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Learning Objectives

1. Recognize the signs and diagnostic pathways in the
identification of immune checkpoint inhibitor (ICl) myocarditis.

2. Understand the basics of treatment of IClI myocarditis and the
current philosophies on steroid refractory myocarditis.

3. ldentify the main unanswered questions that exist regarding this
condition, and the research gaps to be filled to answer them.
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Immunotherapy Landscape 2024

U.S. FDA Approved Immune-Checkpoint Inhibitors'”

Checkpoint Date of First FDA # of Total # of Mon-overlapping # of Indications Overlapping with
Inhibitor Approval Indications Indications >3 Other Drugs
Ipilimumab Mar 2011 8 0 4
(Yervoy)
Qesophageal Squamous Cell Carcinoma pembrolizumab | Sep 2014 % " ¢
(Keytruda)
1l Lun n -
Nivolumab Dec 2014 18 2 4
Mon-Small Cell Lung Cancer (Opdivo)
Atezolizumab May 2016 7 1 2
\ (Tecentrig)
. by i Avelumab Mar 2017 4 0 1
Hepatocellular Carcinoma e U (Bavencio)
. ' Triple-Negative Breast Cancer
e b’ Durvalumab May 2017 5 0 1
-1k (Imfinzi)
Renal Cell Carcinom e ¥ Gastric & GEJ Carcinoma
N Cemiplimab Sep 2018 4 1 1
J (Libtayo)
Tremelimumab Oct 2022 2 0 1
(Imjudo)
Retifanlimab Mar 2023 2 0 0
(Zynyz)
Dostarlimab Jul 2023 4 o] 1
(Jemperli)
1 Toripalimab Oct 2023 2 0 0
Copyright Pra - cilogic | | Z3RF d P] M
Updated on 05-Jun-2020 - citations on last page - Smedi- U'_!_!_%_m:_ ﬂ!_m_\!:v (Logtorzi)

US FDA approved immune-checkpoint inhibitors updated 08-Dec-2020
https://medi-paper.com/?p=28043 Jeddeo Paul et al. JCO. 2024



The spectrum of immune related adverse
events (IRAE)

* Uveitis Fatigue

e |Cl myocarditis occurs in 0.3-1.4%

G — * Polyneuropathy . .

o o @ s of patients treated with ICI.
blepharitis - et neuropathies

» Episcleritis and/or scleritis <i :@\R

» Retinitis —

T e 1/2 to 2/3 of patients with

* Adrenalitis

myocarditis have another IRAE

» Pericarditis

e (myositis 25%, pneumonitis 11-
29%, colitis 7-10%, myasthenia
B gravis 11%).

e Concomitant myasthenia and
Newopenis myocarditis portends a worse

* Thrombotic

SR e Prognosis

* Vasculitis

* Pneumonitis
* Pleuritis
* Sarcoid-like granulomatosis

Hepatitis

* Pancreatitis
* Autoimmune diabetes

» Arthralgia

* Arthritis

* Myositis

* Dermatomyositis

Filipe Martins et al. Nature Reviews Clinical Oncology. 2019 Isik Turker et al. Expert Opin Drug Saf. 2023



https://www.nature.com/articles/s41571-019-0218-0#auth-Filipe-Martins-Aff1-Aff2

Who develops myocarditis?

* Patients affected tend to be older and more likely male.

* The one definite risk factor is the use of dual immune checkpoint
inhibitors (4.74 fold higher risk).

 There is no evidence that pre-existing cardiovascular disease
Increases risk for myocarditis

* Recommendations regarding screening are divided, with some
organizations recommending none, and the ESC 2022 cardio-
oncology guildelines recommending baseline troponin and ECG
testing, and serial monitoring in “high risk” patients.

Alexander R Lyon et al. European Heart Journal. 2022.



Pathophysiology
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* |Cl myocarditis mechanism not fully elucidated. Suspected

contributing factors include:
 Breakdown of peripheral tolerance

e Cross reactivity of tumor antigens and cardiomyocyte antigens (alpha myosin

heavy chain)
e Elevated IL-17a levels

Rosa Jiménez-Alejandre et al. Cancers. 2022.

Daniela Cihdkova et al. Circulation. 2023



https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.123.067189#con
https://pubmed.ncbi.nlm.nih.gov/?term=Jim%C3%A9nez-Alejandre%2520R%255BAuthor%255D

|C| Myocarditis Presentation

* Presentations range from
fulminant myocarditis
Involving cardiogenic shock
and ventricular arrhythmias
to asymptomatic
iInflammation discovered on
testing.

e Documented mortality is
very high at 40%. However
this may be outdated.

