluation of myocardial 
oedema, inflammation, and fibrosis and remains an important and stand-
ard imaging modality for the diagnosis of myocarditis, although endomyo-
cardial biopsy is the ultimate diagnostic method (not done in this case due 
to the rapid development and clinical deterioration). The patient’s initial 
cardiac MRI on Day 20 demonstrated focal LGE but did not fulfill other 
diagnostic criteria for acute inflammation,11 but a repeat cardiac MRI on 
Day 70 demonstrated findings consistent with active myocarditis. The de-
layed imaging findings are in alignment with an ICI-related myocarditis 
registry, which showed LGE in 48% and T2 elevation in 28% of patients 
on initial presentation.3 In the registry, the presence of LGE was 21.6% 
when MRI was performed within 4 days of admission and then rose to 
72% when performed on Day 4 or later. Because myocardial fibrosis 
and scarring manifesting as LGE are considered a subacute or chronic fea-
ture of myocardial inflammation in myocarditis, imaging detection of LGE 
in patients with ICI-related myocarditis may be delayed.

To conclude, we present a case of fulminant ICI myocarditis present-
ing with cardiogenic shock that was refractory to standard first-line 
high-dose corticosteroids, but that was effectively treated with abata-
cept plus ruxolitinib. Many questions remain including whether biomar-
kers can predict the development of such adverse events, which 
patients may benefit from therapy beyond corticosteroids as first-line 
treatment, what the optimal first-line and salvage/rescue therapy 
should be in these patients, and what the long-term complications 
and prognostic implications are of this treatment. As immunotherapies 
are increasingly applied to a broader range of cancers, further research 
is needed to evaluate the optimal treatment strategy for ICI-related 
myocarditis and, also, other immunotherapy-related adverse events.
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