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Timeline | The history of cancer immunotherapy

First report of
allogeneic bone
marow
transplantation**?

(1991,1994)
Characterization

Description Discovery of MHCI of human
of immune -restricted CD8§* tumour-associated Rediscovery of Non-myeloablative
infiltrates in Hypothesis of cancer T cell recognition antigens by the regulatory chemotherapies and HPV
tumours by ‘immunosurveillance’ by Zinkernagel First study Rosenberg and Tcellby adoptive T cell transfer vaccination
Virchow by Burnet™ and Doherty®®’ with IL-219 Boon!'"+1® Sakaguchi'® in melanoma® in VIN®
2009 2010
Treatment of Discovery of Discovery of First study with First study of (1996, 1997, 2000) Imiquimod FDA approval of
cancer with the dendritic crosspresentation adoptive cell isolated limb Discovery of the used to sipuleucel-Tin
bacterial products cellby by Bevan® transfer in cancer'® perfusion with immunological treat prostate cancer®
by Coley* Steinman® I TNF in melanoma function of VINI and ipilimumab
First study with and sarcomati® Toll-like in melanoma®
BCG in bladder First study with receptorsioLIo41os
cancer'® IFNa in melanoma'®

Important basic immunological discoveries and key clinical trials are shown. BCG, bacille Calmette-Guérin: IFNa, interferon-a; IL-2, interleukin-2;

MHC, major histocompatibilty complex; TNF, tumour necrosis factor; VIN, vulvar intraepithelial neoplasia.

Lesterhuis WJ, et al. Nat Rev Drug Discov 2011
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- Discovery of cancer therapy by inhibition of
negative immune regulation
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The Nobel Prizein Physiology or
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Immune mechanisms of immune checkpoints and
immune checkpoint inhibitors

Anti-CTLA-4 B
Anti-PD-1 Anti-PD-L1

gpc T cell T cell Tumor Cell

Poto R, et al. Front Immunol 2022
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(~, Moleculartarget Indication according to FDA

lahel

Cancer therapy

Immune
checkpoint
therapy

Radio- Anti cancer

Surggry therapy drugs

FUA=US Food and Urug Administration. LYUVUII AN\, TL dl. LdIILTL VIILUI 4018
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Anti
PDL-1/PD-1
skin 43-45% 34%
Digestive 32-54% 5-10%
system
Endocrine 5-10% 5-10%
system
Pneumonia 2-4%
Nephritis 2-5%
Nelfrf>|?8'c 1-12%
[:I;:::vrums 1. l‘l’%

Immune - Related Adverse Effects Associated
with Immune Checkpoint Inhibitors

Nervous system

Eye ——_m,(;_s_\ _

Uveitis a7 ?J;‘_ 7 Guillain-Barré syndrome
Scleritis e Myasthenia gravis
Retinitis / Encephalitis
Pituitary i Meningitis
Aok 8 'Nauropathy
Leng £5 8 i Thyroid
Pneumonitis | HYpOTONSe
Pleuritis ” H:Ialn
Liver yocarditis
Hepatitis Pancreas

Typel Diabetes
Adrenal Pancreatitis
Adrenalitis

Stomach
Gastritis

Gastrointestinal
Colitis

Muscle H .Sl_vcln
Myositis Vitiligo

Alopecia

Psoriasis

DRESS syndrome

Rheumatologic Rush / Pruritus

Vasculitis ' Blood
Arthritis : Thrombocytopenia
= Hemolytic anemia

Meutropenia

Kidney
MNephritis

Activated T cell

@ )TCR
Ipilimumab \(’
2o CTLA- =l

g\’ T

Nivalumah
y,
r

PD-1

PD-L1 l PD-L1
-~ "=

Injured Cardicmyocytes

PL-1

-
Arrhythmias \

Vasculitis

Myocarditis (most common)
]

