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BRIEF SUMMARY 

Immune checkpoint inhibitors (ICIs) represent a major breakthrough therapy for cancers. 

Isolated clinical cases of acute coronary syndromes (ACSs) associated with ICI have been 

described without the establishment of a formal cause-and-effect relationship between 

treatment and adverse event. Report of a-proof-of concept case and pharmacovigilance 

analysis provided new data suggesting that ACS may be another life-threatening cardiac 

adverse event occurring with ICIs exposure. 
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ABSTRACT 

Isolated cases of acute coronary syndromes (ACSs) associated with immune checkpoint 

inhibitors (ICIs) have been described without the establishment of a formal cause-and-effect 

relationship between treatment and adverse event.   

First, we reported a case of ACS after the first administration of an ICI and with a fatal 

recurrence in another coronary area immediately after readministration. According to the 

guidelines, causality was considered as certain. Subsequently, the French pharmacovigilance 

database was queried and found four cases of ACS with coronary artery thrombosis. Causality 

was probable in these patients. 

These data suggest that ACS may be another life-threatening cardiac adverse event occurring 

with ICIs exposure. 

 

Clinical Trial Registration: NCT03492242 
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INTRODUCTION 

Immune checkpoint inhibitors (ICIs) represent a major breakthrough therapy in various 

cancers. They include programmed death-1 checkpoint inhibitor (PD-1i),  programmed death 

ligand-1 checkpoint inhibitor (PD-L1i), and cytotoxic T-lymphocyte-associated protein-4 

inhibitors (CTLA-4i). These cancer therapies are associated with frequent immune-related 

adverse events (irAEs) that can have an impact on patients’ overall prognosis.1 ICI-induced 

myocarditis is the most severe cardiac complication of this treatment and is associated with a 

fatality rate of approximately 50%.1,2,3 Pericarditis and vasculitis are two other cardiovascular 

irAEs.2,3,4,5,6 Recently, isolated clinical cases of acute coronary syndromes (ACSs) associated 

with ICI have been described without the establishment of a formal cause-and-effect 

relationship between treatment and adverse events.7,8 We aimed to describe new data showing 

that ACS may be associated with ICI. 

 

METHODS 

First, we reported a case of a 52-year-old woman, who was suspected of ACS after the first 

administration of a PD-L1i and a fatal recurrence in another coronary area immediately after 

readministration.  Subsequently, the French pharmacovigilance database was queried for all 

ICI-induced adverse drug reactions reported until March 30, 2019 (NCT03492242). Immune 

checkpoint inhibitor drugs studied were nivolumab, pembrolizumab, ipilimumab, 

atezolizumab, and avelumab. We selected all cases with at least one adverse effect listed in 

the MedDRA Standard Medical Query “ischemic heart disease”. Finally, all the “ischemic 

heart diseases” cases were analyzed to identify those related to ACS with an evidence of 

coronary artery thrombosis on angiogram. Drug exposition was defined by the presence in the 

case safety reports of an ICI drug coded as “suspect”. Causality assessment has been assessed 
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according to the adverse drug reactions (ADR) guidelines9 (Supplementary Table S1) and 

the Naranjo scale10 (Supplementary Table S2). 
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RESULTS 

Proof-of-Concept Case (Figure 1) 

A 52-year-old woman with metastatic lung cancer was admitted to the coronary care unit for 

recurrent acute chest pain five days after the first administration of a PD-L1i and a mitogen-

activated protein kinase inhibitor (MEKi) during an ongoing open label phase Ib/II clinical 

trial. An active smoking habit was her only cardiovascular risk factor and pre-therapeutic 

ECG, troponin T serum level (<14ng/L) and echocardiography were normal. She had received 

a first-line treatment combining docetaxel with carboplatin and a second line with only 

nivolumab (4 injections). The combination of PD-L1i plus MEKi was started 44 days after the 

last injection of nivolumab because of disease progression. Four hours after the last chest pain 

episode, ECG showed a Q-wave in the inferior leads (Figure 2A), and troponin T and NT-

proBNP levels were 2076ng/L and 7871ng/L respectively. Echocardiography showed left 

ventricle (LV) inferior wall akinesia, with a 45% LV ejection fraction (LVEF) (Video 1). 