* 50-60% of patients may
have normal ejection
fraction on CV imaging.

Degree of Symptoms
Asymptomatic Mild Moderate

Grade 1 Grade 2 Grade 3 Grade 4

Abnormal cardiac Mild symptoms with | TTE with LVEF<50% or | Life-threatening
biomarkers or abnormal cardiac regional wall motion disease with cardiac

electrocardiogram biomarkers and study abnormalities
Cardiac MRI diagnostic | .
in Grades 1-3

or suggestive of

electrocardiogram

myocarditis

Increasing need for diagnostic testing and interventions

Nicolas Palaskas et al. JAHA. 2020



https://www.ahajournals.org/doi/10.1161/JAHA.119.013757#jah34793-cr-0001

Other cardiac IRAE

e |Cl associated isolated pericarditis
and coronary events have been
described in several case reports.

* This form of pericarditis has an
increased risk of developing
constrictive pericarditis and requires
Intensive monitoring.

e Data is conflicting on ICl impact on
atherosclerosis and CV events, with
some suggesting harm and others
suggesting benefit.

* The largest meta analysis (32,518
patients), noted increased risk of
myocardial infarction with odds ratio
1.51(1.01-1.26)










Diagnostic algorithm

e N
Baseline cardiovascular evaluation before starting ICI

m Assessment of cardiovascular history and comorbidities

m Electrocardiography

m Cardiac biomarkers (troponin | or T +/- CK, CKMB, NP)

m History of cardiovascular disease: consider echocardiography
v

I ™

Patient on ICI presenting with new symptoms

m Shortness of breath

m Chest pain

m Palpitations, syncope

m New atrial or ventricular arrhythmias or heart block

m Fatigue

m Orthopnea, paroxysmal nocturnal dyspnea, volume overload

AN

/

+

- ™
Initial diagnostic evaluation
B Clinical history and examination
m Laboratory evaluation with cardiac biomarkers (cardiac
troponin | or T +/- CK and CKMB; NP): consider other irAE
such as myositis or myasthenia (electromyography +/-
muscle biopsy, anti-AChR antibodies*)
m TSH and cortisol

® Electrocardiography, echocardiography
\ J

v

P
Evaluation of alternative diagnosis

Such as acute coronary syndrome or
type Il myocardial infarction or other
cause of myositis

Further diagnostic evaluation for ICIMy

m Cardiac magnetic resonance imaging

AND/OR

m Consider coronary angiography/endomyocardial biopsy
m Evaluate risks/benefits of invasive assessment for
_________ » subclinical or mild myocarditis

L m Serial cardiac troponins

Likely

alternative diagnosis
to ICIMy

Nicolas L. Palaskas et al. BMJ. 2024



https://mdanderson.elsevierpure.com/en/persons/nicolas-l-palaskas

Major criterion
m CMR findings of acute myocarditis based on modified Lake Louise Criteria

Histopathology

Minor criteria

m Clinical syndrome: shortness of breath, chest pain, fatigue, myopathy/myalgias,
ptosis, diplopia, orthopnea, peripheral edema, palpitations, dizziness, syncope,
shock

m Ventricular arrhythmia +/- new conduction system disease

{ m Decline in ejection fraction with or without regional wall motion abnormalities in

Troponin elevation non-Takotsubo pattern
+ 1 major criterion m OtherirAEs, particularly myositis, myopathy, myasthenia gravis
m Suggestive CMR (not meeting all modified Lake Louise Criteria)

Multifocal inflammatory
cellinfiltrates

Severity

m Severe: hemodynamic instability, mechanical ventilation, high grade heart block,
significant ventricular arrhythmia

m Non-severe (clinically significant): symptomatic but hemodynamic and electric

Troponin elevation stability; reduced ejection fraction may be present
+ 2 major criteria

Overt cardiomyocyte

loss m Smoldering: subclinical, no clinical signs or symptoms

m Steroid refractory: not resolving or worsening after high dose
methylprednisolone

clusion of acute coronary ejection fraction after discontinuation of immunosuppression; CMR findings
syndrome or acute suggest fibrosis but no acute edema
ingectious myocarditis ® Recovering: improvement in symptoms, signs, biomarkers, and imaging but not

m Compete: resolution of symptoms, normalization of biomarkers, recovery of
Ex
yet normalized while on immunosuppression

Grade 1: Grade 1:
Grade 2:
Grade 3 Grade 2

Grade 4: Grade 3:

Grade 4:
Grade 5:




Diagnostic tools: Troponin

e Elevations in troponin is a key criteria for diagnosing myocarditis
with a very high sensitivity.

