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/0-year-old man with metastatic renal cell carcinoma

Diffuse bony metastases status post right hip radiation

N

/

/) Cabozantinib (TKI-VEGF inhibitor) x 2 years, stopped due to progression

__ Ipillimumab + nivolumab (CTLA-4 and PD-1 immune checkpoint inhibitors) Started

[| ]+

Hypertension on amlodipine 10 mg and atenolol 75 mg
Recurrent DVTs and pulmonary embolism on rivaroxaban

Hyperlipidemia on atorvastatin 10 mg
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15 days after ipilimumab + nivolumab initiation...

Fatigue, dyspnea, subjective fever, night sweats, myalgias x 1 week

f\\ T38.6C HR106 BP123/78 RR20 SpO298% RA
Comfortable-appearing

Normal S1/S2, no JVD, no murmurs/rubs/gallops
Clear lungs
No peripheral edema, warm

Troponin | 1.48 > 1.73 > 1.63 2> 1.69 0.000-0.030 ng/mL
Lactic Acid 2.8 0.5-2.2 mmol/L
Creatine Kinase (CKMB) 7,298 49 - 397 U/L
NT-proBNP 1,819 - 1,854 0-125 pg/mL
Creatinine 0.80 0.6 - 1.0 mg/dL
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15 days after ipilimumab + nivolumab initiation...
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15 days after ipilimumab + nivolumab initiation...

Normal LVEF
Normal diastolic function
Decreased global longitudinal strain
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15 days after ipilimumab + nivolumab initiation...

O . . . N
Epicardial to mid-myocardial late

gadolinium enhancement in the
basal anteroseptum

\_

Elevated T1 and T2 values
In the basal-to-mid

.[ i |

TR anteroseptal segments

\_ /
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Learning ODbjectives

~ N
What are the phenomena of cardiac injury associated with
Immune checkpoint inhibitors?

How do we diagnhose and treat
Immune checkpoint inhibitor-myocarditis?

What are the cardiovascular effects of T-cell

Immunotherapies?
N Y
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Cancer immunotherapy works by reactivation of a stalled

pre-existing iImmune response or
by eliciting a de novo Immune response
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Welty NE, et al. J Am Coll Cardiol CardioOnc. 2022;4(5):563-578

Aim to stimulate a
direct antitumor response

Aim to reactivate
host Immunity
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Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

LAG-3 inhibitors

T Cell Activation ~ Relilimah; T Cell Response

Antigenc;;rltlasenting »f’ . T cell \)// \\(I Tumor cell

CTLA-4 inhibitors ' PD-1 inhibitors | | PD-L1 inhibitors
Ipilimumab : Nivolumab Atezolizumab
Pembrolizumab Avelumab
Cemiplimab Durvalumab
Sugemalimab

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. 1
Tan S, et al. J Am Coll Cardiol CardioOnc. 2022;4(5):579-597 o @noshreza @ Penn Medlcme




Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

T Cell Activation

—

MHC-TCR complex
.cé

CD80

Antigen presenting »//
cell

LAG-3 inhibitors

Relatlimab

CTLA-4 inhibitors
Ipilimumab

T Cell Response

Tumor cell

PD-1 inhibitors
Nivolumab
Pembrolizumab
Cemiplimab

PD-L1 inhibitors
Atezolizumab

Avelumab
Durvalumab

Sugemalimab

Inhibitory receptor on T cells lT cell activity

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47.
Tan S, et al. J Am Coll Cardiol CardioOnc. 2022;4(5):579-597

®unnecessary T cell activation
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Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

T Cell Activation e T T Cell Response | D Himumab:

Relatlimab

e 1St|CI to enter clinical use

* Only CTLA-4 inhibitor
commonly used in standard

| y practice
Antlgencr;rlclesentmg Tumor cell
-1 inhibi PD-L1 inhibit -

gl [y « Used as monotherapy or in
Pembrolizumab Avelumab . - -

combination with PD-1/PD-L1

Sugemalimab
Inhibitors
I
Zheng, L etal. ) Am Coll Carlil CardioOnc, 2021,3(1y35-47. © enoshreza & Penn Medicine



Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

. . LAG-3 inhibitors
T Cell Activation T T Cell Response

—

MHC-TCR complex
.géI

CD80

Protein on target cells that binds
to PD-1 receptors on CD8 T cells

Antigencpet;tlesenting »// T(;;e" \)// \\(I Tumor cell

CTLA-4 inhibitors PD-1 inhibitors PD-L1 inhibitors
Ipilimumab Nivolumab Atezolizumab
3 . A ' b - - -
sl [P ®|nflammat|on, Immune response
Cem|pl|mab Durvalumab
Sugemalimab

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. 1
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Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