Takotsubo-like syndrome

=N

Hu JR, e I. Cardiovasc Res 2019
Varricchi G, et al. Circulation 2017
Poto R, et al. Front Immunol 2022
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xhowces e e ICI myocarditis (either pathohistological diagnosis or clinical diagnosis)
Pathohistological diagnosis (EMB) Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy

Clinical diagnosis® Tn elevation (new or significant change from baseling)® with 1 major criterion or 2 minor criteria,
after exclusion of ACS and acute infectious myocarditis based on clinical suspicion’

Major criterion:

+ CMR diagnostic for acute myocarditis (modified Lake Louise criteria)®

Minor criteria:

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

Ventricular arrhythmia (including cardiac arrest) and/or new conduction system disease
Decline in LV systolic function, with or without regional wall motion abnormalities in a non-Takotsubo

.

pattern

Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis
Suggestive CMR"

Severity of myocarditis Fulminant: Haemodynamic instability, HF requiring non-invasive or invasive ventilation, complete or
high-grade heart block, andlor significant ventricular arrhythmia

Non-fulminant: including symptomatic but haemodynamically and electrically stable patients and
incidental cases diagnosed at the same time as other immuno-related adverse events. Patients may have
reduced LVEF but no features of severe disease

Steroid refractory: non-resolving or worsening myocarditis (clinical worsening or persistent troponin
elevation after exclusion of other aetiologies) despite high-dose methylprednisolone

Recovery from myocarditis Complete recovery: Patients with complete resolution of acute symptoms, normalization of
biomarkers, and recovery of LVEF after discontinuation of immunosuppression. CMR may still show LGE
or elevated T1 due to fibrosis, but any suggestion of acute oedema should be absent

Recovering: Ongoing improvement in patient dinical symptoms, signs, biomarkers, and imaging

parameters, but not yet normalized, while on tapering doses of immunosuppression

Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
' SSSSSSSSS““™““EEEE———
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Table 1 Cancer therapy classes identified for cardiovascular baseline risk assessment and associated cardiovascular

toxicity

Cancer treatment class Cancer indication Treatment-related CY toxicity
Hypertension
Immune checkpoint inhibitors: Melanoma (metastatic and adjuvant) Myocarditis including fulminant myocarditis
anti-pmgmmmed cell death 1 inhibitars Metastatic renal cancer, non-small cell Pericarditis
{nivelumab, pembrolizumab) lung cancer, small ecll lung cancer, Mon-inflammatery heart failure
anti-cytotoxic T-lymphocyte-associated refractory Hodgkin's lymphoma, Ventriculzr arrhythmias
protein 4 inhibitor (ipilimumab) metastatic triple negative breast AV block
anti-programmed death-ligand 1 inhibitors cancer, metastatic urothelial cancer, Acute coronary syndromes Including
{avelumab, atezolizumak, durvalumab) liver cancer, MMR-deficient cancer atherosclerotic plague rupture and vaseulitis

Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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* |Immune checkpoint inhibitors: what, who, how (mechanisms

of cardiovascular toxicity)

e CAR-T cell: what, who, how (mechanisms of cardiovascular
toxicity)

