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Cardio-toxicity of checkpoint inhibitors

Oliver J. Miiller'?, Martina E. Spehlmann'?, Norbert Frey"’

'Department of Internal Medicine III, University of Kiel, Kiel, Germany; ‘DZHK (German Centre for Cardiovascular Research), Partner Site
Hamburg/Kiel/Liibeck, Kiel, Germany
Contributions: (I) Conception and design: All authors; (IT) Administrative support: None; (III) Provision of study materials or patients: None;

(IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final

approval of manuscript: All authors.

Correspondence to: Oliver J. Miiller. Department of Internal Medicine III, University of Kiel, Arnold-Heller-Str. 3, 24105 Kiel, Germany.

Email: Oliver.Mueller@uksh.de.

Abstract: Immune checkpoint inhibitors (ICIs) have started revolutionizing the treatment of numerous

advanced oncological diseases by restoring immune resistance against cancer cells. ICI-associated cardiac

adverse effects are rare, but severe. About 50% of cardiac complications comprise myocarditis with variable

clinical presentation and a high rate of fatality. The pathomechanism is incompletely understood and may

involve preexisting autoimmunity such as autoantibodies or common epitopes shared by cardiomyocytes

and tumor cells. Especially patients at risk might be followed up by serial troponin measurements in order

to allow an early identification of ICI-associated myocarditis. Therapeutic options are limited and consist of

early discontinuation of ICI treatment and initiation of an immunosuppression. Further studies are necessary

to elucidate the mechanism, define diagnostic criteria, improve surveillance of patients at risk, and finally

refine therapy.
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Immune checkpoint inhibitors (ICls):
new challenges for cardio-oncology

The increasing awareness of cardiac side effects of
classical oncological therapies has resulted in multiple
improvements in cardiac surveillance of cancer patients (1,2).
Although classical chemotherapeutic drugs still result in
considerable side effects (2), recent studies have shown that
cardiovascular mortality is not increased in breast cancer
patients any more (3,4). This most probably reflects an
increased consideration of cardiac protection when applying
chemotherapies, an improved understanding of mechanisms
of cardiac damage, and early involvement of cardiologists in
following up patients at risk.

Similar to the advances in breast cancer therapy more
than two decades ago, a novel class of anticancer drugs
has started revolutionizing the treatment of numerous
cancers by restoring immune resistance against cancer
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cells. These so-called ICIs comprise monoclonal antibodies
against immune checkpoint molecules. The first substance,
ipilimumab, a monoclonal antibody against cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4), was introduced
for melanoma treatment in 2010 and strikingly improved
prognosis of this otherwise fatal disease by doubling the
likelihood of long-term survival (5,6). Further antibodies
were developed against programmed cell death 1 (PD-1)
(nivolumab, pembrolizumab) and its ligand PD-L1
(atezolizumab, durvalumab, avelumab) and successfully
applied in multiple solid tumors and hematological
malignancies in the last years (7). However, these substances
do not only restore antitumor immunity, but may also result
in immune-related adverse events (IRAEs) (8,9). These
IRAEs were found to be frequent, but responded in most
cases well to high doses of steroids (10). Cardiotoxicity was
overall low in clinical trials (11). A large safety database
from the manufacturer of ipilimumab and nivolumab,
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Figure 1 Schematic overview about cancer cell-induced immunosuppression involving CTLA-4 or PD-1/PD-L1 pathways (A) and their
inhibition (B). T cell activation upon T'CR signaling requires costimulatory signals via CD28, which can be induced by binding to B7
(CD80/CD86) molecules on the surface of APCs. Activated T cells upregulate CTLA-4, which competes with CD28 for binding to B7. The
interaction of CTLA-4 with B7 results in inhibitory signaling promoting tumor cell survival. Inhibition of CTLA-4 restores costimulatory
signaling via the B7 and CD28 axis. Likewise, activation of T cells results in induction of PD-1. Binding to its ligand PD-L1 expressed
on tumor cells and the tumor microenvironment results in inhibitory checkpoint signaling that decreases cytotoxicity and leads to T cell
exhaustion. Antibodies blocking PD1 or PD-L1 inhibit their interaction and thus result in enhanced cytotoxicity. Blue arrow indicates
reduced, red arrow increased immune checkpoint signaling and cytotoxicity of T cells. Red triangles indicate specific therapeutic antibodies
against CTLA-4 (ipilimumab), PD-1 (nivolumab, pembrolizumab, pidilizumab) or PD-L1 (atezolizumab, durvalumab, avelumab). APC,
antigen presenting cell; TCT, T cell receptor; PD-1, programmed cell death 1; PD-L1, programmed death ligand 1; CTLA-4, cytotoxic T

lymphocyte-associated antigen 4; MHC, major histocompatibility complex.

