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Abstract

Cardiovascular toxicities associated with immune checkpoint inhibitors (ICls) have been reported in case series but

have been underappreciated due to their recent emergence, difficulties in diagnosis and non-specific clinical mani-

festations. ICls are antibodies that block negative regulators of the T cell immune response, including cytotoxic T
lymphocyte-associated protein-4 (CTLA-4), programmed cell death protein-1 (PD-1), and PD-1 ligand (PD-L1).
While ICls have introduced a significant mortality benefit in several cancer types, the augmented immune response

has led to a range of immune-related toxicities, including cardiovascular toxicity. ICl-associated myocarditis often

presents with arrhythmias, may co-exist with myositis and myasthenia gravis, can be severe, and portends a poor

prognosis. In addition, pericardial disease, vasculitis, including temporal arteritis, and non-inflammatory heart failure,

have been recently described as immune-related toxicities from ICl. This narrative review describes the epidemiol-

ogy, diagnosis, pathophysiology, and treatment of cardiovascular toxicities of ICl therapy, highlighting recent devel-

opments in the field in the past year.

Cardio-oncology e |mmune checkpoint

This article is part of the Spotlight Issue on Cardio-oncology.

1. Introduction

Over the past decade, cancer treatment has been revolutionized by the
development of immunotherapy, a diverse set of strategies that treat can-
cer by generating or augmenting an immune response against cancer.
Several branches of immunotherapy have emerged: immune-cell-targeted
monoclonal antibody therapy, adoptive cellular therapy, non-specific cyto-
kines, cancer vaccines, and immune checkpoint inhibitors (ICls)." ICls have
changed the treatment landscape for patients with a variety of cancer
types by achieving unprecedented rates of durable anti-tumour response.
Two prominent scientists who made seminal discoveries in this area
were recently awarded the 2018 Nobel Prize in Physiology or Medicine.

inhibitors

e Myocarditis e Vasculitis e Pericarditis

When inhibitory receptors expressed on T lymphocytes, such as cy-
totoxic T lymphocyte-associated protein-4 (CTLA-4) and programmed
cell death protein-1 (PD-1), bind to their corresponding ligands on tu-
mour cells, such as programmed cell death 1 ligand-1 (PD-L1), the cellu-
lar immune response is ‘turned off.> Exploiting this process, tumour cells
up-regulate expression of PD-L1 to escape recognition and evade de-
struction by the immune system.? ICls block these immune checkpoints,
‘turning back on’ the cellular immune response against tumour cells. ICls
have shown remarkable results in treating advanced metastatic cancers
including melanoma, non-small cell lung cancer (NSCLC), renal cell car-
cinoma, head and neck squamous cell carcinoma, urothelial cancer, re-
fractory Hodgkin’s lymphoma, and malignancies with microsatellite
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instability.” Increasingly, ICl are being used in combination in order to in-
crease anti-tumour activity.

The systemic augmentation of immune responses by ICls, especially
when used in combination, leads to a range of immune-related toxicities
including colitis, hepatitis, pneumonitis, thyroiditis, myositis, hypophysitis,
and dermatitis.* These immune-mediated toxicities are largely reversible
and can typically be controlled with administration of glucocorticoid
therapy.” However, emerging case reports have raised awareness of car-
diovascular complications from ICl therapy.®™” The aim of this review is
to describe cardiovascular toxicities of ICl therapy, particularly myocar-
ditis, that clinicians may encounter. Secondly, this review aims to discuss
less-recognized forms of ICl-related cardiovascular toxicities including
pericardial disease and vasculitis.

2. Physiology

2.1 T cell activation

In T cell-mediated immunity, neoantigens released by dead cancer cells
are captured by antigen presenting cells (APCs) such as dendritic cells
and presented on major histocompatibility complex (MHC) molecules
(Figure 1)."® CD8+ T cells and CD4+ T cells recognize the neoantigen-
MHC | and -MHC Il complexes, respectively, become activated and mi-
grate to the tumour bed, where they recognize cancer cells via the inter-
action between the neoantigen-MHC complex and T cell receptors
(TCR) on the T cell. Activation of a T cell requires two signals: (1) First,
the TCR recognizes a specific peptide presented by MHC on an APC."
This binding initiates an intracellular signalling cascade in the T cell that is
modulated by (2) a molecule on the surface of the T cell that can be co-
stimulatory or co-inhibitory. CD28 is a co-stimulatory molecule, while
PD-1 and CTLA-4 are co-inhibitory molecules. Cytokines and other
molecules refine the function of T cells (particularly CD4+ T cells) by
promoting their differentiation into T helper 1 (Ty1), T helper 2 (TH2),
or regulatory T (Tg) cells.

2.2 CTLA-4 and PD-1

PD-1 is a co-inhibitory molecule expressed on T cells, activated natural
killer cells, B cells, monocytes, and immature Langerhans’ cells. PD-1 can
bind to the ligands PD-L1 and PD-L2. While PD-L2 expression is re-
stricted to APCs such as macrophages and dendritic cells, PD-L1 is
expressed by both lymphoid and non-lymphoid cells, including cardiac
and endothelial cells."" Both PD-L1 and PD-L2 are up-regulated by cyto-
kines including interferons, tumour necrosis factor-alpha, and vascular
endothelial growth factor (VEGF). When PD-1 binds to PD-L1 or PD-
L2, the cytoplasmic domain of PD-1 is phosphorylated, recruiting SHP1
and SHP2 (Src homology 2 domain-containing protein tyrosine phospha-
tases) to dephosphorylate and inactivate ZAP70 ({-chain associated pro-
tein 70) and PI3K (phosphoinositide 3-kinase), leading to dampening of T
cell migration and proliferation.

CTLA-4 is a co-inhibitory molecule that is expressed on conventional
and regulatory T cells. CTLA-4 outcompetes CD28 (a co-stimulatory re-
ceptor) in binding to CD80 (also known as B7.1) or CD86 (also known
as B7.2), with a 10-fold higher affinity than CD28 does. Like PD-1,
CTLA-4 also inhibits the AKT pathway, but does so via type Il serine
threonine phosphatase 2 A (PP2A) rather than SHP1 and SHP2.

PD-1, PD-L1, and CTLA-4 are known as immune checkpoints as they
are negative regulators of immune activation. Their binding is required
for T cells to remain self-tolerant and for modulating the duration and
degree of immune responses in peripheral tissues to attenuate

peripheral tissue damage. This is underscored by genetic knockout mod-
els of PD-1 or CTLA-4 which manifest as systemic autoimmunity.’>"?

