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mmune checkpoint inhibitors (ICIs) have trans-

formed cancer therapy, and indications have

expanded quickly, including moving to earlier
settings. These therapeutics activate the immune sys-
tem and include monoclonal antibodies blocking
cytotoxic T lymphocyte antigen-4 (CTLA-4), pro-
grammed death 1 receptor (PD-1) and programmed
death-1 ligand, or lymphocyte activating gene 3,
“brakes” in T-cell and immune cell activation." Re-
sponses are often durable and are improved by com-
bination therapy (eg, anti-PD-1 + anti-CTLA-4 and
anti-PD-1 + anti-lymphocyte activating gene 3). How-
ever, toxicities from these agents are caused by the
interruption of immunologic T-cell self-tolerance,
manifesting as autoimmune-like events that may
affect any organ system."”

ICI myocarditis is an infrequent but potentially
fulminant inflammatory side effect with a variable
presentation.® The best studied are the most severe
cases, which can present early after initial exposure
to ICI (often after 1 or 2 doses) and often include
electrocardiographic  disturbances, concomitant
skeletal myositis potentially mimicking myasthenia
gravis, and high mortality.*® Although there have
been many efforts to identify risk factors for devel-
oping ICI myocarditis, the most validated risk factor
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is combination ICI therapy (eg, anti-CTLA-4 +
anti-PD-1).>” After initial descriptions of the syn-
drome that involved more severe cases, higher vigi-
lance by clinicians as well as screening and
surveillance strategies have resulted in a higher
detection of cases. However, this has also resulted in
the detection of more subacute or smoldering and
potentially clinically insignificant cases in which pa-
tients may be asymptomatic but have abnormal car-
diac biomarkers or imaging studies.®° An important,
unanswered question is the proper care of these less
severe cases. This is an important consideration,
especially because the care will involve the cessation
of further treatment with ICI, a therapy that may be
potentially lifesaving from an oncologic perspective.

Treatment of myocarditis recommended by the
various cardiology and oncology society guidelines
has been largely extrapolated from therapies for
noncardiac ICI-associated toxicities, including the
cessation of ICI, supportive management, and corti-
therapy.'®
are

costeroid
adverse

Generally, immune-related
treated with prednisone
ranging from 0.5 to 2.0 mg/kg (or equivalent) fol-
lowed by a 4- to 6-week taper upon symptom and
biomarker improvement. In the case of myocarditis,

events

higher steroid doses (eg, intravenous methylpred-
nisolone 1 g) have been advocated.' This recom-
mendation comes from a case series of clinically
suspected ICI myocarditis (N = 126) in which patient
outcomes were retrospectively assessed based on the
timing of the initial treatment with corticosteroids (in
relation to presentation) as well as the dose of ther-
apy (with stratification of corticosteroid dose into low
[<60 mg/d], intermediate [60-500 mg/d], and
high-dose [501-1,000 mg/d] groups based on the
initial methylprednisolone equivalent)." The time of
initiation was associated with major adverse cardiac
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events (MACEs) in this study whereby patients
receiving corticosteroids within 24 hours regardless
of dosage showed the best outcome, and patients
receiving corticosteroids after 72 hours regardless of
dosage showed the worst outcome." In addition,
there was an inverse relationship between the initial
dose of corticosteroids and the occurrence of MACEs,
with high-dose corticosteroids associated with a 73%
lower risk of MACEs. Because this study is hypothesis
generating, caution is required when interpreting it.
Limited data were provided regarding the severity of
cases and the certainty of diagnosis. Confirming ICI
myocarditis diagnosis in <24 hours is challenging,
particularly because potentially greater than half of
cardiac magnetic resonance images are not diagnostic
at presentation and a third of cardiac magnetic reso-
nance images can be abnormal in the cancer popula-
tion eligible to receive ICI (before ICI start).>'
Moreover, there can be significant delays between
the time of biopsy and the final results being available
from cardiac pathology.>

