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Cas n°1

• Homme 71 ans

• HTA, SAOS

• Mélanome stade IV

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

(cobimetinib)

• Puis Anti-CTLA-4 (ipilimumab) 2 injections

• Malaise - Dyspnée
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Cas n°1

• 2 CEE

• cTnT=45 ng/L

• Coronarographie normale

• ETT: FeVG-55%

• IRM: myocardite

• Corticothérapie

• Arrêt définitif de l’immunothérapie

-> Progression du mélanome



Cas n°2

• Femme 53 ans

• C. épidermoïde bronchique

• Fdr = 0

• L1: carboplatine + docetaxel

• L2: Anti-PD-1 (nivolumab)

• L3: Anti-PDL-1 (atezolizumab) + Anti-Mek

(cobimetinib)

• J5 après 1ère injection : douleur thoracique



Cas n°2
• cTnT=35 ng/L



Cas n°2

• MINOCA

• Double anti-agrégation plaquettaire

• Autorisation 2e injection Anti-PDL-1



Cas n°2

• J17 après 2e injection

• Douleur thoracique choc cardiogénique

• STEMI



Cancer immunotherapies

Immune Checkpoint Inhibitors (ICIs) Bispecific T Cell Engager (TCE)

Tumor-infiltrafng 
Lymphocytes (TIL)

Chimeric Antigen Receptor T 
Cell (CAR-T) Therapy

T Cell activation 
against tumor



Immune Checkpoint Inhibitors

Improved outcome in many cancers

Anti-PD1
• Nivolumab
• Pembrolizumab
• Cemiplimab
Anti-PDL1
• Avelumab
• Atezolizumab
• Durvalumab
Anti-CTLA4
• Ipilimumab
• Tremelimumab



Immune Checkpoint Inhibitors Toxicity
Immune−related adverse events (irAEs)

≈70%

Herrmann SM. Kidney Interna1onal Reports 2020 51139-1148



T-cell immune response 
against cancer
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T-cell immune response
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Immune Checkpoint Inhibitors
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ICI-Related Cardiovascular Events



ICI-Related Cardiovascular Events
Pharmacovigilance data

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

Salem JE, at al. Lancet Oncol 2018;19:1579-1589

Ederhy S, et al. Eur J Heart Fail 2019;21:945-947 

Dyslipidemia
ACS, stroke, vasculitis



ICI-Related Cardiovascular Events
Pharmacovigilance data

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

Salem JE, at al. Lancet Oncol 2018;19:1579-1589

Ederhy S, et al. Eur J Heart Fail 2019;21:945-947 

Mortality in ICI-related myocardi2s = 50% 

Dyslipidemia
ACS, stroke, vasculitis



Naqash AR. J Clin Oncol 2022 doi: 10.1200/JCO.22.00369.

ICI-Related Cardiovascular Events
Trials’ pooled analysis

Ø Single-agent anti-PD(L)1: 0.47%
Ø anti-PD(L)1 + anti-CTLA-4: 0.90%
Ø anti-PD(L)1 + targeted therapy: 2.1%
Ø anti-PD(L)1 + chemotherapy: 0.83%

28 (IQR 18-83) days

35 (IQR 19-80) days

24 (IQR 17-86) days

All MACEs = 0.6% 
(Myocarditis = 0.26%)
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ICI-Related Cardiovascular Events
Trials’ pooled analysis

Ø Single-agent anti-PD(L)1: 0.47%
Ø anti-PD(L)1 + anti-CTLA-4: 0.90%
Ø anti-PD(L)1 + targeted therapy: 2.1%
Ø anti-PD(L)1 + chemotherapy: 0.83%

28 (IQR 18-83) days

35 (IQR 19-80) days

24 (IQR 17-86) days

All MACEs = 0.6% 
(Myocarditis = 0.26%)

Mortality in ICI-related myocarditis = 22% 



Mahmood S, et al. J Am Coll Cardiol 2018;71:1755-1764

ICI-Related Cardiovascular Events
Real life data
FU = 4 years

Myocarditis = 1.14%

Ø Single-agent an:-PD1: 0.5%
Ø Single-agent an:-PDL1: 2.4%
Ø Single-agent an:-CTLA4: 3.3%
Ø an:-PD1 + an:-CTLA-4: 2.4%

Median fme = 34 days
(80% within 3 months)
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ICI-Related Cardiovascular Events
Real life data
FU = 4 years

Myocarditis = 1.14%

Ø Single-agent anti-PD1: 0.5%
Ø Single-agent anti-PDL1: 2.4%
Ø Single-agent anti-CTLA4: 3.3%
Ø anti-PD1 + anti-CTLA-4: 2.4%

Median time = 34 days
(80% within 3 months)

CV Mortality = 17% 



Laenens D. J Clin Oncol 2022 doi: 10.1200/JCO.21.01808

ICI-Related Cardiovascular Events
Real life data

All MACEs ACS HF

ICI

Non-ICI

No cancer

ICI

Non-ICI

No cancer

ICI

Non-ICI

No cancer

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



ICI-Related Cardiovascular Events

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

Proposed pathophysiology



ICI-Related Cardiovascular Events

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

Proposed pathophysiology

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

PD-1-deficient myeloid progenitors up-regulate genes involved in 
lipid synthesis, mainly cholesterol, and uptake and down-

regulate genes promo=ng cholesterol metabolism

Promote atherogenesis and plaque destabiliza=on



ICI-Related Cardiovascular Events

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

Proposed pathophysiology

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

PD-1-deficient myeloid progenitors up-regulate genes involved in 
lipid synthesis, mainly cholesterol, and uptake and down-

regulate genes promoting cholesterol metabolism

Promote atherogenesis and plaque destabilization

Watch out for the 
long-term effects



ICI-Related Myocarditis



Ventricular arrhythmia / AV block

Heart failure Cancer progression
20-50% mortality rate

Other associated irAE
(myositis/myasthenia)



ICI-Induced Myocarditis

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

Escudier M, Cautela J,  Thuny F. Circulation 2017;136:2085-2087.

