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 Homme 71 ans

* HTA, SAOS

e Mélanome stade IV

e Anti-PDL-1 (atezolizumab) + Anti-Mek

(cobimetinib)

e Puis Anti-CTLA-4 (ipilimumab) 2 injections
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* cTnT=35 ng/L
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e MINOCA
* Double anti-agrégation plaquettaire

* Autorisation 2€ injection Anti-PDL-1
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¥ Cancer immunotherapies
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Immune Checkpoint Inhibitors (ICls) Bispecific T Cell Engager (TCE)

against tumor

\ T Cell activation /
" T

Tumor-infiltrating Chimeric Antigen Receptor T
Lymphocytes (TIL) Cell (CAR-T) Therapy
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point Inhibitors

Improved outcome in many cancers

Anti-PD1

* Nivolumab

* Pembrolizumab
* Cemiplimab
Anti-PDL1

* Avelumab

e Atezolizumab
e Durvalumab
Anti-CTLA4

e Ipilimumab

* Tremelimumab

Sqi Cell Head & Neck Cancer
2L after platinum chemo: nivolumab or
pembrolizumab

1L with platinum chemo- pembrolizumab

Malignant Melanoma

Adjuvant ipilimumab, nivolumab, or
pembrolizumab

1L ipilimumab, nivolumab, or pembrolizumab
1L combistion Rivolwnab +ipll &

Merkel Cell Carcinoma

2L avelumab or pembrolizumab

Cut Sq Cell Carcinoma
1L cemiplimab

Hepatocellular Carcinoma
2L nivolumab or pembrolizumab after
sorafenib

Adv. Renal Cell Carcinoma

L b plus ipili b
2L nivolumab after anti-angiogenic therapy

MSI-H or dMMR Cancers
N 2L nivolumab in CRC

2L nivolumab plus ipilimumab in CRC
2L pembrolizumab in any MSI-H/dMMR cancer

Cervical Cancer
2L pembrolizumab CPS21

P

Small Cell Lung Cancer
1L with chemo: Atezolizumab

2L after platinum chemo: nivolumab
Non-Small Cell Lung Cancer
Unresectable Stage Ill- durvalumab after chemoradiation
1L pembrolizumab TPS250%
1L non-squamous NSCLC

+ pembrolizumab + pemetrexed & platinum

+ atezolizumab + bevacizumab, paclitaxel & carboplatin
1L squamous NSCLC

+ pembrolizumab + carboplatin & (nab-)paclitaxel in
2L pembrolizumab TPS21%
2L atezolizumab or nivolumab

_—Triple-Negative Breast Cancer

1L atezolizumab + paclitaxel protein-bound PD-L121%

Gastric & GEJ Carcinoma

2| dMMR or MSI-H: gastric and GEJ

2L pembroli b CPS210: k | & GEJ
3L pembrolizumab CPS21: gastric

Classical Hodkin Lymphoma
Post-transplant (Auto or Allo) and 2L in
Transplant-ineligible: pembrolizumab
PMBCL

R/R (3L) pembrolizumab

Locally Adv. or Met. Urothelial Cancer
1L pembrolizumab, atezolizumab
1L/2L after platinum salt:

+ Pembrolizumab, atezolizumab, avelumab, durvalumab,

or nivolumab

FDA-approved immune checkpoint inhibitors (copyright owned by Raju Vaddepally, et al.).
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Immune-related adverse events (irAEs)
~70%

Encephalopathy,
aseptic meningitis
paresthesia, weakness

Thyroiditis M

Al
Pneumonitis dLa
s

Acute interstitial nephritis

Acute tubular necrosis

Minimal change disease
Necrotizing GN, FSGS, C3GN, MN

Hepatitis '
Myosiﬁ‘s\

Inflammatory

arthritis ‘h'

Hypophysis

’ Sicca syndrome

Myocarditis

Diarrhea, colitis
2 perforation,
: megacolon

Vasculitis

—e

Herrmann SM. Kidney International Reports 2020 51139-1148



T-cell immune response
against cancer
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IFNy, TNFy

Activated

T-cell
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Tumor survival

Activated
T-cell
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The NEW ENGLAND JOURNAL of MEDICINE

