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Proposed eight-point-based management of patients with a suspicion for a cardiovascular immune-related adverse event. *Troponin testing may
be positive if Troponin | or T is >99th percentile of the upper reference limit. Concomitant myositis may result in significant elevations of CK, CK
isoforms, and even Troponin T. In patients with pre-therapeutic troponin elevation, a 50% increase of the level may be used as a cut-off, but no
evidence currently supports this recommendation. "Haemodynamic instability, heart failure requiring non-invasive or invasive ventilation, com-
plete or high-grade heart block, and/or significant ventricular arrhythmia. “Arrhythmias, conduction abnormalities, acute coronary syndromes,
stroke, thromboembolic events, and heart failure should be managed urgently according to the international guidelines. “Endomyocardial biopsy
should be performed especially in unstable patients who cannot undergo urgent CMR and in patients with uncertain diagnosis. “See Table 2.
‘Defined as hemodynamic instability or electrical instability or increasing troponin or decreasing left ventricular ejection fraction. EThere are
no data to recommend a standardized initial treatment strategy for the intensification of immunosuppressive therapy. For now, case series
and case reports have shown the potential efficacy of anti-thymocyte globulin, intravenous immunoglobulin, plasma exchange, mycophenolate
mofetil, tacrolimus, tocilizumab, abatacept, alemtuzumab, and tofacitinib. The decision regarding optimal therapy must be multidisciplinary, in-
volving specialists in immunology and organ rejection. Infliximab was also proposed but was not incorporated into the algorithm because of
its contraindication in acute heart failure. ‘Troponin elevation without cardiovascular signs/symptoms and negative investigations including
EMB. ACS, acute coronary syndrome; CCU, coronary care unit; CK, creatine kinase; AchR, acetylcholine receptor antibodies; CMR, cardiac mag-
netic resonance; EMB, endomyocardial biopsy; irAE, immune-related adverse event; ICl, immune checkpoint inhibitor; NT-proBNP, N-terminal-
pro-brain-natriuretic-peptide; SMB, skeletal muscle biopsy; TSH, thyroid-stimulating hormone; TTE, transthoracic echocardiography; TTS, takot-
subo syndrome.

Abstract

Over the last decade or so, there has been a paradigm shift in the oncologic care of patients with a range of solid tumour and haematologic
malignancies, away from traditional cytotoxic chemotherapy and towards personalized cancer treatments, using both targeted therapy and im-
munotherapy. This shift has contributed to the remarkable and sustained increase in the number of cancer survivors and the longevity of patients
with a cancer diagnosis. This review will focus on the cardiovascular effects of immune checkpoint inhibitors and will present a background on
immune checkpoint inhibition for cancer, the epidemiology, potential mechanisms, the potential insights into cardiovascular biology, and a diag-
nostic and therapeutic approach to potential cases. Our understanding of the cardiovascular effects of immune checkpoint inhibitors needs to
improve. However, the evolution necessarily needs to be rapid. Initial observations noted that immune checkpoint inhibitor therapy can lead to a
fulminant myocarditis. Recent reports have expanded the effect of immune checkpoint inhibitor therapy on the cardiovascular system to include
an increase in cardiac dysfunction without myocarditis, arrhythmias, venous thromboembolic disease, accelerated atherosclerosis, and athero-
sclerosis-related cardiovascular events. The association between immune checkpoint inhibitor therapy and an increase in these cardiovascular
events is not only limited to events occurring within the first few weeks after starting therapy but can also include events that occur months to
years after therapy. The latter observation is especially of relevance in those treated with adjuvant or neoadjuvant therapy. There needs to be a
shift from recognition of an increase in cardiovascular events to currently approved immune checkpoint inhibitor therapies to understanding the
mechanisms that lead to adverse cardiovascular effects, understanding who is at risk, and understanding what we can do about it.
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they identified that an antibody to CTLA-4 in a murine model could
induce tumour rejection in a syngeneic mouse.” This led to a
first-in-human Phase | trial of CTLA-4 blockade (MDX-010) with re-

Introduction

Leveraging the immune system for the treatment of cancer has been

on a path of scientific discovery since at least the 1800s (Figure 1)."
While several immunotherapeutic strategies have made important
and impactful contributions to cancer medicine such as cancer vac-
cines and interleukin therapy, it is only in recent years that an expo-
nential progress in immunotherapeutics has resulted in a sea change
in cancer treatment. In the last 10 years, several pre-clinical discover-
ies have led to a rapid drug development and resultant approvals for
cancer immunotherapies in >20 different cancer indications. The
two classes of immunotherapeutic agents that have dominated these
approvals and are now widely available in the clinic include immune
checkpoint inhibitors (ICls) and CAR T-cell therapies.