2.3 Immune checkpoints in cancer

Cancer cells can disarm the T cell response by up-regulating PD-L1 ex-
pression. Sensing the presence of tumour-infiltrating T cells via an in-
crease in interferon gamma (IFN-y) concentrations in the tumour
micro-environment, cancer cells can reactively up-regulate PD-L1 ex-
pression.® This up-regulation occurs as binding of IFN-y to IFN-y recep-
tors causes JAK1/2 (Janus kinase)™ to phosphorylate and activate STAT
(signal transducers and activators of transcription) proteins to turn on in-
terferon regulatory factor 1 (IRF-1), which binds to the promoter of PD-
L1, leading to increased surface expression of PD-L1 on cancer cells.">'®
Binding of the up-regulated PD-L1 to PD-1 on CD8+ cells diminishes
the T cell-mediated immune response. This allows cancer cells to evade
attack from the immune system.

2.4 Immune checkpoint inhibitors

Because immune checkpoint molecules exert their effect via ligand-
receptor interactions, they can be readily blocked by specific monoclo-
nal antibodies called ICls, thus permitting the T cell-mediated immune
response to proceed against cancer cells? A total of seven ICls have
been approved for use in patients with various cancers including mela-
noma, NSCLC, and renal cell carcinoma (Table 7). These checkpoint
inhibitors include inhibitors of CTLA-4, including ipilimumab; inhibitors
of PD-1, including nivolumab, pembrolizumab, and cemiplimab; and
inhibitors of PD-L1, including atezolizumab, avelumab, and durvalumab
(Figure 2)."” Combination therapies have also been approved for use, in-
cluding ipilimumab and nivolumab.'® Other immune checkpoints cur-
rently being studied for therapeutic potential are T cell immunoglobulin
and mucin-containing protein 3 (TIM-3),"? lymphocyte-activated gene-3
(LAG-3),”° T cell immunoreceptor with Ig and ITIM domains (TIGIT),”'
B and T lymphocyte attenuator (BTLA),*> V-domain Ig suppressor of T
cell activation (VISTA, also known as PD-1 homologue, or PD-'IH),23
and others.

While blocking immune checkpoints can achieve tremendous tumour
regression in some patients, the systemic activation of autoreactive T
cells can damage off-target host tissues, causing a range of toxicities such
as colitis, hepatitis, pneumonitis, thyroiditis, myositis, hypophysitis, and
dermatitis.” Conspicuously, cardiovascular toxicity has been underesti-
mated and omitted from some major reviews of adverse effects of ICls
until recently.

3. Overview of immune-related
adverse events from ICls

In the largest study of immune-related cardiovascular adverse events to
date, using VigiBase, the World Health Organization’s (WHO) global
database of individual drug case safety reports, patients who received ICI
had a reporting odds of myocarditis that was 11 times that of patients

who did not receive ICI.2*

Most remarkably, ICl treatment was also
associated with other inflammatory cardiovascular adverse effects that
have previously been underappreciated, particularly pericardial diseases
and vasculitis (Table 2). Within vasculitis, temporal arteritis was highly
over-represented. Note that in this pharmacovigilance study, the number
of temporal arteritis reports among all ICl monotherapy drug case safety

reports (the numerator) was compared with the number of temporal
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Figure | Cell surface receptors and ligands at immune checkpoints. Neoantigens from cancer cells are captured by APCs such as dendritic cells and pre-
sented on MHC molecules. CD8+ T cells and CD4+ T cells recognize the neoantigen-MHC | and -MHC Il complexes, respectively, in the lymph node (left
half of figure), become activated and migrate to the tumour bed (right half of figure). Top left: The process of T cell activation can be modulated by co-stimu-
latory signals from binding of B7 with CD28. Alternatively, it can be modulated by co-inhibitory signals from the binding between cytotoxic T lymphocyte-as-
sociated protein-4 (CTLA-4) and programmed cell death protein-1 (PD-1) with their respective ligands, B7 and PD-1 ligand 1 (PD-L1). Binding of CTLA-4
with B7 inhibits RACa serine/threonine-protein kinase (AKT) via activation of type Il serine threonine phosphatase 2A (PP2A). Binding of PD-1 with PD-L1
or PD-L2 leads to AKT inhibition via SRC homology 2 domain-containing tyrosine phosphatase 1and 2 (SHP1 and SHP2) inhibition of phosphoinositide 3-ki-
nase (PI3K). Inhibition of AKT results in a range of downstream effects including reduced effector T cell proliferation, T cell metabolism, cell survival factors
and increased regulatory T cell proliferation. Top right: Tumour cells can detect high levels of interferon-y (IFN-y) in the tumour environment via IFN-y
receptors (IFN-yR). IFN-yR signals through Janus kinase (JAK) 1 and 2, which phosphorylate and thereby activate signal transducers and activators of tran-
scription (STAT), which dimerize and lead to promotion of transcription of PD-L1. Increased cell surface expression of PD-L1 on tumour cells enacts a
‘brake’ on the ability of T cells to mount an attack on the tumour cells. This ‘brake’ can be released by a class of anti-tumour drugs known as ICls. Bottom:
Immune checkpoints can be blocked by monoclonal antibodies against CTLA-4 (ipilimumab), PD-1 (nivolumab, pembrolizumab, and cemiplimab) and PD-
L1 (atezolizumab, avelumab, and durvalumab). Blocking of these immune checkpoints restores the T cellimmune response against tumour cells. Tumour ne-
crosis factor-o, granzyme B, and interferon-v are released, resulting in tumour cell death.
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Table I ICIs and their Federal Drug Administration (FDA)-approved indications as of December 2018

Checkpoint Checkpoint inhibitor Approved uses

CTLA-4 Ipilimumab (Yervoy)

Melanoma (unresectable or metastatic) alone or in combination with ipilimumab, or as adjuvant

Renal cell carcinoma (advanced or metastatic) in combination with nivolumab

Microsatellite instability-high or mismatch repair deficient metastatic colorectal cancer alone or in combina-

tion with nivolumab
PD-1 Nivolumab (Opdivo)

Squamous NSCLC (metastatic)

Melanoma (unresectable or metastatic) alone or in combination with ipilimumab, or as adjuvant

Renal cell carcinoma (advanced)

Classical Hodgkin’s lymphoma (relapsed)

Head and neck squamous cell carcinoma (recurrent or metastatic)

Urothelial carcinoma (advanced or metastatic)

Microsatellite instability-high or mismatch repair deficient metastatic colorectal cancer alone or in combina-

tion with nivolumab

Hepatocellular carcinoma (refractory)

Renal cell carcinoma (advanced or metastatic) alone or in combination with ipilimumab

Pembrolizumab (Keytruda)
NSCLC (metastatic)

Melanoma (unresectable or metastatic)

Head or neck squamous cell carcinoma (recurrent or metastatic)