e Cardiovascular management according to the latest ESC/EHA/
ESTRO/IC-OS guidelines on cardio-oncology
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Ao e Indication and stepwise mechanism of chimeric
____ antigen receptor (CAR) T-cell therapy and cytokine
O A —E =S release syndrome (CRS)
ifi ‘} '3 ?’ (5] (6] CAR-T therapy is used for the treatment of acute lymphocytic leukaemia and aggressive
oo il Becell lymphomas.
fJ E'“ Stepwise mechanism of action:
pu Viral or -l ' 1. White blood cells (WBC) are drawn from the patient via leukapheresis. T cells are then
non-viral vector n ' separated in the lab.
® * Patient 2. T cells are genetically modified or “engineered” with viral or nonviral vector inserting
20 ® a gene encoding a CAR into the T cells.
o .. |— 3. Engineered T cells, now known as CAR T cells, can recognize and attach to the specific
WBCs 22 ¥ antigen on the cancer cells.
. el — 4. CART cells are grown and multiplied in the bioreactor to create millions of copies.
@ tevkapheresis | j E=r i | 5. Before the CAR T cells are administered, the patient receives pre-conditioning
chemotherapy to lower the cell count to allow space for the incoming CAR T cells.
S 6. CART cells are infused back into the patient’s blood where they proliferate, detect,
e Mmphagp P and destroy the tumor cells.
@«@ *"" IS 7. CRS occurs as a result of the supraphysiologic levels of inflammatory cytokines
LM released by the activated CAR T cells and other immune cells such as macrophages.
Lysis T 'LE ] .;ngp Endothelizlcell Ang-2 = agngiopoietin 2; IL = interleukin; IFN-g = interferon gamma; MCP1 = monocyte
S— celldcathﬂ S L. chemoattractant protein 1; TNF-a = tumor necrosis factor alpha; vWF = von Willebrand
R factor

v é ¢ Ganatra S, et al. J Am Coll Cardiol 2019
S ) v DR L GLEEEEEEGGE®™S®SSS
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PLACEC™ CAR-T cell therapy-related
cytokine release syndrome (CRS)

TABLE 1 Clinical Manifestation of CRS-Related Toxicities TABLE 2 Incidence of CRS and CV Complications in Pivotal Trials
Organ System Manifestation Type of CAR Death
Clinical Trial (Ref. #) Type of Cancer T-Cell Therapy CRS (%) Mi Cardiac Arrest Cardiac Failure Due to CRS
X X X X JULIET (12) Relapsed or refractory diffuse Tisagenlecleucel 64111 (58.0) MNone MNone Mo report None
Cardiovascular Tachyc;;cllga, w:ﬁe&ed'pulse l;;oTr;ajssure;‘rjypote(rjtsm»n osre;hxk large B-cell lymphoma
or , arrhythmias, pulmonary edema, decrea i . .
ejection fraction, troponinemia, QT prolongation ELIANA (10) Relapsed or re[rgclnry B Fell Tisagenlecleucel 58/75 (77.0) None 3 (4.0 27 None
, - - lymphoblastic leuke mia
Renal Acute kidney injury, tumor lysis syndrome ZUMA-T (17) Refractory large B-cell Axicabtagene ciloleucel  94/101(93.0)  None 101.0) Noreport  1(1.0) same patient
Pulmonary Hypaxia, pulmonary edema lymphoma as cardiac arrest
Hepatic Transaminitis
Hematologic Anemia, thrombocytopenia, coagulopathy Values are /N (3) or n patients (%).
CAR = chimeric antigen receptor; CRS = cytokine release syndrome; CV = cardiovascular; ELIANA = Determine Efficacy and Safety of CTLO1S in Pediatric Patients With Relapsed and Refractory B-Cell ALL
and High Risk B-Cell ALL at First Relapse: Determine Feasibility and Safety of CTLIONY Therapy in Pediatric Patients With High-Risk B-Cell ALL That Relapsed <& Months Post ALL-HSCT; JULIET = Study of
Some of the toxicities may In part be attributed to the lymphodepletion regimen used prior to Efficacy and Safety of CTLONS in Adult DLBCL Patients; Ml = myocardial infarction; ZUMA-1 = Safety and Efficacy of KTE-C19 in Adults With Refractory Aggressive Non-Hodgkin Lymphoma.
chimeric antigen receptor T-cell infusion and to acute volume changes.
CRS = cytokine release syndrome; LV = left ventride.

