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Myocarditis in Clinical Practice

Gianfranco Sinagra, MD, FESC; Marco Anzini, MD; Naveen L. Pereira, MD;
Rossana Bussani, MD; Gherardo Finocchiaro, MD; Jozef Bartunek, MD, PhD;

and Marco Merlo, MD

Suspected myocarditis

Low risk
Chest pain
Supraventricular arrhythmias
Advanced AV blocks
with
Preserved LV function

(

Intermediate risk - gray zones High risk
Persistent mild-moderate LV dysfunction Decompensated heart failure
Severe LV dysfunction

Persistent regional wall motion anomalies
Persistent ECG anomalies
Presence of LGE
Frequent nonsustained ventricular arrhythmias
(without syncope)

Life-threatening arrhythmias with/without LV dysfunction

Advanced AV blocks with LV dysfunction

!

Evaluate
Complete resolution of testing
anomalies in the short term (1-6 mo)
ECG normalization
Normal regional wall motion
Stable arrhythmic profile

Yes

Evaluate
Short-term (up to 3 wk)
dinical response to optimal medical therapy

A 4

Compensated heart failure

Y

|No

Refractoriness to medical therapy
in the context of
Recent onset of the dinical syndrome
Exclusion of other specific etiologies
Absence of severe left ventricular remodeling

Y

Optima medical therapy
No | (ACH. B-b, MRB - when indicated) v

Consider healed

[

If evidence of myocarditis with NO
Up-regulation of inflammatory markers (HLA) myocarditis
Absence of viral genome (PCR analysis)

In presence of LGE Veig ’—‘—‘ NG WBI?:
despite the complete normalization 4 - - 'EVE|UZTE patient .fOF
of all aforementioned elements, T e Immunosuppression Viral immunosuppression
consider a noninvasive follow-up (6 mo) persistence -
prolonged upto 2 y ‘ Enremwmses:
consider interferon therapy

Y
y If indications persist,
consider
ICD placement
HTx/LVAD referral
Ablation referral

LVEF absolute increase of 20 percentage points/LVEF >50%

Scheduled follow-up |«— Absence of major ventricular arrhythmias at rest/during excercise test
Yes NYHA dlass I No

Mayo Clin Proc. m Seplember 2016:91(9):1254-1266 1
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Long-Term Evolution and Prognostic Stratification of Marco Anzini, MD; Marco Merlo, MD; Gastone Sabbadini, MD; Giulia Barbati, PhD;
Gherardo Finocchiaro, MD; Bruno Pinamonti, MD; Alessandro Salvi, MD;

BlOpSy-PI‘OVEIl ACtlve Myocal‘dltls Andrea Perkan, MD; Andrea Di Lenarda, MD; Rossana Bussani, MD;
Jozef Bartunek, MD, PhD; Gianfranco Sinagra, MD, FESC

Table 1. Baseline Characteristics of the Study Patients

LN |
P b2

Whole Population ~ »° HeartFailure % Arrhythmias Chest Pain
Baseline Characteristics n (n=82) ", (1=53,65%),¢  (n=20, 24%) (n=9, 11%) PValue*
Histopathology T
Lymphocytic, n (%) 82 75 (91) 49(92) 19 (95) 7(78) 0315
Eosinophilic, n (%) 82 5 (6) 3(6) 1(5) 1(11) 0616
Rheumatic, n (%) 82 1(1) 0(0) 0(0) 1(11) 0.106
Giant cell, n (%) 82 1(1) 102 0(0) 0(0) 1
1.0
084
g 064
5
§
'f “ : heart failure .
". "0
0001
0.2+
n° patients at risk
9 9 9 9 9 5 chest pain
20 20 15 1 10 7 arrhythmias
00+ 53 43 n 24 19 9 heart failure
I & % % % & & & & & &

follow-up (months)

Circulation. 2013 Nov 26;128(22):2384-94.



Fulminant Versus Acute Nonfulminant
Myocarditis in Patients With
Left Ventricular Systolic Dysfunction

= 220 patients (median age 42 years, 46.3% female) FULMINANT MYOCARDITIS:
= histologically proven acute myocarditis patients with hemodynamic compromise
= left ventricular systolic dysfunction at presentation requiring inotropes and/or mechanical circulatory support
N =220 N =220
A Log-rank p = 0.0001 B Log-rank p < 0.0001
100 A 100
= 80 A 80
g B9y 60 1
40 —h— - 0, 0, 0,
Eg 40 g3 50 ciio 0% 460 D M IRSIT
£5 7 =
TS 30 o, 28.0% E8
gﬂ 30 27.4% : g 35
gR 251 ®E 30
T & 20 e s
SE 154 2§ 20
g 10 - B =
i 10 ) o, o, o o, o,
8 5 4 89 1.8% 1.8% 1.8% 1.8% 1.8% s 4.0% 4.0% 4.0% 4.0% 4.0% 4.0%
O — L] — L] L] L] T 1 O
0 10 20 30 40 50 60
Days Follow Up (Years)
165 151 135 130 124 19 17 165 71 57 48 37 35 28 25
a5 53 52 52 52 52 52 55 36 32 26 21 18 17 14

-o- Fulminant Myocarditis - Nonfulminant Myocarditis

Ammirati E, Gentile P, Merlo M, Sinagra G, et al. JACC 2019:299 -3 1




Fulminant Versus Acute Nonfulminant
Myocarditis in Patients With
Left Ventricular Systolic Dysfunction

A N =163 (Fulminant myocarditis) N =163 (Fulminant myocarditis)
Log-rank p < 0.0001 Log-rank p < 0.0001

100 100 ~
~ 904 90 -
g 81.3% 81.3%
E 80 A g 80 1 _ 75.0%
E 10 625% £
3 |  Patients with FM have higher cardiac
=] E= .
F i mortality and HTx
S * Important role of EMB in FM patients:

histologic sub-types are related to prognosis

0 365 730 1095 . ore .
Days B and may require specific treatment, with
2 = & & L B 4 2 : : 3 GCM portending the worst outcome
120 110 104 99 96 94 93 120 57 48 40