‘ BRIEF REPORT

Fulminant Myocarditis with Combination
Immune Checkpoint Blockade

Douglas B. Johnson, M.D., Justin M. Balko, Pharm.D., Ph.D.,
Margaret L. Compton, M.D., Spyridon Chalkias, M.D., Joshua Gorham, B.A.,
Yaomin Xu, Ph.D., Mellissa Hicks, Ph.D., Igor Puzanov, M.D.,
Matthew R. Alexander, M.D., Ph.D., Tyler L. Bloomer, M.D.,

Jason R. Becker, M.D., David A. Slosky, M.D., Elizabeth J. Phillips, M.D.,
Mark A. Pilkinton, M.D., Ph.D., Laura Craig-Owens, M.D., Nina Kola, M.D.,
Gregory Plautz, M.D., Daniel S. Reshef, M.D., M.P.H., Ph.D.,
Jonathan S. Deutsch, M.D., Raquel P. Deering, Ph.D.,

Benjamin A. Olenchock, M.D., Ph.D., Andrew H. Lichtman, M.D.,

Dan M. Roden, M.D., Christine E. Seidman, M.D., Igor J. Koralnik, M.D.,
Jonathan G. Seidman, Ph.D., Robert D. Hoffman, M.D., Ph.D.,

Janis M. Taube, M.D., Luis A. Diaz, Jr., M.D., Robert A. Anders, M.D.,
Jeffrey A. Sosman, M.D., and Javid J. Moslehi, M.D.

y, Canadian Journal
QD CJ of Cardiology

Acute Coronary Syndrome With Immune Checkpoint
Inhibitors: A Proof-of-Concept Case and Pharmacovigilance
Analysis of a Life-Threatening Adverse Event
Jennifer Cautela, MD,*" Franck Rouby, MD," Joe-Elie Salem, MD, PhD,°
Joachim Alexandre, MD, PhD,f’g’h Ugo Scemama, MD,! Charles Dolladille, MD,f’g’h
Ariel Cohen, MD, PhD,’ Franck Paganelli, MD, PhD,*“ Stéphane Ederhy, MD, and
Franck Thuny, MD, PhD*b¢

JACC

Cardiovascular
Imaging

Takotsubo-Like Syndrome in
Cancer Patients Treated With
Immune Checkpoint Inhibitors

Stephane Ederhy, MD,*® Jennifer Cautela, MD,“%¢ Yann Ancedy, MD,* Marion Escudier, MD,%%¢
Franck Thuny, MD, PuD,%%¢ Ariel Cohen, MD, PuD*"
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Pharmacovigilance data

y

ACS, stroke, vasculitis

Dyslipidemia

Reaction

Dyslipidemia

Myocarditis

Pericardial diseases
Heart Failure

Cerebral arterial ischemia

Myocardial infarction

Cardiac death or shock

Hypertension

Endocardial disorders

Venous thromboembolic events
Cardiac supra-ventricular arrhythmias
Cardiac ventricular arrhythmias
Torsade de pointes / QT prolongation

Pulmonary hypertension and rel. card. inv.

Cardiac valve disorders
Cardiac conductive disorders

n/N ICI n/Nctrl  Peto OR (95%Cl) N stud/I2

39/2,047 3.68 (1.89-7.19) 4/0% [

14/5,366  1/4,089  4.42 (1.56-12.50) 12/0% °

71/9,263 22/6,873 2.16 (1.42-3.29) 24/0% o
89/11,714 29/8,088  1.98 (1.36-2.88) 32/0% @
98/12,336  41/8,703  1.56 (1.10-2.20) 33/0% @
70/12,698 31/8,880 1.51 (1.01-2.26) 31/0% KA
67/11,943 29/8,122  1.48 (0.98-2.25) 30/0% Ea
498/9,479 295/6,212 1.23 (0.87-1.73) 23/73% ®

5/2,880 0/1,619  4.93 (0.78-31.29) 5/0%
246/13,965 172/9,757 0.97 (0.75-1.26) 39/28% l
98/13,028 65/8,860 0.86 (0.57-1.28) 34/24%

6/3,368 2/2,176  1.75(0.37-8.31) 8/13% °

3/1,720 1/1,091  1.66 (0.16-17.26) 4/23%

2/2,710 5/1,696  0.26 (0.05-1.23) 6/3% ©

1/1,769 2/1,363  0.37 (0.02-7.64) 3/141%

3/3,832 5/2,427  0.36 (0.08-1.51) 8/0% C

o1 05 1 2 10

»

