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Organs frequently affected by inflammatory toxicities of checkpoint blockade

A Most clinically important irAE
with PD-1 blockade
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Understanding and treating the inflammatory adverse events of cancer immunotherapy. Dougan et al. Cell (2021)



Heart Failure With Targeted Cancer Therapies: Mechanisms and Cardioprotection.
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Figure 3. Immune checkpoint inhibitors: mechanisms of cardiotoxicity and potential treatments.

Hahn VS. Circ Res. 2021;128(10):1576-1593.




Cardiovascular immunotoxicities associated with immune checkpoint inhibitors:
a safety meta-analysis

48 RCTs
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6.6-32.8 months
Median follow-up

200
Diseases & ﬂﬁn I Il Peto OR ::::i';zrm@ :gz:dence
Risk factors (95%C1) harm (95%C1) To00pts)

(Medline, ClinicalTrials.gov, Cochrane CRCT)
Any study w/ an ICl arm & a control arm
Primary outcome: risk of CV irAEs

Systematic review & Meta-analysis of RCTs .
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Fulminant Myocarditis with Combination Immune Checkpoint Blockade

A ECG Showing Complete Heart Block
§ I

Lymphocytic infiltration of the myocardium CD3+/CD4+/CD8+

Johnson DB New Engl J Med 2016 ; 375 : 1749-1755



Abatacept/Ruxolitinib and Screening for Concomitant Respiratory Muscle Failure to Mitigate Fatality of Immune-
Checkpoint Inhibitor Myocarditis.

A Cardiomyocyte necrosis B T-cells (CD3*) in the myocardium C Macrophages (CD68*) in the
myocardium

Salem JE. Cancer Discov. 2023 May 4;13(5):1100-1115.



Survival After Fulminant Myocarditis induced by Immune-checkpoints inhibitors

Day 15 after combination
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ICl myocarditis — Clinical Presentation

ICI myocarditis
Low Incidence, High Fatality Rates
Risk Factors : Combination therapy
TEE, CMR, Pet Scan

EMB
Fulminant Myocarditis Symptomatic Presentation Asymptomatic Presentation
Cardiogenic Shock, VT, VF Cardiovascular manifestations Troponin elevation
ECG <ammmm irAE {mmmmm G modifications
LVSD TEE, CMR, Pet Scan TEE, CMR, Pet Scan

TTE, £ CMR, £ EMB EMB EMB



Diagnostic Work-Up in ICI myocarditis
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Caforio AL, Eur Heart J. 2013 ;34:2636-48, 2648-2648
Bonacca, Circulation 2019



Clinicaly suspected IClI myocarditis
Sympts, ECG, Troponin, irAE

Step 1
Is there an obvious alternative diagnosis




Suspected ICI-myocarditis — Experience of a two CO units
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30 % of patients with a suspected ICl myocarditishad an obvious alternative diagnosis
Ederhy S Arch Cardiovasc Dis. 2022;115 : 114-116.



Clinicaly suspected IClI myocarditis
Sympts, ECG, Troponin, irAE

Step 2

Confirm ICl related myocarditis

Transthoracic echocardiography

For diagnosis

For stratification




Transthoracic Echocardiography and ICl-associated Myocarditis
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Mahmood J Am Coll Cardiol 2018 ; 71 : 1755 -64



Global Longitudinal Strain and Cardiac Events in Patients With Immune Checkpoint Inhibitor-Related Myocarditis
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Awadalla M,. J Am Coll Cardiol. 2020 ;75(5):467-478.



Clinicaly suspected IClI myocarditis
Sympts, ECG, Troponin, irAE

Step 3

Confirm ICl related myocarditis

Cardiac magnetic resonance

For diagnosis

For stratification




Cardiac MRI Depicts Immune Checkpoint Inhibitor-induced Myocarditis:

Cardiac MRI Results at baseline and FU examination

Variable Baseline (2 = 22) Follow-up (n = 22) P Value
Left ventricular ejection fraction (%) 62 =7 59 =7 .048*
Left ventricular end-diastolic volume index (mL/m?) 73 + 14 71 = 13 .32
Left ventricular mass index (g}"mz) 47 + 11 47 + 15 .80
Visible myocardial edema’ 0 (0) 2(9) 48
Visible myocardial LGE? 7 (32) 9 (41) 48
Visible pericardial LGE' 0 (0) 1(5) .99
Pericardial effusion’ 1(5) 10 (45) 004*
Pleural effusion’ 0 (0) 2(9) 48
T2 signal intensity ratio 1.5 £ 0.3 1.7 = 0.3 03*
LGE (%) 10.1 =55 12.0 £ 7.2 21
Average systolic longitudinal strain (%) —23.4 + 4.8 —19.6 = 5.1 005
Average systolic circumferential strain (%) —23.8 £ 5.1 —23.2 + 5.4 .56
Average systolic radial strain (%) 31.9 £ 8.0 29.3 £ 8.9 13
T1 relaxation time, native (msec) 972 = 26 1006 £ 36 =<.001*
Extracellular volume fraction (%) 25.6 = 4.5 26.0 = 3.8 .86
T2 relaxation time (msec) 54 + 3 58 + 4 =<.001*

Faron Radiology. 2021 Sep 28:210814.



CMR and ICI myocarditis

\GE ” om¢
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Mahmood J Am Coll Cardiol 2018 ; 71 : 1755 -64 Zhang L, Eur Heart J. 2020 ;41:1733-1743.

Salem s . ,
NEJM2019 Frigeri Mirabel Arangalage

Can J Cardiol 2018 EHJ 2019 AIM 2017



Myocardial T1 and T2 Mapping by Magnetic Resonance in Patients
With Immune Checkpoint Inhibitor—Associated Myocarditis

Clinically suspected immune checkpoint inhibitor myocarditis
Initial tests: Electrocardiogram, troponin, B-type natriuretic peptide, echocardiogram

CMR - Assess features of the T1 or LGE

Modified Lake Louise (mLL) Criteria
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Thavendiranathan P J Am Coll Cardiol 2021 : 77 : 1503 - 16



Myocardial T1 and T2 Mapping by Magnetic Resonance in Patients With Immune Checkpoint Inhibitor-Associated
Myocarditis

Kaplan-Meier Curves for MACE by T1 Value (Mean + 2 SD) Kaplan-Meier Curves for MACE by T1 Value (Mean + 2 SD)
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Clinicaly suspected IClI myocarditis
Sympts, ECG, Troponin, irAE

Step 4
Confirm ICl related myocarditis

Nuclear medicine




PET FDG and ICI myocarditis

EMB + / PET FDG + EMB + / PET FDG -

- - =
a4
69-year-old women with myocarditis under durvulumab proven on 64-year-old woman with myocarditis under triple immunotherapy

a histological sample. Focal myocardium lateral wall uptake of F-18- (nivolumab relatilimab and anti IDO1), proven on a histological sample.
fluorodeoxyglucose on PET/CT scan No myocardium uptake of F-18-fluorodeoxyglucose on PET/CT scan.

Ederhy S Arch Cardiovasc Dis. 2022;115 : 114-116.



18F_fluorodeoxyglucose positron emission tomography/computed tomography imaging for the diagnosis of immune checkpoint
inhibitor-associated myocarditis.
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Ederhy S Arch Cardiovasc Dis. 2022;115 : 114-116.



Clinicaly suspected IClI myocarditis
Sympts, ECG, Troponin, irAE

Step 5
Confirm ICl related myocarditis

Endomyocardial biopsy




Immune Checkpoint Inhibitor Myocarditis With Normal Cardiac Magnetic Resonance Imaging: Importance of Cardiac Biopsy
and Early Diagnosis.

— C co68+

E PDL1
CD8+

Ederhy S. Can J Cardiol. 2021,;37:1654-1656.



Late-Onset Giant Cell Myocarditis Due to Enterovirus During Treatment With Immune Checkpoint Inhibitors

& SE

RS

57-year-old male, Symptoms , 27th course of Nivolumab for mRCC. ECG abnormalities. Troponin | 4,700 ng/l, BNP 466 ng/I.
Normal coronary arteries. CMR : diffuse myocardial edema (T, =74 ms, T, : 1,163 ms, ECV 35.5%, LVEF : 32%).

Mirabel M,. JACC CardioOncol. 2020 Sep 15;2(3):511-514..