The first cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4), was discovered in

‘immune  checkpoint’  molecule,

the laboratory of Leach et dl. in 1996.2 In a seminal experiment,

sponses seen in melanoma and ovarian cancer, rapid studies in mel-
anoma in the Phase |l setting, and a subsequent FDA approval based
on the landmark Phase Il study on the humanized anti-CTLA-4
monoclonal antibody ‘ipilimumab’ (Bristol Myers Squibb, NJ, USA)
for metastatic melanoma.>™ In these studies, several important ob-
servations were made which led to an appreciation that immune
checkpoint blockade was a unique therapeutic strategy for cancer.
The traditional response kinetics used to assess anti-cancer therap-
ies, based on their ability to induce tumour shrinkage, did not appear
to apply to immunotherapy.® This class of agents appeared to have a
unique ‘immune-related’ response kinetics, where tumour lesions
could increase in size before they shrink and new lesions to even
transiently develop, leading to a unique response criterion developed
specifically for immunotherapy. Additionally, patients who benefitted
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Figure 1 Timeline for immunotherapy in cancer.

from therapy appear to sustain a prolonged benefit that could span
years—a phenomenon known as the ‘tail of the curve’.® This is pos-
tulated to represent immunologic memory in the field of cancer im-
munotherapy. Now, 10 years since the approval of ipilimumab for
metastatic melanoma,” Dr Allison has won a Nobel Prize for his dis-
covery of CTLA-4, and ipilimumab has changed the landscape of mel-
anoma management. It is now combined with a second ICl called
nivolumab [anti-programmed death 1 (anti-PD-1)], and the combin-
ation has resulted in an unprecedented 5-year survival of >5 years
for metastatic melanoma, calling us to reimagine what ‘cure’ may
look like in the age of cancer immunotherapy.

The second immune checkpoint molecule to be described was
anti-PD-1, and its principal ligand PD-L1 was first described by the
other Nobel Prize Winner Dr Tasuko Honjo and colleagues in
2000.8 This discovery was supported by murine data again by Iwai,
Honjo, and Colleagues which identified that anti-PD-1-deficient
mice led to inhibition of tumour growth, as well as in immunocom-
petent wild-type mice treated with anti-PD-L1 antibodies.”'® These
data gave rise to Phase | trials of anti-PD-1 and anti-PD-L1 monoclo-
nal antibodies which demonstrated activity across tumour types, in-
cluding non-small-cell lung cancer (NSCLC), melanoma, and kidney
cancer."" Rapid clinical development in these tumour types and
others have led to the approval and use of single agent anti-PD-(L)
1 in >15 cancer indications across solid tumour and haematologic
malignancies."” The combination of anti-PD-1 and CTLA-4 blockade
principally with the combination of ipilimumab and nivolumab is also
licensed in several indications (advanced NSCLC, melanoma, and kid-
ney cancer), and is moving into early stage disease settings as both
adjuvant and neoadjuvant approaches. Importantly, there have also
been approvals for anti-PD-1 therapy that are tumour agnostic,
and based on the molecular features of tumours, such as those
that harbour a large number of non-synonymous mutations, for ex-
ample, microsatellite instable-high colorectal and endometrial
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cancers.”® These underscore the hypothesis that anti-tumour im-
munity may be stimulated by a genomically complex tumour that
generates a more diverse immunologic response.

During approval of ICls, it was anticipated that leveraging the immune
system through this approach would lead to a wide spectrum of side ef-
fects, termed immune-related adverse events (irAEs), due to the sup-
pression of immune inhibitory functions.'* These irAEs occur in 70—
90% of patients and all organs can be affected.’* A high-grade of severity
is noted in 10-15% and clinical manifestations usually start within the
first few weeks to months after the onset of treatment but can occur
at any time, even late after cessation of therapy.'® The incidence and se-
verity is higher with combination immunotherapy (e.g. anti-PD-1/PD-L1
and CTLA-4 combination). The other risk factors for irAEs are not well
known because patients potentially at risk have been excluded from
large clinical trials. Thus, for example, the safety of ICls in patients
with autoimmune disease, recipients of solid-organ transplant, or haem-

I . .14
atopoietic stem-cell transplant is uncertain.

Epidemiology of immune
checkpoint inhibitor-associated
cardiovascular diseases

Cardiovascular irAEs are more common than were initially reported in
early ICl clinical trials."” The lower reporting of cardiovascular irAEs in
some oncology clinical trials when compared with real-world data is
not specific to clinical trials in cancer patients with IC| therapies.
Myocarditis is the most commonly considered cardiovascular irAE
with ICl therapy. In initial pharmacovigilance reporting, myocarditis
was noted in 0.06% of patients treated with single agent ICl therapy
and 0.27% of patients treated with combination ICL.'® Real-world
data and more recent clinical trials have confirmed a higher rate of
myocarditis."”” For example, in a prospective observational surveillance
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study where patients underwent serial troponin measurements, an in-
cidence rate of 1.4% for myocarditis was reported.’® Similarly, in a
retrospective study of ICI myocarditis patients, an incidence rate of
1.14% was reported,’® and in a recent randomized clinical trial com-
therapy to anti-PD-1  and
lymphocyte-activation gene 3 (LAG-3) therapy where patients under-
went serial troponin measurements over the first 2 months, an inci-

paring  anti-PD-1 combined

dence rate 0.6% for myocarditis for single agent ICI therapy and
1.7% for combination was repor‘ted.20 Beyond myocarditis, other car-
diovascular irAEs have been increasingly described such as pericardial
disease, vasculitis, acute coronary syndromes, thromboembolic events,
as well as arrhythmias, and left ventricular (LV) dysfunction [including
takotsubo syndrome (TTS)] without evidence of myocarditis.™®
With such a broader definition of cardiovascular irAEs, a recent
meta-analysis of 51 clinical trials reported a rate of cardiovascular
irAEs of 3.1% for ICl monotherapies and 5.8% for ICl combination
therapies.”” The timing of cardiovascular irAEs was felt to be mostly
acute but a recent nationwide cohort study showed patients treated
with ICl had a two- to five-fold increased risk of developing a cardiac
event both early (within 6 months) and late (>6 months) after initi-
ation of treatment.”’” These results were significant after adjustment