. . LAG-3 inhibitors
T Cell Activation T T Cell Response

—

MHC-TCR complex
.géI

CD80

Antigencpet;tlesenting »// T (;ge" \)// \\(I Tumor cell

CTLA-4 inhibitors PD-1 inhibitors PD-L1 inhibitors
Ipilimumab Nivolumab Atezolizumab

: Pembrolizumab Avelumab

Cem|pl|mab Durvalumab

E \ Sugemalimab I

| Prevent tumor escape from overexpression of PD-L1
cytotoxic CD8 T cell-mediated tumor cell destruction

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. 1
Tan S, et al. J Am Coll Cardiol CardioOnc. 2022;4(5):579-597 o @noshreza @ Penn Medlcme




Immune checkpoint inhibitors (ICls) are monoclonal antibodies that

activate T cells and initiate an adaptive immune response to
facilitate the immune system’s recognition of cancer cells

T Cell Activation % T Cell Response P D-11:
BN » Nivolumab, pembrolizumab,
_f v cemiplimab
PD-L1i:
e atezolizumab, avelumab,
- ) durvalumab
ntlgencr;rlclesentmg
" pamnan || et Studied in broad range of cancers
e b Less toxicity than CTLA-4i
I
) @noshreza & Penn Medicine

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47.
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There are >20 approved indications for

Immune checkpoint inhibitors in the U.S.

Breast Head and Neck Lymphoma

Pembrolizumab*

Pembrolizumab Pembrolizumab

CTLA-4 inhibitor

Nivolumab Nivolumab

HCC
Pembrolizumab sScLC

Atezollzumab Atszoliztmab
Durvalumab
Pleural Mesothelioma

Pembrolizumab ; Atezolizumab*
. A Ipllimumab Nivolumab
Nivolumabs ) Durvatumab

Ipilimumab Nivolumab

PD-1 inhibitor

PD-L1 inhibitor
Pembrolizumab

LAG-3 inhibitor Ipilimumab  Nivolumab

Nivolumab*

Gastric/Gastroesophageal Cemiplimab

MSI-H, dMMR, TMB-H B
Pembrolizumab Urothelial

Nivolumab Pembrolizumab* Pembrolizumab

Iplilimumab  Nivolumab Nivolumab Nivolumab*

Atezolizumab

Avelumab
Melanoma Non-melanoma Skin Cancer Ipilimumab  Nivolumab

Ipilimumab* Pembrolizumab

Avelumab

Endometrial

Pembrolizumab

Pembrolizumab* Cemiplimab

Nivolumab* Avelumab
Atezolizumab Cervical

Pembrolizumab

Ipilimumab Nivolumab

Relatlimab Nivolumab

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. 1
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ICls can cause immune related adverse events (IrAEs) which are
autoimmune-like adverse reactions that can occur in any organ

Thyroid disease Myocarditis

Adrenal insufficiency Pericarditis
Arrhythmias

Coronary artery disease

Hypophysitis
Left ventricular dysfunction

Pneumonitis

Nephritis

Cutaneous

Maculopapular rash

Gastrointestinal

Diarrhea

Pruritis Colitis
Vitiligo-like lesions Hepatitis
I

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. 1
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Real-world data suggest a 6-10% increased risk of
cardiovascular events while receiving ICI therapy

Immune '« Myocarditis Cardiovascular Major Adverse

Checkpoint E - :
Inhibitors Pericarditis -Conductlon AESCESHIENG St g

P o Abnormalltles _
' History, presentation » Tachyarrhythmia

Cardiovascular gp — r;‘.‘ AR and physical « Bradyarrhythmia
Toxicities ‘ gAn i\ d » Systolic dysfunction

SC|ent| ¢ ’ f / ECG and biomarkers « Heart fallire

Plau5|b|l|ty : _ e >
o 's ccal erat e d ,’ e Echocgrdmgraphy Per!card!a.l effusion
Atheroscler05|s with GLS « Pericarditis
W %”I‘ ; : // * Acute coronary
.m Cardiac MRI with syndromes
_ , PRARCRIEERR * Sudden cardiac death

Pathology * Ischemic stroke

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47. O@HOShreza @ Penn Medicine



Making the diagnosis of ICI-induced myocarditis can be
challenging because of heterogeneous clinical, biological,

and imaging features

Challenges to Screening and Diagnosing Immune Checkpoint Inhibitor Myocarditis

——M

Diagnostic Considerations

CMR

EMB/ 2 Modified CMR ECG/ Symptoms/
Histopathology Lakelaiica Ciiterta Suggestive Arrhythmia Signs
|
Decreased Non-cardiac ¢Tn
LVEF/WMA irAEs
Challenges
« Timing « Sensitivity lower than for viral » Non-specific syndrome
« Site myocarditis » ECG variable and non-specific
« Sampling « Specificity lower if prior injury » Value of serial cTn screening needs
« Intermediate « Impact of steroids to be established
grades » Multiple etiologies for decreased LVEF
« Procedural risk

