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Objectives of today’s discussion

= Describe short-term and delayed cardiotoxic effects of
cancer treatments

= EXplain strategies for screening and monitoring of cancer
patients for cardiovascular toxicity before, during and after
cancer treatment

= Qutline a multidisciplinary approach to managing cardio-
oncology patients using current recommendations to
optimize survivorship outcomes
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COVER STORY

Cardio-oncology explosion: Increasing
awareness, collaboration, research

Bonnie Ky, MD, MSCE, froe the University of
Perelman School of Medicine, sald CV risk factors must be
taken into account in patients with cancer.

The cardio-oncology subspecialty has exploded in re
cent years, with the launch of dedicated cardio-oncology
centers, entire conferences focusing on this area and new
research, as awareness of cardiotoxicities associated with
cancer treatment has increased.

The number of cancer survivors continues to Brow
Today, there are more than 16.9 million cancer survivors
in the US., and this number is expected to Increase to
22.1 million by 2030, sccording to estimates from the
American Cancer Society.

“Patients with cancer are living longer and, in many
Gases, surviving their discase” Michael G. Fradley, MD,
director of the cardio-oncology program and associate
professor at University of South Florida College of Medi
cine and Mofft Cancer Center in Tampa, who at press
time was about to become medical directoe of cardio
oncology and associate professoe of clinical medicise at
University of Pennsybvania Perelman School of Medi
cine, told Cardiology Today. “We now have a lasge group
of cancer survivors who had exposare to various cancer

Cover story imivnues on page 10



Scope Of The Problem

1 of 3 adults have CV disease (82 million)
12 million cancer patients; 14 million cancer survivors

Approximately 30% of patients receiving cancer therapy
will have cardiovascular complications

Some complications may not become apparent for 10-20
years after completion of treatments
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Trends In 5-Year Cancer Survival

5-year survival by tumour type 1971 vs 2011 (predicted)
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Most breast cancer patients become long term survivors after

an intensive initial 12-18 months of therapy

3,800,000 SURVIVORS

276,000 NEW CASES ANNUALLY

Oncology Care

most intense in 207,000 NEwW CASES IN-
Active SITU/INVASIVE
treatment:

Treatment type 69,000 NEW
depends on METASTATIC
receptor CASES

signature of DEATHS

the tumor

42,000

Metastatic disease incurable, treated through the life of the patient.

Greatest
likelihood
of active
IM or
cardiolog
y follow-
up:
Phases of
care
beyond
initial
treatment



CV Disease and Breast Cancer have
multiple risk factors in common

MehtalLS. CV Disease an ast Cancer Intersection Circ. Feb 10 2018:137




Progression of CV Complications in Cancer Patients

Cancer patient

U

Baseline
cardiovascular risk
Therapy factors and disease Cancer

.

Decreased
cardiovascular
reserve

U

Genetic factors Preclinical and Lifestyle factors
clinical
cardiovascular
disease

v 4 3 N

Cardiomyopathy/h Ischemic and peripheral Arrhythmias/
eart failure arterial disease QTc prolongation

@ Herman and Lerman. Trends Cardiovasc Med. 2014; 24(7): 285-295. T’“
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CV Disease: Common after Cancer Treatment

All Cancer Types Breast Cancer
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CV Disease: Common after Cancer Treatment
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CV Disease: Common after Cancer Treatment

™
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Prevalence (%)
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Cardio-Oncology: Definition

Cardio-oncology Is a multidisciplinary field
almed at managing cardiovascular risk and
preventing cardiovascular disease In
cancer patients and survivors.

