


Myocardites liées aux 
inhibiteurs de checkpoint : état 

des lieux

BRETAGNE Marie (Chef de clinique assistante)

SALEM Joe-Elie (Pu-Ph)
Centre d’Investigation Clinique Paris-Est,

Service de Pharmacologie médicale, UF Onco cardiologie, Hôpital Pitié-Salpêtrière, 



Mme M. 66yo

- Metastatic lung cancer diagnosed 10 month ago
- Progression after 1st line chemo (6 cycles carboplatin-pemetrexed)

Cardiovascular risk factors: 

- 2nd line, by nivolumab (240 mg q2 weeks – 3 doses) 

Cancer history:

- None (except age)

Treatment:

- Hydroxychloroquine
- Betablocker (for uncharacterized tachycardia for years)

Auto-immunity history: 
- Arthritis lupus on hydroxychloroquine for ≥15y
- Thymoma treated by surgery and radiotherapy 20 years ago



Immune-checkpoint inhibitors (ICI) – Monoclonal antibodies

Clinical Pharmacology and Interplay of Immune Checkpoint Agents: A Yin-Yang Balance Geraud P, …. Salem JE (2021)
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CTLA-4 Inhibitors
• Ipilimumab
• Tremelimumab

PD-L1 Inhibitors
• Atezolizumab
• Avelumab
• Durvalumab
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An exploding class of drugs… 

Clinical Pharmacology and Interplay of 
Immune Checkpoint Agents: A Yin-Yang 
Balance

Geraud P, …. Salem JE (2021)
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FDA approved >17 cancer types



What are the main CV toxicities we 
should think about in the follow-up of 

patients on ICI?



~20 million reports
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ICI subgroup analysis

Temporal arteritis Myocarditis

Pericarditis



Very mild overlap
Short Time to onset
(within 1-3 months)



Myocarditis incidence (from 0.06 to 1.14% …) 

Johnson Douglas B, …., Moslehi JJ

Clinical trials Real-life cohorts

Mahmood Syed S, …., Neilan TG



Mme M. 66yo
- Diplopia, and subacute, painful paresis affecting proximal muscles 

- Ten days after the 3rd nivolumab dose (240 mg q2 weeks)

- 3 days later, acute chest pain

Acute ST+ ACS 
presentation



Mme M. 66yo

- Normal coronary angiogram
- Troponin-T (1616ng/L, N<14ng/L) 
- NT-proBNP (4172ng/L)

- Echocardiography: LVEF 55-60%, concentric remodeling, limited apical hypokinesia

Cardiac MRI (positive septo-apical late gadolinium enhancement)



Bonaca M, …., Moslehi JJ

Mme M. 



Bonaca M, et al.

Mahmood Syed S, et al.
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Zhang L, et al.
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- Electromyography : myogenic 
syndrome without neuromuscular 
dysfunction

- Negative antibodies work-up: anti-
acetylcholine receptor and muscle-
specific tyrosine kinase

Gender, Male 78 (66.7)

Age at onset, mean ± SD, years 66.4 ± 12.7 

Monotherapy with Anti PD-1/PD-L1

Monotherapy with Anti CTLA-4

Combination therapy

84 (68.9)

6 (4.9)

32 (26.2)

Number of ICI admin before onset, median [IQR], 

[min-max]

1 (1-2.75)

[1-8]

Time to irAE onset, days: Median, [IQR] 30 [18-60]

Death 61 (50.0)

Malignant melanoma

Lung cancer 

Renal cell carcinoma 

42 (40.7)

33 (32.1)

11 (10.7)

Concurrent irAE

None (lone)

Gastro-intestinal disorders (any)

- Hepatitis / hepatic failure 
- Colitis / diarrhea / gastroenteritis / enteritis  
Endocrino-metabolic disorders (any)
Pulmonary disorders (Pneumonitis)

Cardiovascular disorders (any)
- Arrhythmia 
- Cardiac failure or shock / pulmonary edema

Musculoskeletal disorders (Myositis/Rhabdomyolysis)

Neurologic disorders (Myasthenia gravis)

36 (29.5)

19 (15.6)

13 (10.7)

9 (7.4)

6 (4.9)

16 (13.1)

49 (40.2)

23 (18.9)

19 (15.6)

34 (27.9)

13 (10.7)

Salem JE, et al. Lancet Oncol. 2018 Dec;19(12):1579-1589.