Classical Hodgkin’s lymphoma (refractory)

Urothelial carcinoma (locally advanced or metastatic)

Microsatellite instability-high or mismatch repair deficient solid tumours and colorectal cancer

Gastric or gastroesophageal junction adenocarcinoma (locally advanced or metastatic)

Cervical cancer (recurrent or metastatic)

Primary mediastinal large B cell lymphoma (refractory)

Hepatocellular carcinoma

Merkel cell carcinoma (recurrent or metastatic)

Cemiplimab (Libtayo)
PD-L1 Atezolizumab (Tecentriq)
NSCLC (metastatic)
Avelumab (Bavencio)

Cutaneous squamous cell carcinoma (metastatic)

Urothelial carcinoma (locally advanced or metastatic)

Merkel cell carcinoma (metastatic)

Urothelial carcinoma (locally advanced or metastatic)

Durvalumab (Imfinzi)

TIM-3, LAG-3, TIGIT, BTLA, VISTA (PD-1H)

Urothelial carcinoma (locally advanced or metastatic)
NSCLC (unresectable Stage Ill)

Checkpoints under investigation and that have not undergone FDA approval

CTLA-4, cytotoxic T lymphocyte-associated protein-4; PD-1, programmed cell death protein-1; PD-L1, programmed cell death 1 ligand-1; TIM-3, T cell immunoglobulin and mucin-
containing protein 3; LAG-3, lymphocyte-activated gene-3; TIGIT, T cell immunoreceptor with Ig and ITIM domains; BTLA, B and T lymphocyte attenuator; VISTA, also known as
PD-1 homologue, or PD-1H, V-domain Ig suppressor of T cell activation. Approved indications are up to date as of December 2018.

arteritis reports among all-class drug case safety reports (the
denominator).

Non-inflammatory cardiovascular toxicities have been reported in
individual cases. These include Takotsubo-like syndrome with both api-
cal®*?¢ and basal variants*’; asymptomatic non-inflammatory left-ven-
tricular  dysfunction®®; myocardial infarction®”; and  coronary
vasospasm.>® Arrhythmias have also emerged as a sign of cardiotoxicity
in patients receiving ICl.>* However, arrhythmias are common in the
cancer population and were shown to co-occur with other immune-
related adverse events, suggesting that they may not necessarily be a di-
rect effect of ICl itself.**

sis secondary to ICl-mediated thyroiditis and atrial fibrillation. Case

This is particularly true with acute thyrotoxico-

reports of ICl-associated third-degree atrioventricular block and con-

duction disease were often assessed to be secondary to myocarditis in-

volving the conduction system.7’31’32

Given the prevalence and clinical importance of these events, this review
will focus on the triad of myocarditis, pericardial disease, and vasculitis as
the predominant cardiovascular toxicities of ICI (Figure 3). Notably, cases of
ICl-associated myocarditis, pericarditis, and vasculitis rarely overlap.24

4. ICl-associated myocarditis

4.1 Epidemiology

4.1.1 Incidence and timeline

While myocarditis was not prospectively assessed in randomized con-
trolled trials of ICls, existing retrospectively assessed literature estimates
the incidence of ICl-associated myocarditis to be between 0.27% and
1.14%.>* Most cases occur early, with a, median time to onset of toxicity
of 30days (inter-quartile range [IQR]: 18-60) for myocarditis, which is

approximately after the first or second ICl infusion.**
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Figure 2 Approved ICls and indications. Monoclonal antibodies against CTLA-4 (ipilimumab), PD-1 (nivolumab, pembrolizumab, and cemiplimab) and
PD-L1 (atezolizumab, avelumab, and durvalumab) have been approved by the FDA to treat patients with a variety of advanced and metastatic cancers. The
period of clinical development is illustrated from the date of the first patient dosed (green dot), and until FDA approval for specific indications (brown dot).
Each month of the year is represented by a vertical line (yellow). This figure extends earlier work by Ribas and Wolchok? with indications approved by the
FDA in 2018. RCC, renal cell carcinoma; MSI-H, high microsatellite instability; MMR-D, mismatch repair deficient; NSCLC, non-small cell lung cancer; CHL,
classical Hodgkin’s lymphoma; HNC, head and neck cancer; CRC, colorectal cancer; HCC, hepatocellular carcinoma; GEJ, gastroesophageal junction;
PMBCL, primary mediastinal large B cell lymphoma; SqQCC, squamous cell carcinoma.

4.1.2 Combination immunotherapy as the predominant
risk factor

Receipt of combination ICl therapy (e.g. a CTLA-4 inhibitor combined
with a PD-1 inhibitor) is the most well-established risk factor for
ICl-associated myocarditis.” In a retrospective database analysis, the
combination of nivolumab and ipilimumab conferred a 4.74-fold risk
of developing myocarditis compared with treatment with nivolumab
alone.” Myocarditis resulting from combination ICI therapy is also
more likely to be severe (grade 3 or 4) compared with myocarditis
arising from ICI monotherapy.” Myocarditis from combination ICI
therapy is also associated with increased rates of co-occurring myas-
thenia gravis and myositis, and has a higher fatality rate compared with

myocarditis from ICl monotherapy.®* It remains unclear whether the
incidence of myocarditis is higher when ICls are combined with other
non-ICl cancer therapies. In a trial of 55 patients receiving avelumab
and axitinib (a VEGF inhibitor), 1 patient (2%) developed fatal myocar-
ditis.>® A pre-clinical study in mice showed that PD-1 blockade in
combination with cardiac irradiation increases the risk of myocarditis
and mortality beyond the risk from cardiac irradiation alone.*®
Although the specific mechanism for toxicity from combination immu-
notherapy remains to be elucidated, it is possible that non-immune
myocyte injury may lead to exposure of cardiac antigens and subse-
quent T cell responses which is unmasked upon ICl administration.