Diagnostic Myocardite
immunothérapie

Elévation de la troponine Elévation de la troponine
Et IRM diagnostique (LLC- T1-T2- RT) et 2 Critéres mineurs

Biopsie endomyocardique

Clinique : CV et Immunomédié

ECG—-TLM : TDRV ou TDC

Imagerie : \ FEVG, anomalie cinétique

IRM suggestive : Tl ou T2

Evenement immunomedié associé

Lyon AR [published online ahead of print, 2022 Aug 26]. Eur Heart J. 2022;ehac244. doi:10.1093/eurheartj/ehac244



Diagnostic Value of the International Society of Cardio-Oncology Definition for Suspected Immune
Checkpoint Inhibitor-Associated Myocarditis

Modified IC-OS Definition

IC-OS Definition’ (1 major criterion or 3 minor criteria, including time of onset <3 months after

(1 major criterion or 2 minor criteria)

starting IC| as a new minor criterion)

Definition met Definition not met
(n =46) (n=22)

Definition met Definition not met
(n = 49) (n=19)

100 g3 1009 o039

Sensitivity Specificity Sensitivity Specificity

Deharo F,. J Am Heart Assoc. 2023;12(8):e029211.



Biomarker Trends, Incidence, and Outcomes of Immune Checkpoint Inhibitor-Induced Myocarditis.
Longitudinal biomarker associations with ICl myocarditis
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Electrocardiographic Manifestations of Imnmune Checkpoint Inhibitor Myocarditis

Table. Presenting ECG of ICI-Myocarditis Compared With Baseline and as Predictors of All-Cause Mortality Using Survival
Analyses Adjusting for Age and Sex*

ICI-myocarditis, ICl-myocarditis, Cox proportional hazards model for
presenting ECG; median | baseline ECG; median 30-day all-cause mortality; adjusted
(IQR) N; n/N (%) (IQR) N; n/N (%) Pvalue HR (95% CI), Pvalue; N
Heart rate, bpm 93.9 (72.6-114.7) 80.4 (68.1-94.8) N=52 | 0.009+ 1.01 (0.99-1.02), P=0.40; N=125
N=52
PR length, ms# 162.8 (136.0-186.0) 154.1 (136.0-187.6) o.10t 1.00 (0.99-1.01), P=0.55; N=107
N=42 N=46
QTcF length, ms§ 441.8 (414.9-462.6) 421.0 (399.2-440.4) 0.03t 1.00 (1.00-1.01), P=0.36; N=122
N=49 N=51
QRS length, ms 95.3 (85.7-118.2) 93.2 (82.7-102.5) 0.02t 1.00 (0.99-1.01), A=0.90; N=125
N=52 N=52
Sokolow-Lyon Index, mV/| 1.39 (0.85-2.03) 1.69 (1.28-2.26) N=52 | 0.0061 0.57 (0.34-0.94), P=0.03; N=124
N=52
Conduction disorders{ 35/52 (67%) 23/52 (44%) 0.01# 1.56 (0.69-3.53), F=0.29; N=125
Bundle-branch block, left bundle 10/52 (19%) 3/52 (6%) 0.05%# 1.00 (0.38-2.62), P=0.99; N=125
Bundle-branch block, right bundle 14/52 (27%) 9/52 (17%) 0.18# 1.48 (0.71-3.06), P=0.29; N=125
Fascicular block, left anterior 10/52 (19%) 5/52 (10%) 0.23# 0.85 (0.32-2.25), P=0.75; N=125
Fascicular block, left posterior 6/52 (12%) 2/52 (4%) 0.22# 1.34 (0.47-3.85), P=0.59; N=125
Heart block, first-degree 9/52 (17%) 7/52 (13%) 0.72# 0.83 (0.28-2.40), P=0.72; N=125
ECG findings of pericarditis 4/52 (8%) 1/52 (2%) 0.25% 0.75 (0.22-2.51), P=0.64; N=125
ST-segment-elevation, diffuse 3/52 (8%) 1/52 (2%) 0.62# 0.83 (0.25-2.81), P=0.76; N=125
Premature ventricular complex (all types) 9/52 (17%) 3/52 (6%) 0.08# 1.01 (0.87-2.75), P=0.99; N=125
Premature ventricular complex 9/52 (17%) 3/52 (6%) 0.08# 0.77 (0.26-2.30), P=0.64; N=125
Sinus mechanism 49/52 (81%) 46/52 (88%) 0.204# 0.76 (0.31-1.89), P=0.56; N=125
Normal sinus rhythm 17/52 (33%) 31/52 (60%) 0.002# 0.50 (0.23-1.09), P=0.08; N=125
Sinus tachycardia 25/52 (48%) 15/52 (29%) 0.02# 1.67 (0.80-3.49), P=0.17; N=125
Repolarization abnormalities 27/52 (52%) 13/52 (25%) 0.008# 1.52 (0.74-3.12), P=0.26; N=125
ST-segment depression, diffuse 5/52 (10%) 1/52 (2%) 0.22# 1.60 (0.48-5.30), P=0.44; N=125
ST-segment depression, regional 4/52 (8%) 0/52 (0%) NA 0.53 (0.07-3.90), A=0.53; N=125
T wave inversions 21/52 (40%) 12/52 (23%) 0.07# 1.49 (0.71-3.12), P=0.29; N=125
Supraventricular arrhythmia 7/52 (13%) 6/52 (12%) 1.00# 2.21 (0.84-5.79), P=0.11; N=125
Atrial fibrillation 6/52 (12%) 5/52 (10%) 1.00# 1.83 (0.63-5.27), P=0.27; N=125
Uncategorized
Premature atrial complex 5/52 (10%) 3/52 (6%) 0.684 1.59 (0.47-5.38), P=0.46; N=125
Left ventricular hypertrophy 12/52 (23%) 16/52 (31%) 0.344# 0.49 (0.15-1.61), P=0.24; N=125
Low QRS voltage 4/52 (8%) 1/52 (29%) 0.37# 3.27 (0.95-11.23), P=0.06; N=125
P wave abnormality suggestive of left 11/52 (21%) 9/52 (17%) 0.75# 1.10 (0.46-2.63), P=0.83; N=125
atrial enlargement
Q waves, pathological 8/52 (15%) 4/52 (8%) 0.22# 5.98 (2.8-12.79), P<0.001; N=125

