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Klingel et al. Nat Rev Cardiol, 2026
*Figures based on GBD data

3 – 18 out of 100 MYOCARDITIS 
will be ICI-mediated myocarditis



THE DIMENSION OF THE ISSUE 

Ammirati – unpublished / Klingel…Ammirati, Nat Rev Cardiol 2026



INCIDENCE OF MYOCARDIAL & MUSCULAR TOXYCITY-  
French nationwide data

Salem – EHJ 2025

DATA from 172,363 patients treated with ICI 
*ICI myotoxicities at 6 months 0.7-0.9% 
*ICI myocarditis 0.3% - co-occurring with myositis in 13-23% 
*7.1% in patients with Thymic cancer – HR 12.9 
*Melanoma HR 2.4 
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NEJM 

  2018
Postow MA 

et al.
MYOCARDITIS is the most FATAL cardiovascular ADVERSE EVENT 
associated with Immune checkpoint inhibitors (ICI) 

PROPOSED MECHANISMS OF ICI-INDUCED 
MYOCARDIAL INJURY IN ACUTE MYOCARDITIS



EXPECTED TIMING OF ICI-MYOCARDITIS 
OCCURRENCE
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	 - hs-Troponin I 17,348 ng/L (nv<25)  
	 - NTproBNP 7,474 ng/L 
	 - creatinine/bilirubin not increased 
	   

SUSPECTED ICI-MYOCARDITIS

62 y-o man – JULY 2nd, 2024 
9 year before inferior STEMI – PCI RC/Cx – normal EF (2015) 
Locally advanced melanoma (9/2023) first finger of the left hand (pT4bN1M0) 
Adjuvant Treatment with anti-PD-1 (pembrolizumab) + anti-TIGIT (stopped in May 2024 due to 
hypophysitis) 

*Dyspnea/fatigue 
*hypotension/bradycardia  
*EKG: 3rd AVB 

*TIGIT = T cell immunoreceptor with 
immunoglobulin and ITIM domain 

TRANSFERRED TO Niguarda H



*No progression of CAD 
*Temporary PM 
*POSITIONING IABP + inotropic support

SUSPECTED ICI-MYOCARDITIS

*ECHO: LVEF 30%



EXPECTED CLINICAL PRESENTATION OF  
ICI-ASSOCIATED-MYOCARDITIS

Lehmann – JAMA Cardiol 2021



EXPECTED CLINICAL PRESENTATION OF  
ICI-ASSOCIATED-MYOCARDITIS

Median age 
Sex prevalence

Sample Size 
Study design

Type of 
Myocarditis

Characteristic  
Findings

Risk factors Typical clinical 
presentation

Outcome

Ammirati – JAMA 2023



CMR FOR THE DIAGNOSIS OF ICI-MYOCARDITIS

Zhang – EHJ 2020

RISK SCORE 
**Definite LLC in LVEF>=50% in 9% 
**Definite LLC in LVEF<50% in 18% 

RISK OF UNDERDIAGNOSED RELYING ONLY ON CMR

JACC 2020 - 
Thavendiranathan 
**Using T2 mapping 
criteria: 53% reached the 
edema criteria



CLINICAL ASSESSMENT FOR SYMPTOMATIC PATIENTS 



CLINICAL ASSESSMENT FOR SYMPTOMATIC PATIENTS 

Lehmann – JAMA Cardiol 2021



BIOPSY LYMPHOCYTIC ACTIVE MYOCARDITIS 
- THERAPY

CD3 T cells CD68 macrophagesH&E
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PROGNOSIS

Salem –EHJ 2025

ICI myotoxicity occurence was the factor impacting  
most mortality after ICI start:  
HR 3.51 (95%CI 3.17-3.89) at 1 month 
Over metastatic status HR 1.55

ICI myotoxicity patients, 1-month fatality was 20.3% 
and increased if: 
*Severe arrhythmia (risk ratio 1.64) 
*Heart failure (RR 1.49)  
*Respiratory failure (RR 1.50)



MYOTOXICITY SEVERITY AND TROPONIN T LEVELS

Salem – Cancer Discov 2023



ICI-MYOCARDITIS-NOVEL RISK SCORE (1)

Power – EHJ 2025

RISK SCORE 
**CARDIOMUSCOLAR SYMPTOMS: +1 
LAB: 
**Troponin T >20 to 200 above URL: + 1 
**Troponin T >200 to 2,000 above URL: + 2 
**Troponin T >2,000 above URL: + 3 
ECHO: 
**LVEF<50%: +1 
ECG: 
**QRS-low voltages: +1 

Our patient 
score: 3 
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POSSIBLE MEDICATIONS FOR ICI-MYOCARDITIS

Lehmann – JAMA Cardiol 2021

Alemtuzumab anti CD52 on mature T cells 

Ruxolitinib (Janus Kinase inhibitor – JAK 1 and JAK2 

Alternative regimen including TACROLIMUS  

CONSIDER: 
CYCLOSPORINE/TACROLIMUS



SUSPECTED ICI-MYOCARDITIS

*IV methylprednisolone 1g od x 3 
days + single dose 0.5 mg/kg iv 
thymoglobulines (after 24 hours 
weaning off inotropes + sinus Rhythm 

*Followed by 2 mg/kg/day + maintenance 
therapy with tacrolimus (0.075 mg/kg) 

*With a tapering schedule 

	   



	 - hs-Troponin T 31 ng/L (nv<14)  
	 - NTproBNP 813 ng/L 
	

SUSPECTED ICI-MYOCARDITIS

*CMRI (after 15 days): STIR + LGE + 
septal involvement

*AT DISCHARGE:
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2. A higher initial steroid dose was associated with a lower rate of events

3. Significant proportion of patients without full response to steroids

4. DO NOT UNDERESTIMATE RESPIRATORY MUSCLE INVOLVEMENT

1. Those with events have higher admission - peak troponin T value

TAKE-HOME MESSAGE 
IN ICI ASSOCIATED MYOCARDITIS

Ammirati - 2026

5. When and how consider rechallenging with ICIs after myocarditis
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