This hypothesis remains to be tested.
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Table 2 Reports of cardiovascular adverse events from ICls in a pharmacovigilance study

Reported drug-related
adverse effect

Among immunotherapy reports
(IMU; n: 31, 321)

Among FULL PD1vs.CTLA4 COMBvs. IMUvs. FULL
database ROR and MONO database
reports 95% ClI ROR and ROR and
(n: 12, 455, 401) 95% ClI 95% ClI

MONO (n: 28, 909) COMB
MONO-PD1 MONO-CTLA4 (n:2,412)
(n: 20, 643) (n: 8, 266)
Myocarditis 84 (0.41%) 6 (0.07%) 32 (1.3%)
Pericardial diseases 74 (0.36%) 13 (0.16%) 8 (0.33%)
Vasculitis 56 (0.27%) 18 (0.22%) 8 (0.33%)
Reports within vasculitis
Temporal arteritis 7 (0.03%) 10 (0.12%) 1 (0.04%)
Polymyalgia rheumatica 14 (0.07%) 1(0.01%) 1 (0.04%)

4,454 (0.04%) 5.62 4.31 11.21
[2.46-12.88] [2.86-6.38] [9.36-13.43]
10, 009 (0.08%) 2.28 11 3.8
[1.27-4.12] [053-224]  [3.08-4.62]
20,987 (0.2%) 125 13 1.56
[0.73-2.12] [062-2.67]  [1.25-1.94]
568 (<0.01%) 0.28 0.71 12.99
[0.11-0.74] [007-394]  [8.12-20.77]
1254 (0.01%) 5.61 08 5.13
[0.74-42.66] [008-462]  [3.13-8.40]

A recent study of 12 455 401 individual drug case safety reports (ICSRs) in the World Health Organization’s (WHO) VigiBase pharmacovigilance database found higher reporting
of cardiovascular adverse events in users of ICls compared with the full database. This table displays the reporting odds ratios (ROR) and 95% confidence intervals (Cl), comparing
selected cardiovascular adverse events in overall immunotherapy (IMU) vs. full database (FULL); combined immunotherapy (COMB) vs. mono-immunotherapy (MONO); mono-im-
munotherapy with anti-PD-1/PD-L1 (PD1) vs. mono-immunotherapy with anti-CTLA-4 (CTLA4) from VigiBase (time period: January 2008 to January 2018). Significant over-report-
ing is in marked in bold font, after Bonferroni adjustment for multiple tests within immunotherapy subgroups (p<0.05/10 tests), which is P<0.005). First reports of ICSRs associated
with ICl started in 2008. Note that the database is a database of reports of adverse events from any system from any drug, not limited to ICls. As this is a drug case safety report
database, the database is not reflective of the general population. Modified with permission (Data from Salem, 2018).

Overall immunotherapy (IMU): Any individual case safety report related to nivolumab, pembrolizumab, atezolizumab, avelumab, durvalumab, ipilimumab or tremelimumab.
Mono-immunotherapy (MONO): Any individual case safety report related to any of the following seven drugs only when used alone (monotherapy):

o Anti-PD-1/PD-L1 monotherapy: any of nivolumab, pembrolizumab, atezolizumab, avelumab, durvalumab used alone (MONO-PD1)

o Anti-CTLA-4 monotherapy: ipilimumab or tremelimumab alone (MONO-CTLA4)

e Combination immunotherapy (COMB): Any individual case safety report related to at least one drug from anti-PD-1/PD-L1 inhibitors combined to an anti-CTLA-4.

ICSRs, individual case safety reports.

4.1.3 Other risk factors

Apart from combination ICl therapy, few other risk factors for ICI-
associated myocarditis have been established. There appears to be no
age predisposition, with cases occurring in patients across a wide age
range (20-90 years).***33 |nterestingly, toxicity reports indicate a po-
tential male predominance of this phenomenon (66.7%),** but this does
not necessarily represent a predisposition of males compared with
females, as males were over-represented at baseline in both ICl use and
in clinical trial enrolment.?® In the future, a critical issue will be to identify
the patients at greatest risk of myocarditis. Theoretical risk factors in-
clude other treatments (e.g. use of other cardiotoxic anti-neoplastic
agents such as anthracyclines), underlying cardiovascular disease with or
without previous myocardial injury (e.g. prior myocardial infarction,
heart failure, myocarditis, or previous cancer therapy-induced left-ven-
tricular dysfunction), underlying autoimmune disease (e.g. lupus, rheuma-
toid arthritis, sarcoidosis, Dressler’s syndrome), tumour-related factors
(cardiac antigens expressed in tumour, activation of T cell clones di-
rected at [self] cardiac antigens), concurrent immune-related toxic

effects (ICl-related skeletal myositis), and genetic factors.>

4.1.4 Prognosis

Current data suggest that the prognosis of ICl-associated myocarditis is
poor. In the aforementioned retrospective pharmacovigilance study, the
incidence of fatality in ICl-associated myocarditis was 50%.%* Among

myocarditis cases, fatality was more frequent with ICl combination ther-
apy (65.6%) than ICl monotherapy (44.4%).>* This unfavourable progno-
sis may partly be due to reporting bias since early cases of ICl-associated
myocarditis cases have been fulminant. This pattern of reporting bias
may also extend to other cardiovascular toxicities.

4.2 Presentation

4.2.1 Overview of manifestations

Clinical presentation of myocarditis includes signs of acute heart failure
(although the degree of systolic dysfunction can vary), manifesting clini-
cally as chest pain, shortness of breath, pulmonary oedema, and even
cardiogenic shock.*° It can also present with arrhythmias which can lead
to syncope and sudden death.*® ICl-associated myocarditis can present
similarly.” However, early data suggest a higher risk of arrhythmias, in-
cluding heart block (Figure 4) and both atrial and ventricular arrhyth-
mias.>® In addition, about half of the patients have no evidence of
reduced ejection fraction.*® In ICl-associated myocarditis, serum cardiac
biomarkers such as cardiac troponin and creatine kinase-muscle/brain
(CK-MB) are almost always elevated, although the positive predictive
value of each varies, as detailed below.>® Evidence of myocardial inflam-
mation can often be seen on cardiac magnetic resonance imaging (cMRI),
cardiac PET/CT, or most specifically on endomyocardial biopsy. Early
histopathological examination revealed an infiltrate of abundant CD4+
and CD8+ T cell and CD68+ macrophages in the myocardium, the car-
diac conduction system, and skeletal muscle (Figure 5).”
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Figure 3 Cardiovascular toxicity from ICls. Cardiovascular toxicity from ICls can come in the form of myocarditis, pericardial disease, or vasculitis. These
presentations are almost never overlapping. Less commonly, it can also come in the form of Takotsubo-like syndrome and other non-inflammatory left-ven-
tricular dysfunction. Angiography of Takotsubo-like syndrome reproduced with permission from Elsevier from Anderson and Brooks.”®

4.2.2 Subtleties of ICl-associated myocarditis
manifestations

Some patterns have emerged from the two largest cohorts of ICl-
associated myocarditis assembled to date.>3*’