Coronary angiogram showed nonsignificant atherosclerotic plaques in the middle right 

coronary artery (Figure 2B) and the proximal left anterior descending artery (Figure 2C) 

(Video 2, Video 3). No endocoronary imaging was performed. Cardiac magnetic resonance 

showed a late gadolinium enhancement (Figure 2D) in the inferior LV wall. Thus, we 

suspected the diagnosis of myocardial infarction with nonobstructive coronary arteries. There 

were no other events. At this stage, the medical team was not sure of the relationship between 

the drugs administration and the occurrence of ACS, as well as a possible association with 

myocarditis. Therefore, the two drugs were stopped and a high dose of corticosteroids 

(methylprednisolone, 1g/day for 3 days and then prednisolone, 2mg/Kg/day and tapering over 

6 weeks) in combination with dual antiplatelet therapy (aspirin plus clopidogrel) and statins 

was introduced. Angiotensin-converting enzyme inhibitors and beta-blockers could not be 

administered due to low blood pressure. Two weeks after this episode, troponin and NT-
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proBNP levels decreased, and LVEF was 55%. A new injection of PD-L1i associated with 

prednisolone but without MEKi administration was decided after multidisciplinary discussion 

between cardiologists and oncologists and allowed by the trial sponsor. Twelve days later, the 

patient was readmitted suffering from dyspnea and fever attributed to left infectious 

pneumonia. Empiric antibiotic therapy was introduced despite a negative infection rate. 

During her stay, she was referred to the coronary care unit for a recurrence of chest pain 

associated with cardiogenic shock. The ECG showed new Q-waves and ST-segment elevation 

in the anterior leads (Figure 2E). The levels of troponin T and NT-proBNP were 1063ng/L 

and 22646ng/L, respectively. Echocardiography then showed severe LV dysfunction with 

10% LVEF (Video 4). Coronary angiogram showed a thrombotic occlusion at the level where 

a nonsignificant lesion had been previously identified in the left anterior descending artery 

(Figure 2F and Figure 2G) (Video 5). It was treated by angioplasty and drug-eluting stent 

implantation. The patient died 16 days later from refractory shock, without ACS recurrence, 

despite inotropic pharmacological support, high doses of corticosteroids and antithymocyte 

globulin. Endomyocardial biopsy and autopsy could not be performed. 

According to the ADR guidelines and the Naranjo scale, causality was considered as certain 

and probable (score=5) respectively. Recurrence after readministration represented a strong 

causality criterion. 

 

Pharmacovigilance Database Analysis 

We identified 3 733 adverse events reported in patients who received ICIs and 820 571 

adverse events reported in patients treated with any drugs (full database). Ten cases of 

coronary events associated with ICI were found. Among them, four had a coronary artery 

thrombosis on angiogram (Figure 3A). These cases were associated with nivolumab, a PD-1i. 

Figure 3B. Two patients died of this ACS. According to the ADR guidelines, causality of the 
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incriminated treatment was probable in the four patients. According to the Naranjo scale, the 

causality was possible (score=4) in three patients and probable (score=5) in one. Only one 

case of ACS was reported one month after initiation of the same MEKi in association with 

vemurafenib, a BRAF inhibitor with unlikely-doubtful causality according to the ADR 

guidelines and the Naranjo scale. 

 

DISCUSSION 

We report for the first time a case of recurrent ACS following ICI administration, leading to a 

fatal outcome and certain ADR causality. This presentation strongly suggests an ICI-related 

coronary toxicity by destabilization of previous nonsignificant atherosclerotic lesions after 

analysis of coronary angiograms before and after ICI administration. Four other cases of ACS 

associated with ICI were found in the French pharmacovigilance database, further supporting 

this concept. 

In the case we reported, after the first ACS episode we could not conclude that the ICI was 

the cause of the event because it was associated with a MEKi and the patient had risk factors. 

On the other hand, ACS recurrence after readministration of the ICI and discontinuation of 

the MEKi strongly suggested the involvement of the former. In our pharmacovigilance 

analysis, we found 10 other cases of suspected acute coronary events. In order to avoid 

including some cases of ICI-related myocarditis or pericarditis, we have only selected patients 

with an acute coronary artery thrombosis on angiogram. 

The development of ACS from ICI has biological plausibility and was suggested by experts.6 

Immune checkpoint proteins play a pivotal role in atherosclerosis by regulating various 

immune cells and cytokines.11,12 Nihms et al. showed that PD-1 inhibits the activation of 

proatherogenic T cells.13 In experimental atherosclerosis of dyslipidemic mice (Ldlr-/-), 

complete genetic loss of the PD-1 receptor drives larger atherosclerotic lesions with more 
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abundant inflammatory cells, such as CD4+ and CD8+ T cells and macrophages, with more 

CD8+ cytotoxicity. Administering a PD-1-blocking antibody in Ldlr-/- mice significantly 

increases atherosclerotic lesion content of CD4+ and CD8+ T cells.13 Moreover, activation of 

immune cells in atherosclerotic plaques induces IFN-γ and TNF-α release that contributes to 

the destabilization of the lesions, potentially resulting in rupture of the lesion and causing 

ACS.11 This possibility is also supported by the fact that the PD-1 and PD-L1 complex is 

expressed at lower levels on T cells in patients with coronary artery disease.14 Another 

hypothetic mechanism is coronary vasculitis2,6 but we do not have histologic evidence. 

