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This editorial refers to ‘The risk of cardiac events in

patients receiving immune checkpoint inhibitors: a nation-

wide Danish study’†, by M. D’Souza et al., on page 1621.

Immune checkpoint inhibitor (ICI) therapy induces an anticancer re-
sponse by blockade of immune-evasive signalling. The first ICI used in
patients was ipilimumab, which is an inhibitor of cytotoxic T-lympho-
cyte-associated protein 4 (CTLA4).1 In 2006, the first application of
the programmed death 1 (PD1) inhibitor nivolumab followed. These
initial studies revealed remarkable anticancer effects, and the first
Food and Drug Association (FDA) approval was granted in 2011 for
the treatment of stage IV melanoma. Since then, a total of seven ICIs
have been approved, with >50 different indications including non-
small cell lung cancer, hepatocellular cancer, cervical cancer, breast
cancer, renal cell carcinoma, urothelial carcinoma, oesophageal
cancer, gastric cancer, endometrial cancer, colorectal cancer (with
high microsatellite instability), head and neck cancer, Merkel cell
carcinoma, and Hodgkin’s lymphoma.1 Additionally, approvals for
ICI therapy have expanded from late stage disease to the adjuvant
and neoadjuvant setting, and it is estimated that 36.1% of all
cancer patients are eligible for ICI treatment.2 The use of ICIs show
an exponential growth rate that is higher than comparable
approaches for targeted or immune-dependent cancer therapy
regimens.2

ICI-related side effects are termed immune-related adverse events
(irAEs). These are mainly triggered by the ICI’s T-cell cytotoxicity re-
sponse that results in immune reaction affecting many organ systems,
with the most common involving the skin, gut, lung, and liver.

Myocarditis was the first described cardiac toxicity associated with
ICIs3 and, using a pharmacovigilance database, was initially considered
a rare event, with estimates ranging from 0.06% to 0.27%, with a fatal
myocarditis event occurring from <0.01% to <0.17%.3 The true inci-
dence of ICI-associated myocarditis was felt to be underestimated
due to the wide range of clinical presentations, challenges in diagno-
sis, and a general lack of awareness of this condition.4

The study by D’Souza and colleagues which is presented in this
issue of the European Heart Journal highlights some of these challenges
and adds significantly to the discussion.5 From a nationwide Danish
registry, they report a much higher frequency of cardiac events (a
composite of arrhythmias, pericarditis, myocarditis heart failure, or
cardiac death). The authors demonstrate a total risk of 6.6–9.7% for
cardiac events in patients receiving ICI therapy compared with
patients receiving non-ICI cancer therapy. The authors included data
from 39, 199 consecutive cancer patients treated between 2011 and
2017, of whom 1100 were treated with an ICI. After stratification for
the type of cancer, the authors noted a consistently increased hazard
ratio of up to 4.93 for cardiac events in patients with ICI therapy. A
significant effect was observed for PD1 inhibitors and CTLA4 inhibi-
tors independently. When testing for the rates of individual events,
arrhythmias, pericarditis, myocarditis, heart failure, and cardiovascu-
lar death were all increased in patients with lung cancer, while only
the combined endpoint and arrhythmias were increased in melanoma
patients. Additionally, they noted an increased risk for cardiac events
that is sustained after the first 6 months of therapy, where prior data
suggested that most cardiac events occurred within the first few
months after initation of an ICI.6
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How can we explain these higher risk ratios for cardiac irAEs as

compared with previous reports? Misclassification may probably ex-
plain a significant component. Specifically, the standardized format for
adverse events reporting for clinical trials, the ‘Common
Terminology Criteria for Adverse Events’ (CTCAE), allows a wide
variation in cardiovascular diagnoses ranging from complete heart
block, to ventricular tachycardia, to left ventricular dysfunction, to
heart failure and myocarditis. Is it reasonable to ask which of these in
the setting of a new start on an ICI is not likely to be some manifest-
ation of an ICI-related immune and inflammatory cardiac syndrome?
Additionally, the diagnosis of some of these potential classifications is
not straightforward. For example, the diagnosis of myocarditis, as
illustrated in the current COVID-19 pandemic, can frequently be
challenging. For ICI myocarditis, <50% of patients have a reduced left
ventricular systolic ejection function,7 many are without some of the
hallmark cardiac magnetic resonance findings,8 and case reports on
subclinical forms and asymptomatic findings from laboratory or imag-
ing testing are frequent. These observations suggest that myocarditis
and other forms of myocardial involvement may have been missed in

previous studies. This potential for underappreciation of concurrent
or related cardiovascular disease, highlighted by recent publications
in this journal,9 seems to have particularly affected patients with can-
cer and supports recent and ongoing research efforts and collabora-
tions with oncologists applying comprehensive detection approaches
to unselected cancer patients.10