Notably, a normal ejection fraction does not rule out ICl myocarditis.
Echocardiography may show diffuse left-ventricular systolic function,
changes in cardiac chambers, geometry or regional wall motion abnor-
malities (WMAs). Preservation of normal cardiac dimensions may be
suggestive of an acute process, whereas remodelling and dilatation sug-
gest a chronic process. In a case control study, although left-ventricular
systolic dysfunction was common, severe systolic dysfunction (left-ven-
tricular ejection fraction <35%) was present in less than half of cases.
Therefore, |Cl-associated cardiotoxicity should still be kept in mind in
patients with mild to normal left-ventricular systolic dysfunction (35—
55%).3 In a case series, rescue and recovery of left-ventricular systolic
dysfunction was shown to be possible, with complete recovery of left-

ventricular function observed in half of the surviving patients in one
cohort.*’

cMRlis superior to echocardiography as it provides better tissue char-
acterization both with and without gadolinium contrast. Features of
myocarditis on ¢cMRI include oedema, necrosis, and scar formation, de-
tailed previously as the Lake Louise Criteria.*" In the case control study,
cMRI was able to detect myocardial oedema in one-third of cases, sug-
gesting that cMRI might lack the sensitivity to detect myocarditis, al-
though this may also reflect cases of ICl-mediated non-inflammatory LV
dysfunction mislabeled as myocarditis.* In patients where MRl is contra-
indicated or not available, a cardiac FDG-PET-CT is an alternative imag-
ing modality that can be used to assess for inflammation.

Myocarditis is often accompanied by elevations in serum biomarkers
of myocardial injury and stress. Biomarkers are not highly specific for
myocarditis, but are useful as one element of a comprehensive set of
tests for ICl-associated myocarditis. In the case control study, troponin
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Figure 4 Electrocardiogram findings from ICl-associated myocarditis. In one patient, ECG initially showed (A) sinus bradycardia with first degree atrioven-
tricular block, leading to (B) Sinus bradycardia with complete atrioventricular block and left bundle branch block, leading to (C) ventricular tachycardia,
resulting in death. The patient was a 65-year-old woman who received one dose of nivolumab combination therapy with ipilimumab.

was elevated in 94% of ICl-associated myocarditis cases, and NT-
proBNP was elevated in 66% of cases.>* In the case series, troponin was
elevated in 46% of cases, and brain natriuretic peptide (BNP) or
N-terminal proBNP levels were increased in 100% of cases.”’
biomarker data were only available for 14 out of 30 patients in this

However,

latter study. At present, troponin is considered more specific for myo-
carditis whereas BNP is a marker of LV strain which can be elevated in
non-inflammatory LV dysfunction and other causes of acute cardiac
stress. BNP also may chronically elevated in many cancer patients due to
Of note,
cardiac troponin T and creatine phosphokinase may also be elevated
from myositis; for this reason troponin | is preferred for establishing car-
diac injury.* Elevated serum biomarkers may also have prognostic impli-
cations. In the case control study, higher levels of serum cardiac
troponin T were associated with a greater risk of major cardiovascular

cancer-related inflammation and would be poorly specific.*?

events.
Myocarditis may be associated with additional toxicities. If the inflam-

matory infiltrates encroach upon the conduction system,

electrocardiogram (ECG) may show intraventricular conduction delay,
PR interval prolongation, and eventually complete heart block.” Early
data suggest that ICl-associated myocarditis can present with various
forms of arrhythmia including atrial fibrillation, ventricular arrhythmias
and conduction disease.>” Among patients with ICl myocarditis, 25% had
concomitant myositis and 10-11% had concomitant myasthenia gra-
vis.>*** Patients receiving ICl who present with myositis or myasthenia
gravis should be assessed for ICl-associated myocarditis.

4.2.3 Diagnostic categories

ICl-associated myocarditis can be difficult to diagnose given the multi-
tude of tests needed to exclude alternative diagnoses. In a proposed
consensus statement (Bonaca et al., unpublished results), ICl-associated
myocarditis is defined as definite myocarditis, probable myocarditis, or
possible myocarditis based on evidence from different diagnostic modali-
ties (Table 3). The gold standard for diagnosis of general myocarditis is
histopathological evidence on endomyocardial biopsy or autopsy,*
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Figure 5 Histologic findings from |Cl-associated myocarditis. (A—-C) Photomicrographs of the myocardium, specifically, the interventricular septum. (A)
Dense mononuclear cell infiltrate with extensive myocyte damage and necrosis, consistent with lymphocytic myocarditis, H&E stained section. (B)
Abundance of CD3-positive T cells, CD3 immunohistochemical stain. (C) Prominent CD68-positive macrophage infiltrate, CD68 immunohistochemical
stain. (D—E) are photomicrographs of skeletal muscle. (D) Dense mononuclear cell infiltrate and evidence of myocyte necrosis and damage with nuclear in-
ternalization, demonstrating myositis, H&E stained section. (E) Abundance of CD-3 positive T cells, CD3 immunohistochemical stain. (F) Photomicrograph
of metastatic focus of melanoma with a lymphocytic infiltrate, H&E stained section. All histology displayed at 40 original magnification. All scale bars in this
figure denote 50 pm. The patient was a 65-year-old woman who received one dose of nivolumab combination therapy with ipilimumab.

although false negatives may occur from sampling error.*® If biopsy can-
not be obtained or is inconclusive, diagnosis may be made by a combina-
tion of cardiac biomarkers, cardiac imaging, and symptoms, as detailed in
the table. Isolated troponinemia, in the absence of symptoms, is no lon-
ger sufficient for diagnosing myocarditis, according to the fifth edition of
the Common Terminology Criteria for Adverse Events.*

ICl-associated myocarditis can additionally be clinically categorized as
either fulminant, clinically significant, or subclinical. Fulminant myocarditis
refers to myocarditis with concomitant haemodynamic and/or electrical
instability; subclinical myocarditis refers to myocarditis that was not rec-
ognized or treated, with no evidence of clinical consequence.

Evidence of a causal relationship may be established using the nine
Bradford Hill criteria.*” However, many of these criteria, such as removal
and re-challenge of the agent, are often not feasible in patients. The de-
termination of whether myocarditis is related to ICl therapy should be
made by an assessment of temporality and consideration of alternative
exposures and explanations for acute cardiac dysfunction.

4.2.4 Mechanisms of toxicity

At present, there are several proposed mechanisms by which end-
organs experience immune-related toxicity from ICls. ICls may cause
end-organ damage via direct ICl binding to CTLA4 expressed on these
tissues; by permitting the T cell response, which may inadvertently rec-
ognize antigens in off-target tissues with high homology to tumour anti-
gens; by increasing levels of circulating cytokines in off-target tissues; or
by promoting the formation of autoantibodies against off-target tissues.*®

Although not demonstrated in the cardiovascular system yet, susceptibil-
ity to checkpoint blockade toxicity may be modulated by the composi-
tion of microbiota.*” Data from animal models and human studies
provide insights into underlying mechanisms for ICl-related cardiovascu-
lar toxicity.