Power JR Circulation. 2021;144(18):1521-1523



Cardiomuscular Biomarkers in the Diagnosis and Prognostication of Immune Checkpoint Inhibitor Myocarditis.
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Predictors and Risk Score for Immune Checkpoint-Inhibitor-Associated
Myocarditis Severity.
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Immune checkpoint inhibitors surveillance protocol
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Myocarditis Surveillance With High-Sensitivity Troponin | During Cancer Treatment With Immune Checkpoint Inhibitors

N = 214 patients receiving ICI %
monotherapy or combination therapy
100
Troponin | monitored at baseline and after 90
each ICl dose (up to 10 doses) 88 7
80 2
Tnl < 55 ng/L Tnl 2 55 ng/L
70
N = 190 patients N = 24 patients
60
Real-ti luati
PPV = 12.5% for r) t.|me evaluation by 50
Cardio-Oncology team
Tnl threshold 55 ng/L ) .
* Cardiac review of systems 40
* Electrocardiogram
NNT = 72 patients to detect * Transthoracic echocardiogram
one case of myocarditis * CT coronary angiogram vs 30
coronary angiography
* Cardiac MRI when possible 20
pi h 2 NS 3 h 10
N = 21 patients with type 2 NSTEMI N = 3 patients wit
2 NS N=3 B 11 9,8 1,4

secondary to other etiologies ICl-associated myocarditis 0

(Peak Tnl range: 57-1,061 ng/L) (Peak Tnl range: 4,078-11,780 ng/L)

No troponine rise Troponin elevation Obvious alternative Myocarditis
diagnosis

Waliani JACC : Cardiooncology 2021 ; 3 : 137 -9



Survival After Fulminant Myocarditis Induced by Immune-Checkpoint Inhibitors

Day 15 after combination

LVEF, %

immunotherapy
ECMO

601 |Cardiac stopped
0| « MRI l
40 l ECMO

started
30 l /
20-
104 -

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18
Admission Day

MPD bolus
_________ MPD, 2 mg/kg of body weight per day
IVlg therapy
Plasma Tacrolimus
exchanges

Arangalage D Ann Intern Med. 2017 ;167:683-684.



Major Adverse Cardiovascular Events and the Timing and Dose of Corticosteroids in Immune
Checkpoint Inhibitor-Associated Myocarditis

>
3

High steroids dose

~J
(&)

Intermediate steroids dose

-

Low steroids dose

MACE-free Survival (%)
o 3

Ordinal Logrank P<0.001

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

Number at risk

High steroids dose 45 38 30 28 27 27 25 23 22 22
Intermediate steroids dose 46 34 27 23 20 17 16 16 15 15
Low steroidsdose 18 10 9 8 7 6 8 6 6 5

Zhang L Circulation. 2020 ;141 :2031-2034.