Why is there an up to 9.7% rate of cardiac events among patients
treated with an ICI? The pathophysiological mechanisms involved in
ICI-related inflammatory and immune cardiac diseases are incom-
pletely understood. In line with the general knowledge on irAEs,
myocardial inflammation with involvement of the adaptive immune
system and lymphocytic infiltration induces a cascade of reversible or
irreversible damage to affected tissues.11 Infiltrating lymphocytes
have been found within the myocardium of patients with ICI-related
myocarditis in post-mortem samples and endomyocardial biopsies.8

However, fundamental questions remain unanswered. For example,
a target structure for infiltrating immune cells has not yet been clearly
identified. While Pd1 deficiency in a pre-clinical model led to the de-
velopment of anticardiac troponin autoantibodies, no such effect was
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Take home figure Systematic assessment for a better and precise characterization of ICI-related cardiovascular disease is required. This
requires baseline and follow-up assessment and inclusion of patients in large systematic registries to identify potential adverse events including myo-
carditis, pericarditis, arrhythmia (e.g. atrioventricular block), and acute coronary syndromes. C/O, cardio-oncology.
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observed in patients.12 Recently, the immunoproteasome of immune
cells was identified to predict the immune response in a mouse
model of myocarditis after immunization with a cardiac troponin I
peptide.13 Immunoproteasome deficiency led to mitigated cardiac in-
flammation, and reduced myocardial fibrosis, leading to improved
cardiac function. Changes within the balance between effector and
regulatory T cells, including enhanced expression of inhibitory PD1
receptors on T-cell subsets, were identified. The proposed mechan-
ism also indicates a potential therapeutic benefit of pharmacological
inhibition of the immune proteasome during myocarditis.13 Data also
support the potential for antigenic mimicry between tumour cells
and heart tissue,3 where, in a patient with melanoma and myocarditis
and myositis, similar T-cell receptor clones were found within myo-
cardium and skeletal muscle and were also greatly expanded within
the tumour after treatment. This raises the possibility of shared epito-
pes in tumour and myocardial tissue.

These findings highlight that we are just beginning to understand
the full nature of potential ICI-related cardiac complications and the
increased relevance for cardio-oncology care. Given the wide variety
for both presentations and the associated morbidity and mortality,
treatment approaches represent a challenge. For example, fulminant
myocarditis requires discontinuation of an ICI and high-dose cortico-
steroid therapy. If these approaches fail, then the next steps are un-
clear but are the subject of active research. The CTLA4 agonist
abatacept facilitates a direct interaction with ICI signalling, and abata-
cept was successfully applied for the treatment of a patient with se-
vere, steroid-refractory myocarditis after ICI therapy.14 Interestingly,
the treatment was effective despite the patient receiving an ICI ther-
apy targeting PD1, indicating the synergistic activity of both immune
checkpoints. However, all forms of immunosuppressive therapy
applied for ICI-related complications probably suppress anticancer
efficacy. Recent evidence suggests that it may be possible to produce
irAEs with preserved, or even enhanced, anticancer efficacy.15

Specifically, in an experimental model, blockade of tumour necrosis
factor-a (TNF-a) signalling which was successfully applied for
immune-related colitis, sustained anticancer effects.15 However, the
caveat here is that TNF-a blockade is contraindicated in the presence
of advanced heart failure (NYHA III and IV) and data are urgently
needed testing the effect of TNF-a blockade for cardiovascular toxic-
ities related to ICIs. Beyond the fulminant manifestations of ICI car-
diac toxicity, fundamental treatment questions also remain regarding
other clinical presentations. How should we approach a patient with
an arrhythmia on an ICI or an isolated troponin elevation, or heart
failure without imaging evidence of active cardiac inflammation? With
recent data suggesting an association between ICI use and acceler-
ated atherosclerosis and atherosclerotic-related cardiovascular
events,16 what do we do with a patient with a vascular event such as
an ischaemic stroke or myocardial infarction in the setting of an ICI?
These treatment approaches are further complicated by the painful
lessons learned from serial monitoring of the left ventricular ejection
fraction among women with breast cancer on HER-2 antagonists
such as herceptin, where lifesaving cancer therapies may be stopped
due an asymptomatic decline in cardiac function, thus adversely
impacting cancer outcomes.

This study also acts as the basis for some additional questions.
What was the nature of the arrhythmias? Were they atrial or ven-
tricular, malignant or more benign? What is the mechanism for the

increase in some of these cardiac events? Can we dissociate cardiac
toxicity from cancer efficacy among those on an ICI? How will we
separate the cardiac injury or dysfunction seen with targeted therapy
or traditional cytotoxic chemotherapy from that of an ICI when they
are used in combination?

In conclusion, perhaps is it time for a broader description of ICI-
induced cardiovascular complications to include the term ‘ICI-related
cardiovascular disease’ and this is supported by the important insights
presented by D’Souza and colleagues. Immediate steps include
increasing our awareness for a broader range of potential cardiac
toxicities related to ICI treatment (Take home figure). Longer term
steps include broadening collaborations with our oncology and
pharmaceutical partners, and expanded clinical research efforts in
parallel and based on innovative basic experimental insights. These
and other steps are needed to move this forward so we can improve
cardiovascular outcomes among our cancer patients treated with an
ICI.
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