Ammirati E, Gentile P, Merlo M, Sinagra G, et al. JACC 2019:299 -3 1
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Long-Term Evolution and Prognostic Stratification of Marco Anzini, MD; Marco Merlo, MD; Gastone Sabbadini, MD; Giulia Barbati, PhD;
Gherardo Finocchiaro, MD; Bruno Pinamonti, MD; Alessandro Salvi, MD;

BlOpSy-PI‘OVEIl ACtlve Myocal‘dltls Andrea Perkan, MD; Andrea Di Lenarda, MD; Rossana Bussani, MD;
Jozef Bartunek, MD, PhD; Gianfranco Sinagra, MD, FESC

Table 1. Baseline Characteristics of the Study Patients

Whole Population HeartFailure  o*° Arthythmias, Chest Pain
Baseline Characteristics n (n=82) (n=53, 65%) .-. (n=20, 24%) .: (n=9, 11%) PValue*
Histopathology Tennaanntt
Lymphocytic, n (%) 82 75 (1) 49(92) 19(95) 7(78) 0315
Eosinophilic, n (%) 82 5 (6) 3(6) 1(5) 1(11) 0616
Rheumatic, n (%) 82 1) 0(0) 0(0) 1(11) 0.106
Giant cell, n (%) 82 1) 102) 0(0) 0(0) 1
il ——— e S W 5 R i 50 0
— chest pain
i. . PELLE TS
l “ L2 .
- P A2 Y
" arrhythmias .
L4
g 064
H
¢
'f “ heart failure
$=0.001
021
n° patients at risk
9 9 9 9 9 5 chest pain
20 20 15 1 10 7 arrhythmias
00+ 53 43 3 24 19 9 heart failure
o 2 @ 72 % 120 144 168 192 28 200

follow-up (months) Circulation. 2013 Nov 26;128(22):2384-94.



Currentstate of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:

a position statement of the European Society

of Cardiology Working Group on Myocardial

and Pericardial Diseases

3. Arrhythmia

There are no specific recommendations for the management of ar-
rhythmia in myocarditis, and so management should be in line with
current ESC guidelines. "”~ " Sinus bradycardia, prolonged QRS
duration, increased left ventricular hypokinesis on echocardiography,
persistent or fluctuating cardiac troponin levels may precede a
Temporary pacing may be needed for
complete atrio-ventricular block.™ Indication for cardioverter ¢ defib-

life-threatening arrhythmia."

r|llator |mplantat|on (ICD) is controver5|al because myocarditis may
heal completely Br|dg|r\g bya lifevestinf pat|ents with myocarditisjand
severe ventricular arrhythmia (ventricular tachycardia or fibrillation)

could solve the transient problem."®

Recommendations

18.1CD implantation should be deferred until resolution of the
acute episode.

19. Arrhythmia management outside the acute phase should
be in line with current ESC guidelines on arrhythmia and
device implantation.

European Heart Journal (2013) 34, 26362648

2015 ESC Guidelines for the management
of patients with ventricular arrhythmias
and the prevention of sudden cardiac death

During the acute phase of myocarditis, ICD implantation should
be deferred until resolution of the acute episode. Because myocar-
iismay heal completey the ndicaion for ICD implantation andits
timing remain controversial even beyond the acute stage. Bridging

|Class‘ |Level" | Ref.
Management of ventricular arrhythmias in
inflammatory heart disease

| Recommendations

ICD implantation may be considered
arlier in patients with giant cell
yocarditis or sarcoidosis who had

haemodynamically compromising

sustained VA or aborted cardiac arrest,| llb 600

due to adverse prognosis of these

conditions, if survival >1 year with
good functional status can be
expected.

A wearable defibrillator should be
considered for bridging until full
recovery or |ICD implantation in
patients after inflammatory heart lla
diseases with residual severe LV
dysfunction and/or ventricular electrical
instability.

598,
599

AHA/ACC/HRS GUIDELINE

2017 AHA/ACC/HRS Guideline for Management
of Patients With Ventricular Arrhythmias and
the Prevention of Sudden Cardiac Death

7.5. Myocarditis

1. In patients with life-threatening VT or VF
associated with confirmed or clinically
suspected myocarditis, referral to centers
with mechanical hemodynamic support
and advanced arrhythmia management is
recommended.5>"!

C-LD

N

. In patients with giant cell myocarditis with
VF or hemodynamically unstable VT treated
according to GDMT, an ICD and/or an
antiarrhythmic medication may be considered
if meaningful survival of greater than 1 year
is expected.’7 525754

B Circulation. 2018;138:e272—-e391.

lib C-LD

b

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death

Recommendations Class® Level”

Secondary prevention of SCD and treatment of VA
In patients with haemodynamically not-tolerated
SMVT occurring in the chronic phase of
myocarditis, an ICD implantation is
recommended.’**#%
In patients with haemodynamically not-tolerated
sustained VT or VF during the acute phase of
myocarditis, ICD implantation before hospital
discharge should be considered,”®® 794506
European Heart Journal (2022) 00, 1-130

lla C




Post-discharge arrhythmic risk stratification @ ESC _
. . .. European Journal of Heart Failure (2021)
of patients with acute myocarditis and European Society  doi:10.1002/ejhf.2288

life-threatening ventricular tachyarrhythmias eiiCandiology

Europe (5 + Italy)
Paris, Hopital La Pitié Salpétriére L
& Bnt Edegem, Antwerp University Hospital, Belgium = %Lb.
@\@ & Maastricht, Cardiovascular Research Institute Maastricht | -~ T
TR B (@R Ljubljana, University Medical Centre e S & .
SRR ;" Manchester, University Hospital Of South Manchester
By &5 > S A
4
& y JAPAN (1)
z Sendai, Tohoku University Graduate School of Medicine

T Italy (8)