Eliminate cardiac disease as a barrier to
effective cancer therapy

@
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Cardiomyopathy and Heart Failure

@
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Chemotherapy Induced LV Dysfunction

Chemotherapy Agents Incidence (%) Frequency of Use

‘ Anthracycline

*Doxorubicin 3-26 +++

*Epirubicin 0.9-3.3 ++

*|dalrubicin 5-18 +

Alkylating Agents

*Cyclophosphamide 7-28 +++

+[fosfamide 17 +++

Antimetabolites

*Clofarabine 27 +

Antimicrotubule Agents

*Docetaxel 2.3-8 ++

Monoclonal Antibody Inhibitor

*Bevacizumab 1.7-3 ++
‘ *Trastuzumab 2-28 ++

Proteasome Inhibitor

*Bortezomib 2-5 ++
‘ «Carfilzomib 11-25 +

Small Molecule Tyrosine Kinase Inhibitor

*Dasatinib 2-4 ++

*Sunitinib 2.7-1 +

Yeh and Bickford. JACC. 2009; 53: 2231-247.
@ Zamorano et al. Eur HeartJ. 2017; 19(1): 9-42.
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Cardiotoxicity — Definitions

= Decline in initial EF by more than 10% to less 53%
regardless of CHF symptoms

Cardiotoxicity

= Structural | or cellular

changes (vac
myofibrillar disarr

= Cellular ne
= |rreversible

Ing abnormalities
lac stress
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Anthracycline Induced Cardiomyopathy
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Felker et al. New Engl J Med. 2000; 342; 1077-1084.
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Anthracycline Induced Cardiomyopathy
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Von Hoff et al. American Journal of Medicine. 1977; 62: 200-8.
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Anthracycline Induced Cardiomyopathy:
Risk Factors

Cumulative Dose
Age
Female Gender

Concomitant use of additional
chemotherapy or XRT

Underlying CV disease

@
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Radiation dose amplifies
anthracycline risk

Cumulative incidence of

-e 0-15 Gy no anthra - 0-15 Gy & anthra
40 4 -~ 16-20 Gy noanthra =+ 16-20 Gy & anthra
35 4 == 221 Gy no anthra -a- 221 Gy & anthra

0 5 10 15 20 25 30 35
Time since treatment (years)

Van Nimwegen FA et al. Blood. 2017 Apr 20;129(16):2257-2265 16




LV Dysfunction and Targeted Therapies

= HER2+ Targeted Therapies
— Trastuzumab
— Pertuzumab
— Ado-Trastuzumab
— Fam-Trastuzumab deruxtecan-nxki
— Lapatinib

MOFFITT TR
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Trastuzumab and LVEF
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Significant Heart Failure Associated with

Trastuzumab
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Trastuzumab Cardiac Monitoring
Algorithm

LVEF < 50 LVEF > 50
LVEF < 44 LVEF 45-49 Lontite
trastuzumab
I
Hold trastuzumab > 10 EF points from baseline <10 EF points
Repeat LVEF in 3 weeks Hold trastuzumab from baseline
Repeat LVEF in 3 weeks
LVEF < 44 LVEF 45-49 and LVEF < 44 LVEF 45-49 )
or < 10 points from baseline or <10 points from baseline Continue
LVEF 45-49 and or LVEF 45-49 and or trastuzumab
> 10 points from baseline LVEF > 49 > 10 points from baseline LVEF > 49
Stop trastuzumab Resume trastuzumab Stop trastuzumab Resume trastuzumab

™

USF

Curigliano et al. Ann Oncol. 2012; 23(Suppl 7): vii155-66. H EALT H
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Trastuzumab Cardiotoxicity Increases Over

v
MOFFITT
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No. of patients at risk Year 1
Anthracycline only 3443
Trastuzumab only 90
Anthracycline+ Trastuzumab 347
Other chemotherapy 2159
None 5235

Cumulative incidence (95% CI), %

Anthracycline only 1.2(1.0to 1.5)
Trastuzumab only 3.6(1.5t05.6)
Anthracycline+ Trastuzumab 6.2 (4.1 10 8.2)
Other chemotherapy 1.3(1.0 to 1.6)
None 0.9 (0.7 to 1.0)

Year 2 Year 3 Year 4 Year 5
3125 2699 2146 1659
78 49 24 13

339 263 179 94

1905 1548 1192 958

4798 4076 3288 2590
20(1.6t024) 27(22t03.2) 3.5(2.810 4.1) 4.3(3.5t05.0)
58(25t089) 7.8(3.4t012.0) 99(43t0151) 12.1(5.31018.3)
9.8 (6.7t012.8) 13.2(9.1t0 17.1) 16.5(11.5t021.3) 20.1 (14.0 to 25.6)
21(1.7102.5) 2.9 (2.41t03.4) 3.7 (3.0104.3) 4.5(3.7t05.3)
14(1.2t017) 1.9(1.6t02.3) 2.5(2.1102.9) 3.1(2.6 fo 3.5)