Thuny, F. et al. J Am Coll Cardiol CardioOnc. 2022 Dec, 4 (5) 624—628 o@nOShreza @ Penn Medicine



Making the diagnosis of ICI-induced myocarditis can be

challenging because of heterogeneous clinical, biological,
and imaging features

International Cardio-Oncology Definition for Immune Checkpoint Inhibitor Myocarditis

Diagnosis
Either pathohistological diagnosis: Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy of cardiac tissue samples
Or clinical diagnosis®"”

A troponin elevation® (new, or significant change from baseline) with 1 major criterion or a troponin elevation (new, or significant change from
baseline) with 2 minor criteria after exclusion of acute coronary syndrome or acute infectious myocarditis based on clinical suspicion

Major criterion
e CMR diagnostic for acute myocarditis (modified Lake Louise criteria)
Minor criteria

e Clinical syndrome (including any one of the following: fatigue, muscle weakness, myalgias, chest pain, diplopia, ptosis, shortness of
breath, orthopnea
e Lower extremity edema, palpitations, light-headedness/dizziness, syncope, cardiogenic shock)

e Ventricular arrhythmia and/or new conduction system disease

e Decline in cardiac (systolic) function, with or without regional WMA in a non-Takotsubo pattern
e Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis

e Suggestive CMR (meeting some, but not all, of the modified Lake Louise criteria)

®Clinical diagnoses should be confirmed with cardiac magnetic resonance imaging (CMR) or endomyocardial biopsy if possible and without causing delays of treatment. ®In a
patient that is clinically unwell, treatment with immunosuppression should be promptly initiated while awaiting further confirmatory testing. “Both troponin | and troponin T
can be used; however, troponin T may be falsely elevated in those with concomitant myositis.

Thuny, F. et al. 3 Am Coll Cardiol CardioOnc. 2022 Dec, 4 (5) 624—628 O@HOShreza @ Penn Medicine



Data suggest that ICl-associated myocarditis typically presents early after starting

treatment, with majority of cases reported in first 6-12 weeks

Time from Start of Immune Checkpoint £Co Troponin

Inhibitor to Clinical Myocarditis

22 B Abnormal ECG Bl Elevated Troponin
21 B Normal ECG B Normal Troponin

16 LVEF NT-ProBNP

- NWARU0W

0 30 60 90 120 150 180 2004008600 B LVEF 250% Bl Elevated NT-proBNP
(Days) B LVEF <50% B Normal NT-proBNP

Mahmood, S. et al. J Am Coll Cardiol. 2018 Apr, 71 (16) 1755-1764 ©) @noshreza & Penn Medicine




|ICI-M Diagnostic Algorithm

ICI-M Treatment Algorithm

Patients on ICl or recent ICl use

l

New CV symptoms or change in cardiac
measures (ECG or troponin)

|

Initial tests: ECG, troponin, BNP/NT-proBNP,

Echocardiogram (including GLS)
Unstable patient Stable patient
Cardiac catheterization, Consider alternate
hemodynamic assessment etiologies (e.g. ACS)

endomyocardial biopsy

CMR
(+ paumetric mapping)

Normal CMR +
persistent clinical
suspldon

6 Endomyoardlal

Confirm/exclude diagnosis blopey

ICl-associated myocarditis

!

Discontinue ICl and start
methylprednisolone 1,000mg/day

& | N

Patient stable and Patient unstable Patient stable and

therapy effective l therapy ineffective
Continue Consult advanced Add mycophenolate
methylprednisolone heart failure for  750-1000mg twice a
1,000mg/day mechanical day to
x 3-5 days circulatory support corticosteroids
Transition to oral °P“°"5 include: Stable and
prednisone X m‘l ; m ineffective
(1-2mg/kg) « ATG l
* Plasmapheresis
« VIG
Taper oral Consider biopsy/
prednisone, - Patient - CTLA-4 agonist or
typically stabilized IVIG (400mg/kg x
10mg/week with 2-4 days)
close surveillance ‘
(serum troponin)
If patient
unstable,
follow
algorithm as
noted above

Zhang, L. et al. J Am Coll Cardiol CardioOnc. 2021;3(1):35-47.
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Higher initial dose and earlier initiation of corticosteroids have been

associated with improved cardiac outcomes in ICl-associated myocarditis

100
High steroids dose
&
= 751
3 Intermediate steroids dose
= Low steroids dose
w
Q 251
<
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0- 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 2 22
Intermeodiate steroids dose 46 34 27 23 20 17 16 18 15 15
Low steroids dose 18 10 9 8 7 6 6 6 6 5
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Zhang et al. Circulation. 2020; 141:2031-2034.