Therefore, we hypothesize that in our case, inhibition of PD-1/PD-L1 pathway resulted in 

upregulation of proatherogenic T cell responses, leading to the rupture of a pre-existing 

coronary lesion. The four previously reported cases of ACS were with nivolumab.  At this 

stage of knowledge, we cannot explain why no ACS cases were reported with 

pembrolizumab, another PD-1i. Moreover, no previous cases of ACS were reported with PD-

L1i. This might be related to the recent use of this drugs and the relative fewer number of 

treated patients. 

Our study had some limitations. First, data on coronary angiogram preceding ICI 

administration were lacking for other cases found in the analysis of the pharmacovigilance 

database. Nevertheless, the case described in this study is the only one for which we had 

previous angiogram, allowing us to strengthen our hypothesis. Moreover, the causality 

assessment according to the ADR guidelines was certain. Second, we cannot exclude the role 

of MEK inhibition in the coronary toxicity of the case we reported. However, only one ACS 

has been found in pharmacovigilance database with this drug and it had been stopped after the 

first ACS episode in our patient. Moreover, a recent meta-analysis showed that treatment with 

BRAF and MEK inhibitors was not associated with an increased risk of myocardial 

infarction.15 Third, to support our hypothesis we analyzed only reported French cases. 



 10 

However, the French Pharmacovigilance database is large and provides more details 

regarding the reported cases compared to the WHO’s global database. This allowed selecting 

validated cases of ACS. Finally, in our case an immunosuppressive strategy was not effective 

and we cannot make specific recommendations for the treatment of ICI-related ACS.   

In conclusion, this study suggests that ACS may be another life-threatening cardiac irAE 

occurring with ICIs exposure. In addition to myocarditis, this irAE should be suspected in 

case of cardiac symptoms/signs occurring during ICI therapy. A careful cardiac monitoring of 

ICI-treated patients with a high risk of ischemic heart disease might be useful. 
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FIGURE LEGENDS 

Figure 1. Sequence and events with the main imaging findings and therapeutics in a 

cancer patient treated with ICI 

ACS: acute coronary syndrome; D: day; inj.: injection; LVEF: left ventricular ejection 

fraction; MRI: magnetic resonance imaging; Mo: months 

 

Figure 2. Recurrent acute coronary syndrome after a PD-L1 checkpoint inhibitor 

administration in a 52-year-old woman with lung cancer. Five days after the first 

administration, she presented recurrent acute chest pain. A. ECG: Q-wave in the inferior 

leads. B. Coronary angiography: nonsignificant atherosclerotic plaques in the right coronary 

artery (arrow). C. Coronary angiography: nonsignificant atherosclerotic plaques in the left 

anterior descending artery (arrow). D. Cardiac magnetic resonance with PSIR-FLASH 

sequence: late gadolinium enhancement in the mid inferoseptal and inferior left ventricle wall 

(arrow). After readministration, she was referred for a recurrent ACS and a cardiogenic shock. 

E. ECG: ST-segment elevation and new Q-waves in the anteroseptal leads. F. Coronary 

angiography: unchanged nonsignificant atherosclerotic plaques in the right coronary artery. G. 

Coronary angiography:  thrombotic occlusion at the level where a nonsignificant lesion had 

been previously identified in the left anterior descending artery (arrow).  

 

Figure 3. Pharmacovigilance Analysis Flow Chart (A) and Characteristics of Patients 

with Suspected ICI- Related Acute Coronary Syndrome with Evidence of Coronary 

Artery Thrombosis from the French Pharmacovigilance Database (B). 

ADR: adverse drug reactions; M: male; ACS: acute coronary syndrome; F: female; ICI: 

immune checkpoint inhibitor; STEMI: ST elevation myocardial infarction   
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ONLINE-ONLY SUPPLEMENTS AND MULTIMEDIA 

Supplementary Table S1. Causality assessment of suspected adverse drug reactions 

according to Edwards IA, et al.9 

 

Supplementary Table S2. Naranjo adverse drug reaction probability scale: Items and 

score are adapted from Naranjo CA, et al.10 

 

Video 1. Echocardiography performed during the first ACS episode showing left 

ventricle inferior wall akinesia, with a 45% LV ejection fraction. 

 

Video 2. Coronary angiogram showed nonsignificant atherosclerotic plaques in the 

middle right coronary artery. 

 

Video 3. Coronary angiogram during the first ACS episode showing nonsignificant 

atherosclerotic plaques in the proximal left anterior descending artery. 

 

Video 4. Echocardiography performed during the second ACS episode showing severe 

left ventricular dysfunction. 

 

Video 5. Coronary angiogram during the second ACS episode showing a thrombotic 

occlusion at the level where a nonsignificant lesion had been previously identified in the 

left anterior descending artery. 

 

 