Ganatra S, et al. J Am Coll Cardiol 2019
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e Cardiovascular management according to the latest ESC/EHA,
ESTRO, and IC-OS guidelines on cardio-oncology
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@ ESC European Heart journal (2022) 00, 1-133 ESC GUIDELINES

European Society hitpsy/doicrg10.1093/eurheartj/ehac244
of Cardiology

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-0OS)

Developed by the task force on cardio-oncology of the European
Society of Cardiology (ESC)
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Baseline CV toxicity risk assessment checklist

CTR-CVT
risk factors

Previous
cardiotoxic
therapies

Lifestyle
risk factors

ECG, TTE, and
cardiac biomarkers
abnormalities

Clinical assessment Complementary tests

« Cancer treatment history * BNP or NT-proBNP®
* CV history e cIn®
« CVRF * ECG
*» Physical examination » Fasting plasma glucose / HbAlc
« Vital signs measurement® * Kidney function / eGFR
* Lipid profile
+ TTE

@Esc

Recommendation Table 1 — Recommendations for a | \ t‘gy;
general approach to cardiovascular toxicity risk R A
categorization XS )

Class®  Level®

c

Recommendations

CV toxicity risk stratification” before starting
potentially cardiotoxic anticancer therapy is
recommended in all patients with

cancer 1141921252831

Communicating the results of the CV toxicity risk
assessment to the patient and other appropriate
healthcare professionals is recommended.

The use of HFA-ICOS risk assessment should be
considered to stratify CV toxicity risk in patients
with cancer scheduled to receive cardiotoxic
anticancer th.erapy.12

It is recommended that patients categorized to be
at low CV toxicity risk should proceed to
anticancer therapy without delay.

In patients categorized at moderate CV toxicity
risk, cardiology referral® may be considered.®
Cardiology referra is recommended in high-risk
and very high-risk patients before anticancer
therapy’

Discussion of the risk/benefit balance of
cardiotoxic anticancer treatment in high- and very
high-risk patients in a multidisciplinary approach
prior to starting treatment is recommended.
Cardiology referral” is recommended for patients
with cancer and pre-existing CVD or abnormal
findings at baseline CV toxicity risk assessment®
who require potentially cardiotoxic anticancer

Lyﬂéﬂﬁ”AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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A i -
HFA-ICOS baseline risk assessment
(Class lla)
Moderate risk High/very high risk
1 Discussion of the risk/benefit
Cardiology® referral if | Cardiology* referral if T s e e
CV toxicity develops CV toxicity develops e
(Class 1) (Class 1) (Class I)
Cardiology referral® Cardioprotective strategies
(Class lib) (Class lla)
. @Esc—

Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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@ 9: Edizione Panel 1: Potential risk factors for immune checkpoint
= inhibitor-related cardiotoxic effects

Treatment-related factors

+ Dual immunotherapy (eg, ipilimumab and nivolumab)
N\ R + Combined immunotherapy and other cardiotoxic cancer
therapy (eg, VEGF tyrosine kinase inhibitors)

Baseline CV Risk Assessment

Concurrent immune-related toxic effects

Checklist  » Immune checkpoint inhibitor-related skeletal myositis
Previous cardiovascular disease with myocardial injury
Cardiac history + Myocardial infarction
Cancer treatment history *eatl Bilure
CV risk factors »  Myocarditis
risk fa ( ° Previous anthracycline chemotherapy
«  Previous cancer therapy-induced left ventricular
Lifestyle CV Blood pressure 1 dysfunction
Risk Factors HbAlc Previous autoimmune disease
Previous Cholesterol profile |+ Systemic lupus erythematosus
Cardiotoxi '« Rheumatoid arthritis
aralotoxic . . . =
Cardiac troponin* S
Cancer BNP or NT-proBNP* [ - Dresslers syndrome
Treatment Tumour-related factors

| . cardiac antigens expressed in tumour

ECG

- Cardiac T-cell clones

l Genetic factors
Echocardiogram

, + Unknown

|« -
— Lyofi AR, et al. Lancet Oncol 2018
Lyon AR, et al. Eur J Heart Fail 2020
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Table 2
Distribution of LVD and other CV events according to HFA/ICOS risk allocation.