Mahmood SS, et al. J Am Coll Cardiol 2018;71:1755–1764 



A Diagnostic Challenge

ICI-Induced Myocarditis



ICI-Induced Myocarditis – A Diagnostic Challenge

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

Diagnosis should be made PROMPTLY 
and corticosteroids should be started EARLY



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

Endomyocardial biopsy ESC clinical-biological-imaging criteria

ICI-Induced Myocarditis – A Diagnostic Challenge

Caforio ALP, et al Eur Heart J 2013:34;2636-2648



…but ICI-myocarditis is a NOVEL ENTITY

ICI-Induced Myocarditis – A Diagnostic Challenge



HETEROGENOUS clinical presentation

ASYMPTOMATIC with 
- ECG abnormalities
- Troponin ↑
- Other irAEs

- Sudden death
- HF-related death

- Dyspnea
- Palpitations
- Chest pain
- Syncope
- Weakness

- Pulmonary edema
- Cardiogenic shock
- SV/V Arrhythmias
- Conduction abnormalities
- Takotsubo-like syndrome

ICI-Induced Myocarditis – A Diagnostic Challenge

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 

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



No specific ECG abnormalities

Normal: 30%
AF: 30%

Ventricular arrhythmia: 27%
AV block: 17%

ICI-Induced Myocarditis – A Diagnostic Challenge

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



Ø cTnT + (including by later generation assays) in patients with inflammatory myopathies (including myositis) in the 
absence of cardiac involvement and without an increase in TnI. 

Ø 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 

ICI-Induced Myocarditis – A Diagnostic Challenge

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

An UNUSUAL troponin profile 



ICI-Induced Myocarditis – A Diagnostic Challenge

Nakagomi y. Front Parmacol 2022;13;884773

An UNUSUAL troponin profile 



ICI-Induced Myocarditis – A Diagnostic Challenge

ICI myocarditis vs. Non-ICI 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

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

More indications for 
EMB

An UNUSUAL MRI profile

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



ICI-Induced Myocarditis – A Diagnostic Challenge

Cautela J, Thuny F. Can J Cardiol. 2020;36:476-481.

DIFFERENTIAL diagnosis: ACS



Michel L, et al. Eur Heart J 2021;ehab430 

ICI-Induced Myocarditis – A Diagnostic Challenge

Salem JE, et al. Lancet Oncol 2018;19:1579–1589 

OTHER differential diagnoses

Pericardial disease
LV dysfunction without

acute myocarditis 
(Takotsubo/smoldering myocarditis)

Cardiac metastases

Benassaia E, Ederhy S, et al. Eur J Cacner 2021157:424-427



Herrmann J. Eur Heart J 2022;43:280-299
Lyon A, et al. Eur Heart J 2022

DIAGNOSTIC CRITERIA
IC-OS-2021 Consensus and ESC 2022

ICI-Induced Myocarditis – A Diagnostic Challenge

But not yet validated

ü ENDOMYOCARDIAL BIOPSY (lymphocytic infiltrates and cardiomyocytes loss)

OR

ü CLINICAL DIAGNOSIS
↑Tn and diagnos9c CMR (2/2 Lake Louise criteria)

OR
↑ Tn and 2 minor criteria

• Clinical syndrome
• Ventricular arrhythmia or conduc7on disorder
• Decline in LV func7on or WMA (non takotsubo)
• Sugges7ve CMR (1/2 Lake Louise criteria)
• Other immune-related AEs



Caddour F, Cautela J, Thuny F. Radiology 2022;303:512-521

ICI-Induced Myocarditis – A Diagnostic Challenge
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Septal late gadolinium 
enhancement

No septal late gadolinium 
enhancement

Tavendiranathan P, et al. J Am Coll Cardiol 2021;77:1503-16

p = 0.03

Predictors of poor outcome

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



A Therapeutic Challenge

ICI-Induced Myocarditis



ICI-Induced Myocarditis – A Therapeutic Challenge

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



ICI-Induced Myocarditis – A Therapeutic Challenge



A Screening Strategy?

ICI-Induced Myocarditis



ICI-Induced Myocarditis – Screening Strategy?

a Including physical examina1on, BP, lipid profile, 
and HbA1c 
b Dual ICI, combina1on ICI-cardiotoxic therapy, 
ICI-related non-CV events, prior CTRCD or CVD 
c Every three cycles un1l comple1on of therapy 
to detect subclinical ICI-related CV toxicity 
d In pa1ents who require long-term (>12 months) 
ICI treatment. 



ICI-Induced Myocarditis – Screening Strategy?

a Including physical examination, BP, lipid profile, 
and HbA1c 
b Dual ICI, combination ICI-cardiotoxic therapy, 
ICI-related non-CV events, prior CTRCD or CVD 
c Every three cycles until completion of therapy 
to detect subclinical ICI-related CV toxicity 
d In patients who require long-term (>12 months) 
ICI treatment. 

But…
Watch out for the 

“troponite epidemic”!!



ICI-Induced Myocarditis – Screening Strategy?

Rini BI. J Clin Oncol 2022;40:1929-1938.

Thuny F, Bonca M, Cautela J. JACC CardioOncol. 2022 in press

“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 »



CONCLUSIONS

• ICI-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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