Major Adverse Cardiovascular Events and the Timing and Dose of Corticosteroids in Immune
Checkpoint Inhibitor-Associated Myocarditis

C 100

75

50

25

MACE-free Survival (%)

o

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

Number at risk

- High dose<24hrs 23 22 20 18 18 18 17 16 16 16
- Low doses24hrs 17 15 14 13 13 1 10 10 9 G
—— High dose 24-72hrs 14 1 7 7 7 7 6 6 5 5
-+ Low dose 24-72hrs 17 13 9 g 8 7 7 7 7 6
—  High dose>72hrs 7 4 3 2 2 2 2 1 1 1
— Low dose>72hrs 26 12 10 6 3 2 2 2 2 2

Zhang L Circulation. 2020 ;141 :2031-2034.



Intensified immunosuppressive therapy in patients with immune checkpoint inhibitor-induced myocarditis
Death from cardiovascular cause

Abatacep '
Alemtuzumab I o I
Tacrolimus | —@ i
MMF={ | o |
Tocilizumab | i {
Rituximab={ | o |
Infliximab P ® |
ATG= | o |
Plasm.Exch. | i |
IVig | :I |
0.01 0.1 1 10 100 1000
Qdds ratio

Cautela J, J Immunother Cancer. 2020 ;8:e001887



Management of patients with a definitive diagnosis of ICl-related myocarditis

‘ Admission to ICU (level 3)
(Class 1)

e Switching to Y
oral prednisolone (| mg/kg/day)
X (Class lla) y (Class lla)
AND

Weaning protocol by 10 mg/week
with troponin monitoring

| (Class lla) J

]
U Complereconry

Optimal CV treatment
including MCS
(Class 1)

Second-line immunosuppression
(Class 1)



Reversal of immune-checkpoint inhibitor fulminant myocarditis using personalized-dose-adjusted
abatacept and ruxolitinib: proof of concept

gilCU " ICU [elcU ward [ ambulatory |
hemodynamic
hrolizumab C Su r
Pembrolizumab C1 ppo - 4000 =
e, '8
= 13000 O
x life-threatening g
: ventricular arrhythmia | [ 2000 g
L — LVEF —
3 — troponin-T 1000 8
F
T T T ~ 10 ~
40 45 50 55 GQ»QKQ'\,\\,"Q
- QO
500 _ O
= 22
w
(@) R -300 ®
¥ 504 —CD86RO . =2
8 — abatacept 200 (% T
| —_— o]
D T wn
O S ~100 J= 3
0 UL B i e i e e i i\:—|—|—-0 o
Q
2 - 40 45 50 55 6QQSSP
S 51000 :
S~
2 D goo f f f f f f abatacept 20mg/kg IV
o g : : ___ corticosteroids IV
O = 600 e : ;
ac \ i : corticosteroids oral
=. © 400 \ A
% (;J e \,' ‘L-,,,-,-,-,-,-,« ruxolitinib 15mg*2 oral
= : . :
£ S o e =
> «1514 0 5 10 15 20 25 30 35 40 45 50 55 G%Q 9.9.0

Time (days)
Nguyen LS,. J Immunother Cancer. 2022;10(4):e004699.



Checkpoint Inhibitor Myocarditis.

Abatacept/Ruxolitinib and Screening for Concomitant Respiratory Muscle Failure to Mitigate Fatality of Immune-

Suspected ICl myocarditis prospectively included (n = 69)

Definite IClI myocarditis (n = 40)

n = 2 refused diagnostic workup

and care

Severity grading (G) criteria detailed in Supplementary Table S5 (severe if G =3)

Per chronologic admission period

Quartile 1 (05/2018-03/2020)

G1-2(n=2),G=3(n=8)
Corticosteroids (n = 10)
Plasmapheresis (n = 8)
Abatacept (n=7)
Mycophenolate (n = 4)
Tacrolimus (n=1)

70%
5

Start of:

- Prompt high-dose abatacept
(immune-monitored) & ruxolitinib
(vs. mycophenolate) for G 23
- Stop plasmapheresis