2
for age, sex, and date of cancer. 7

Immune checkpoint inhibitor-associated
myocarditis

Myocarditis is the most common considered cardiovascular irAE,
with an incidence rate presented above that ranges from 0.5 to
1.7% of patients.”> However, the prognosis with myocarditis related
to ICl therapy is significantly worse than that of other types of myo-
carditis with mortality rates ranging from 25 to 50% over a short per-
1920 i comparison with a mortality rate of 4%
during a median follow up of 4.7 years for non-ICI myocarditis.*

iod of follow up,

This poor prognosis results from either fatal cardiovascular compli-
cations (arrhythmias, heart failure) or the interruption of effective
cancer treatment. Immune checkpoint inhibitor myocarditis typically
presents early after starting treatment. For example, Mahmood
et al."® reported a median time from the first ICl dose to the onset
of myocarditis of 34 days and 81% of cases presented within 3
months of the first dose. Later, myocarditis cases have been also de-
scribed up to several months after starting ICI therapy31; however, a
caveat is that in some, it is unknown whether they are late diagnosis
of myocarditis that had begun much earlier, delayed development of
myocarditis, or a cardiomyopathy related to persistent systemic in-
flammation. The LV ejection fraction (LVEF) is impaired in <50%
of patients,32 with the most common complications with ICl myocar-
ditis including atrioventricular conduction disorders, ventricular/su-
praventricular arrhythmias, and heart failure.>* Non-cardiovascular
irAEs occur simultaneously in 30 to 50% of patients; among these,
myositis or myasthenia gravis occur in 20-25%, and are associated
with a worse prognosis. Several other predictors of poor prognosis
have been identified (Table 1).'%3**?

Other cardiovascular immune-related

adverse events
Early post-marketing data showed that pericardial diseases ac-
counted for 0.36% of all reported irAEs.>> However, the exact

incidence of pericarditis and pericardial effusion related to ICl is un-
clear, particularly because they may also be the consequence of can-
cer progression or other cancer therapies such as thoracic
radiotherapy or conventional cytotoxic chemotherapy. In a large
matched case—control cohort study, the incidence rate of
ICl-associated pericardial diseases was 1.57 events per 100 person-
years after a median follow up of 193 days in cancer patients with
ICl when compared with 0.14 events per 100 person-years after a
median of 1841 days in cancer controls and the adjusted risk of

Table 1 Potential factors associated with a poor
prognosis in immune checkpoint inhibitor-associated
myocarditis

Clinical factors

Pre-existing cardiovascular disease

ICI combination

Early first symptoms/signs after ICl initiation
Cardiac arrest

Heart failure and cardiogenic shock

Oxygen dependence

Low diastolic blood pressure

Simultaneous non-cardiovascular irAE, especially myositis and
myasthenia gravis

Electrocardiogram

« Severe conduction disorders and ventricular arrhythmias
* QRS >100 ms
* Decrease in QRS voltage

Echocardiography

* Low |GLS] in echocardiography
|GLS| < 13% if LVEF <50%
|GLS| < 16% if LVEF >50%

Cardiac magnetic resonance imaging

* Myocardial native T4 value on CMR
T4 >mean value +2 standard deviations of the site norm
* Septal LGE on CMR

Serum biomarkers

* Troponin
High Troponin T values at admission/peak/discharge
Discharge Troponin T value >1.5 ng/mL
Admission Troponin | value >3.73 ng/mL
 Absolute lymphocyte count decrease >35% to admission
* Neutrophil/lymphocyte ratio increase >100% to admission

Endomyocardial biopsy

* Degree of lymphocyte infiltration on EMB
>50 CD3" cells/high-power field

Management

* Delay in initiation of high-dose corticosteroids
* Requirement of intensified immunosuppressive therapy

CMR, cardiac magnetic resonance; EMB, endomyocardial biopsy; ICl, immune
checkpoint inhibitor; irAE, immune-related adverse event; |GLS|, global
longitudinal strain absolute value; LGE, late gadolinium enhancement; LVEF, left
ventricular ejection fraction.
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pericardial disease was more than four-fold higher in patients treated
with ICL.2 The occurrence of pericardial disease with ICl therapy has
a high mortality with a case fatality rate of 21%.%

Data have suggested vascular toxicity may occur in patients trea-
ted with ICl. These vascular toxicities include vasculitis,
arterial/venous  throm-
bosis. 22242543 A pharmacovigilance analysis found that ICl therapy

atherosclerosis-related events, and
was associated with a higher reporting of vasculitis disorders, espe-
cially temporal arteritis. Thus, vasculitis accounted for 0.26% of all re-
ported irAEs but the exact incidence in patients treated with ICl
remains unknown. In that report, death occurred in 6% of patients
with ICl-associated vasculitis.® In a case series, large vessel vasculitis
including giant-cell arteritis, aortitis, and primary angiitis of the ner-
vous system were the most common forms of vasculitis reported
with ICls. No related death was observed in this study.*?