2] ) ) Trieste, Azienda Sanitaria Universitaria Integrata of Trieste
. Division of C Diseases, Mayo Clinic Udine, Azienda Sanitaria Universitaria Integrata di Udine

San Diego, Division of Cardiology, University of California Bologna, S. Orsola-Malpighi Hospital

Pisa, Gabriele Monasterio Foundation o
Torino, AOU Citta della Salute e della Scienza di Torino f\
Milano, De Gasperis Cardio Center, Niguarda Hospital -

Milano, Centro Cardiologico Monzino, IRCCS,
Milano, Vita Salute University and San Raﬁaele;/o_sp/ili@\)
L7

5 /

Co-ordinator center: Trieste
16 Centres (156 patients)

Gentile P, Sinagra G., et al. EJHF 2021



Post-discharge arrhythmic risk stratification @ ESC _
. . .. European Journal of Heart Failure (2021)
of patients with acute myocarditis and European Society  doi:10.1002/ejh.2288

life-threatening ventricular tachyarrhythmias pficamiology

Major arrhythmic events (MAE) in the LVEF at discharge:
F-up 51% (42-60)

SCD, n (%) il el

Aborted SCD after VTs/VF, n (%) 1017}

= 4 Interventions on VF “
Appropriate intervention of ICD, n (%) 47 (81) ~

- ATP VT 6
Time to MAE, months 8 (2.5-24)* ons

*minimum time of 8 days

Median follow-up: 23 months (IQR 7-60)
Maximum follow-up: 284 months

Gentile P, Sinagra G., et al. EJHF 2021
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Post-discharge arrhythmic risk stratification
of patients with acute myocarditis and
life-threatening ventricular tachyarrhythmias

@ESC

European Society
of Cardiology

Table 2 Univariable and multivariable analysis for baseline prediction model of major arrhythmic events at follow-up

HR (95% CI) for MAEs*

Epoch of enrolment (1995-2004 vs. 2005-2019)

Male sex
Family history of cardiomyopathy

Sustained ventricular tachycardia at presentation

LVEDV

LGE involving >2 myocardial segments at CMR

Absence of positive STIR at CMR
Cardiac sarcoidosis

0.18 (0.03-1.32)
0.38 (0.18-081)
231 (1.04-5.15)
224 (120-4.17)
1.01 (0.99-1.01)
3.56 (1.75-7.23)
1.90 (1.05-3.44)
12.95 (2.69-62.34)

0.09
0.012
0.04
0.011
0.07
<0.001
0.033
0.001

290 (1.38-6.11)

451 (239-853)
2.59 (1.40-4.79)

0.005

<0.001
0.002

Time-dependent ROC curve at 12 months

Overall population

AUC=0.80 9

Sensitivity

5% C10.71-0.89

T T T
oo 0?2 n4

1-Specificity
(a)

T T T
06 [L1:] 10

10

o))

086

04

02

00

Time-dependent ROC curve at 12 months

Lymphocytic myocarditis

AUC=0.85 95% C10.74-0.95

Sensitivity

T T
02 n4

T
06

1-Specificity
(b)

European Journal of Heart Failure (2021)
doi:10.1002/ejhf.2288

Time-dependent ROC curve at 12 menths

-

10

06

04

02

00
L

Endomyocardial biopsy population -~

AUC=0.85 95% CI0.75-0.94

04 06 08 10

1-Specificity

Gentile P, Sinagra G., et al. EJHF 2021
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Myocarditis in Clinical Practice

Gianfranco Sinagra, MD, FESC; Marco Anzini, MD; Naveen L. Pereira, MD;
Rossana Bussani, MD; Gherardo Finocchiaro, MD; Jozef Bartunek, MD, PhD;
and Marco Merlo, MD

Variable Low risk Intermediate risk High risk
d4,|0.1 I

Personal history Should always be thoroughly investigate
Flulike symptoms, insect bite (for Borrelia or Rickettsia suspicion), timing of symptoms onset, family history of
cardiomyopathy, drugs or toxic substances assumption

Electrocardiography Diffuse and saddle-shaped ST- Low voltages
segment elevation Discordance between the severity of the clinical scenario and the scarcity
I_Braq)/a?rhy_thrﬁas_or advanced AVI of electrocardiographic alterations (absence of left atrial dilation and left
I conduction defects in the ! intraventricular conduction delay)
| absence of LV dysfunction may | 'T?:ra?ya?hy_ﬂm?as;r advanced AV c_onazc%n_def?cts_inqﬁe?re?en?e of |
I be suggestive of infections by | LY dysfunction may be suggestive of sarcoidosis or giant cell
I B&rreﬂz or REke_ttsia_ o _| L myocarditis _!

Maya Clin Proc. m Seplember 2014:91(9):1254-1266 1
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Fulminant Versus Acute Nonfulminant
Myocarditis in Patients With
Left Ventricular Systolic Dysfunction

A N =163 (Fulminant myocarditis) N =163 (Fulminant myocarditis)
Log-rank p < 0.0001 Log-rank p < 0.0001

100 100 ~
~ 904 90 -
g 81.3% 81.3%
E 80 A g 80 1 _ 75.0%
E 10 625% £
3 |  Patients with FM have higher cardiac
=] E= .
F i mortality and HTx
S * Important role of EMB in FM patients:

histologic sub-types are related to prognosis

0 365 730 1095 . ore .
Days B and may require specific treatment, with
2 = & & L B 4 2 : : 3 GCM portending the worst outcome
120 110 104 99 96 94 93 120 57 48 40

Ammirati E, Gentile P, Merlo M, Sinagra G, et al. JACC 2019:299 -3 1



Eosinophilic Myocarditis Journal of the American College of Cardiology

L Volume 70, Issue 19, 7 November 2017, Pages 2363-2375
Characteristics, Treatment, and Outcomes

Michela Brambatti, MD,* Maria Vittoria Matassini, MD," Eric D. Adler, MD,* Karin Klingel, MD,*
Paolo G. Camici, MD,** Enrico Ammirati, MD, PuD*"'

s Er * 179 patients admitted to hospital with histologically proven EM.