- Screening & ventilation of

respiratory muscle failure
Vig (n=2)*
60% Yl
ICI myotoxicity-related death
Alive P < 0.0001
W Fatal
10%
ho 30%
100-day overall survival

0% P=0.007

Alive

W Fatal myotoxicity

E Fatal myotoxicity and sepsis
m Fatal sepsis (non-COVID)

*Started before admission in our unit and transferred for poor evolution on
these drugs [5/7 for intravenous (IV) Ig and 2/2 for mycophenolate].
They were stopped upon admission in our unit.

v
Quartiles 2-4 (03/2020-08/2021)
G1-2(n=8),G=3(n=22)
Corticosteroids (n = 26)
Abatacept (n = 22)
Ruxolitinib (n=18)

Plasmapheresis (n= 2)
IV g (n=5)"

Mycophenolate (n = 2)*

3%

‘ 97%
Alive
23%
7

m Fatal
Yo

Alive

m Fatal myotoxicity
B Fatal—other causes

(COVID n = 2; hemorrhage n=1;
cirrhosis n=1; stroke n=1;
cancer progression n= 1)

n= 27 excluded for IC| myocarditis

Salem JE. Cancer Discov.

2023 May 4;13(5):1100-1115.



Immune Checkpoint Inhibitor Myocarditis Treatment Strategies and Future Directions.

Antigenic (Ag) presentation T-lymphocyte activation T-lymphocyte mediated organ death

CTLA-4 blockers LAG-3 blockers PD-1 blockers PD-L1 blockers
* Ipilimumab * Relatlimab *  Cemiplimab * Atezolizumab

* Nivolumab * Avelumab

CTLA-4 fusion proteins
* Abatacept

*  Tremelimumab

= *  Belatacept ¥\\ // * Pembrolizumab_« pyrvalumab
- | \\ // * Dostarlimab *._Envafolimab
* Toripalimab \\
\

* Tislelizumab

CD86 recepto | —
occupant WV D\ »
(CD86RO) on

-
—————

Tumoral or organ _  Lymph node “._ Tumoral or organ
milieu milieu

Moslehi J. JACC CardioOncol. 2022;4(5):704-707.



Immune Checkpoint Inhibitor Myocarditis Treatment Strategies and Future Directions.

Primary endpoint End of

B \% \% Assessment_ follow-up
Optional ‘
10mg/kg \% 10mg/kg 10mg/kg ‘ \%&

|
|
v

Abatacept 2 1 89 2 89 2 9 Optional
S ® L T©E o oL o =L
] 1:1:1 9_, g 8 " é-g- e " é o y -l " | 14
N:7/group 2N e = = < : . : :
N:21 total . = an = o | Qutional
' i IS @Ro”N  cossRo Xy CORGRO e
25me/kg SO 25me/kg S @ 25mg/kg & @ Ss@  8g@ Ss@ |
D5+2 D14+2 D21+2 Vvisit every 104 Visit every 3t1
. days starting D21 ﬂnonths starting D90
‘r | l“
Initial Phase (D0-D21) Maintenance (D21-D90) Follow-up (D90-365)

Moslehi J,. JACC CardioOncol. 2022;4(5):704-707.



Immune checkpoint inhibitors surveillance protocol

s ~

Immune checkpoint inhibitors surveillance protocol
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Lyon AR,. Eur Heart J. 2022;43:4229-4361.



MYOCARDITES — IMMUNOTHERAPIES — Dg proba Diagnostic alternatif éliminé
Stop Immunothérapie — RCP urgente (pronostic oncologique)

A 4

MYOCARDITES forme sévére d’emblée
Instabilité hémodynamique, Instabilité rythmique, Trouble de la Conduction

Methylprednisone IV 1 g/j + 1S 1 + Soins de support (SEES/ ECMO/ VNI)

A 4

Réévaluation
Clinique, ECG, FEVG, Biomarqueur

Forme Résistante
Dégradation clinique
Elévation persistante des biomarqueurs

Forme sensible
Amélioration clinique
Baisse des biomarqueurs

\ 4

A 4

Poursuivre IS 1
Prednisone Relais per os : 2mg/kg/j
Prednisone sevrage : 5a 10 mg /semaine

Poursuivre IS 1
Methylprednisone
Ajouter IS 2

Surveillance Clinique, ECG, Troponine




MYOCARDITES — IMMUNOTHERAPIES — Dg proba Diagnostic alternatif éliminé
Stop Immunothérapie — RCP urgente (pronostic oncologique)