Besides vasculitis, there are evolving clinical data, basic on solid sci-
entific plausibility, that ICls may accelerate atherosclerosis and pro-
mote acute coronary syndromes through changes in plaque
composition.?® In a matched case—control study, ICl treatment
was associated with a three-fold higher risk for atherosclerosis-
related cardiovascular events compared with cancer patients who
did received ICls. These findings were confirmed in a second case-
crossover analysis, in which the 2-year incidence rate of atheroscler-
otic cardiovascular event was 1.37 per 100 person-years before ICl
treatment and 6.55 per 100 person-years after IC| treatment onset
(hazard ratio, 4.78).22 In an imaging analysis, the investigators also
found that the rate of progression of total aortic plaque volume
was more than three-fold higher with ICls and was partially attenu-
ated by concurrent use of statins or corticosteroids.?? These check-
points targeted for cancer therapy play also a key role in thrombosis,
and a higher risk of venous thromboembolic events has been re-
ported in patients treated with 11> Finally, LV dysfunction and ar-
rhythmias without obvious myocarditis have been found in patients
treated with |ICl. Takotsubo syndrome is a particular form of LV dys-
function, which has been significantly highly reported in a pharmacov-
igilance analysis of ICI patients.” In the absence of myocarditis, the
pathophysiology of this effect remains uncertain, but stress induced
by a non-cardiovascular irAE or metabolic changes induced by ICl are
plausible hypotheses. The analysis of data concerning these arrhyth-
mias in patients treated with ICl is complex, as there are several pos-

sible mechanisms, some of which are linked.?’

Potential mechanisms of immune
checkpoint inhibitor-associated
cardiovascular diseases

The pathophysiology of cardiovascular irAEs remains poorly under-
stood. Given the involvement of immune checkpoints in many as-
pects of cardiovascular homeostasis, the mechanisms are probably
multiple and inter-related.** Specifically, immune checkpoints are es-
sential in cardiac cell self-tolerance, the process that prevents the im-
mune system from targeting normal organs.45 In addition, they are
involved in regulating the systemic inflammatory response but also
within the atheromatous plaque.*®

Johnson et al.'® were the first to perform an in-depth post-mortem
study of two ICl myocarditis patients with associated myositis during

treatment of melanoma with nivolumab plus ipilimumab. They reported
necrosis and infiltration of CD4", CD8" T cells, and macrophages in the
myocardium and conduction system, which were comparable with
those seen in acute cellular rejection of cardiac transplants. In contrast,
no B cells and autoantibodies were found. Similar T-cell clones were ob-
served in the infiltrated myocardium, skeletal muscle, and tumours.
Moreover, PD-L1 was expressed on the membrane of injured myo-
cytes.“’ Pre-clinical models have highlighted the complexity of the im-
mune response in the development of immune-related cardiovascular

. 7
diseases”

; in mouse models, genetic deletion of both alleles of Pdcl1 (en-
coding for anti-PD-1) and a single of Ctla4 was associated with recapitu-
lation of the immune-mediated myocardial and pericardial disease
phenotypes.*® Progression of atherosclerosis has also been reported
with ICls.2 There is robust scientific plausibility to support a pathology
effect of specific ICls on atherosclerosis. ****° Specifically, anti-PD-1 in-
hibits the activation of proatherogenic T cells in plaques and short-term
ICl therapy in hyperlipidaemic mice leads to a marked increase in CD4"
and CD8" T cells in the plaque, a four-fold increase in the plaque necrot-
ic core, and increased apoptosis in the plaque, all indicators of increased
plaque vulnerability.**>" However, the effect of ICl on coronary plaque
is highly dependent on the ICl target and some ICl therapies may reduce
coronary plaque. For example, magrolimab is being tested in several can-
cer types and inhibits CD-47, an immune checkpoint on macrophages.>
In animal studies, CD-47 is increased in atherosclerosis plaque and inhib-
ition of CD-47 leads to a reduction in atherosclerosis plaque.>* In a single
clinical study, magrolimab reduced the "®F-2-fluoro-2-deoxy-p-glucose
positron emission tomography (FDG-PET) signals in the aorta of pa-
tients with cancer.>* Thus, it is possible that some ICls, such as those
that target CD-47, will reduce progression of atherosclerosis or reduce
plaque vulnerability. Additional insights into the mechanisms involved in
the cardiovascular toxicities with ICl therapies come from other animal
models. It is recognized that some patients on an ICl can develop LV dys-
function in the absence of myocarditis. In a mouse melanoma model,
anti-PD-1 administration led to early CD4" and CD8" myocardial infil-
tration, LV dysfunction, and broad expression of PD-L1 on cardiac endo-
thelial cells®® This occurred without evidence of myocarditis.
Interestingly, LV dysfunction was not detected in mice receiving ICl ther-
apy but without tumour transplantation. Proteome and lipidome ana-
lysis revealed significant changes affecting cellular energy generation,
suggesting a global and slow effect of ICls on the heart, which might ex-
plain non-myocarditis-related myocardial dysfunction.®® In this latter
model, blockade of tumour necrosis factor alpha (TNF-a) prior to start-
ing ICl therapy preserved LV function without attenuating the
anti-cancer efficacy of anti-PD1 therapy.>> All these data have led to
the development of several pathophysiological hypotheses (Figure 2).