* Many centers have transitioned to high-sensitivity troponin assays
(Troponin-T), which can have more cross reactivity with skeletal
muscle troponin as compared to Troponin-| assays (still used
widely).

* Troponin pattern will be distinct from acute coronary syndrome
(ACS), with a more unpredictable or sustained pattern than
crescendo-decrescendo.

* |n addition to ACS, troponin elevation can occur in demand
Ischemia, congestive heart failure, advanced renal disease

* Also has significant utility in guiding treatment



Diagnostic tools: Cardiac MRI

MAIN CRITERIA SUPPORTIVE CRITERIA

SYSTOLIC DYSFUNCTION

PERICARDITIS

T1 CRITERIA (INJURY)

PERICARDIAL ENHANCEMENT

In patients with high clinical pre-test probability of myocardial inflammation:
Fulfilment of any T2-criteria AND any T1-criteria = Strong evidence of myocardial inflammation

Fulfilment of any T2-criteria OR any T1-criteria = Possible evidence of myocardial inflammation

Left ventricular systolic dysfunction and pericarditis are supportive but are not required for diagnosis

Felipe Sanchez Tijmes et al. Radiology Cardiothoracic Imaging. 2021

Cardiac MRl is recommended for all suspected ICI
myocarditis cases

Gold standard for chamber size and function. Can also
identify myocardial scarring and inflammation.
Sensitivity may be limited early in disease course (22%
in first 4 days, 72% after first 4 days). Therefore
unexpected negative CMR should prompt consideration
of either biopsy or repeat CMR later in course.


https://www.researchgate.net/profile/Felipe-Sanchez-Tijmes?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19

Diagnostic tools: endomyocardial biopsy (EMB)

* Findings on EMB involve
lymphocytic infiltrates with CD4+
and CD8+ T cells, CD68+
macrophage infiltration,
fibrotic/inflammatory changes,
and myocyte necrosis.

 False negatives can occur if
involved area is not biopsied:
inflammation in discrete foci

e |Cl myocarditis has increased
expression of PD-L1, higher
CD68/CD3 ratio, and more
lymphohistiocitic compared to
transplant rejection (2R). Howeve
generally these parameters
thought to be insufficient to
differentiate between causes of
myocarditis.
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Nicolas L. Palaskas et al. European Journal Heart Failure. 2021



https://onlinelibrary.wiley.com/authored-by/Palaskas/Nicolas+L.

Low Grade High Grade

Can EMB influence treatment?

CD3' Cells, >50 / hpf
CD&" Cells, »25 / hpf

» Champion et al. characterized two forms of CO68" Calls =307t
myocarditis: high grade and low grade determined CAD" Myocytes, =57 10 hpf
by number of CD3+/HPF. Those with high grade POLT" Wyocytes, =107 10 hpf
disease (3) all died, while those with low grade Serum Trapanin =300 ngiL
disease(7) survived. interval to Biopsy <40 days

<10% of Macrophages PDL1"
=1 Foci of Myocyte Injury

At MD Anderson, Palaskas et al. studied 28
patients suspected of IClI myocarditis with EMB.

* They reinforced the spectrum of myocarditis including a
low grade, subclinical form.

* High grade disease associated with shorter time of ICI

Ecsinophils Present

Treatment Regimens and Outcomes

initiation to symptom onset. mﬁ H N EENNENNE] N N W Nat tested
* 5 patients with low grade inflammation did not receive e TW
steroids and were continued on ICI without any adverse s R
CV events mm""“‘"“"‘ _ wlagsivn oc i gion
* All patients with suspected IClI myocarditis undergo s Positive o Gesn
biopsy at this institution. Is this realistic? Concamtses ar | Mortaiity from irAE
#ﬁmbﬁ:::: Micwtaliby oiher CauSE
CME poatren Al
Tt T 348 &7 Ii&llpﬂi;:..t'lmt“ur'll WD NN Tn
. Grada 2 “:Grl-d-liﬂﬂ Gradae 14 g Grade 0 :

Samantha N. Champion et al. Modern Pathology. 2020. i ey n=7 ne10



Diagnostic tools: PET

e Not commonlé/ utilized in the
diagnosis of ICl myocarditis, but a
technology that is under rapid
evolution.

e 18F-fluorodeoxyglucose PET/CT,
commonly utilized to assess for
myocardial inflammation,
demonstrated only 9.5% sensitivity
In patients with definite
myocarditis.