,A,Lw,»,.‘iﬂm YT *  Arrhythmia during the acute phase: cardiac arrest: 27%

AL ~ *  44.6% of cardiac arrest took place in hypersensitivity EM during hospitalization
f “ﬂ 1 -

uy {

Qual & il fattore
eziologico?

{ { I ! )

Granulomatosi SRme
Ipersensibilita da il ipereosinofila Infezioni Altro (gravidanza,
farmaci b et (idiopatica o cancro)
poliangioite clonale)
)’—J
Prima linea Metilprednisolone e.v. ad alte dosi per i primi 3 giorni (7-14 mg/kg), seguito da 1 mg/kg/die e successivo
tapering*
In alternativa/in aggiunta Nella forma da granulomatosi eosinofila con poliangioite: ciclofosfamide e.v. 600 mg/m? al giorno 1, 15
e30  TTTTTTTTTTTTTTT
Nella forma da sindrome ipereosinofila variante mieloproliferativa: imatinib 100-400 mg/die per os per
4-28 giorni**

Nella forma da smdrome |pereosmoﬂla |d|opat|ca mepolizumab e.v. 750 mg/4 settlmane***

Pagura L, Imazio M, Merlo M, Sinagra G. GIC 2022;23(4):259-267



. : * Immunosuppression together
Management of Patients With e

Giant Cell Myoca rditis arrhythmias, have improved
the prognosis of patients with
GCM (in patients with GCM,
SIS EE oy GeN) therate  of Death or cardiac
transplantation at 1 year
without immunosuppressive
therapy was 100%).

Alemtuzumab 15 mg %2 days or 30 mg once

Alemtuzumab
15 mg x2 days or 30 mg once

ATG 100 mg daily

Cyclosporine (12th hour trough: 150-375 ng/ml)

* Immunosuppressive therapy

typically involves 2 or 3drugs—
Azathioprine 1.5-2 mg/kg/day most Commonly
corticosteroids and at least
1,and most often 2

Cyclosporine (12th hour trough: 150-375 ng/ml) additional

Mycophenolate mofetil

Tacrolimus (12th hour trough: 10-15 ng/ml in first 6 months, 5-10 ng/ml thereafter) Im munosu ppressiveagents -
azathioprine +cyclosporine or

mycophenolate + tacrolimus
and/or antithymocyte globulin
(ATG) or muromonab CD3
5 mg daily prednisone tapered ANtibody or alemtuzuma+

off if LVEF normalizes cyclosporine

Combination immunosuppression

Methylprednisolone Prednisone
IV1g/day 1mg/kg Slow taper—>

77 //// f >
3 days 10 days 1year * MCS and cardiac
transplantation have an
JACC VOL. 77, NO. 8, 2021 evolving role in the
MARCH 2, 2021:1122-34 management of patients with

GCM



The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

Immune-Related Adverse Events Associated
with Immune Checkpoint Blockade

Michael A. Postow, M.D., Robert Sidlow, M.D., and Matthew D. Hellmann, M.D.

Table 1. Immune Checkpoint—Blocking Antibodies Approved by the Food

and Drug Administration.*

Drug Target
Ipilimumab CTLA-4
Nivolumab PD-1

Pembrolizumab PD-1

Atezolizumab PD-L1
Avelumab PD-L1
Durvalumab PD-L1

Indication
Melanoma

Melanoma, non—small-cell lung cancer,
renal-cell carcinoma, hepatocellular
carcinoma, classic Hodgkin’s lympho-
ma, squamous-cell carcinoma of the
head and neck, urothelial carcinoma,
colorectal cancer with high micro-
satellite instability or mismatch-repair
deficiency

Melanoma, non—-small-cell lung cancer,
classic Hodgkin's lymphoma, squa-
mous-cell carcinoma of the head and
neck, urothelial carcinoma, gastric
cancer, solid tumors with high micro-
satellite instability or mismatch-repair
deficiency

Non-small-cell lung cancer, urothelial
carcinoma

Merkel-cell carcinoma, urothelial carcinoma

Urothelial carcinoma

Encephalitis, aseptic meningitis

Thyroiditis, hypothyroidism,

hyped Dry mouth, mucositis

Pneumonitis Rash, vitiligo

Thrombocytopenia,
anemia

Myocarditis

Hepatitis

. . Pancreatitis,
Adrenal insufficiency

Nephritis
Vasculitis

Arthralgia

Neuropathy

autoimmune diabetes

-

Figure 1. Organs Affected by Immune Checkpoint Blockade.

N ENGL ] MED JANUARY 11, 2018



Cardiac Toxicity of Immune Checkpoint

Inhibitors

Cardio-Oncology Meets Immunology

Circulation

Gilda Varricchi, MD, PhD

Maria Rosaria Galdiero,
MD, PhD

Carlo G. Tocchetti, MD, PhD

— men L1

NS

o JAA

- & a-r clm :
/\/:f \ Q B7 CTLA-4 = @
14
v

APC Inhibited T cell Juitiox
proliferation
B ° ®
~ P 3
a | & °
Q J\S(mne_ter
\_- A\ B N
% T \
/,/‘; === j — Y
& B7 CD28 8 PD-L1 e
/"’\\ el T e
SN N, G
v 9 47T P 2N \
= il A
Pembrolizumab  Avelumab
Durvalumab
APC Activated T cell Killing of

tumor cells

Activated T cell

@) TCR
Ipilimumab x{
#» CTLA - .y

Injured Cardiomyocytes

Circulation. 2017

L’'Incidenza di miocarditi da immune checkpoint inhibitor (ICI) & stata riportato
dello 0.06-1.33% tra i pz in terapia con tali farmaci.