Bristol-Myers Squibb, revealed that myocarditis occurred
more frequently (0.27% vs. 0.06%) and severely (0.17%
vs. <0.01% fatal cases) with combination therapy with
ipilimumab and nivolumab compared with single-agent
nivolumab (12). Since there were 940 immuno-oncology
agents being tested in 3,042 clinical trials in 2017 with a
target enrollment of 577,076 patients (13,14), a plethora of
new substances are on their way into clinical application.
Thus, knowledge of the mechanisms of action, an increasing
awareness of potential side effects of ICIs, in particular
myocarditis, and strategies to identify patients at risk is
mandatory both for oncologists and cardiologists.

How do ICIs restore immunity against
cancer cells?

One of the hallmarks of tumor cells is their ability
to escape the innate and adaptive immune responses
(immunosurveillance) by selection of those cancer cells
which are either not immunogenic or are able to suppress
an immune response against them (8). T cell activation
was initially described as two-signal model in which T cell
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receptor (TCR) recognition and engagement by major
histocompatibility complex (MHC) bound (neo)antigens
requires co-stimulatory molecules, CD28 and B7 (CD80/
CD86), for an effective immune response (Figure 1) (15).
However, several inhibitory pathways, such as CTLA-4
or PD-1/PD-L1 signalling, were identified to efficiently
inhibit the antitumor functions of T lymphocytes (8,10,16).
CTLA-4 is an immune checkpoint molecule that
downregulates T-cell activation by binding to B7 (CD80/
CD86) molecules on antigen-presenting cells, opposing
CD28-mediated costimulation (Figure I). Further studies
on inhibition of CTLA-4 in preclinical models paved the
road to clinical studies investigating this novel mechanism
in cancer patients showing an impressive benefit on survival
rates in metastatic melanoma patients (5). Similar to
CTLA-4 signalling, the PD1/PD-L1 axis was identified as
powerful regulator of immunosurveillance. In contrast to
CTLA-4, which interacts at the level of the lymph nodes
between T-cell and antigen presenting cells, PD-1 and PD-
L1 interact at the level of the tumor itself. PD-1 is induced
on T cells upon activation and binds to PD-L1 on tumor
cells as well as on cells in the proximity of the cancer cell
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such as local endothelial cells, resulting in suppression of
T-cell function (Figure I). As for CTLA-4, specific blockage
of PD-1 and PD-L1 with monoclonal antibodies enables
T-cell activation (10).

Cardiac side effects of ICls

The growing clinical use of ICIs in an increasing number
of patients with different cancers was accompanied by
publication of individual case reports and case series
of patients suffering from severe cardiac side effects
(12,17-21). While the initial clinical trials with CTLA4
or PD-1/PD-L1 inhibitors did not indicate cardiac
complications, a recent meta-analysis listed 99 cases of
cardiac side effects in patients having received ICI (21).
Myocarditis was the most frequent presentation (45 out of
99 cases of cardiac toxicity). A total of 27% of the cardiac
events were heart failure or cardiomyopathy without signs
of myocarditis. Pericardial diseases were reported in 15%
of patients with cardiac side effects, conduction diseases
in 12% (21). Overall, indications for therapy with ICI was
predominantly melanoma (41%), non-small cell lung cancer
(26%), and multiple myeloma (9%) (21). Since these cardiac
adverse events are rather rare, it is difficult to determine their
prevalence. One study published data from 964 patients who
received an ICI between November 2013 and July 2017 at
Massachusetts General Hospital (20). In total, 1.14% of
these patients developed myocarditis and 0.52% developed
a major adverse cardiovascular event (MACE) such as death,
cardiogenic shock, cardiac arrest, or complete heart block.
Interestingly, risk for development of myocarditis was
increased in patients with cardiovascular risk factors and
combination therapy enhancing anti-tumor effects (14,20).
Since ICIs are frequently combined, awareness of ICI-
associated myocarditis becomes increasingly important,
especially considering that myocarditis occurs rather early:
median time to onset of symptoms after first ICI application
was 34 days and 81% of cases occurred within 3 months (20).

The role of troponin T as biomarker is quite impressive.
Cardiac troponin T was elevated in 26 out of 28 cases (93 %)
where troponin was measured (21). Moreover, patients
who had a higher admission, peak, and final troponin T
value had an increased risk for MACE (20). While fatality
was high in all patients with cardiac toxicity (35%) and in
particular in patients presenting with myocarditis (42%) or
complete heart block/conduction disease (55%), prognosis
was better in patients with congestive heart failure (death in
26%) or pericardial disease (death in 13%) (21).
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Potential mechanisms of immune-mediated
myocarditis