T-cell therapies, including chimeric antigen receptor (CAR) T-cell,
bispecific T-cell engager (BITE), and tumor-infiltrating lymphocyte (TIL) therapies,

fight cancer cells harboring specific tumor antigens

Tumor resection

R : Tumor fragmentation and isolation
Chimeric antigen - : - ;
1 receptor (C AgR) Anti-CD19 Ab Anti-CD3 Ab  of tumor infiltrating lymphocytes

Leukapheresis

N Antigen PN 4 T o
recogpition
Autologous _ domain |
T cell Y l
Signaling Addition of IL-2
¢ domains CD19 (‘-\(=J
N BTE S /’\) Rapid expansion
\\ -/ protocol
\Ay In vitro CAR IIJ ‘u
e o/ Teell Infusion = - Infusion
~——  expansion - !
I

Ganatra, S. et al. J Am Coll Cardiol CardioOnc. 2022 Dec, 4 (5) 616—-623 Q@noshreza @ Penn Medicine



([A Information regarding T-cell
Joutonherest i e therapy—associated cardiotoxicity

B. BiTE Therapy C. TIL Therapy

: Tumor fragmentation and isolation
Anti-CD19 Ab Anti-CD3 Ab  of tumor infiltrating lymphocytes

Chimeric antigen
receptor (CAR)

CAR gene “] Antigen N 2 P ot B2 g—

IS based primarily on experience
with CAR T-cell therapy

Autologous
T cell

recognition ’ n o' Tort =
domain s ue?
= - -
Signaling l Addition of IL-2
domains cm9
BITE

—

».".% + "\ Rapid expansion
SRS, protocol

— | : Activation of the immune response can lead to a
- luu‘lﬂ'"'“s‘”‘ systemic inflammatory response,

O 8 . s T R l.e., cytokine release syndrome (CRS),

S S WS I v M : . .
». A 'Y ‘,ﬁ*@" 3 that can result in cardiotoxicity
CAR T cell ' antigen (CD19) s

MAV/ i+ On Target, \ o
S Ol:l'TUSl'.IO.r
o IR E}P . .

e i Retrospective cohort studies have

of titin el o Tocilizuma . . .
e o / e T8 noted MACE in 10-20% of patients who received
Of orger, O TRt | CAR T-cell therapy

Cytokine Release gae:d?aza::;est
Syndrome

« Arrhythmia
aatecoronary synarome [ N
Ganatra, S. et al. J Am Coll Cardiol CardioOnc. 2022 Dec, 4 (5) 616—-623 @ Penn Medicine




/0-year-old man with metastatic renal cell carcinoma

Methylprednisolone 1 mg/kg x 5 days

:

j Cardiac biomarkers and myositis improved

\{) Transitioned to prednisone 60 mg daily
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Take Home Points

Cancer immunotherapies are being used in an increasing number of patients
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Take Home Points

Cancer immunotherapies are being used in an increasing number of patients

Cardiovascular mmune related adverse events associated with ICIs include
myocarditis, pericarditis, arrhythmias, heart failure, and atherosclerosis
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Take Home Points

Cancer immunotherapies are being used in an increasing number of patients

Cardiovascular mmune related adverse events associated with ICIs include
myocarditis, pericarditis, arrhythmias, heart failure, and atherosclerosis

Diagnosing IClI-myocarditis can be challenging, and initial testing should include
electrocardiogram, cardiac biomarkers, echocardiogram, and
cardiac magnetic resonance imaging
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Take Home Points

Cancer immunotherapies are being used in an increasing number of patients

Cardiovascular mmune related adverse events associated with ICIs include
myocarditis, pericarditis, arrhythmias, heart failure, and atherosclerosis

Diagnosing IClI-myocarditis can be challenging, and initial testing should include
electrocardiogram, cardiac biomarkers, echocardiogram, and
cardiac magnetic resonance imaging

Initial treatment of ICI-M includes discontinuation of ICl and
early administration of high-dose corticosteroids
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Take Home Points

Cancer immunotherapies are being used in an increasing number of patients

Cardiovascular mmune related adverse events associated with ICIs include
myocarditis, pericarditis, arrhythmias, heart failure, and atherosclerosis

Diagnosing IClI-myocarditis can be challenging, and initial testing should include
electrocardiogram, cardiac biomarkers, echocardiogram, and
cardiac magnetic resonance imaging

Initial treatment of ICI-M includes discontinuation of ICl and
early administration of high-dose corticosteroids

Cytokine release syndrome is a recognized adverse cardiovascular effect of
CAR T-cell therapy and needs further study
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