Worst w/ctrl  Worst w/ICI

Salem JE, at al. Lancet Oncol 2018;19:1579-1589
Ederhy S, et al. Eur J Heart Fail 2019;21:945-947

Dolladille C, et al. Eur Heart J 2021:49;4964-4977
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Pharmacovigilance data

Reaction n/NICI n/Nctrl  Peto OR (95%Cl) N stud/l2

Myocarditis 14/5,366  1/4,089  4.42 (1.56-12.50) 12/0% e
1 Pericardial diseases 71/9,263 22/6,873 2.16 (1.42-3.29) 24/0% o

Heart Failure 89/11,714 29/8,088 1.98 (1.36-2.88) 32/0% @

Cerebral arterial ischemia 98/12,336 41/8,703  1.56 (1.10-2.20) 33/0% @

Myocardial infarction 70/12,698 31/8,880 1.51 (1.01-2.26) 31/0% K2

Cardiac death or shock 67/11,943 29/8,122 1.48 (0.98-2.25) 30/0% KAt

Hypertension 498/9,479 295/6,212 1.23 (0.87-1.73) 23/73% 1*

Endocardial disorders 5/2,880 0/1,619  4.93(0.78-31.29) 5/0%

Venous thromboembolic events 246/13,965 172/9,757 0.97 (0.75-1.26) 39/28% l

Cardiac supra-ventricular arrhythmias 98/13,028 65/8,860 0.86 (0.57-1.28) 34/24%

Cardiac ventricular arrhythmias 6/3,368 2/2,176  1.75(0.37-8.31) 8/13% .

Torsade de pointes / QT prolongation 3/1,720 1/1,091 1.66 (0.16-17.26) 4/23%

Pulmonary hypertension and rel. card. inv.  2/2,710 5/1,696  0.26 (0.05-1.23) 6/3% L

Cardiac valve disorders 1/1,769 2/1,363  0.37 (0.02-7.64) 3/41%

Cardiac conductive disorders 3/3,832 5/2,427  0.36 (0.08-1.51) 8/0% hd

0.1‘ 0.5 1 2 JO

»

Worst w/ctrl  Worst w/ICI

ACS, stroke, vasculitis

Dyslipidemia

Salem JE, at al. Lancet Oncol 2018;19:1579-1589
Ederhy S, et al. Eur J Heart Fail 2019;21:945-947

Dolladille C, et al. Eur Heart J 2021:49;4964-4977
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Total No. of patients with
suspected MACE

Excluded (because of confounding

Included (verified by two independent
adjudicators and no confounding factors
present; n = 40)

Trials’ pooled analysis

All MACEs = 0.6%
(Myocarditis = 0.26%)

» Single-agent anti-PD(L)1: 0.47%

» anti-PD(L)1 + anti-CTLA-4: 0.90%

» anti-PD(L)1 + targeted therapy: 2.1%
» anti-PD(L)1 + chemotherapy: 0.83%

All MACEs

Non

myocarditis

MACE

Myocarditis

Cardiomyopathy

Definite (n =4)
Probable (n=7)
Possible (n=7)

Cardiac arrest
(n=1)

. 28 (IQR 18-83) days

—J——— 24 (IQR 17-86) days
—J—— 35 (1QR 19-80) days

200

Time to MACE Since ICI-based Therapy

Initiation (days)

Nagash AR. J Clin Oncol 2022 doi: 10.1200/JC0.22.00369.
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Trials’ pooled analysis

All MACEs = 0.6%
(Myocarditis = 0.26%)

O oaAe Bl e ot pytounine » Single-agent anti-PD(L)1: 0.47%

| > anti-PD(L)1 + anti-CTLA-4: 0.90%
» anti-PD(L)1 + targeted therapy: 2.1%
» anti-PD(L)1 + chemotherapy: 0.83%

Anlvaces (—jiIIIN . 28 (IQR 18-83) days
Non
Included (verified by two independent myocarditis I—-—I 24 (lQR 17‘86) dayS
adjudicators and no confounding factors MACE
present; n = 40)
| Myocarditis | —JJJJi—— 35 (IQR 19-80) days
Dysrhythmias Cardiomyopathy Myocarditis Pericardial ACSs Cardiac arrest 0 5I0 1 (I)O 1 ';I}O 200
(n = 6) (n =5) (n =18) disorders (n=8) (n=1)

