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Immune-Checkpoint Inhibitor 
Myocarditis: Defining a New Syndrome

Immune Checkpoint 
Inhibitor-Associated 

Myocarditis

Clinical Questions
Incidence?

Clinical presentation?
Treatment?

Who is at risk?
Precision or 
Personalized Medicine
- CV risk factors
- Autoimmune risk 

factors
- Tumor risk factors
- ?Genetic risk factors



Can better understanding of the 
molecular pathophysiology help us 

identify patients at risk?
• What caused T cell infiltration into heart and 

muscle?
– Why these organs only?

• Other triggers of myocarditis–
– Viral?
– Other insult?

• Genetic Differences?
– MHC Haplotype?
– Tumor genetics (whole exome sequencing)?
– Germline?
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Immune Checkpoint 
Inhibitor-Associated 

Myocarditis

Clinical Questions
Incidence?

Clinical presentation?
Treatment?

Who is at risk?
Precision or 
Personalized Medicine
- CV risk factors
- Autoimmune risk 

factors
- Tumor risk factors
- ?Genetic risk factorsBasic biology of PD-1/PD-L1 in the 

heart
How does the heart interact with the 
immune system??
Induced Pluripotent Stem Cells (iPSC), 
Rodent Models



Cardiomyopathy in PD-1 KO Mice

Nishimura. Science.2001.



T Cell-Mediated Myocarditis in 
PD-1/PD-L1 Deficient MRL Mice 

Wang et al. Int. Immunol. 2010. Lucas et al. JI. 2008.



PD-L1 Expression in the Injured 
Myocardium

In collaboration with Janis Taube, Bob 
Anders, Luis Diaz, Johns Hopkins 



PD-L1 Upregulation in  Myocarditis as a Complication of 
Anti-PD-1/Anti-CTLA-4 Therapy for Melanoma

PD-L1

Andy Lichtman, Brigham and 
Women’s Hospital



Myocarditis as a complication of 
anti-PD1/anti LAG3 Rx of Carcinoma

Lymphocytic myocarditis

PD-L1 HL-DR (marker of IFN)

CD3



Expression of  PD-L1 in mouse heart and 
mouse heart endothelial cells 

Freeman G J et al.  J Exp Med 2000

PD-L1 mRNA in heart

Un Rx

IFN-γ Rx

Mouse Heart EC

100 101 102 103 104

IFNγ induction of PD-L1

100 101 102 103 104

Anti-PD-L1
Control Ig

Mouse

Rodig N,  Lichtman AH, Freeman G. 
Eur. J. Immunol. 2003



Pre-Clinical Platform for Assessing and 
Understanding Cardiotoxicity of Novel Compounds

• Cell based models –
– Isolated mouse or rat 

myocytes or endothelial 
cells/smooth muscles cells

– Induced pluripotent stem 
cells (iPS)

• Genetic manipulation –
CRISPR/Cas9

• “Personalized” medicine
• Zebrafish
• Rodent models –

– Mechanistic understanding 
of cardiotoxicities

• Sunitinib, Sorafenib
– Transgenic mice can allow 

for defining “on-target” vs. 
“off-target” effects Vanderbilt Cardio-Oncology Program



Conclusions
• Myocarditis is a new clinical phenomenon that ia 

a rare (but clinically significant) complication of 
cancer immunotherapy
– Initial mechanistic studies show that robust T cell and 

macrophage infiltrates
• Biological plausibility for this new clinical 

phenomenon
– Central role for PD-1/PD-L1 in the heart

• Need for multi-institutional to understand the 
pathophysiology of myocarditis and multi-
pronged approach to understand who is at risk 
of developing myocarditis
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