Pre-clinical models using transgenic mice suggest a critical role for im-
mune checkpoints, including CTLA-4 and PD-1/PD-L1 signalling, in the
myocardium. Inflammation is especially deleterious in this context, due
to the myocardium’s lack of redundancy and inability to regenerate.>®
The integrity of PD-1, PD-L1, and CTLA-4 signalling is critical to downre-
gulating excessive immune responses in the myocardium. Notably, the
specific presentation of myocarditis in mice depends on the genetic back-
ground of the mice. PD-1 deficient mice (in BALB/c genetic background)
developed dilated cardiomyopathy and premature mor'tality51 as a result
of high-titre IgG autoantibodies to cardiac troponin |, augmenting the
voltage-dependent L-type calcium current of normal cardiomyocytes.>>
Mice (in C3H/He background) given PD-1 or PD-L1 inhibitors experi-
enced greater myocardial injury from coxsackievirus B3, whereas mice
given PD-1 or PD-L1 inductors experienced reduced myocardial injury
from coxsackievirus B3.>> PD-1 deficient mice (in MRL background) de-
veloped high-titre autoantibodies to cardiac myosin and died from lym-
phocytic myocarditis characterized by myocardial infiltration of CD4+
and CD8+ T cells and myeloid cells.>* CTLA-4-deficient mice (in BALB/
c and C57BL/6 backgrounds) developed lymphoproliferative myocarditis
in the context of systemic inflammation and fatal multi-organ failure.>®
However to date autoantibodies have not been detected in patients
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Table 3 Different modalities for diagnosing ICl-associated myocarditis, as proposed by Bonaca et al. (unpublished results)

Modality Tissue pathology on biopsy cMRI New WMA on New elevated
or autopsy (gold standard) echocardiogram biomarker
beyond baseline
Definite Pathology sufficient cMRI plus: WMA plus:
myocarditis is any of: Syndrome AND Syndrome AND Biomarker
(Biomarker OR ECG) AND ECG AND negative
angiography
Probable cMRI without syndrome, WMA plus:
myocarditis is any of: biomarker, or ECG Syndrome AND
(Biomarker OR ECG)
Non-diagnostic CMR plus:
Syndrome OR Biomarker
ORECG
Possible Non-diagnostic cMRI WMA plus: Biomarker plus:
myocarditis is any of: without syndrome, Syndrome OR ECG Syndrome OR ECG

biomarker, or ECG

Myocarditis can be diagnosed by one of several modalities, in decreasing order of superiority: tissue pathology on biopsy or autopsy; cMRI; echocardiogram showing new WMA; or
elevated biomarkers. In each of these modalities, positive findings must be supported with a combination of objective laboratory findings, physical exam, and pertinent history.
Tissue pathology diagnostic of myocarditis is the gold standard and, by itself, establishes a diagnosis of definite myocarditis.

cMRI positive for myocarditis is considered definite myocarditis if accompanied by biomarker elevations and positive ECG findings. If positive cMRI is accompanied by neither physi-
cal exam and history findings, biomarker elevations, nor ECG findings, the diagnosis is probable myocarditis. If cMRI is suggestive of myocarditis but non-diagnostic, the diagnosis
can still be probable myocarditis if there are physical exam and history findings, elevated biomarkers, or ECG findings. On the other hand, if the non-diagnostic suggestive cMRl is ac-
companied by none of these, the diagnosis would be limited to possible myocarditis.

Using echocardiography, new WMA not explained by another diagnosis is considered definite myocarditis if it is accompanied by physical exam and history findings, elevated bio-
markers, ECG findings, and negative angiography or other testing to exclude coronary artery disease. New WMA with physical exam and history findings and either elevated bio-
markers or ECG findings are consistent with probable myocarditis. New WMA with either physical exam and history findings or ECG findings is consistent with possible
myocarditis. If biomarkers are the lone studies available and positive, the diagnosis of possible myocarditis can still be made if there are physical exam and history findings and ECG

findings.
cMRI, cardiac magnetic resonance imaging; WMA, wall motion abnormality.

with |Cl-mediated myocarditis, and there is no evidence at the present
time that it is a B-cell-dependent inflammatory pathophysiology. These
animal studies are further detailed by Grabie and colleagues®® in this
Spotlight Issue.

Furthermore, PD-L1 was found to be expressed on the cell surface of
injured cardiomyocytes, but not on skeletal muscle cells or tumour cells,
in a case report of two patients with fatal fulminant ICl-associated myo-
carditis.” PD-L1 is up-regulated in the myocardium as a cytokine-induced
protective mechanism to curtail to T cell-mediated inflammation in
states of cardiac stress and disease.” During time of cardiac injury, cardi-
omyocyte death may expose cardiac antigens to T lymphocytes, and up-
regulation of immune checkpoints (such as PD-1/PD-L1) may serve as an
inhibitory signal for T cell invasion. ICls abrogate this protective measure
of the heart. Recent investigations have revealed the unexpected role of
PD-1/PD-L1, CTLA-4, and other immune checkpoints in the pathogene-
sis of atherosclerosis.”® Investigations in the coming years will provide
deeper insight into the mechanism of immune checkpoint cardiovascular
toxicity.

4.3 Treatment

4.3.1 Treatment principles

The treatment strategies for ICl-related cardiovascular complications
are tripartite: holding ICl to prevent further toxicity, immunosuppression
to alleviate inflammatory changes, and supportive therapy to address
cardiac complications. Because of the complexities involved and the lim-
ited data available, management of ICl cardiovascular toxicity should be

carried out via a discussion between the primary treatment team, oncol-
ogist, and cardiologist or cardio-oncologist, if available. It is also impera-
tive to establish the diagnosis of myocarditis as definitively as possible.
These patients are best served in a coronary care unit or level 2 high-
dependency unit for continuous ECG and haemodynamic monitor-
ing>”*? Of note, current treatment strategies have been extrapolated
from standard-of-care treatment paradigms for patients with these con-
ditions in non-ICl settings. Clinicians should bear in mind that these treat-
ment regimens are empiric and have not yet been put to test in any
prospective cohort or randomized controlled trial.