Definite (n =4) =2} ; ;

Probable (n-7) Time to MACE_Sln_ce ICl-based Therapy

DD (=7 Initiation (days)

Nagash AR. J Clin Oncol 2022 doi: 10.1200/JC0.22.00369.
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Real life data
FU = 4 years
Myocarditis = 1.14%
A

Time from Start of Inmune Checkpoint
Inhibitor to Clinical Myocarditis

» Single-agent anti-PD1: 0.5%
Median time = 34 days > Single-agent anti-PDL1: 2.4%

(80% within 3 months) » Single-agent anti-CTLA4: 3.3%
> anti-PD1 + anti-CTLA-4: 2.4%

= NWhH U100 WO

N

w
11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11111
|I||I || ||' ||I|I‘ ‘l“ N ‘ I

0 30 60 90 120 150 180 200400600
(Days) Mahmood S, et al. J Am Coll Cardiol 2018;71:1755-1764
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Real life data
FU = 4 years
Myocarditis = 1.14%
A

Time from Start of Inmune Checkpoint
Inhibitor to Clinical Myocarditis

» Single-agent anti-PD1: 0.5%
Median time = 34 days > Single-agent anti-PDL1: 2.4%

(80% within 3 months) » Single-agent anti-CTLA4: 3.3%
» anti-PD1 + anti-CTLA-4: 2.4%

— N WA U110 00 O
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w
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(Days) Mahmood S, et al. J Am Coll Cardiol 2018;71:1755-1764
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Cumulative Incidence (%)
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Real life data

All MACEs = 10.3%
More frequent than in non-ICl

1 P = 590
4 P.< 001

ACS

o
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0

1

Follow-Up (years)

2 3 4

I 1 1 I I

5

Cumulative Incidence (%)

N
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o1

1 Pi=.060
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HF

%/No cancer
| I I 1 |

o 1 2 3 4 5
Follow-Up (years)

Laenens D. J Clin Oncol 2022 doi: 10.1200/JC0.21.01808
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Proposed pathophysiology

Cytokines
release

- Apoptosis@

- Metabolic dysregulation

—- Metabolic dysregulation

Heart and vessels’ cells

%2
e

Myocardium Pericardium Vessels

Autoantibodies
¢ Myocarditis * Pericarditis * Vasculitis
* LV dysfunction * Pericardial effusion ¢ Atherosclerosis
* Takotsubo syndrome * ACS
* Arrhythmias ¢ Stroke
* Conduction disorders * Venous thrombosis

Thuny F, Naidoo J, Neilan TG. Eur Heart J 2022
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Proposed pathophysiology

FIGURE 2 Atherogenesis and Effects of T-Cell Activation

TCell T Cell Activation Tl

cp4oL GITR 028 TR LAG-3 (CTLA4 PD-1 Galectin-9 TCR

YN 2 Fetii

] B ~MHCI  B71 PD-U1

40 GTRL gy MHC MHEL BTy PO TM3 MHC
APC MHCIIl  TCR APC
| Co-Stimulatory Pathway Agonism | | Co-Inhibitory Pathway Blockade |
> Monocyte
Expression of PECAM, =
ICAM-1, VCAM-1 and et
selectins \
Tcell N
recruitment B ¢

Migration of SMCs
and fibrous cap

oxidized LDL
formation

16+% _ .- Endothelial damage
L% TGF-B X o
e T . e
il . ’ ’ / Oxidized LDL
uptake

Foam cell

formation
S

function e Teg Cell A A
APC LY
IFN- e IL-1B and IL-6 .
trat \' @ P LTI e e production Necrotic Core

