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Abstract

Purpose: Immune checkpoint blocker (ICB) associated myocarditis (ICB-myocarditis) may 

present similarly and/or overlap with other cardiac pathology including acute coronary syndrome 

presenting a challenge for prompt clinical diagnosis.

Methods: An international registry was used to retrospectively identify cases of ICB-

myocarditis. Presence of coronary artery disease (CAD) was defined as coronary artery stenosis 

>70% in patients undergoing coronary angiogram.
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Results: Among 261 patients with clinically suspected ICB-myocarditis who underwent a 

coronary angiography, CAD was present in 59/261 patients (22.6%). Coronary revascularization 

was performed during the index hospitalisation in 19/59 (32.2%) patients. Patients undergoing 

coronary revascularization less frequently received steroids administration within 24 h of 

admission compared to the other groups (p = 0.029). Myocarditis-related 90-day mortality was 

9/17 (52.7%) in the revascularised cohort, compared to 5/31 (16.1%) in those not revascularized 

and 25/156 (16.0%) in those without CAD (p = 0.001). Immune-related adverse event-related 

90-day mortality was 9/17 (52.7%) in the revascularized cohort, compared to 6/31 (19.4%) in 

those not revascularized and 31/156 (19.9%) in no CAD groups (p = 0.007). All-cause 90-day 

mortality was 11/17 (64.7%) in the revascularized cohort, compared to 13/31 (41.9%) in no 

revascularization and 60/158 (38.0%) in no CAD groups (p = 0.10). After adjustment of age and 

sex, coronary revascularization remained associated with ICB-myocarditis-related death at 90 days 

(hazard ratio [HR] = 4.03, 95% confidence interval [CI] 1.84–8.84, p < 0.001) and was marginally 

associated with all-cause death (HR = 1.88, 95% CI, 0.98–3.61, p = 0.057).

Conclusion: CAD may exist concomitantly with ICB-myocarditis and may portend a poorer 

outcome when revascularization is performed. This is potentially mediated through delayed 

diagnosis and treatment or more severe presentation of ICB-myocarditis.

Keywords

Immune checkpoint blockers; Immune-related adverse events; Myocarditis; Acute coronary 
syndrome; Coronary revascularization

1. Introduction

Immune checkpoint blockade (ICB) has revolutionised cancer therapy [1,2]. Since 

ipilimumab was authorised for use in 2011, additional ICB has been approved for an 

ever-growing number of malignancies leading to improved survival [1,2]. Balance between 

the activation of the innate immune system is necessary to effectively treat the cancer 

while ideally preventing toxicities known as immune-related adverse events (irAE) [2]. ICB-

myocarditis can present with a wide spectrum of disease severity, including pseudo-acute 

coronary syndrome (ACS) [3], while rare, fulminant myocarditis is associated with high 

mortality [4,5]. Treatment of ACS and ICB-myocarditis (Fig. 1) mainly relying on prompt 

start of immunosuppressant differs considerably [3,6–8]. Recently, we took care of an 

ICB-myocarditis case which initially appeared to be ACS, until the patient decompensated 

following percutaneous coronary intervention, and steroids were ultimately started 2 days 

later, and eventual cardiac biopsy confirming ICB-myocarditis (Fig. 1). This prompted our 

further examining the concomitance of coronary artery disease (CAD) with ICB-myocarditis 

and the implications of revascularization and outcomes for such patients; data are currently 

lacking with this question. We utilised an international ICB-myocarditis registry, previously 

described [9,10], to better understand the outcomes of patients presenting with clinically 

suspected ICB-myocarditis and the effect of undergoing acute coronary revascularization on 

outcomes.
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2. Methods

2.1. Study population

A retrospective online HIPPA (Health Insurance Portability and Accountability Act) 

compliant registry spanning 57 institutions across 11 countries (NCT04294771) was used 

to identify 261 cases of suspected ICB-myocarditis [9] who received a coronary angiogram 

through August 31, 2021.

Baseline demographic, presenting characteristics, including the presence of significant CAD 

defined as stenosis ≥70% of a coronary artery, as well as outcomes were collected by site-

specific collaborators. Indication for coronarography as well as coronary revascularization 

strategy with percutaneous coronary intervention (PCI) or coronary artery bypass graft 

(CABG) was left to the discretion of contributing physician and performed during index 

hospitalisation. Primary outcome of interest was ICB-myocarditis mortality, and secondary 

outcomes were irAE-related mortality and all-cause mortality at 90 days, as classified by 

the treating physician. IrAE-related death included myocarditis, myositis leading eventually 

to respiratory failure [11,12] and other organ dysfunction due to immune overactivation 

[13]. Upon acceptance of participating in this registry, contributors were specifically asked 

to focus on adjudicating these latter causes of death, as much as possible prospectively; 

or if impossible, through retrospective medical files analysis. Laboratory values were 

standardised to institutional upper limit of normal (ULN). Steroid dose was standardised 

to equivalent in milligrams of intravenous methylprednisolone.