In our experience, among 60 patients consecu-
tively admitted with suspicion of ICI myocarditis,
myocarditis was subsequently excluded in approxi-
mately half of the cases.® Multiple other case series
showed poor cardiac prognosis despite prompt initi-
ation of high-dose corticosteroid therapy. In these
latter cases, deterioration of the clinical condition
often occurred while tapering steroids from methyl-
prednisolone intravenous boluses (>500 mg) to 1 to
2 mg/kg/d prednisone.®'*'* For example, a recent
retrospective case series on 24 patients from China
with definite ICI myocarditis showed that 16 of 24
(67%) evolved toward corticosteroid resistance
despite the prompt use of high-dose corticosteroids."?

Adding further complexity to the treatment deci-
sion has been the growing recognition that not all ICI
myocarditis may be the same and that there may be a
subset of patients who do not need aggressive treat-
ment. Both Palaskas et al® and Ederhy et al° recently
described cases in their prospective cohorts (5/18
[28%] at MD Anderson and 2/27 [7%] at Assistance
Publique - Hopitaux de Paris Sorbonne, respectively)
of low-grade ICI myocarditis suspected based on
asymptomatic troponin increases and confirmed on
endomyocardial biopsies that did not receive or
require initiation of immunosuppressive therapies.
Four such patients were able to safely continue ICI
treatment.®° These cases further highlight the clin-
ical heterogeneity of ICI myocarditis and the critical
importance of establishing criteria to guide treat-
ment. In addition, the potential risk of fostering tu-
mor growth upon aggressive and untargeted
immunosuppression needs to be considered.”® These

Moslehi and Salem
Immune Checkpoint Inhibitor Myocarditis Treatment

issues are critically important and suggest
that a “one-size-fits-all” approach would not
be an effective treatment strategy in ICI
myocarditis.

number of other immunosuppressive thera-
pies mainly targeting T lymphocytes that have
been tested for ICI myocarditis in a small
number of patients.’® Such therapies have
included abatacept and Janus kinase (JAK)
inhibitors (tofacitinib and ruxolitinib).’®*3-'4
Further studies are indeed required, and
some are ongoing, particularly concerning
the use of abatacept (NCT05195645 and
NCT05335928). Abatacept is a CTLA-4 immunoglob-
ulin fusion protein binding CD80/CD86 on antigen-
presenting cells (eg, macrophages) and leads to
global T-cell anergy by specifically reversing pathways
activated by ICI (Figure 1)." The rationale for the use of

event

abatacept in ICI myocarditis has been confirmed in a
preclinical mouse model of ICI myocarditis. These
mice have monoallelic deletion of Ctla4 superimposed
on homozygous loss of Pdcdi1, which is of translational
interest because they provide a preclinical model of
combined anti-CTLA-4/anti-PD-1 therapy, an impor-
tant risk factor for ICI myocarditis.” Approximately
half of these mice die by 3 months of age and manifest
severe electrocardiographic abnormalities accompa-
nied by myocardial infiltration by T cells and macro-
phages, closely recapitulating the clinical and
pathological hallmarks of ICI-associated myocarditis
observed in patients.” This model suggests that Ctla4
and Pdcdi functionally interact in a gene dosage-
dependent manner, providing a mechanism by which
myocarditis arises with increased frequency in the
setting of combination ICI therapy. Concordantly,
intervention with abatacept ameliorated disease pro-
gression and reversed mortality induced by myocar-
ditis in this model, consistent with clinical case reports
that abatacept attenuates fulminant ICI myocarditis.”