A 4

MYOCARDITES forme non sévere d’emblée

Methylprednisone IV 1 g/j

A 4

Réévaluation

Clinique, ECG, FEVG, Biomarqueur

Forme Cortico sensible
Baisse des biomarqueurs

\ 4

Forme Cortico Résistante
Elévation persistante des biomarqueurs

Forme Aggravation llaire
Dégradation clinique

Poursuivre Methylprednisone
Pred Relais per os : 2mg/kg/j
Pred sevrage: 5a10mg/ 7 j
Surveillance Clin, ECG, Bm

|

Methylprednisone
Ajouter IS 1

Methylprednisone
Ajouter IS1 +1S 2
Discuter Soins de support
SEES/Inotrope/ VNI/ECMO




Incidence of cardiovascular adverse events in patients with immune checkpoint inhibitors

N=89

* N=41%

Patients (n)

Tocchetti CG,. Eur J Heart Fail. Published online August 1, 2024. doi:10.1002/ejhf.3340



Each line relates to a participant

Adverse myocardial and vascular side effects of immune checkpoint inhibitors :
A prospective multimodal cardiovascular assessment.

4

50 100 150 200
Delay between 1st ICl therapy and events (Days)

& Atrial Fiorilation @  Heart Failure <> Pneumonttis A Ventricular Arrhythmias or

new Conduction Disorders
E] Colitis . Non Cardiovascular Death %K Thyroid Disease

Mirabel M. Clin Res Cardiol. 2024 Aug;113(8):1263-1273.



Adverse myocardial and vascular side effects of immune checkpoint inhibitors:

a prospective multimodal cardiovascular assessment.

Multivariate competitive risk analysis of predictors of HF at 6 weeks of initiation of ICls

Variable Heart failure N=5 No Heart failure N=40 Other CV event N=4 SHR (CI) P value
Male, N (%) 5(13.16) 30 (78.95) 3(7.89) 1.49 [0.86-2.59] 0.153
Age, mean (SD) 63.8 (10.23) 64.33 (11.36) 65.25 (11.32) 1.00 [0.98-1.02] 0.882
Body mass index, mean (SD) 26.08 (4.94) 24.25 (5.22) 30.23 (7.74) 0.96 [0.92-1.01] 0.116
Right ventricular ejection fraction on 47.8 (5.07) 54.18 (7.06) 50.75 (6.7) 1.03 [0.99-1.07] 0.098
c¢MRI, mean (SD)
Serum creatinine micromol/L, mean (SD) 105.8 (48.81) 83.4 (24.05) 95.25 (18.15) 0.99 [0.98-1.00] 0.006
Brain natriuretic peptide ng/L., mean (SD) 195.2 (168.86) 69.95 (63.79) 30.75 (23.63) 1.00 [0.99-1.01] 0.720
Ultrasensitive Tropinin Ic ng/L, mean (SD) 11.4 (9.74) 6.72 (8.99) 5.33(2.52) 0.98 [0.94-1.02] 0.297

Mirabel M. Clin Res Cardiol. 2024 Aug;113(8):1263-1273.



Late cardiac adverse events in patients with cancer treated with immune checkpoint inhibitors

F h io- | its ICl-
renc card_lo oncology units VigiBase ICl-associated CAE ICSRs A.
associated CAE cases

3 French cardio-oncology units . . .
database from March 2015 until ICI-assocna_ted ICSRs from inception o0 p=0.049
until January 31, 2019 100%
June 2019 S
£ 80%
[
55,183 ICl-associated ICSRs E
5
-
B 60%
8
2
5
2,216 ICl-associated CAE ICSRs =
o 40%1
&
v
. . 20% -
38 ICl-associated CAE cases 296 reports W'.th time to onset
available
0% -
19 early 19 late cases 437 early 159 late
cases cases cases

Dolladille C. J Immunother Cancer. 2020;8(1):e000261.



Conclusion
* Low Incidence =1 %, High Fatality Rate = 50 %
* Need for a robust and early diagnosis
* Diagnosis based on a combination of :
Clinical presentation, ECG, Tp, CMR and EMB

* Limitations of Clinical presentation, ECG, Tp, TTE CMR
should be known

* Central role for EMB but need for expertise

* Treatment : corticosteroid, early intervention, high
dose
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