Increased T,1
differentiation

/' X o
< ST
activation

Promote atherogenesis and plaque destabilization

Vuong JT, et al. J Am Coll Cardiol 2022;79:577-595

PD1Y! PD1Y/MysMcre

S-adenosyl-L-homocysteine -

dihydroorotate
N-acetyl-L-ornithine
spermidine
2,3-dihydroxybenzoic acid
deoxyadenosine
ornithine
CDP-ethanolamine
retinoic acid
deoxyinosine
cholesterol

citrate

Uric acid
Geranyl-PP

cTP

[ ——
05

05

S-methylthioropionate

coenzgme
N-carbamoyl-L-aspartate
L-arginino-succinate

inosine

carnitine

Guanidoacetic acid
Fructose-1,6-bisphosphate
acetyl-CoA
S-ac’:l‘eno;yl-l.l-)met?-ionine o
S-phosphoribosyl-1-pyrophosphate
Sir%aco%ic acid/%acon‘{cacid
Carbamoy! phosphate
Itaconic acid
cholesteryl sulfate
Sedoheptulose-1-7-phosphate
alanine

Citrate-isocitrate

N
a-ketoglutarate
NADH

fructose-6-phosphate
glucose-1-phosphate
arginosuccinicacid

PD-1-deficient myeloid progenitors up-regulate genes involved in

lipid synthesis, mainly cholesterol, and uptake and down-
regulate genes promoting cholesterol metabolism

Strauss L, et al. Sci Immunol 2020;5doi:10.1126/sciimmunol.aay1863.
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Proposed pathophysiology

PD1Y! pD1Y/fysMcre

FIGURE 2 Atherogenesis and Effects of T-Cell Activation

I Co-Stimulatory Pathway Agonism |

‘ Tcell

recruitment

function ™ ;" Tegcell l--1 hosphate
/V x L '«,?" id/ com‘c’:.dﬂ’

Increased T,1 ,4 osphate
dlfferenhatlon

Tcell
activation

NADH
fructose-6-phosphate
glucose-1-phosphate
arginosuccinicacid

Promote atherogenesis and plaque destabilization PD-1-deficient myeloid progenitors up-regulate genes involved in
lipid synthesis, mainly cholesterol, and uptake and down-
regulate genes promoting cholesterol metabolism

Vuong JT, et al. J Am Coll Cardiol 2022;79:577-595 Strauss L, et al. Sci Immunol 2020;5doi:10.1126/sciimmunol.aay1863.
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Ventricular arrhythmia / AV block Other associated irAE
(myositis/myasthenia)

e i s r\ ASAS VAN A VAV TRV (\ ' i | il | i @ Mechanical ventilator
i ¥ ViV Y Val Vil | ‘
\ AN W AWS ‘f“'i/__/\ Mo S
o '
e | il i i S et | £ @ Endotracheal tube
a il T
\ S il \V/.G/i\/r\f ] e :1/— Bl
i | © Air flowing
A N\ al 8% i AVE vi to the patient
EINTANE N N g f Y TR i i {
Vi 'J i L i |
. i )5 o N :“/—
Al 5 A !
Jid / :
AAAAAAL A |
i o i
NA A Jhl hA i i ’% A{ h\ ‘ [k | @ Exhaled air flowing
i LR \f”“r’N \/ e LV J V V/ L R fi} \"«-/’ R away from the patient

20-50% mortality rate

Heart failure Cancer progression
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>
g

-
o
L

Number of patients with cardiotoxicity
T

» 1-2% of patients
» 80% within 3 months -

Number of patients with cardiotoxicity
3, ]
L

Mahmood SS, et al. J Am Coll Cardiol 2018;71:1755-1764
Escudier M, Cautela J, Thuny F. Circulation 2017;136:2085-2087
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A Diagnostic Challenge
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Diagnosis should be made PROMPTLY
and corticosteroids should be started EARLY

1004 Time to steroids=s24hrs
3 .
~ Time to steroids 24-72hrs
T/ 1
=
c
= _
wso ]
@
o
ml 4
2 25 Time to steroids>72hrs
=

0- Ordinal Logrank P<0.001

0O 10 20 30 40 50 60 70 80 90
Days From Admission

Zhang L, et al. Circulation 2020;141:2031-2034



Y IC-Induced Myocarditis — A Diagnostic Challenge

gmedico.fr

The diagnosis of ICI-myocarditis has focused on methods
traditionally used for diagnosing on non-ICl myocarditis

Endomyocardial biopsy ESC clinical-biological-imaging criteria

Table4 Diagnostic criteria for clinically suspected myocarditis

Clinical presentations®
Acute chest pain, pericarditic, or pseudo-ischaemic
New-onset (days up to 3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Subacute/chronic (>3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Palpitation, and/or unexplained arrhythmia symptoms and/or syncope, and/or aborted sudden cardiac death
Unexplained cardiogenic shock