2.2. Statistical analysis

Categorical variables were described as number (%), and continuous variables were 

described as median (25%–75%, interquartile range [IQR]). Categorical and continuous 

variables were compared using χ2 and Kruskal–Wallis tests, respectively. Cumulative 

incidence curves were presented and compared using the log-rank test for all-cause death, 

and Gray test for irAE-related and ICB myocarditis-related death. The clinical impact 

of the presence of CAD and coronary revascularization was determined using a Cox 

model for all-cause death and cause-specific hazard regression for irAE-related and ICB 

myocarditis-related death adjusted on age and sex. Adjusted hazard ratio (aHR) with 95% 

confidence interval (CI) was reported. P-value<0.05 was considered significant. Statistics 

were performed with R-v4.0.5. As this was a retrospective analysis, data that were missing 

from the registry required censorship during final statistical analysis.

3. Results

Of the 474 cases included in the ICB-myocarditis registry, 261 (55.1%) underwent 

coronary angiography. There was no difference in terms of age between those with and 

without coronary angiography (69.0 [60.8–78.0] vs. 69.0 [61.0–76.0], respectively, p = 

0.37) and female prevalence (52/170 [30.5%] vs. 91/261 [34.7%], respectively, p = 0.45). 

CAD was found in 59/261 (22.6%), and coronary revascularization was performed in 

19/59 (32.3%) including 16 cases of PCI and 3 of CABG. The patients who underwent 

angiography had received 2 (1–4) doses of ICB and were admitted 40 (24–87) days 
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following ICB start for various cancers (detailed in Table 1). Patients who underwent 

revascularization were older, more frequently male, had more pre-existing cardiovascular 

risk factors and currently taking cardio-metabolic protective drugs compared to those 

who did not undergo revascularization (Table 1). Admission symptoms, troponin levels, 

echocardiography (wall motion abnormalities and left ventricular ejection fraction) and 

electrocardiogram did not show any statistically significant difference upon presentation 

among patients ultimately undergoing urgent coronary revascularization versus patients with 

CAD but no revascularization and patients with no CAD (Table 1). Peak troponin circulating 

levels were higher among patients undergoing coronary revascularization (median = 296 

times upper limit of the normal, ULN) versus CAD but no revascularization (37 times ULN) 

and no CAD groups (67 times ULN, p = 0.009).

The proportion of patients treated with steroid administration in the first 24 h of 

admission was significantly lower among patients undergoing coronary revascularization 

(43.8%) compared to CAD but no revascularization (80.5%) and no CAD (63.9%) 

groups (p = 0.029). The median dose of initial steroid dose (standardised to intravenous 

methylprednisone equivalent) for those with coronary intervention was 160 mg, not 

statistically significant (p = 0.32) compared to the CAD but no revascularization (750 mg) 

and no CAD groups (500 mg). Overall, 166/222 (74.8%) patients had either histological 

(biopsy or autopsy) or cardiac magnetic imaging confirmed myocarditis, with no difference 

between the three subgroups classified by CAD status (p = 0.65, Table 1). Concurrent 

association with other irAE including myositis, myasthenia-gravis like syndrome and 

hepatitis (overall: 35.2%, 38.7% and 20.3%, respectively) was similar between the three 

subgroups classified by CAD status (Table 1). A total of 63/261 (24%) patients developed a 

life-threatening cardiac arrhythmia.

Patients who underwent urgent revascularization required greater haemodynamic support 

as 50% required vasopressors or inotropes versus 15% in CAD but no revascularization 

groups and 24.7% in the no CAD groups (p = 0.017). Myocarditis-related 90-day mortality 

was 9/17 (52.7%) in the revascularized cohort, compared to 5/31 (16.1%) in those not 

revascularized and 25/156 (16.0%) in those without CAD (p = 0.001) (Fig. 2). IrAE-

related 90-day mortality was 9/17 (52.7%) in the revascularized cohort, compared to 

6/31 (19.4%) in those not revascularized and 31/156 (19.9%) in no CAD groups (p 

= 0.007) (Fig. 2). All-cause 90-day mortality was 11/17 (64.7%) in the revascularized 

cohort, compared to 13/31(41.9%) in no revascularization and 60/158 (38.0%) in no CAD 

groups (p = 0.10). After adjustment on age and sex, urgent coronary revascularization 

during index hospitalisation was associated with a significantly higher risk of irAE-

related and myocarditis-related mortality at 90 days as compared to non-urgent coronary 

revascularization groups (i.e., CAD but no revascularization and no CAD), with aHR = 

3.20 (95% CI = 1.49–6.85, p = 0.003) and aHR = 4.03 (95% CI = 1.84–8.84, p < 0.001), 

respectively, and was marginally more associated with all-cause death at 90 days, with aHR 

= 1.88 (95% CI = 0.98–3.61, p = 0.057) (Figure- 2).
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4. Discussion

In this retrospective study of patients with clinically suspected ICB-myocarditis, the 

presence of concurrent ACS requiring urgent revascularization was associated with higher 

irAE and ICB-myocarditis-related mortality at 90 days and marginally with all-cause 

mortality versus patients having a significant CAD not requiring urgent revascularization 

and no CAD. There may be two potentially complementary explanations for our results. 