LVD Other CV events All CV events
Anthracyclines (n = 202) 0 4’ (2%) 4 (29)
Low risk (n = 103) 0 0 0
Medium risk (n = 86) 0 2 (29) 2 (2%
High & very-high risk (n=13) 0 2 (15%) E——
Anti-HER2 drugs (n = 171) 16 (9%) 5" (3%) 2T (12%)
Low risk (n = 47) 2 (4%) 1 (2%) 3 (6%)
Medium risk (n = 99) 11(11%) 3 (3%) 14 (14%) nd
High & very-high risk (n=25) 3 (120%) 1 (4%) 4 (16%)

i Other CV events included: 2 pulmonary embolisms; 1 case of uncontrolled
arterial hypertension; 1 case of heart failure with a preserved ejection fraction in
a patient with arterial hypertension and LVH.

% These included: 1 cardiac tamponade; 1 fatal ischeamic stroke; 1 case of
symptomatic ectopic ventricular beats; 2 cases of uncontrolled arterial
hypertension.

Tini G, et al. Int J Cardiol 2022
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Immune checkpoint inhibitors surveillance protocol

lSJ CV assessment®
“A~ ECG

F TTE

I cTn

QAR
HHE
ﬁ""ﬁ'ﬁ'!
:
000000000
©
O s

o

\ @Esc—

Recommendation Table 15 — Recommendations for
baseline risk assessment and monitoring during
immunotherapy

Recommendations Class® Level®

ECG, NP, and ¢Tn measurements are
recommended in all patients before starting 1C
therapy. ™
Baseline echocardiography is recommended in
high-risk patients before starting IC| therapy **
Baseline echocardiography may be considered in b c
all patients before starting |Cl therapy.
Serial ECG and ¢Tn measurements should be
High risk:
Dual ICI
combination ICl-cardiotoxic therapy

|ICl-related non-CV events

prior cancer therapy-related cardiac
dysfunction

Any cardiovascular disease

ot @ cwr Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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RIS FOR ADVANCES IN CARDIAC EXPERIENCE

AL | ©

!

Switching o - "

4 line i ession to ICU (level 3)
oral prednisolone (| mg/kg/day) o
(Class Ila) (Class lla) (Class I)
AND
Weaning protocol by 10 mg/week Optimal CV treatment
with troponin monitoring including MCS
(Class lla) (Class I)

¢ g’ recovery ) Second-line immunosuppression

(Class )

\ @Eesc—

Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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Recommendation Table 20 — Recommendations for
baseline risk assessment and monitoring in patients
receiving chimeric antigen receptor T cell and tumour-
infiltrating lymphocytes therapies

Recommendations Class® Level®

Baseline ECG, MP, and £Tn are recommended in

all patients with cancer before starting CAR-T and C
TIL therapies *®

A baseline echocardiography s recommended in

patients with pre-existing CVD before starting C
CAR-T and TIL therapies **®

A baseline echocardiography should be

considered before starting CAR-T and TIL lla c
therapies ¢

Measurement of NP, cTn, and echocardiography

are recommended in patients who develop CRS =
of ASTCT > 2708

& ESC W22

ASTCT, American Sodety for Transplantation and Cellular Therapy: CAR-T, chimeric
antigen receptor T cell CRS, griokine release syndrome; ¢ Tn, @rdiac troponing CVD,
ardiovascular disease; ECG, electromrdiograne MP, natriuretic peptides; TIL
tumour-infifrating ymphooytes.

*Class of recommendation.

"Level of evidence.

“Determine CRS grade according to ASTCT grading: Grade 1: fever; Grade Z fever
AMD hypotension not requiring vasopressors AMDVOR hypossia requiring low-flow
nasal oxygen; Grade 3: fever AMD hypotension requiring one vasopressor +
vasopressin ANDVOR hypowda requiring high-flow nasal @nnula or facemask or
non-rebreather mask or Venturi mazk; Grade 4 fever AMD hypotension requiring
multiple vasopressors, not including vasopressin AMDVOR, hyposda requiring positie
adirway pressure.