Diagnostic criteria
I. ECG/Holter/stress test features
Newly abnormal 12 lead ECG and/or Holter and/or stress testing, any of the following: | to Il degree atrioventricular block, or bundle branch block, ST/T
wave change (ST elevation or non ST elevation, T wave inversion), sinus arrest, ventricular tachycardia or fibrillation and asystole, atrial fibrillation,
reduced R wave height, intraventricular conduction delay (widened QRS complex), abnormal Q waves, low voltage, frequent premature beats,
supraventricular tachycardia

Il. Myocardiocytolysis markers
Elevated TnT/Tnl
Ill. Functional and structural abnormalities on cardiac imaging (echo/angio/CMR)

New, otherwise unexplained LV and/or RV structure and function abnormality (includingincidental findingin apparently asymptomatic subjects): regional
wall motion or global systolic or diastolic function abnormality, with or without ventricular dilatation, with or without increased wall thickness, with or
without pericardial effusion, with or without endocavitary thrombi

IV. Tissue characterization by CMR

Oedema and/or LGE of classical myocarditic pattern (see text)

Clinically suspected myocarditis if >1 clinical presentation and >1 diagnostic criteria from different categories, in the absence of: (1) angiographically detectable coronary artery
disease (coronary stenosis > 50%); (2) known pre-existing cardiovascular disease or extra-cardiac causes that could explain the syndrome (e.g. valve disease, congenital heart disease,
hyperthyroidism, etc.) (see text). Suspicion is higher with higher number of fulfilled criteria.

*If the patient is asymptomatic >2 diagnostic criteria should be met.

Caforio ALP, et al Eur Heart J 2013:34;2636-2648
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...but ICI-myocarditis is a NOVEL ENTITY
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HETEROGENOUS clinical presentation

v

ASYMPTOMATIC with - Dyspnea - Pulmonary edema - Sudden death
- ECG abnormalities - Palpitations - Cardiogenic shock - HF-related death
- Troponin 1 - Chest pain - SV/V Arrhythmias
- Other irAEs - Syncope - Conduction abnormalities
- Weakness - Takotsubo-like syndrome

Myositis or pseudo-myasthenia syndrome
are associated > 30% of cases

Escudier M, Cautela J, Thuny F. Circulation 2017;136:2085-2087
Mahmood S, et al. J Am Coll Cardiol 2018;71:17755-1764
Salem JE, et al. Lancet Oncol. 2018;19:1579- 1589.

Dolladille C, Alexandre J. J Immunother Cancer;8:e000261
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No specific ECG abnormalities
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P b A A pr=Es ign 8518 )
i et | '

M

Normal: 30%
AF: 30%
Ventricular arrhythmia: 27%
AV block: 17%

Escudier M, Cautela J, Thuny F. Circulation 2017;136:2085-2087
Mahmood S, et al. J Am Coll Cardiol 2018;71:17755-1764
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An UNUSUAL troponin profile

Troponin T

Troponin |

» ¢TnT + (including by later generation assays) in patients with inflammatory myopathies (including myositis) in the
absence of cardiac involvement and without an increase in Tnl.

> Regenerating skeletal muscle tissue undergoes a phenotype switch, in which previously repressed cTnT (along with
CK-MB) is re-expressed in adult, regenerating skeletal muscle tissue, as has been demonstrated in skeletal muscle
biopsies from patients with polymyositis

Hugues M, et al. Ann Rheum Dis 2015;74:795-798.
Mahmood SS, et al. J Am coll Cardiol 2018;71:17755-1764.
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An UNUSUAL troponin profile

25

8- Creatine kinase (U/L) =@==Troponin T (ng/mL)

15

Troponin T
(ng/mL)
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| Methylprednisolone
| Prednisolone

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Days after admission

yocarditis — A Diagnostic Challenge

Nakagomi y. Front Parmacol 2022;13;884773
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An UNUSUAL MRI profile

ICI myocarditis vs. Non-ICl myocarditis
2018-LL criteria (2/2) sensitivity: 52% vs. 88%

LGE: 56% vs. 80-98% (72% when MRI was performed after Day 4)