Diagnostic and therapeutic
strategies for cardiovascular
immune-related adverse events

Cardiovascular irAEs—myocarditis—represent one of the most ser-
ious complications of ICl treatment because it can rapidly lead to
death if not managed promptly. Furthermore, they have long-term
implications for the continuation of cancer treatment. This cardio-
vascular event has unique characteristics and should be known to
all practitioners incharge of cancer patients. The relatively low level
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of evidence supporting guidelines has resulted in variable diagnostic
and therapeutic strategies.n'56 Whatever the suspected cardiovas-
cular irAE, we propose an eight-point-based management, which is
based partly on published papers and also on opinion (Graphical
abstract). Regardless of the approach, the decisions should involve
cardiologists, oncologists, and other specialists depending on the pa-
tient’s condition working together in a ‘cardio-oncology team’.

Clinical presentation and early

management

Cardiovascular irAE should always be suspected in the presence of
any new cardiovascular symptoms/signs, as well as electrocardio-
gram (ECG) changes or troponin elevation in asymptomatic patients.
Severe fulminant cases can present with cardiogenic shock, complete
atrioventricular heart block, intractable ventricular arrhythmias, or
cardiac arrest. Symptoms of non-cardiovascular irAE are sometimes
prominent like those of myositis or myasthenia gravis.'> Thus, pa-
tients may present with diplopia, myalgias, muscle weakness, or
breathing difficulties.’” Although an acute coronary syndrome should
be considered in all patients,”” myocarditis should be the primary
suspected diagnosis to be considered because it is the most common
acute cardiovascular irAE and has a very high fatality rate.>”

For those with suspected myocarditis, ICl therapy should be im-
mediately withheld, and the patient admitted to a cardiology depart-
ment with telemetry. Given the potential severity and rapid
evolution of myocarditis, unstable patients should be admitted to
coronary or intensive care unit and for unstable patients’ high doses
of corticosteroids (1000 mg of methylprednisolone) must be in-
itiated without the investigation results being expected. Indeed,
high initial dose and early initiation of corticosteroids were asso-
ciated with improved cardiac outcomes with myocarditis.*’ In paral-
lel with the investigations carried out to clarify the diagnosis,
supportive treatment of complications (arrhythmias, heart failure,
and tamponade) is essential. Investigations should include ECG, ser-
um cardiac biomarkers, transthoracic echocardiography (TTE), car-
diac magnetic resonance (CMR) imaging, coronary imaging, and
eventually endomyocardial biopsy (EMB)."?3235:36:38.3942 £op- 56
with other cardiovascular irAEs, the management is less clear. For ex-
ample, for a patient who presents with LV dysfunction in the absence
of myocarditis, it is unclear if corticosteroids or cessation of the ICl is
the correct approach. Similarly, for a patient with an atherosclerosis-
related cardiovascular event such as a myocardial infarction, most
would not hold the ICI or initiate corticosteroids but advice on
this is not based on rigorous study.

Electrocardiogram

Electrocardiogram is usually abnormal, but a normal result does not
rule out cardiovascular irAEs, especially myocarditis.w'42 A recent
multicentre retrospective registry compared the ECG findings ob-
tained in patients before their ICl exposure and within 3 days of their
admission for myocarditis.*> During myocarditis, ECG showed sig-
nificant elevated heart rate, prolonged QRS, prolonged QTc, and de-
creased in QRS voltage. The incidence of left bundle branch block,
conduction disorders, and repolarization abnormalities were signifi-
cantly increased vs. baseline.*? Throughout hospitalization, patients
experienced fascicular, bundle, and/or heart blocks with second-

degree heart block in 7.5%, complete heart block in 17%, and life-
threatening ventricular arrhythmia in 15%. In this work, pathological
Q waves and decreased in QRS voltage were independently asso-
ciated with 30-day all-cause mortality,** and in a second similar study,
a prolonged QRS duration with ICl myocarditis conferred an in-
creased risk of cardiac events.®®

Serum cardiac biomarkers

Troponin is the more relevant serum biomarker in the diagnosis of
non-ICl myocarditis. In a small series of ICl myocarditis patients, a
troponin elevation was noted in 94% of patients.'® In contrast, this
rate was only 46% in Escudier et al?' This difference may result
from lack of standardization of the diagnosis of myocarditis and
thus the inclusion in the latter study of patients with cardiac dysfunc-
tion but without myocardial necrosis. Importantly, if elevated tropo-
nin levels are detected, other potential causes for troponin elevation
should be considered, such as myocardial infarction, pulmonary em-
bolism, severe renal insufficiency, myocardial injury due to hyperthy-
roidism, anaemia, or other cancer therapy-related toxicity. The
magnitude of the troponin increase in ICl myocarditis may be prog-
nostic, where troponin at admission, peak, and at discharge has been
shown to be predictive of major adverse events in myocarditis pa-
tients.'”® Importantly, cardiac Troponin T may increase in patients
with inflammatory myopathies including myositis, in the absence of
cardiac involvement and without a concomitant increase in cardiac
Troponin . This is observed with all generations of Troponin T assays
and may be related to re-expression of cardiac Troponin T within re-
generating skeletal muscle tissue.>” It is of added importance with ICI
therapy, as an immune myositis is noted in 20-25% of patients with
myocarditis. Thus, when both assays are available, preference should
be given to high-sensitivity Troponin | assays. In addition, there is a
considerable value to the availability of a baseline/pre-ICl troponin
value in patients scheduled to receive ICl. This baseline value may
provide a critical comparator in the assessment and surveillance of
patients with an elevated baseline level. Finally, in the experience of
this team, even among patients with a favourable clinical course,
troponin can remain elevated for several weeks or months after hav-
ing started to decrease following the initiation of immunosuppressive
therapy. The long half-life of ICls could explain this situation and thus
the persistence of smouldering myocarditis. The prognostic impact
of this observation is not known.