First, there was a delay in initial steroid administration in patients requiring revascularization 

with evidence that early administration of immunosuppressant has improved outcomes in 

patients with ICB-myocarditis [14]. As in the case detailed in the Fig. 1, such patients 

can be treated initially only for ACS, and ICB-myocarditis eventually being suspected 

after worsening of clinical status despite coronary revascularization. Additionally, and/or 

alternatively, there have been increasing reports that ICB can increase coronary plaque 

destabilisation and rupture potentially leading to acute thrombosis [15–18]. In animal 

models, the inhibited immune checkpoints downregulate the proatherogenic cytokines 

leading to plaque destabilisation, increasing the risk of plaque breakage and thrombus 

formation [19–21]. There have also been reports of vasculitis [4], which along with 

plaque destabilisation can be viewed as a greater degree of immune activation affecting 

multiple organs and systems, which has been related to greater mortality [13]. Consequently, 

patients undergoing coronary revascularization in our cohort potentially suffered from 

both a potentially more intense myocarditis as well as myocardial ischaemia, leading to 

higher myocardial damage as observed with an elevated troponin level, and thus, increased 

mortality [22].

From a diagnostic perspective, discriminating ICB-myocarditis from myocardial infarction 

may be guided by the following discriminative features. ICB-myocarditis is often associated 

with other irAE, mainly including myositis, myasthenia-gravis syndrome and hepatitis 

while those associations are not expected in regular myocardial infarction [3,4]. Cardiac 

MRI display specifically subendocardial to transmural late-gadolinium enhancement (LGE) 

in a concordant coronary territory in regular myocardial infarction due to coronary 

occlusion, while LGE is mostly diffuse sub-epicardial, mid-myocardial or absent in ICB-

myocarditis [3,23,24]. Though, subendocardial LGE features have also been reported 

in ICB-myocarditis [24]. On pathology, ICB-myocarditis is characterised by myocardial 

infiltration of macrophages and lymphocytes with associated cardiomyocyte death, while 

cardiac infarction pathology shows neutrophil infiltration associated with post-ischaemic 

coagulative necrosis [25–27].

We acknowledge several limitations in this retrospective international analysis including 

imperfect completeness of data (~10–20% of missing data). Indication for coronary 

angiograms and interventions and cause of death outcomes were locally determined. 

Since these diagnoses were not centrally adjudicated, they are subject to heterogeneity 

and classification bias weakening any firm conclusion one could make of our findings. 

Consequently, our results should be considered as hypothesis generating. Additionally, 

as this is a new and evolving condition, our sample size and resulting statistical power 

remained limited, precluding for adjustment on multiple covariates of interest. Our results 
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must be confirmed in prospective studies, ideally also comparing outcomes to a control 

cancer population with known stable CAD started on ICB.

5. Conclusion

In the setting of clinically suspected ICB-myocarditis, CAD requesting coronary 

revascularization was associated with irAE-related and myocarditis-related death at 90 days. 

Those solely with coronary disease but no need for urgent revascularization had similar 

results as compared to those without coronary disease.
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Fig. 1. 
A 75-year-old male with hypertension, atrial fibrillation, metastatic renal cell carcinoma 

treated with ipilimumab and nivolumab most recently 4 days prior presented with 

palpitations and found to be in ventricular tachycardia (A), which converted to atrial 

fibrillation with ST segment elevations in leads V3–V6 (B). Urgent coronary angiogram 

was performed demonstrating an 80% left anterior descending blockage (red arrow, C), 

which was treated with percutaneous coronary intervention (PCI) with a drug-eluting 

stent. Transthoracic echocardiogram demonstrated apical hypokinesis and dilated right 

ventricle, with 50–55% ejection fraction. The day after the intervention, the patient 

developed wide complex tachycardia treated by lidocaine bolus, which evolved to complete 

atrioventricular heart block associated with shock requiring vasopressor support, continuous 

renal replacement therapy and intubation for hypoxic respiratory failure. He was then 

started on 100 mg of intravenous methylprednisolone, ultimately increased to 1000 mg 
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methylprednisolone for 3 days. Troponin-I peeked 2 days after initial PCI at 40.46 ng/ml 

(upper limit of normal 0.03 ng/ml). Endomyocardial biopsy on Day 5 was consistent with 

lymphocytic myocarditis (D). With no clinical improvement, the patient’s family decided to 

transition to comfort care measures and the patient was extubated and passed away 7 days 

after initial presentation.
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Fig. 2. 
Cumulative incidence of event curves by presence of coronary artery disease and 

revascularization assessing myocarditis-related death, irAE-death, and all-cause death at 90 

days. Adjusted hazard ratio (aHR) and confidence interval (CI) represent the association 

of coronary revascularization (vs. no revascularization) adjusted on age and sex with the 

outcome of interest.
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