JAMA Oncology | Original Investigation

Fatal Toxic Effects Associated With Immune
Checkpoint Inhibitors
A Systematic Review and Meta-analysis

Figure 2. Time to Symptom Onset of Fatal Toxic Effects by ICl Regimen

Asymptomatic, %

No. at risk
Ipilimumab
Antl-PD-1
Combination

100

804

— |pilimumab
Antl-PD-1
Combination
: Median time to onset 1
| Ipilimumab: 40 days 1
I Ant-PD-1:40days |
l Combination: 14.5 days g
T T T T T =
0 100 200 300 400 500 600
Days
15 2 0 0 0 0 0
34 11 5 2 2 2 ]
6 0 0 0 0 0 0

JAMA Oncology September 13,2018

Pneumonitis
Hepatitis
Hypophysitis
Neurologic
Adrenal

Myositis 39,7%

‘ Myocarditis
Hematologic

Nephritis

JAMA Oncology

Cases and fatality rates

Colitist

1

1500 IOTU 0 560 I 25
Number of irAEs Reported Fatality Rate, %

To determine the risk of fatality associated with particu-

lar toxic effects, we assessed fatality rates for different classes

of toxic effects (Figure 1C). Myocarditis appeared to present the

highest risk of death, with 52 (39.7%) deaths among 131 cases.
Pneumonitis, hepatitis, myositis, nephritis, neurologic, and he-
matologic toxic effects all had fatalities in 10% to 17% of re-
ported cases. Hypophysitis, adrenal insufficiency, and colitis
had the lowest reported fatality rates (2%, 3.7%, and 5%,
respectively).

50



Myocarditis in Patients Treated With
Immune Checkpoint Inhibitors

JACC

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

Nearly one-half of all myocarditis cases

(46%) experienced a MACE:
TABLE 3 Comparison of Myocarditis Cases With and Without MACE
No MACE MACE
(n=19) (n=16) p Value

Age at start of ICI, yrs 66.0 + 132 63.0 £ 13.6 0.44 Causes of death included

Female 6 (32.0) 4 (25.0) 0.72 - 2 sudden deaths;

ICI to onset of myocarditis 57 (6-235) 31 (4-151) 0.135 _ 2 documented Ventricular

Number of ICI doses 52+ 8 343 0.40 .

CV risk factors arrhythmlaS;
Current or prior smoking 7 (37.0) 8 (50.0) 0.51 - 20of progressive cardiogenic shock.
Hypertension 14 (74.0) 1 (69.0) 1.00
Diabetes mellitus 7 (37.0) 5H(31:0) 1.00

Single agent vs. combined Of the 16 MACE, 6 (38%) occurred in patients
Combination (current regiment) 9 (47.0) 3(19.0) 0.08 With a normal LVEF
Monotherapy (current regiment) 10 (53.0) 13 (81.0)

Type of combined ICI
Ipilimumab + Nivolumab 6 (32.0) 3(19.0) 0.46 As compared with non-MACE myocarditis
Ipilimumab + Pembrolizumab 1(5.3) 0 (0.0) 1.00 cases, those who experienced a MACE had a
Tremelimumab + Avelumad 63 000 100 higher admission, peak, and discharge/final
Tremelimumab + Durvalumab 1(5.3) 0 (0.0) 1.00 .

Type of monotherapy ICI troponin T value.
Pembrolizumab 9 (47.0) 2 (13.0) 0.035
il i i s Steroids were initial treatment of myocarditis
Ipilimumab 1(53) 1(63) 1.00 ) . . e .
SN 6 (6,63 ) s in 31 (89%) cases. A higher initial steroid dose
Atezolizumab 0 (0.0) 2(13.0) 0.20 was associated with lower rate of MACE
Avelumab 0 (0.0) 0 (0.0 -
Durvalumab 0 (0.0) 0(0.0) -

Mahmood, S.S. et al. J Am Coll Cardiol. 2018;71(16):1755-64.
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SaR GANATRA," Towas G. NEAN®*

Burlington, Massachusetts, USA:
Program,

o

The Oncologist 2018;23:1-8

Unstable Patient

‘New cardiovascular symptoms while on
ICl or with histary of ICl therapy

Consider differential diagnosis and
appropriate work-up for

*  [Cl-associated myocarditis

« Vil myocarditis

*  Pneumonitis

®  Acute coronary syndrome

% ,

Stable Patient

and ECG immediatel

Normal troponin and no
arrhythmia or conduction
abnormality on ECG

|

Outpatient echocardiogram and
NT-proBNP

Iftest results are normal
but symptoms persist

If echocardiogram or NT-proBNP is abrormal

|

Elevated troponin and/or arrhythmia
or conduction abn

Consider broad differential
diagnosis:

*  Acute coronary syndrome
+  Other causes of HF and
arrhythmia

Re-check troponin and ECG in 3-5 days

Consider CMR if high suspicion for
myocarditls

\

All tests are normal

Continue IC| therapy

Discontinue
Immunosuppressive
therapy

If any of the tests are ‘Admit the patient for further work-up and management
abnormal
*  HoldCl theray
*  Start high dose steroid (methylprednisclone 1 gm/day)
*  Echocardiogram
»  Obtain CMR (If patient is stable enough te undergo the test)
*  Consider EMB if needed and feasible
*  ATG or IVIg and plasma exchange for unstable patient
*  Consider therapy If high grade on
EMB or failure to respond with steroids:
Infliximab (if n henolate mofetil, tacrolimus

¢ Clinical Improvement

Closely monitor for
1month for
recurrence of
cardiotoxicity

Complete Recovery

Transition to oral steroids and taper slowly
Consider steroid-sparing immunosuppressive agents

Continue treatment until resolution of symp nd of L
abnormality

If no recurrence of myacarditis for a month
and ICI therapy needs to be restarted

Consider high thance of recurrence
Monotherapy with anti-PD-1 agent may

have lower risk*

l Incomplete Recovery

\void restal
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*  ICl-associated myocarditis ardiology, |W Massachusetts, US

New cardiovascular symptoms while on Unstable Patient

¢ Viral myocarditis IC1 or with history of ICI therapy

. Pneumonitis

®  Acute coronary syndrome

. Other causes of HF includil Stable Patient
cardiotoxicity from previous
cancer therapy