* [n contrast, 8Ga-DOTATOC
demonstrated improved sensitivity
in a small study.

* Further research is required before
considering PET in the diagnhostic
algorithm for myocarditis.

Sarah Boughdad et al. Journal for Immunotherapy of Cancer. 2021
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https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+L&cauthor_id=32539614

e After "clinical improvement” Patient1
(troponin decline by 50% and

Improvement in ventricular i e wm en T w  m o e £

function) transition IV to PO : S i

steroids 1mg/kg/day. I —
 Monitoring closely clinically Ml . __ .

and with biomarker N e

assessment, taper steroids [ [

by 10mg per week. |

C. IVsteroids  MMF Rechallenge

* Troponin is important, but Patient 2

clinical situation > troponin.
e Anecdotally | have found ST T T T e oo

some success with more [N -

prolonged steroid tapers. } Tr——

\ MMF \

IV steroids Abatacept



Time to venture into the wild west




Nonsteroidal immunosuppression

ICI-associated myocarditis

i

Discontinue ICl and start

methylprednisolone 1,000mg/day ‘ e ¥ N
l ( ) Steroids ‘ “& &=
o S snn.| | Petiont wseti g stable and u Pulse dose 500-1000 mg daily for 3-5 days .
v m Short 4-6 week taper ¥ N
Y | \ / A
T ceII. mediated therap.y Antibody mediated therapy
Continue Consult advanced Add henolate m Antithymocyte globulin - Plasmanheresis
methylprednisolone heart failure for  750- g twice a ® Mycophenolate . IntraverI:c)us o neglobin
1,000mg/day mechanical day to m Tacrolimus N Rituximab &
x 3-5 days circulatory support corticosteroids \ / o 5\' Ituxima J
! § | :
e
( s s ~
Transition to oral  Options ""‘“'"T Stable and "
prednisone i cmltm?m:;t ineffective . .
{1‘2“"’“] - m l
* Plasmapheresis -

!

VIG
Taper oral Consider biopsy/ Cytokine mediated therapy " ‘
prednisone, Patient CTLA-4 agonist or ® Infliximab Biologic therapy
typically - stabilized IVIG (400mg/kg x = Ruxotinib m Abatacept

10mg/week with 2-4 days) N m Alemtuzumab
close surveillance " \. y
(serum troponin) .

If patient Tocilizumab

unstable,

follow

algorithm as

noted above

Lili Zhang et al. Current Treatment Options in Cardiovascular Medicine. 2019


https://www.researchgate.net/scientific-contributions/Lili-Zhang-2154396219?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19

Abatacept for immune checkpoint inhibitor associated
myocarditis: ATRIUM

* Multicenter Randomized controlled trial comparing abatacept + steroids to placebo
+ steroids

ﬂ(ey Inclusion Criterih
* Age 218 years
Active treatment with an FDA-
approved ICI
* Hospitalized
* Diagnosed with ICl| Myocarditis

Key Exclusion Criteria
* Prior exposure to

primary endpoint

* |s currently enrolled in another
interventional study focused on the
management of |C| toxicities.

* Female who is considering
becoming pregnant.

* Male who is considering fathering a
child or donating sperm during the

N =390

RANDOMIZE

study or for approximately 30 days
wter the last dose of study drug.

Study Schema

Corticosteroids +
Abatacept*
IV (10 mg/kg)

1:1 (active: placebo)

Secondary:
Elbaltaceptfbtlalatacept Corticosteroids Individual components of the primary
* Active Infection + Placebo* i
* Already has a component of the SHAPRHIE:

*repeated at 24 hours after first infusion
of study drug, ond at 14 (+2) days after
first infusion of study drug, and an
optional 4% infusion at 28 (+2) days after
first infusion of the study drug.

&

/ Endpoints \

Primary: Major Adverse Cardiac Events,
defined as a composite of cardiovascular
death, cardiogenic shock, cardiac arrest,

significant ventricular tachyarrhythmia,
significant bradyarrhythmia and acute
decompensated heart failure.

-

Change in serum troponin.

The combination of the composite
primary endpoint plus a troponin
increase.

Myocarditis lliness severity using an
ordinal scale.

Clinical status at 90 days and & months.
* Rates of fatal and non-fatal DVT and PE.

* Treatment-related adverse events
Qetwr:r_‘n the two groups. /

NCT05335928



What about rechallenge?