Bowles et al. J Natl Cancer Inst. 2012; 104: 1293-1305
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Trastuzumab and Anthracycline Cardiotoxicity:
Fibrosis and Apoptosis
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Techniques to Improve the Identification of
Cardiotoxicity: Beyond Ejection Fraction

= Biomarkers

= Strain Imaging

@
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roponins and Development of Cardiotoxicity
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Heart Failure...Just the Tip of The
Cardio-Oncology Iceberg
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Coronary Artery Disease,
Myocardial Infarction, and
Peripheral Arterial Disease

@
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Therapies Associated With Vascular Disease
= Radiation
= Tyrosine Kinase Inhibitors

— Nilotinib
— Ponatinib

@
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CV Complications of Radiation

= |mportant part of treatment for many cancers including
breast, lung and lymphoma

= Complications typically seen 5-10 years post exposure

= Complications include:
— Premature CAD
— Carotid Disease
— Valvular disease (especially aortic and mitral disease)
— Pericardial and myocardial disease
— Heart failure
— Conduction abnormalities

MOFFITT HEALTH



Risk Factors for Radiation Induced CV Disease

Increase risk with increased dose (total dose
>30 Gy or fractioned dose >2Gy/day)

Heart volume exposed
Time since exposure
Adjunctive chemo/hormone therapy

Presence of CV risk factors (diabetes, obesity,
smoking, hypertension, dyslipidemia)

Younger age

@
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Coronary Events Associated with Radiation
Therapy For Breast Cancer
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Radiation and Carotid Artery Disease

2.007 r=0.378, P<0.001

1.504

g

counts (mm)

0.50

CCAIMT after adjustment for age, gender, and platelet

0.00

T T T T
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MOFFITT Huang et al. Radiat Oncol. 2013; 8: 261. HEALTH



CML and Nilotinib: ENESTNd Trial

ENESTnd 3-Yr Update

Hematologic AEs and Biochemical Abnormalities

Grade 3/4 AEs, % | Nilotinib 300 mg | Nilotinib 400 mg | Imatinib 400 mg

BID (n = 279) BID (n = 277) QD (n = 280)
Neutropenia 11.8 10.8 21.4
Thrombocytopenia 10.4 12.3 8.9
Anemia 3.9 4.7 5.7
Lipase increase 7.5 7.9 3.9
ALT increase 4.3 9.4 2.5
Total bilirubin 3.9 7.9 0.4
increase
Hyperglycemia 6.1 54 0

Nilotinib Toxicities
Prolongation of QTc and vascular adverse events
Coronary events
Peripheral Arterial Occlusive Disease

Larson RA, et al. Leukemia 2012;26:2197-203. 2. Nilotinib prescribing information, 2013. 3. NCCN Guidelines v.4.2013



Nilotinib and Cardiovascular Events

18

15.9

16

2.5

Nilotinib 300mg BID Nilotinib 400mg BID Imatinib 400mg daily

No of Patients: 28/279 441277 7/280

@ Larson RA, et al. Blood. 2014;124:4541. -l

MOFFITT HEALTH



CML and Ponatinib: Cardiovascular Events

US Ponatinib Insert (7/23/12) PACE Trial (9/3/13)
Median Follow up: 12 Mos Medial Follow Up: 24 Mos
(340 pt-years) (578 pt-years)

_ e e

Cardiovascular 5 6

Cerebrovascular 2 3 4 7
Peripheral Vascular 2 4 4 7
Venous Thromboembolism 2 3 3 5
Total Vascular Occlusion 11 16 17 29

Cortes JE et al. Blood. 2014;124:3135.