Lyon AR, Lopez-Fernandez T, et al. Eur Heart J 2022
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PLACES " Cardiovascular preventative and

supportive care interventions for CAR-T cell theraby' |

Pre T-Cell Infusion

Durng Therapy

Comprehensive assessment that includes a detailed CV history and physical examination
including estimation of exercise tolerance, screening for CV disease risk factors
(hypertension, diabetes, hyperlipidemia, obesity, smoking), and baseline 12-lead ECG,
analogous to assessment prior to cardiotoxic treatment. Cardio-oncology consult for further
evaluation and risk stratification as per Figure 1.

Baseline echocardiogram to evaluate cardiac structure and function especially in older patients,
those with impaired exercise tolerance, known structural heart disease, abnormal baseline
ECG, suggestive symptoms, or multiple CV risk factors.

Consider evaluation for ischemia in patients with poor exercise tolerance or any exertional
symptoms.

Consider tapering antihypertensive medications prior to infusion.

Continue low-dose aspirin in patients with known coronary artery disease or percutaneous
coronary intervention or both until platelets <30,000 (35).

Monitor vital signs every 4 h with attention to fevers, hypotension, and tachycardia; every 2 h in
patients with fever and tachycardia. Telemetry monitoring for patients found to have
persistent tachycardia or arrhythmia.

Maintenance of adequate hydration. Initiate replacement [V fluids for patients with poor oral
intake or high insensible losses to maintain euvolemia.

Initiate volume resuscitation with IV fluid for sustained hypotension.

Consider intensive care monitoring if hypotension recurs after first fluid bolus or HR persistently
=125 beats/min.

ECG, troponin, and echocardiogram for persistent hypaotension not responsive to [V fluid boluses.
Consider intensive care unit transfer for hemodynamic management.

Initiate vasopressor support if BP unresponsive to first fluid resuscitation. Discuss with CAR-T
team regarding the use of tocilizumab.

Consider invasive hemodynamic monitoring for patients with shock who have reduced LV systolic
function or refractory to low-dose vasopressor or both.

Ganatra S, et al. J Am Coll Cardiol 2019
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« Both ICI and CAR-T have drastically improved cancer patients’
survival, but are burden by different type of cardiovascular
toxicities

* |Cls toxicity is tightly connected to their mechanism of action

* |Cls might cause severe myocarditis, fatal in almost 50% of cases

e CAR-T can cause a cytokine related syndrome that may affect the
cardiovascular system

 Cardiovascular baseline assessment and strict cardiovascular
follow-up according to a risk stratification tool (HFA-ICOS) are
pivotal in such context
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ESC
Heart Fallure
e T s

ESC HEART FAILURE ORIGINAL ARTICLE e
ESC Heart Failure 2022; 9: 1666-1676
Published online 1 April 2022 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13879 =

_— ; @
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Impact of a cardio-oncology unit on prevention of
cardiovascular events in cancer patients

Alessandra Cuomo?, Valentina Mercurio'?, Gilda Varricchi>**>®, Maria Rosaria Galdiero®*>,

Francesca Wanda Rossi3’4'5, Antonio Carannantel, Grazia Arpin02'7, Luigi Formisan02'7, Roberto Bianc02’7,
Chiara Carlomagno®’, Carmine De Angelis*’, Mario Giuliano®’, Elide Matano’, Marco Picardi’,

Domenico Salvatore®, Ferdinando De Vita®, Erika Martinelli’, Carminia Maria Della Corte®, Floriana Morgillog,
Michele Orditura®, Stefania Napolitano®, Teresa Troiani® and Carlo G. Tocchetti™?*>10*

Cuomo A, Mercurio V, et al. ESC Heart Fail 2022
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