A g B & -
* Very controversial i | Lﬂiﬁ
* One cohort has reported a 29% 3 1%
recurrence rate of the same IRAE N —

=
&
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upon rechallenge in a cohort of g e NN EE
24,079.
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* [In a small cohort of patients not in Cg: | Di | L——y
remission rechallenged after initial és- = 1. is
IRAE, patients that were £ B &
rechallenged had higher overall £ R
survival at 4 years. L GFEREEREER A EEE = EwSS

Outcomes in patients who did NOT achieve complete or
Fernando C. Santini et al. Cancer Immunol Res. 2018 partial remission.



https://pubmed.ncbi.nlm.nih.gov/?term=Santini%20FC%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6125223/

Case reports and series of rechallenge of ICI after myocarditis.

ims Troponnt  BNPt (T gag patients Treated with

71% w 3.\, dmmmn-(:lnekpolnt Inhibitors

LVEF } Abnclrmal CMR P ‘
7 Patients (0.8%) Developed |
® L0 _" _Immune-Mediated Myocarditis |

\_mPresent T mAbsent l

Re-Introduction of ICls l No Re-Introduction of ICls

® Gradel PO Prednisone
x Elevated Troponin Grade | Myasthenia Gravis
Normal LVEF Alive and well
) + Grade Il Disease Progression
® Grade ll PO Prednisone x on ICls
x Elevated Troponin +ACEi +BB -« A :
Reduced Baseline LVEF Alive and well Grade Il Worsening Troponin
x & Liver Enzymes
® Gradelll PO Prednisone &
x Elevated BNP +ACEi +BB +MRA x Grade IV Fulminant Myocarditis
New LVEF Reduction Recurrence & Death

BNP«Brain Natriuretic Peptide, LVEF«Leh Ventricular Ejection Fraction, CMR«Cardiac Magnelic Resonance

S ICI=Immune Checkpoint Inhibitor, BB=Beta Blocker, ACEi=Angiotensin-converting-enzyme inhibitor, MRA=Mineralocorticoid Recaptor Antagonist
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Grade of Myocarditis

Ref Number of Patients Adverse Event after
eference
Rechallenged el 8 g (B Rechallenging
1 2-3 4
1 patient: grade 2
myocarditis
Xue Chen et al., 2022 [38] 5 0 5 0 i
1 patient: cancer death after
1 year
1 patient: worsening cardiac
Peleg Hasson S. et al., 2021 [39] 3 1 2 0
symptoms
Dae Hyun Lee et al., 2020 [40] 1 0 0 1 MNone
Menachery Sherin M. et al.,
1 0 0 1 Cancer death after <1 year
2023 [41]
Eslinger Cody et al., 2023 [42] 1 0 0 1 MNone
Rossi A. Valentina et al., 2023
1 0 1 0 Grade 1 myocarditis
[43]
Yeshan Chen et al., 2022 [44] 1 0 1 0 None
Dinu Valentin Balanescu et al.,
2 0 2 0 None
2020 [45]
Shen et. al., 2021 [46] 1 0 1 0 Grade 2 myocarditis

Data on rechallenge in ICl myocarditis is very
sparse.

Patients with Grade IV myocarditis are rarely
rechallenged.

Case reports described mixed outcomes.
The decision should be multi-disciplinary and
patient centered, taking into account cancer
status and treatment options as well as CV

I’ISkS. Xue Chen et a. Front Cardiovasc med. 2022
Shira Peleg Hasson et a. Clinical Research in Cardiology. 2020
Cyrille Coustal et al. J Immunother Cancer. 2023



https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20X%5BAuthor%5D
https://link.springer.com/article/10.1007/s00392-020-01648-3#auth-Shira-Peleg_Hasson-Aff1-Aff4
https://pubmed.ncbi.nlm.nih.gov/?term=Coustal%20C%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10254993/

Summary

 Immunotherapy mediated myocarditis is a rare but disruptive and
life-threatening adverse event.

* High clinical suspicion, particularly with use of dual IC| therapy with
other IRAEs and proper use of troponin, cardiac MRI, and
endomyocardial biopsy, can lead to rapid and accurate diagnosis.

* Treat myocarditis with high dose |V steroids, and taper cautiously,
incorporating clinical data. Refractory cases can be treated with
nonsteroidal immunosupressants, with more research needed to
establish best practices.

e |Cl myocarditis cases are not uniform, and further research on
outcomes may help us understand more about controversial
subjects such as ICl re-challenge.
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