ICI-associated myocarditis is characterized by a massive T
cell and macrophage infiltration (12,14,17). Although there
is currently no clear understanding of the pathophysiology
of ICI-associated cardiovascular side effects, basic science
data underline a central role of the cellular targets of ICIs
in preventing autoimmune myocarditis. For example,
deficiency of CTLA-4 in mice is associated with a severe
autoimmune myocarditis (22). Furthermore, PD-1 or
PD-L1 deficient mice are susceptible to autoimmune
myocarditis (23-25). A potential mechanism might be
explained by autoantibodies against cardiac proteins like
troponin I as observed in PD-1 deficient mice (26). Recent
studies showed expression of PD-1 and PD-L1 in human
and mouse myocytes as well as a PD-L1 expression on
injured cardiomyocytes from patients with ICI-associated
myocarditis (12,23,24,27). Since upregulation of both
PD-1 and PD-L1 was observed in ischemia/reperfusion
after myocardial injury (28), a current hypothesis might
be that interaction of PD-L1 with PD-1 protects from the
development of autoimmune myocarditis induced by release
of cardiac proteins by any kind of cellular damage (e.g.,
virus infection or toxic effect of drugs). Inhibition of the
protective PD-1 and PD-L1 pathway by ICIs might result
in myocarditis which further leads to cardiac antigen release
and finally a vicious circle (21). In addition, limited data
from one patient showed presence of one specific T cell
clone in heart, skeletal muscle, and tumor tissue suggesting
that these T cells might target an antigen shared by the
tumor and skeletal and cardiac muscle (12). Preexisting
mechanisms of autoimmunity such as common epitopes
or preexisting autoantibodies which are controlled e.g., by
PD-1 and PD-L1 might also explain the rapid onset of ICI-
associated myocarditis. Further detailed studies in patients
suffering from ICl-associated myocarditis are necessary
to get insight into the pathomechanism and may include
measurement of autoantibodies or characterization of T cell
response within heart and tumor.

Diagnosis of immune-mediated myocarditis

The current challenge in diagnosing ICI-associated
myocarditis is the lack of clear diagnostic criteria. Myocarditis
is defined as inflammation of the myocardium and has a
highly variable presentation ranging from elevated biomarkers
to different clinical findings such as fatigue, chest pain,
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heart failure, arrhythmias, heart block, cardiogenic shock,
and sudden death (10). Diagnostic pathways should follow
guidance provided by recommendations for myocarditis of
other causes (29). These include measurement of troponins
and electrocardiography (10,14). Echocardiography allows
further insights into left-ventricular ejection fraction
impairments, wall motion abnormalities, and pericardial
effusions. However, a normal echocardiography does
not indicate a benign course as in myocarditis of other
courses (14,27). Cardiac magnetic resonance imaging
enables detection of cardiac edema, fibrosis and necrosis
and thus facilitates diagnosis of myocarditis. However, even
endomyocardial biopsy as gold-standard for detection of
myocarditis is limited in ICI-associated myocarditis as there
is frequently a patchy distribution of a lymphocytic infiltrate
within or adjacent to regions of myocardial necrosis (14).
Therefore, diagnosis of ICI-associated myocarditis might
be frequently a diagnosis of exclusion and is based on
clinical findings, electrocardiography (EKG), biomarkers (in
particular troponins), cardiac imaging, and endomyocardial
biopsy. Particular monitoring should be considered for
patients with ICI combinations, combinations with other
cardiotoxic drugs, preexisting autoimmune diseases or
cardiac diseases (10,14). Clinical signs of cardiovascular
side effects should result in an immediate cardiological
work up (20). In addition, even patients at risk without
clinical symptoms have been suggested to be subjected to
a pretreatment troponin test and followed up with further
tests after 2, 4, and 12 weeks (10) in order to allow an early
identification of patients developing an ICI-associated
myocarditis.

Therapy of ICl-associated myocarditis

Currently, there are no consensus guidelines for
management of patients with ICI-associated myocarditis. It
appears wise as subjected by several groups to immediately
discontinue ICI therapy in patients with cardiac symptoms
and elevated troponins ICI, followed by a thorough
cardiological examination (10,14,20). In case a myocarditis is
likely or confirmed, high-dose corticosteroid treatment (e.g.,
methylprednisolone 1 mg/kg) should be initiated (9,10,30),
eventually with an initial high dose of 1,000 mg/day for
3 days (10). Although one study has reported lower cardiac
complications of myocarditis in patients treated with high
doses of steroids (20), this approach remains a reasonable
but rather empiric strategy since a systematic review did not
find a difference in outcome between patients treated with
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or without steroids (21). Additional immunosuppressive
therapy was suggested for patients with preserved cardiac
function (infliximab) or moderate to severe heart failure
(anti-thymocyte globulin or tacrolimus) (10).

Conclusions

ICI-associated cardiac adverse reactions are rare but
may present as severe myocarditis with variable clinical
symptoms. The pathomechanism is incompletely
understood and requires further investigation. Especially
patients at risk can be followed up by serial troponin
measurements in order to allow an early identification of
patients developing an ICI-associated myocarditis.
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