Echocardiography

An echocardiogram is the first-line non-invasive imaging test in patients
with suspicion of cardiovascular irAE and a normal LVEF does not rule
out the diagnosis of m)foc:arditis.19'32 In myocarditis, wall motion ab-
normalities can be observed but the LVEF is preserved in >60% of pa-
tients and rarely severely reduced.’? Awadalla et al** showed a
reduction in global longitudinal strain (GLS) with myocarditis and the
GLS value was lower than control patients treated with ICl, independ-
ent of LVEF. Moreover, lower GLS was strongly associated with major
adverse cardiac events. However, recent data suggest that GLS may
also be reduced after an ICl in the absence of myocarditis. In an elegant
combined basic and physiology study, Michel and colleagues™> showed
a reduction in GLS in mice and patients treated with an ICl without
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a possible mechanism of myocardial dysfunction after immune checkpoint inhibitor administration.

evidence of myocarditis, likely due to a ‘natural’ immune cell infiltration
into the heart after starting an ICl.

Cardiac magnetic resonance imaging

Cardiac magnetic resonance is an optimal non-invasive imaging mo-
dality for the diagnosis of myocarditis and applies criteria based on
the updated 2018 Lake Louise criteria.?® These criteria identify myo-
cardial abnormalities, including global or regional non-ischaemic injury
and oedema. In addition, in non-ICI myocarditis, CMR provides prog-
nostic value based on late gadolinium enhancement (LGE) presence,
location, extent, and pattern.’® However, CMR may have a lower sen-

sitivity in ICl myocarditis. Two retrospective studies>®3®

reported
that: (i) LGE and elevated T,-weighted inversion recovery (qualitative
oedema) were present at admission, respectively, in only 48 and 28%
of patients with a preserved LVEF, whereas they are present in ap-
proximatively 80 and 27% in patients with non-ICl myocarditis®>®’;
(ii) abnormal native T4 and T, values were reported in 78 and 43%
of patients, respectively; (i) the presence of LGE increased from

21.6% when CMR was performed within 4 days of admission to

72% when CMR was performed on Day 4 of admission or later;
(iv) in biopsy-proved cases, the presence of the two main updated
2018 Lake Louise criteria had a sensitivity of only 52%, whereas it is
around 90% in non-ICl myocarditis.** Several limitations should be
noted including the lack of a cancer patient control group. Recently,
a case—control study also reported a lower rate of LGE and the lower
sensitivity of the 2018 Lake Louise criteria in ICl myocarditis when
compared with viral myocarditis.** The findings on the CMR may still
have prognostic value. For example, the native T value in the septum
and septal LGE were identified as predictors of major adverse events
in ICI myocarditis.>*

Positron emission tomography-based
imaging

Myocarditis is an inflammatory disease associated with an increase in
glucose uptake. However, data suggest a limited to no role for
FDG-PET/computed tomography (CT) in the evaluation of ICI myo-
carditis.®" In an elegant study of 34 patients, there was no difference
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in the myocardial FDG-PET signal between biopsy confirmed myo-
carditis patients and those without myocarditis on biopsy.®’ There
may be a role for other PET tracers in the diagnosis of ICl myocar-
ditis, with novel targets that include fibroblast activation protein and
the somatostatin receptor,éz'é3 but more research is needed.

Coronary imaging

Exclusion of coronary ischaemia, with coronary imaging (invasive
angiography or CT) or stress testing, should be performed in appro-
priate patients.>’ However, the presence of bystander significant
coronary artery disease should not exclude the possibility of myocar-
ditis, thus the other diagnostic tests must be performed.

Endomyocardial biopsy

An EMB is the gold standard for the diagnosis of myocarditis but is not
commonly employed because of its potential complications and vari-
able sensitivity (~70%).°* The diagnosis of myocarditis is confirmed
when lymphocytic infiltration with myocyte necrosis is detected.
Data on the characteristic finding on pathology with EMB in ICI myo-
carditis are relatively consistent. It is an inflammatory infiltrate rich in T
cells and similar in appearance to cardiac transplant rejection.>” There
may also be data linking the pathological appearance and the outcomes
with ICI myocarditis. In a single centre study of 18 patients with ICI
myocarditis, the 4 patients with low grades of inflammation were
able to continue ICl without immunosuppressive therapy.®® Given
the low sensitivity of CMR, the potential severity of myocarditis and
the therapeutic consequences, most experts recommend that an
EMB be performed when the patient is too unstable to undergo
CMR or the diagnosis is uncertain after non-invasive imaging.