A few considerations are important in future
studies with abatacept. Perhaps most importantly,
with its standard dosing (10 mg/kg every 2 weeks),
abatacept has a slow time to onset and would not be
optimal for the management of rapidly evolving and
life-threatening ICI myocarditis cases.”” A pharma-
codynamic biomarker tracking abatacept’s clinical
efficacy has been proposed, which relies on the
assessment of the receptor occupancy of its target
(cluster of differentiation 86 receptor occupancy
[CD86RO]) on circulating monocytes. Levels of
CD86RO = 80% have been proposed as satisfactory.'*
We recently successfully used such immune-
monitoring tools and personalized abatacept dose

ABBREVIATIONS
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FIGURE 1 Mechanism of Action of Approved Immune Checkpoint Agents
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(A) T-cell activation or anergy is mediated by a complex interaction between antigen-presenting cells (APCs) (eg, macrophages) and organ or tumor cells. The first step
(1st signal) of T-cell immune activation against liable cells relies on the presentation of a culprit antigen by the APCs (major histocompatibility complex [MHC] class I1)
to T cells through the T-cell receptor (TCR). For complete activation (2nd signal), CD28 (on T cells) needs to bind with CD80/86 on the APC side. Notably, cytotoxic
T-lymphocyte antigen 4 (CTLA-4) (on T cells) has a higher affinity for CD80/86 than for CD28, impeding CD28-CD80/86 interaction and toning down T-cell
activation. When exposed to CTLA-4 blockers, CD28-CD80/86 binding and T-cell activation are facilitated. CTLA-4 fusion protein (eg, abatacept) has opposite
effects. (B) A scheme of the ongoing phase Il ACHLYS trial (NCT05195645), seeking to define the optimal abatacept dose to be used in ICI myocarditis to achieve a
prompt and strong blockade (receptor occupancy, RO) of its target (CD86) on circulating monocytes (ie, CD86R0O = 80%). Ag, antigen; CTLA-4, cytotoxic T-lymphocyte
antigen 4; LAG-3, lymphocyte-activation gene 3; PD-1, programmed cell death 1 receptor; PD-L1, programmed death 1 ligand.

administration combined with ruxolitinib in a young
thymoma patient who developed fulminant ICI
myocarditis resistant to 1-g methylprednisolone
intravenous boluses instituted within 24 hours of
presentation. In this case, the abatacept dose used
in the first 2 weeks was 4 to 6 times higher compared
with those expected to be used in already
approved indications. To further assess the optimal
starting dose of abatacept to be used to achieve

promptly CD86RO =80% in ICI myocarditis, we are
leading a phase II trial. Three groups of 7 patients by
dose strategy (10 vs 20 vs 25 mg/kg intravenous on
days 1, 5, and 14) will be included in the clinical trial
(NCT05195645) (Figure 1).

To mitigate the expected delayed full efficacy of
abatacept, the use of other synergistic immunosup-
pressants with faster time to onset in combination
may be needed. JAK inhibitors (eg, ruxolitinib), which
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impair T-cell activation via the blockade of proin-
flammatory cytokines and are used to treat graft
versus host disease, are potential candidates and
have shown promising results in near-lethal ICI
myocarditis patients."* Among JAK inhibitors, rux-
olitinib has the additional benefit of decreasing CD86
expression on macrophages, synergizing CD86
blockade by abatacept, while also acting downstream
in the immunologic synapse and inactivating T
cells.'>1°

To conclude, further research will be required to
evaluate the optimal drugs, including the dosage and
duration to be used, to preserve ICI therapeutic effects
while treating severe ICI-related adverse events. A
combination of multiple lower-dose synergistic im-
munosuppressants rather than boluses of high-dose
corticosteroids as initial therapy followed by second-
line immunosuppressants upon corticosteroid failure
are 2 strategies to be compared. The emergence of an
active surveillance strategy in patients on ICI may also
lead to the identification of low-grade asymptomatic
ICI myocarditis, for which the natural history (and
opportunities for ICI challenge) is unknown. Interna-
tional efforts are ongoing (NCT04294771) to help
better stratify the risks, grade the severity, evaluate
best treatment strategies, and determine the full
clinical spectrum of ICI myocarditis.*
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