Immunosuppressive treatment for ICl-associated myocarditis requires
high-dose corticosteroids, for which the specific regimen varies by prac-
tice. Current American Society for Clinical Oncology (ASCO)/NCCN
(National Cancer Control Network) guidelines advise 1-2 mg/kg of
prednisone intravenously or orally, with consideration in refractory
cases for intravenous methylprednisolone at 500-1000mg.>® A recent
review suggests that administration of intravenous methylprednisolone
at 500-1000 mg daily until the patient is clinically stable, followed by oral
prednisolone at 1 mg/kg daily tapered over 4—6 weeks.>” For cases that
are unresponsive to corticosteroids, both recommendations suggest
consideration of mycophenolate mofetil or infliximab.>**? It should be
noted that infliximab may be potentially linked to worsening heart failure
and is contraindicated in patients with moderate-to-severe heart fail-
ure.?® Given the histological similarities between ICl-associated myocar-
ditis and cardiac transplantation rejection, anti-transplant rejection
medications [such as anti-thymocyte globulin (ATG)] have been used in
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=i Check EKG and troponin in clinic at baseline. If abnormal, reconsider initiation of ICI.
Check troponin in clinic weekly for the first 4-6 weeks. If abnormal, use the protocol as illustrated:

If Myocarditis*, Stable If

f Asymptomatic Troponinemia

eHold ICI

Workup:

eEvaluate for signs and
symptoms of CHF, ischemia,
arrhythmia or myositis.

B eCheck EKG, CK (for
concomitant myositis), CK-
& MB and troponin serially

eRefer to cardiologist who
may consider echo or cMRI

o|f all studies normalize within
2 weeks and there is no
cardiac pathology, may
resume ICl.

o|f any studies worsen or
symptoms develop then
treat as in next pane.

N Troponin

>

Admit to Floor

e (2=

. Hold ICI
Symptomst Workup:
or eConsult cardiology
eRule out Ml

. ‘|I||| FAV
EKG
changes

or

eStart telemetry

eObtain cardiac echo and
cardiac MRI if not already

= eConsider cardiac biopsy in

= formalin-fixed tissue and

?j frozen tissue

Echo
changes  Treatment:
or eStart methylprednisolone 2

mg/kg IV/day OR 1 g IV bolus
e|f no improvement in 24
"\’ hours or patient unstable,
cMRI add agent in next pane

findings  eIf abnormalities resolve,

’ taper over at least 4 weeks

A

Unstable
(hypotension,
arrhythmia,
or sudden
EF drop)

=

Myocarditis, Unstable

il = Admit to CCU

IS!-I Discontinue ICI

Treatment:

eMethylprednisolone 1g IV
daily;

eConsider adding an
investigational alternative:
ATG, tacrolimus, infliximab,
mycophenolate mofetil, and
rituximab

*Place pacemaker at bedside
in case of heart block

eConsider transfer to nearest
Cardiac Transplant Unit

*The formal diagnosis of myocarditis can be made using the criteria in Table 3. TSymptoms: Chest pain, dyspnea, palpitations, presyncope

Figure 6 Management of |Cl-associated myocarditis at Vanderbilt University Medical Center. Depicted is the screening and surveillance algorithm used at
Vanderbilt for patients with increased risk of developing ICl-associated myocarditis, namely, patients on combination immunotherapy. ATG, anti-thymocyte
globulin; CCU, coronary care unit; CHF, congestive heart failure; CK, creatine kinase; CK-MB, creatine kinase-muscle/brain; cMRI, cardiac magnetic reso-
nance imaging; EKG, electrocardiogram; ICl, immune checkpoint inhibitor; IV, intravenous; MI, myocardial infarction. Icons from Servier Medical Art and the

Noun Project are shared under a Creative Commons Attribution 3.0 Unported License.

one case.’” Rituximab, a CTLA-4 analogue, is an experimental treatment
that may be considered in select cases in which the toxicity is related to
receipt of a CTLA-4 inhibitor.

Given the prevalence of conduction disease in ICl-associated myocar-
ditis, patients should be monitored closely and percutaneous pacers may
be placed at the patient’s bedside in anticipation of a bradyarrhythmia,
perhaps caused by infiltration of the conduction system by T cells.
Clinicians should have a low threshold for introducing pacing since atrio-
ventricular block is common in the setting of myocarditis.

The safety of ICl re-challenge following ICl-related cardiovascular tox-
icity is unknown. The threshold for ICl re-challenge should be much
higher after ICl-associated myocarditis compared with after ICI-
associated pericardial disease or vasculitis, given the high fatality rate of
|Cl-associated myocarditis.

4.3.2 Surveillance and stepwise management

Surveillance for ICl-related cardiovascular toxicity is important given its
severe and life-threatening nature, but there are currently no prospec-
tive trial data on which to base a formal surveillance algorithm. Instead,
we shall detail the protocol used at Vanderbilt (Figure 6). Prior to initiat-
ing ICl therapy, we obtain a cardiac history and assess cardiovascular risk
factors in all patients. In patients at increased risk of myocarditis, such as
those receiving combination immunotherapy, we perform screening
with cardiac troponin levels and an ECG prior to ICl initiation. After ICI
initiation, we perform surveillance with troponin levels on a weekly basis
for 6 weeks. since fulminant myocarditis occurs a median of 30 days after

initiation of IC1.** Patients with troponinemia prior to ICl initiation are
assumed to have non-ICl-related injury. Patients with troponinemia after
|Cl initiation are worked up as follows.

In patients with elevated troponin on surveillance, we check a 12-lead
ECG and other biomarkers such as CK-MB and serum CK for evidence of
concomitant myositis. Patients are referred to a cardiologist or cardio-
oncologist, who may obtain an echocardiogram to assess for WMAs or
cMRI to further evaluate for structural cardiac abnormalities. Some pro-
viders obtain an echocardiogram prior to ICl initiation in high-risk patients
in order to document baseline cardiac function. If work-up shows no evi-
dence of myocarditis or cardiac dysfunction, then a serum troponin is
rechecked. If troponinemia is isolated and asymptomatic, we consider re-
suming ICl therapy if the troponin returns to normal within 2 weeks.

If the patient complains of symptoms (such as chest pain, dyspnoea,
palpitations, presyncope, or syncope), or if the above studies are abnor-
mal, we hold the ICl and admit the patient to the hospital floor with car-
diac monitoring and a cardiology consultation. Myocardial infarction and
other aetiologies should be ruled out. We will consider endomyocardial
biopsy to confirm findings on echocardiogram or cMRI. We will start in-
travenous methylprednisolone 2 mg/kg/day. If there is no improvement
in 24 h, or the patient is unstable (hypotension, arrhythmia, or sudden
decrease in ejection fraction), we will transfer the patient to the cardio-
vascular intensive care unit and begin intravenous methylprednisolone at
1 g daily. If the patient shows signs of improvement in 24 h, we will taper
the methylprednisone over a minimum of 4 weeks. If the patient contin-
ues to be unstable, secondary agents are considered, including ATG,
tacrolimus, infliximab, mycophenolate mofetil, and rituximab.
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5. ICl-associated pericardial disease
ICl-associated pericardial disease can present as pericarditis, %