More frequent septal and midwall LGE in ICI-M

More indications for
2018 Lake Louise Criteria CMR Image Examples EM B

Regional or global increase
of native T2

Regional or global increase
of T2 signal intensity

Myocardial Edema
(T2-mapping or T2W images)

or

Main . .
Regional or global increase Regional or global  Regional LGE
of native T1 increase of ECV  signal increase

Criteria

Non-ischemic Myocardial Injury
(Abnormal T1, ECV, or LGE)

or

Ferreira VM, et al. J Am Coll Cardiol 2018;72:3158-76

Zhang L, et al. Eur Heart J 2020:41:1733-1743
Thavendiranathan PP, et al. J Am Coll Cardiol 2021;77:1503-16
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DIFFERENTIAL diagnosis: ACS

ACS after first administration of PD-L1 inhibitor

A il

Recurrent ACS after readministration

e b = rrumA PENN Ll By PR pRRI.
E, NS T LRI T*T:”‘]:#“k " : i ;

Cautela J, Thuny F. Can J Cardiol. 2020;36:476-481.
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OTHER differential diagnoses
LV dysfunction without Cardiac metastases
Pericardial disease acute myocarditis

(Takotsubo/smoldering myocarditis)

Salem JE, et al. Lancet Oncol 2018;19:1579-1589 Michel L, et al. Eur Heart J 2021;ehab430 Benassaia E, Ederhy S, et al. Eur J Gacner 2021157:424-427
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DIAGNOSTIC CRITERIA
IC-0S-2021 Consensus and ESC 2022

v ENDOMYOCARDIAL BIOPSY (lymphocytic infiltrates and cardiomyocytes loss)

OR

v" CLINICAL DIAGNOSIS
MTn and diagnostic CMR (2/2 Lake Louise criteria) 2018 Lake Louise Criteria CMR Image Examples
OR

N Tn and 2 minor criteria
e Clinical syndrome
 Ventricular arrhythmia or conduction disorder Criteri
e Decline in LV function or WMA (non takotsubo)
* Suggestive CMR (1/2 Lake Louise criteria)
e Otherimmune-related AEs

Myocardial Edema
(T2-mapping or T2W images)

Non-ischemic Myocardial Injury
(Abnormal T1, ECV, or LGE)

»But not yet validatEd Herrmann J. Eur Heart ) 2022;43:280-299

Lyon A, et al. Eur Heart ) 2022
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Predictors of poor outcome

Kaplan-Meier Curves for MACE by T1 Value (Mean + 2 SD) Clinical factors

e Pre-existing cardiovascular disease
100 1 ICl-combination
Early first symptoms/signs after ICl initiation
Cardiac arrest
Heart failure and cardiogenic shock
Oxygen dependence
Low diastolic blood pressure
e Simultaneous non-cardiovascular-irAE, especially myositis and myasthenia gravis
25 | Electrocardiogram
e Severe conduction disorders and ventricular arrhythmias
e QRS >100ms

75 -

MACE-Free Survival, %
(%]
o

Logrank test p = 0.005

01 T ; r . - : e Decreased in QRS voltage
0 100 200 300 400 500 Echocardiography
Days From Starting ICI e Low |GLS| in echocardiography
. . - |GLS|<13% if LVEF <50%
Tavendiranathan P, et al. J Am Coll Cardiol 2021;77:1503-16 - |GLS|<16% if LVEF >50%

Cardiac magnetic resonance imaging
e Myocardial native T1 value on CMR
T1 >mean value 12 standard deviations of the site norm

e Septal LGE on CMR
25521':':,‘;12“""“‘“‘ Serum biomarkers
z" e Troponin
3 - High troponin T values at admission/peak/discharge
% 06 4 - Discharge troponin T value >1.5ng/mL
a No septal late gadolinium - Admission troponin | value >3.73ng/mL
.g enhancement e Absolute lymphocyte count decrease =35% to admission
& e Neutrophile/lymphocyte ratio increase >100% to admission
E Endomyocardial biopsy
3o o Degree of lymphocytes infiltration on EMB
_ - >50 CD3+ cells/high-power field
[ p=003 Management
3 60 120 180 210 300 360 e Delay in initiation of high-doses corticosteroids
Time from cardiac MRI (Days) e Requirement of intensified immunosuppressive therapy

Caddour F, Cautela J, Thuny F. Radiology 2022;303:512-521 Thuny F, Naidoo J, Neilan TG. Eur Heart J 2022
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Suspected cardiovascular-irAE  New cardiovascular/symptoms/signs or ECG abnormality or 1 troponin?