Immune checkpoint inhibitor-associated

myocarditis diagnostic criteria

The impact on making the correct diagnosis of ICl myocarditis is con-
siderable. Under-diagnosis may lead to a lack of or a delay in the initi-
ation of corticosteroid therapy and a higher rate of cardiovascular
events in the short term.?’ Over-diagnosis may lead to permanent dis-
continuation of ICl, withholding of cancer therapy and progression of
cancer. Recently, the International Cardio-Oncology Society (IC-OS)
has defined diagnostic criteria that can be used in clinical practice.>’
However, data are evolving rapidly and these criteria do not address
how to consider and manage patients with biopsy findings that do
not fulfil the IC-OS definition of major biopsy criteria. Specifically, in
the largest pathological series of IC| myocarditis, an intermediate grade
was noted where cardiac inflammation was present without cardio-
myocyte necrosis.>” These are patients who present with a constella-
tion of cardiac symptoms where the concern for ICl myocarditis was
high, and included a newly elevated troponin, a new decline in LVEF, or
a magnetic resonance imaging consistent with myocarditis. However,
as these patients do not have myocyte necrosis on the pathological
samples reviewed, this criterion alone on biopsy is not sufficient for
the diagnosis and other criteria would be required in addition. The
edit is also suggested to provide guidance for those where the sampling
may be of inadequate quality, the biopsy sample is small, or a smaller
number of biopsy samples is taken. Therefore, this review proposes
an edited version of the IC-OS diagnostic criteria that expands the
diagnostic criteria to include patients with myocardial inflammation

on the biopsy but without clear evidence of myocyte necrosis as a min-

or criteria (Table 2).*

Investigations for vasculitis

In case of suspected vasculitis, PET, CT, brain magnetic resonance
imaging, and arterial biopsy should be considered according to the
involved vessel location.

Therapy for immune checkpoint
inhibitor—-associated cardiovascular

immune-related adverse events
In case of a confirmed myocarditis, intravenous (methylprednisolone
1000 mg/day) followed by long-term oral corticosteroids should be pre-
scribed (prednisone, 1-2 mg/kg/day).%> The optimal length of these ther-
apies or the speed of taper in unknown, but it is reasonable to continue
the treatment until resolution of symptoms and normalization or near-
normalization of troponin, LVEF, and conduction abnormalities, which is
usually >6-12 weeks. The persistence of an elevated troponin likely re-
flects some ongoing myocardial injury and may be due to the long half-
life (>20 days for anti-PD-1) or an immune fingerprint of the therapy
(>1 year). It is reasonable to recommend a clinical, ECG, and troponin
assessment before each corticosteroid dose reduction, and in some, a
TTE. However, evolving data suggest that high-dose corticosteroids
may adversely impact cancer outcomes.®® Additionally, up to 50% of pa-
tients remain refractory or corticosteroid resistant®”*®  For
corticosteroid-refractory or fulminant myocarditis with clinical instabil-
ity, intensified immunosuppressive therapy should be considered with
mycophenolate mofetil, tacrolimus, anti-thymocyte globulin, intravenous
immunoglobulin, infliximab, abatacept, belatacept, or alemtuzumab.®®
These options may be combined with plasmapheresis to reduce circu-
lating levels of ICl and cytokines. However, the potential value of any
of these strategies has not been demonstrated in prospective well-
designed trials and such trials are needed urgently. In an ICI myocarditis
mouse model, blockade of TNF-a prior to starting an ICl preserved LV
function without attenuating the anti-cancer efficacy of anti-PD1 ther-
apy.>> However, in a retrospective study, patients who received inflixi-
mab (anti-TNF-a) were more likely to die from cardiovascular
causes.®® Thus, there are conflicting recommendations in the guidelines
on the use of infliximab in these patients.'>®

For non-myocarditis cardiovascular irAEs, data are limited to guide
management of immunosuppressive treatment.'® Intermediate-to-high
doses of corticosteroids (equivalent prednisone 1-2 mg/kg/day oral or
i.v.) should be given in cases of pericardial disease, arrhythmias, conduct-
ive disorders, LV dysfunction (including TTS, when evidence of myocar-
dial inflammation), and vasculitis until recovery. However, this
recommendation should be adapted to the determination of whether
ICl therapy is responsible for the cardiovascular diseases.

Rechallenging with immune checkpoint
inhibitor therapy after cardiovascular

immune-related adverse events

There are limited to no studies testing the safety of rechallenging ICI
after cardiovascular irAEs.*” Rechallenging ICI treatment after irAEs
depends on the severity and organs involved. Given the risk and the
potential fatality of a recurrence, some experts suggest that ICl re-
challenge should be avoided in any case of ICl myocarditis even after
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Table 2 Modified International Cardio-Oncology
Society 2021 consensus for the diagnosis of immune
checkpoint inhibitor myocarditis

Either a pathohistological diagnosis:

Multifocal inflammatory cell infiltrates with overt cardiomyocyte
loss by light microscopy on cardiac tissue samples

OFr a clinical diagnosis®®:

A troponin elevation (new, or significant change from baseline)
with one major criterion or a troponin elevation (now, or
significant change from baseline) with two minor criteria after
exclusion of acute coronary syndrome or acute infectious
myocarditis based on clinical suspicion