Peripheral muscular 
involvement – a 
coincidence ?

- Myositis and myasthenia gravis 
like syndrome (diaphragmatitis)



Pathophysiology

Infiltration of myocardium 
and muscles with T-cells 
and macrophages

Johnson DB, …., Moslehi J. N Engl J Med. 2016

Normal cardiac biopsy

Myocardium and muscle 
cell death

Antigens present in myocardium, 
muscle recognized by same anti-
reactive auto-reactive T-cell 
clones  (Alpha-myosin)

DOI: https://doi.org/10.21203/rs.3.rs-1315661/v1
Balko J, et al. Preprint (Research Square)

Tumor post-ICI vs. cardiac
muscle

Tumor pre-ICI vs. cardiac
muscle

Skeletal vs. cardiac
muscle

https://doi.org/10.21203/rs.3.rs-1315661/v1


Mme M

CD3

H&E staining

CD4 CD8

Important T-cell and macrophages
infiltration with multiple lesions of 
focal necrosis

Muscle biopsy

CD68



Management of Immune-Related Adverse Events in Patients
Treated With Immune Checkpoint Inhibitor Therapy:

American Society of Clinical Oncology Guideline Update

Schneider BJ, 
et al.

2021 High dose 
corticosteroids

Other immuno-
modulators
- Mycophenolate

- Infliximab

- Antithymocyte
globulin

If corticoresistant

If life-threatening

- Abatacept

- Alemtuzumab



Wang DY, Salem JE, et al. JAMA Oncol. 2018 ;4 :1721-1728. .

Fatal Toxic Effects of ICI-irAE in VigiBase

n:613 fatal ICI immune toxicities

40%

2020



Building an international  
Multicenter Registry

• Cases identified via literature 
review & clinician contacts

• Online survey:
https://is.gd/cardioonc

• >600 unique cases 

• Datapoints:
– Cardiac, autoimmune & 

oncologic history
– ECG raw data
– Clinical presentation
– Workup & treatment 
– Mortality and prognosis 

evolution
– Treatment modality

International ICI-Myocarditis Registry, 
Salem JE, Moslehi JJ

30%

70%

Dead

Alive

https://is.gd/cardioonc


ICI-myocarditis prognosis

Fatality depending of treatments 
Using an ongoing international registry

High Fatality Rate
X2 when corticoresistant (Myocarditis)

Fatality: 45%→25% over time

n:180

International ICI-
Myocarditis Registry
and VigiBase, Salem 

JE, Internal Data

Nguyen LS, …, Salem JE
Nat Commun. 2022

Cases/year and fatality rate over years  for ICI-
myocarditis reporting within VigiBase (thru 2020)
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Mme M. 66yo
- Diplopia, and subacute, painful paresis affecting proximal muscles 

- Ten days after the 3rd nivolumab dose (240 mg q2 weeks)

- 3 days later, acute chest pain

- Bundle branch 
block

- Microvoltage



AJOUTEZ VOTRE TEXTE ICI

Salem JE, …., Moslehi JJ, Kerneis M

Branch block
Ventricular triplets

Normal LVEF

High dose 
corticosteroids

Plasmapheresis

Abatacept 
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Abatacept, a CTLA-4 agonist … A reversal agent for severe cortico-
resistant immune related adverse event?

Phase II trial testing abatacept for ICI-myocarditis at APHP.Sorbonne University 



Nguyen L, …, Salem JE (2022)

Reversal of ICI fulminant 
myocarditis using
personalized-dose-
adjusted abatacept and 
ruxolitinib: 
Proof of concept



AbataCept for the Treatment of Immune-cHeckpoint Inhibitors 
Induced mYocarditiS (ACHLYS)

ACHLYS Trial - NCT05195645

ACHLYS-
Poison Goddess



ICI Myocarditis 
APHP.Sorbonne
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