© e

v
Withhold ICls
v
e Admission CCU/CICU if unstable® or to cardiology with telemetry otherwise ECG should be
continuously monitored during diagnostic work-up
Supportive therapy*

Rule out ACS (in appropriate patients)
Early high dose corticosteroids (methylprednisolone 1g daily for 3 days) if unstable®

v
0 Investigate ECG, troponin, NT-proBNP, TTE, CMR, EMBY, assess for other irAEs (e.g., CK, AChR, TSH)
v
9 Confirm the type of cardiovascular-irAE and causality
v v ;

ACS, TTS, new LV

Isolated elevated

Pericardial disease or

B e S dysfunction or arrhythmias

not related to myocarditis

IC-OS definition (58)¢

vasculitis

troponin!

Thuny F, Naidoo J, Neilan TG. Eur Heart J 2022
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@ESC

European Society
of Cardiology

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and Oncology
(ESTRO) and the International Cardio-Oncology
Society (IC-0S)

Switching to

D T T T Second-line immunosuppression Admission to ICU (level 3)
(Class lla) (Class 1)
(Class lla)
AND
Weaning protocol by 10 mg/week Optimal CV treatment
with troponin monitoring including MCS
(Class lla) (Class 1)

| Completerecovery Second-line immunosuppression

(Class 1)

. @ESC
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@ESC

European Society

of Cardiology

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and Oncology
(ESTRO) and the International Cardio-Oncology

Society (IC-0S)

ii"ﬁiﬁﬁﬁ
® 0000000 OS

Immnune checkpoint inhibitors surveillance protocol

cTn

& CV assessment®

=~ ECG

cTn

Jj NP

@ESC

yocarditis — Screening Strategy?

2 Including physical examination, BP, lipid profile,
and HbAlc

b Dual ICl, combination ICl-cardiotoxic therapy,
ICl-related non-CV events, prior CTRCD or CVD

¢ Every three cycles until completion of therapy
to detect subclinical ICl-related CV toxicity

41n patients who require long-term (>12 months)
ICI treatment.
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@ESC

European Society
of Cardiology

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and Oncology
(ESTRO) and the International Cardio-Oncology
Society (IC-0S)

yocarditis — Screening Strategy?

Immnune checkpoint inhibitors surveillance protocol

. Class | O Class lla ‘ Class Ilb

@Esc

2 Including physical examination, BP, lipid profile,
and HbAlc

b Dual ICl, combination ICI-cardiotoxic therapy,
ICl-related non-CV events, prior CTRCD or CVD

¢ Every three cycles until completion of therapy
to detect subclinical ICl-related CV toxicity

41n patients who require long-term (>12 months)
ICl treatment.
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Prospective Cardiovascular Surveillance

of Inmune Checkpoint Inhibitor-Based
Combination Therapy in Patients With Advanced
Renal Cell Cancer: Data From the Phase llI
JAVELIN Renal 101 Trial

Brian I. Rini, MD*; Javid J. Moslehi, MD?; Marc Bonaca, MD, MPH*; Manuela Schmidinger, MD5; Laurence Albiges, MD, PhD¢;
Toni K. Choueiri, MD’; Robert J. Motzer, MD®; Michael B. Atkins, MD®; John Haanen, MD, PhD'°; Mariangela Mariani, PhD'!;
Jing Wang, PhD'?; Subramanian Hariharan, MD*3; and James Larkin, MD, PhD'*

“Although patients in the ICI arm who had high baseline cTnT values
were at higher risk of MACE versus patients with low values,
routine cardiac investigations in asymptomatic patients were not
useful for early detection of myocarditis »

Rini BI. J Clin Oncol 2022;40:1929-1938.
Thuny F, Bonca M, Cautela J. JACC CardioOncol. 2022 in press



2 CONCLUSIONS

 |Cl-Myocarditis: a severe complication with special
features

» Early management with corticosteroids/immunoS-

* Other CV and metabolic adverse effects might
have long term impact
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