®  Cardiac sarcoidosis [

Detailed history, check troponin, and ECG immediately ]

[

Normal troponin and no Elevated troponin and/or arrhythmia

arrhythmia or conduction or conduction abnormality on ECG
abnormality on ECG

\L Consider broad differential
diagnosis:

Outpatient echocardiogram and

NT-proBNP e Acute coronary syndrome

1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
I ®  Other causes of HF and
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
|
1
1
1

arrhythmia
If test results are normal
but symptoms persist If echocardiogram or NT-proBNP is abnormal

¥

Re-check troponin and ECG in 3-5 days If any of the tests are Admit the patient for further work-up and management
abnormal
Consider CMR if high suspicion for *  Hold ICI therapy

myocarditis s Urgent cardiology/cardio-oncology consult

|

e Start high dose steroid (methylprednisolone 1 gm/day)
. Echocardiogram
e  Obtain CMR (If patient is stable enough to undergo the test)
*  Consider EMB if needed and feasible
Continue ICI therapy e ATGor IVIg and plasma exchange for unstable patient
e Consider alternative immunosuppressive therapy if high grade myocarditis on
EMB or failure to respond with steroids:
o fliximab (if no HF), henolate mofetil,

All tests are normal

i for HF/¢
e Ifunstable, consider heart fail to discuss support

. Discontinue

-____inmmpwuiassne_______________________’v.m.,.mmm_________

. Close!v*vr:nnltvr for Complete Recovery «  Transition to oral steroids and taper slowly i
The Oncologist 2018;23:1-8
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|
. Start high dose steroid (methylprednisolone 1 gm/day)
. Echocardiogram
*  Obtain CMR (If patient is stable enough to undergo the test)
N . Consider EMB if needed and feasible
Continue ICI therapy e ATGorIVigand pl hange for patient
e  Consider alternative immunosuppressive therapy if high grade myocarditis on
EMB or failure to respond with steroids:

o Infliximab (if no HF), mycophenolate mofetil, tacrolimus
e Appropriate treatment for HF/cardiomyopathy
e  If unstable, consider heart failure consult to discuss mechanical support

All tests are normal

Wi

S -
: . Discontinue :
1 ImmancsupRLessive \L Clinical Improvement 1
1 therapy = 1
1 | ¢ Closely monitor for Complete Recovery e Transition to oral steroids and taper slowly 1
1 1 month for e Consider steroid-sparing immunosuppressive agents ‘l
: recurrence'oi *  Continue treatment until resolution of symptoms and normalization of LVEF/troponin/conduction :
i cardiotoxicity abnormality 1
1 1
1 If no recurrence of myocarditis for a month Incomplete Recovery 1
and ICl therapy needs to be restarte:
1 d ICI th eds to b d N 1
I - - Avoid restarting ICl therapy 1
I + Consider high chance of recurrence 1
I«  Monotherapy with anti-PD-1 agent may 1
I have lower risk* 1
: - Very close monitoring for cardiotoxicity :
Ny —————

The Oncologist 2018;23:1-8



Myocarditis evolv'ing in cardiomyopathy: when European Heart Journal Supplements 2019;21:B90-B95
genetics and offending causes work together

Antonio Cannata’, Jessica Artico, Piero Gentile, Marco Merlo, and
Gianfranco Sinagra

MYOCARDITS

Resolution
e (with possible persistent fibrosis at
—— 7 Cardiac Magnetic Resonance)
|

J
Immune system
activation y

Virus-host

Post-myocarditis DCM

Environmental factors

Specific genotypes



Artico, Merlo, Cannata’, Gentile et al. JACC 2020;75:3098-3099

Lymphocytic
Myocarditis
A Genetically Predisposed Disease?
Patients with biopsy-
proven myocarditis, heart
failure at admission and
positive genetic testing

36 patients with biopsy
proven myocarditis

Left Ventricular Ejection Fraction

Normalization

60% -
Carriers % 56% p =0.035
Nl:.funlmg\;nw mutation At admission V 50% 4
= 46215 f
— | st yemsotace
Fam Hi f DCM 8%
v L:':'F 3?;'1‘;‘;:‘ . 40% A
Troponin | 51 £ 173 pg/fl*
CRP 39 + 60 mg/lt
BMP 1,552 + 2,786 pgfmii 30% .
20% 4 18%
o4 45% 5
Median duration of sym|?ton'.ns at the time of 0% T
endomyocardial biopsy Noncarriers Carriers

2 months (interguartile range: 1-4 months)
Median Follow-Up
71 Months (Interquartile Range: 23-168 Months)



Acute Myocarditis Associated With Ammirati E, Gentile et al. JACC HF. 2022

Desmosomal Gene Variants

97 patients with Acute Myocarditis (Th+ and CMR/EMB)
36 with AM and DGV+

25 with AM and DGV-

36 with AM without genetics testing

A 100+ B 100+
Log-rank p<0.0001 Log-rank p<0.0001
N=97 acute myocarditis (AM) N=97 acute myocarditis (AM)
901 901 Higher Burden of LGE+ Segments
s on Follow-Up CMRI
£ go] DGV(+)vs. DGV(-) p=0.004 go] DGV(+) vs. DGV(-) p=0.009 ¥
9 DGV(+) vs. w/o genetics p<0.0001 DGV(+) vs. w/o genetics p<0.0001 P =0.0001
é 7 DGV(-) vs. w/o genetics p=0.12 70 DGV(-) vs. w/o genetics p=0.26 ety 007' .
3 «®= DGV(+) AM < ] = DGV(+) AM = U.
g 62.3% % i -%g - — P = 0.0001
g o ’ g - 14 4
g 5 x 134 ®
S s € 501 S 124
K
5 3 S 101
£ 4 § 4 £ 9]
< s 5 8.
= 30- = 30 E 7-
; ] 3‘ 6
£ 3 is, B
3 ol s%  17.5% 20 : : : : 3 . 3
3 i P 5 i -
: DGV(-) AM | 130% _ Gade _13A%. 13.4% S 3. ]
¢ i ] | : DGV(-) AM : 2 <
. : ' 53% 53% _ 53% 10 : 5.3% 53%  53% i I :
) 2 '1 <@ AM:wl/o Genetics : 0% l «@= AM wlo Genetics: 0 T T T
T ' g T T | ® T T v = o 2
0 365 730 1095 1460 1825 0 365 730 1095 1460 1825 [l)\IGY 55) [l)“G‘_I 53) W/ONGfggtICS
Days Days = i a
DGV(+)AM 36 23 16 13 11 8 DGV(+)AM 36 25 18 14 12 9 Last Follow Up
DGV()AM 25 20 12 8 5 4 DGV(-)AM 25 20 12 8 5 4