Major criterion

* Cardiac MRI diagnostic for surto myocarditis (modified Lake
Louise criteria)

Minor criteria

Clinical syndrome (including any one of the following: fatigue,
muscle weakness, myalgias, chest pain, diplopia, ptosis,
shortness of breath, orthopnoea, lower extremity oedema,
palpitations, lightheadedness/dizziness, syncope, cardiogenic
shock)

Ventricular arrhythmia and/or new conduction system disease

Decline/reduction in cardiac systolic function, with or without
regional wall motion abnormalities in a non-Takotsubo pattern

Other immune-related adverse events, particularly myositis,
myopathy, myasthenia gravis

Suggestive cardiac MRI (meeting some but not all the modified
Lake Louise criteria)

Suggestive cardiac pathology (multifocal inflammatory all
infiltrates without overt cardiomyocyte loss by light microscopy
on cardiac tissue samples)

Both Troponin | and Troponin T can be used; however, Troponin T may be falsely
elevated in those with concomitant myositis.

*The clinical diagnoses should be confirmed with cardiac MRI or endomyocardial
biopsy if possible and without causing delays of treatment.

®In a patient who is clinically unwell, treatment with immunosuppression should be
promptly initiated while awaiting further confirmatory testing.

recovery. However, some suggest rechallenging with an alternate ICl
approach may be reasonable after consideration of the index case, a
multidisciplinary discussion, and the availability of cardiac monitoring.

Surveillance of patients treated
with immune checkpoint
inhibitors

There are no data supporting the value of a routine screening ap-
proach of cardiovascular irAEs in patients treated with ICls and, as
aresult, there is some variability between institutions. In a recent trial
comparing avelumab (PD-L1 inhibitor) plus axitinib [vascular endo-
thelial growth factor (VEGF) inhibitor] vs. sunitinib (VEGF inhibitor)
in patients with advanced renal cell carcinoma, routine cardiac

investigations including serial cardiac troponin testing in asymptom-
atic patients were not useful for early detection of cardiovascular
irAEs, including myocarditis.69 Nevertheless, patients in the combin-
ation arm who had higher baseline Troponin T values were at higher
risk of all cardiac events.®” Since the clinical suspicion of myocarditis is
usually made by oncologists during patient monitoring, a strategy that
can be available in all oncology departments, easy to perform, and
easy for a non-cardiologist to analyse is the goal. A baseline assess-
ment of cardiovascular symptoms/signs, ECG, and troponin should
be performed for each patient prior to receiving an ICI. All patients
on ICls should undergo a routine serial assessment for symptoms
and signs of cardiovascular irAEs. However, there appears to be
no value to the routine use of an ECG and troponin among patients
without potential symptoms or signs of a cardiovascular irAE on an
ICL%” A routine on ICI treatment surveillance strategy combining
ECG and troponin would have the advantage of a higher sensitivity
but may lead to unnecessary interruptions of cancer therapy espe-
cially among patients with a modestly asymptomatic (isolated) tropo-

nin elevation.®

Summary

Our understanding of the effects of various immunotherapeutic ap-
proaches on the cardiovascular structure, cardiovascular function,
and cardiovascular events is early, evolving, and relatively limited.
Rigorous studies are required. Additionally, it should be acknowl-
edged how these cancer therapies can provide unique windows
into cardiovascular biology and provide actionable insights that will
be relevant to patients without cancer. For a cardiologist, keeping
up with the advances in oncology care is an amazing and rewarding
full-time job with a goal of mirroring the improvement in cancer out-
comes with the shared goal of parallel shifts in cardiac outcomes.
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Corrigendum to: 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice: Developed by the Task Force for car-
diovascular disease prevention in clinical practice with representatives of the European Society of Cardiology and 12 medical societies
With the special contribution of the European Association of Preventive Cardiology (EAPC)

This is a corrigendum to: Frank L ] Visseren, Frangois Mach, Yvo M Smulders, David Carballo, Konstantinos C Koskinas, Maria Béck,
Athanase Benetos, Alessandro Biffi, José-Manuel Boavida, Davide Capodanno, Bernard Cosyns, Carolyn Crawford, Constantinos H
Davos, lleana Desormais, Emanuele Di Angelantonio, Oscar H Franco, Sigrun Halvorsen, F D Richard Hobbs, Monika Hollander, Ewa
A Jankowska, Matthias Michal, Simona Sacco, Naveed Sattar, Lale Tokgozoglu, Serena Tonstad, Konstantinos P Tsioufis, Ineke van Dis,
Isabelle C van Gelder, Christoph Wanner, Bryan Williams, ESC Scientific Document Group, 2021 ESC Guidelines on cardiovascular dis-
ease prevention in clinical practice: Developed by the Task Force for cardiovascular disease prevention in clinical practice with represen-
tatives of the European Society of Cardiology and 12 medical societies With the special contribution of the European Association of
Preventive Cardiology (EAPC), European Heart Journal, Volume 42, Issue 34, 7 September 2021, Pages 3227-3337, https:/doi.org/
10.1093/eurheartj/ehab484.

The Council given under ‘ESC subspecialty communities having participated in the development of this document’, has been corrected
from ‘Council on Valvular Heart Disease’ to ‘Council for Cardiology Practice, Council on Hypertension’.

This error has been corrected online.
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