9,63,64 ; 2,63,
3% or cardiac tamponade.®?*® Perhaps due

pericardial effusion,
to under-recognition as an adverse effect of ICl, pericardial disease
has been limited to case reports and has not been subject to a sys-
tematic review. Pericarditis can present as chest pain relieved by for-
ward position on exam, new pericardial effusion on echocardiogram,
new PR depression and diffuse saddle-shaped ST elevation on ECG, or
active pericardial inflammation on cMRI (Figure 7) or cardiac PET/CT.%
In non-ICl settings, pericarditis is diagnosed by the presence of at least
two of the following criteria: sharp pleuritic chest pain relieved by sit-
ting up and leaning forward; presence of a pericardial friction rub on
auscultation; widespread ST segment elevation on ECG; and new or

Figure 7 Imaging findings from [Cl-associated pericardial disease.
cMRI of the heart demonstrating focal myocardial delayed gadolinium
enhancement in the mid-lateral wall and mild late enhancement of the
pericardium along the lateral wall suggestive of myopericarditis. The pa-
tient is a 70-year-old male who had received six doses enoblituzumab
(an IgG antibody against B7-H3).

worsening pericardial effusion on echocardiogram.®® It remains to be
investigated whether the prevalence of these manifestations differs be-
tween general pericarditis and ICl-associated pericarditis. Pericarditis
and pericardial effusion can lead to cardiac tamponade, which is a life-
threatening complication.

There are no available estimates of the incidence of ICl-associated
pericardial disease. A systemic evaluation of 95 cases of ICl-associated
myocarditis presented to the WHO database of presumed ICI-
associated pericardial disease suggests a median time to onset of tox-
icity of 30 days (IQR: 8.5-90), after a median of two ICl administra-
tions.** As in myocarditis, toxicity reports have been more common
in males than females for pericardial disorders (60.0% male), >* but as
with myocarditis, this may simply reflect the demographics of ICl use
and clinical trial enrolment.®® There is no age predisposition.** The in-

24 al-

cidence of fatality was 21.1% in ICl-associated pericardial disease,
though it remains difficult to assess the direct contribution of
pericardial disease to this fatality rate.

To date, there have been no specific studies investigating the mecha-
nism of pericardial disease from ICls. This is further limited by the lack of
available mouse models for pericardial disease.

In addition to interrupting ICl administration, current practice is to ini-
tiate immunosuppression with prednisone 1 mg/kg daily (or equivalent)
with subsequent taper,*” although no specific tapering protocol has been
established. For cardiac supportive therapy, colchicine and NSAIDs
should be administered based on guidelines in non—ICl-associated peri-
carditis.® Emergency pericardiocentesis and haemodynamic support
should be considered if cardiac tamponade is also present.

6. ICIl-associated vasculitis

ICl-associated vasculitis can affect vessels of any size,*”~2 but has most
commonly been reported in large vessels such as temporal (giant cell) ar-
teritis and aortitis, according to a systematic review of case repor‘ts.74
The over-representation of temporal arteritis reports among ICl users
was also recently identified in a pharmacovigilance study.”* Temporal ar-
teritis is an autoimmune and autoinflammatory disease of the aorta and
its branches. It presents with headache, jaw claudication, transient mon-
ocular visual loss (amaurosis fugax) or diplopia, and systemic symptoms
such as fatigue, fever, and weight loss. Patients have elevated

Figure 8 Histologic findings from ICl-associated vasculitis. (A) Photomicrograph of myocardium with lymphocytic myocarditis and vasculitis, with oblitera-
tion of the lumen of this small artery. H&E stained section, 200x original magnification, with scale bar denoting 50 pm. (B) Photomicrograph of small artery
with fibrinoid necrosis and perivascular chronic inflammation. H&E stained section, 400 original magnification, with scale bar denoting 20 pm.
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inflammatory markers such as erythrocyte sedimentation rate and C-re-
active protein.”> The gold standard for diagnosing temporal arteritis is
temporal artery biopsy, which would demonstrate CD4+ T cells and
macrophages organized in granulomas (Figure 8). Colour Doppler ultra-
sonography of the temporal artery is a non-invasive alternative, but is
not definitive. It remains to be investigated whether the predictive values
of manifestations differ between general vasculitis and ICl-associated
vasculitis.

There are no available estimates of the incidence of |Cl-associated vas-
culitis. Median time to onset of toxicity is 55 days (IQR: 21-98), after a
median of three ICl administrations.* Like in myocarditis, toxicity
reports have been more common in males than females for vasculitis
(58.4% male),>* and there is no age predisposition.”**® The incidence of
fatality is 6.1% in ICl-associated vasculitis.**

The mechanism by which this phenomenon occurs may involve
checkpoint pathway deficiency in temporal arteries predisposing the
walls of these arteries to autoimmune attack.”® In temporal arteritis, af-
fected temporal arteries have deficient expression of PD-1and PD-L1.””
PD-1 and PD-L1 deficiency allows aggregation of T cells and production
of cytokines leading to arterial wall inflammation and pathogenic remod-
elling.”® It is likely that the use of ICls might indeed reproduce a similar
immune environment, predisposing to temporal arteritis that can even
lead to blindness.>*”®

In addition to interrupting ICl administration, immunosuppressive
treatment should be initiated without delay for temporal artery biopsy
scheduling, due to the risk of visual loss. Current practice is to initiate im-
munosuppression according to existing consensus statements for tem-
poral arteritis treatment. According to existing consensus statements,
patients with threatened or established visual loss should initiate immu-
nosuppression with intravenous methylprednisolone at 500-1000 mg
daily for 3 days before switching to oral corticosteroids.”” Patients with-
out visual loss should initiate immunosuppression with oral prednisone
at 40-60 mg, given as a single daily dose.”” Steroid tapering can be done
at 2-week intervals in decrements in accordance to existing consensus
statements for temporal arteritis treatment.””

7. Conclusion

In summary, ICls are associated with cardiovascular toxicities such as
myocarditis, pericardial disease, and vasculitis such as temporal arteritis.
These immune-related adverse effects require prompt immunosuppres-
sive treatment and |Cl discontinuation, particularly considering high fatal-
ity rates.®® Given that there are almost 600 000 patients in the USA
alone eligible for ICl therapy, and considering that the use of ICl is pro-
jected to rise in the coming years,®' it is crucial that deeper collabora-
tions be forged among cardiology, oncology, and immunology in clinical
practice and basic science® in order to better recognize and understand
the cardiovascular toxicities of ICl therapies.
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Corrigendum

Corrigendum to: Cardiovascular toxicities associated with immune checkpoint inhibitors [Cardiovasc Res 2019;115:854-868].

The authors of the above paper wish to advise that references to Rituximab have been added to the paper. The content of the article has been edited to re-

flect this change.

The authors apologise for the error.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2019. For permissions, please email: journals.permissions@oup.com.
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