AM w/o Genetics 36 29 26 18 16 10 AMw/o Genetics 36 29 26 18 16 10



Take home messages

Esistenza di diversi scenari clinici con associate prognosi differenti

Importanza del dato istologico in specifici sottogruppi di pazienti con sospetta miocardite (es
miocardite eosinofila e gigantocellulare)

Non affidarsi alla FEVS nella definizione del rischio aritmico alla dimissione di paziente con miocardite
ed esordio aritmico maggiore

L’'Incidenza di miocarditi da immune checkpoint inhibitor (ICl) & stata riportato dello 0.06-1.33% tra i
pz in terapia con tali farmaci. Prevalenza maggiore in pz con terapia combinata. Esordiscono in genere
dopo 34 gg - 3 mesi dall’inizio della terapia con un 46% di MACE (maggior rischio chi ha alti valori di
Tn). Trattamento con interruzione di terapia e cortisone.

Pensare alla genetica nei pazienti con particolare presentazione clinica

Testare e confermare le nostre ipotesi...



MYTHS TRIAL
MYocarditis THerapy with Steroids

Study duration: 3 years Study Start: Oct. 2021 Follow up: 6 months

Single blind, randomized controlled, multicenter, international,
phase lll trial — Coordinating center: Niguarda hospital, Milan, ITALY

PI: Dr. Enrico Ammirati
o o Suspected AM complicated by acute
Oy
®

HF/cardiogenic shock (LVEF<41% &
LVEDD <56 mm on echo)

- MN
Control arm (n=144)
(placebo)

Intervention arm (n=144)
(i.v. methylprednisolone 1g x 3d)

Primary endpoint:

To demonstrate a reduction in the rate of all-cause death,
HTx, LVAD implant, need for upgrading t-MCS, VA treated
with DC shock, hospitalization due to HF, VA, AVB

Clinicaltrials.gov: NCT05150704
Funded by the Italian Ministry of Health (GR-2019-12368506)

USJPEU MYTHS TRIAL — INVESTIGATOR DRIVEN
PRAGMATIC INTERNATIONAL TRIAL 3 continents, 10 nations

CENTERS
that are active
15
=
CENTERS
with IRB approval
4

CENTERS
sent protocol to IRB
10

CENTERS
expressed interest
17

TOTAL
46

uUs EU JP
CALIFORNIA - UCSD (1) ITALY (18) CZECH REP (1) JAPAN (2)
TEXAS (2) SPAIN (8) FRANCE (1)
VIRGINIA (2) BELGIUM (3) N
COLORADO (1) SWEDEN (3) FINLAND (1)
NY (2) DENMARK (1)
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Myocarditis in Patients Treated With
Immune Checkpoint Inhibitors

JACC

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

TABLE 2 Baseline Cancer Demographics
Myocarditis Control
(n =35) (n = 105) p Value .

Single agent vs. combined Com pared Wlth ContrOIS;
Combination (ever received) 12 (34.3) 10 (9.5) <0.001 myoca rdItIS cases were
Combination (current regiment) 12 (34.3) 2(1.9) <0.001 .

Monotherapy (current regiment) 23 (65.7) 103 (96.0) more I|ke|y to have

Combined ICI . . .
Ipilimumab (anti-CTLA4) + nivolumab 9 (26.0) 9 (8.6) 0.02 recelved Comblnatlon

(anti-PD1) ICI
Ipilimumab (anti-CTLA4) + pembrolizumab 1(2.9) 0 (0.0) 0.25 :
(anti-PD1)
Tremelimumab (anti-CTLA4) + avelumab 1(2.9) 0 (0.0) 0.25
(anti-PDL1)
Tremelimumab (anti-CTLA4) + durvalumab 1Q.9) 1(1.0) 0.44
(anti-PDL1)

Current monotherapy ICIt
Pembrolizumab (anti-PD1) 11 (31.0) 41 (39.0) 0.54 Of the Combination
Nivolumab (anti-PD1) 7 (20.0) 53 (51.0) 0.002
Ipilimumab (anti-CTLA4) 25.7) 9(8.6) 073 therapies at the time of
Tremelimumab (anti-CTLA4) 1(2.9) 0 (0.0) 0.25 t t. t.
Atezolizumab (anti-PDL1) 2(5.7) 0 (0.0) 0.06 presen a |0n, an 1
Avelumab (anti-PDL1) 0 (0.0) 0 (0.0) - Cytotox|c T_Iym phocyte_
Durvalumab (anti-PDL1) 0 (0.0) 0 (0.0) — . .

Overall types of ICI

associated rotein 4

Any anti-PD1 28 (80.0) 102 (97.0) 0.002 H H H

Any anti-CTLA4 18 (51.0) 29 (27.0) 0.01 (antl CTLA4) Wlth antl

Any anti-PDL1 401.0) 2(20) 0.03 programmed cell death

Pembrolizumab 16 (46.0) 49 (47.0) 1.00 . .

Nivolumab 16 (46.0) 60 (57.0) 0.25 protein 1 (a ntl'PD]-) was

Ipiliml{mab 15 (43.0) 28 (27.0) 0.09 the most frequent in

Atezolizumab 2i(5:7) 1(1.0) 0.15

Avelumab 1(2.9) 0 (0.0 0.25 cases.

Durvalumab 1(2.9) 1(1.0) 0.44

Tremelimumab 3(86) 1(1.0) 0.048 Mahmood, S.S. et al. J Am Coll Cardiol. 2018;71(16):1755-64.
Days of follow-up 209 + 300 281 + 286 0.69




Myocarditis in Patients Treated With
Immune Checkpoint Inhibitors

JACC

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

TABLE 3 Comparison of Myocarditis Cases With and Without MACE TABLE 3 Comparison of Myocarditis Cases With and Without MACE
No MACE MACE No MACE MACE
(n=19) (n =16) p Value (n=19) (n =16) p Value
Myocarditis presentation BNP or NT-proBNP 12 (63.0) 11 (69.0) 1.00
Chest pain 7 (37.0) 5(31.0) 1.00 Serum sodium (admission), meg/L 137.0 +£ 3.9 135.0 + 4.1 0.144
Shortness of breath 11 (58.0) 14 (88.0) 0.07 Serum creatinine (admission), mg/dl 1.1(0.5-2.6) 1.1(0.5-3.9) 0.84
Orthopnea 3(16.0) 7 (44.0) 0.13 White cell count (admission), cells/ml? 8.4 (4.4-14.5) 11.6 (3.1-35.7) 0.133
Paroxysmal nocturnal dyspnea 3 (16.0) 3(19.0) 1.00 Hemoglobin (admission), g/dl 12.0 £ 1.9 12.8 £ 29 0.31
Fatigue 4 (21.0) 6 (38.0) 0.45 Number of patient on steroids before 4 (21.0) 3(19.0) 1.00
ECG, myocarditis admission myocarditis
Sinus rhythm 17 (90.0) 10 (63.0) 010 {nitial steroid dose, mg 160.0 (0.0-1,000.0) 72.5 (0.0-1,000.0) 0.055
QRS interval, ms 102 419 103 £ 20 0.83 Initial steroid dose/body weight, (mg/kg)  2.06 (0.00-20.20) 0.84 (0.00-14.40) 0.041
OTEIEVALTE 457 428 457 + 44 0.98 Time gg:isgg:;?;lj rt1o steroid 183+ 12.8 22 S 0.2
Echocardiography, myocarditis admission
New LVEF, % 49 +17 41 +£18 0.25
Change in LVEF from baseline 16 £ 16 19+ 0.66 of the 16 MACE, 6 (38%) occurred in patients
Left ventricular internal dimensions in 49 + 6 47 £14 0.41 .
diastole, mm with a normal LVEF
Pericardial effusion 5 (26.0) 17.7) 0.19
Late gadolinium enhancement on a
cardiac magnetic resonance studyt As compared with non-MACE myocarditis
None 6 (33.0) 2(15.0) 0.41 .
— 3(16.0) 3230) 100 cases, those who experienced a MACE had a
Mk el e a0 ocs higher admission, peak, and discharge/final
Diffuse 5(26.0) 4 (31.0) 1.00 .
Elevated troponin 17 (90.0) 16 (100.0) 0.48 troponin T value.
Troponin T, ng/ml#
Admission 0.54 (0.01-1.55) 118 (0.19-5.90)  0.01 . L. ..
PeaR 133(0.0135)  268(024-763) 001 Steroids were initial treatment of myocarditis
Final/discharge 0.14 (0.01-1.55) 1.45 (0.03-6.41)  0.002

in 31 (89%) cases. A higher initial steroid dose
was associated with lower rate of MACE

Mahmood, S.5. et al. J Am Coll Cardiol. 2018;71(16):1755-64.
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FIGURE 1 Clinical Presentation of Patients With ICI-Associated Myocarditis

A

Time from Start of Immune Checkpoint C Treganin

Inhibitor to Clinical Myocarditis
Median time: 34 days
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What are the predictors of outcome?
Pre-ICI LVEF
Cardiac troponin

Electrical conduction abnormality

Elevated cTn and presence of Comliuk tio Buibias Rl 06 o Gu i Ghi bl ke M il mee
outcomes/MACE.

Retrospective data from the registry does not show any correlation between
baseline LVEF and MACE.

Higher level of cTn is shown to be associated with MACE, heart failure, and
arrhythmia.

Electrical conduction abnormalities may suggest underlying severe myocarditis
and has been reportedly associated with fulminant outcomes.

How to treat?

Corticosteroids

Immunosuppressive therapy

There are no prospective studies evaluating various treatment regimens but
several clinical experience-based algorithms provide detailed practical guidance
for management. Cessation of ICI therapy and immunosuppression are the cor-
nerstones of treatment.

High-dose corticosteroids (1,000 mg methylprednisolone/day for first 3 days
followed by oral prednisone 1 mg/kg) is usually the first line of therapy in the
acute phase.

For unstable patients: ATG or IVIg and plasma exchange need to be considered.
For stable patients: Tacrolimus or mycophenolate mofetil or infliximab may be
considered for patients with evidence of high-grade myocarditis on biopsy or for
those who fail to respond to corticosteroid therapy or as a steroid-sparing agent.
Note: Infliximab in contraindicated in presence of moderate to severe HF.

Is it safe to restart IC| after myocarditis?

Which agent to use if there is a
need to restart immunotherapy?

There may be a risk of recurrence. There are no prospective data to guide this
complex decision, which needs to be individualized with multidisciplinary
discussion considering the cancer status, response to immunotherapy,
availability of alternative effective therapy, severity of cardiotoxicity, regression
of toxicity with immunosuppressive therapy, and patient preference after
weighing risks and benefits.

Retrospective study has observed lower incidence of cardiotoxicity with anti-PD-
1 monotherapy. Another retrospective study also shows the safety of anti-PD-1
therapy in patients who needed to restart ICl therapy after discontinuation of
anti-CTLA-4 agent secondary to irAE requiring immunosuppression. It is unclear
what to do if original cardiotoxicity was noted with anti-PD-1 agent.

The Oncologist 2018;23:1-8