@
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Cancer and Atrial Fibrillation

25%

20%

15%
m Cancer
0,

o ONo Cancer

5% I:|

0%

@ @
~ &

@ O’Neal et al. Am J Cardiol. 2015; 116(12): 1858-62. -IJE:F
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Chemotherapy and the Risk of Atrial
Fibrillation

13.3

IL-2

™
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1.8

Melphalan

10.3
8.2
6.5 l
5
Doxorubicin Gemcitabine S5FU + Cisplatin Ibrutinib

Adapted from Guglin et al. Europace. 2009; 11: 1579-1586. -l I;

Adapted from McMullen et al. Blood. 2014; 124: 3829-3830
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Hypertension

@
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VEGF Inhibitors and Hypertension

70

Percent Developing Grade 2-4
Hypertension
= N W H
o O O O O
%,

Hall PS et al. JACC Heart Fail. 2013; 1(1): 72-8.
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VEGF Inhibitors and Hypertension: Marker of

Efficacy?

----- Anti-HTN drug only

A 1004 A—A With HTN (n = 354) Median OS, ?2.3 months (95% Cl: 28.1 to NR)
Median S, 31.1 months (95% CI: 27.9 t0 35.2) — Dose reduction only
_ Median OS, 26.8 months (95% CI: 18.9 to NR)
5 &—8 Without HTN (n = 161) —— Both
3 0751 Median OS, 18.2 months (95% CI: 14.0to 21.0) Median OS, 33.0 months (95% Cl: 27.9 to NR)
: P<.0001 L e —— Neither
3 : 0.9 Median 0S, 25.8 months (95% Cl: 19.0 t0 30.2)
@ - o
2 050 - 8?_ Without HTN
5 > U Median OS, 6.4 months (95% CI: 5.0 to 9.5)
>3 06
2 22 06
; 53 05
o 025 a® 041
o < 0 0.3 1
@3 021
0.1
0.00
T T T T T T T T T T 1 0'0 -1
R EEEEEEEERE. ——————————
ke Time (months) s 0 5 10 15 20 25 30 35 40 45 50
0. Of patients .
.Wlth HTM 354 336 300 247 207 181 154 84 23 pat risk Tlme (monthS)
Without HTN 161 137 115 82 65 50 41 25 7

v
MOFFITT

Rini et al. INCI J Natl Cancer Inst. 2011;103:763-
773
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VEGF Inhibitor Induced Hypertension:
Treatment Options

= First Line Therapies

— ACE Inhibitors/Angiotensin Kaplan-Meier Estimate of Overall Survival
Receptor Blockers Stratified by Antihypertensive Use

— Dihydropyridine Calcium Channel

Blockers (CCBs) A VEGF-targeted (n = 3,511)
1.0 - Median OS (mo)
2 — ASl users (n=1,192) 31.12
% 0.8 - — ASI nonusers (n = 2,319) 20.21
= Second Line Therapies ‘cgz 0.6
— Beta blockers and Diuretics ‘_g 0.4
» 0.2 ¢
.. . 0.0 : : : : : ,
= Novel/Investigational Therapies 0 10 20 30 40 50 60
o . . Time (months)
— Nitric Oxide Donating
Medications McKay et al. Clin Cancer Res 2015;21:2471-2479

— Endothelin-1 Receptor
Antagonists

@
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Myocarditis

@
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Mechanism of Check Point Inhibitors

Priming/Activation Phase Effector Phase

APC TCell Tumor Cell
CD80/86 >
’ \
HC

@

MOFFITT La-Beck et al. Pharmacotherapy: 2015; 35: 963-976. H EALT H



Immune Checkpoint Inhibitor
Cardiotoxicity

4 4
p=0.00017

Heinzerling et al. J Immunother Cancer. 2016;4: 50.

++ -/- ++ -/- +/+ -/-
Nishimura et al. Science. 2001;291:319-322

v USF
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Prevention of Cardiovascular Disease In

®

MOFFITT

Cancer Patients: Learn your ABCs

A: Awareness of potential CV dysfunction;
aspirin; Ankle-brachial index

B: Blood pressure control
C:. Cholesterol control; cigarette avoidance

D: Diabetes control; healthy dieatary choices
E: Exercise. Echo. EKG.

HEALTH



Proposed surveillance and risk stratification for
Cancer Patients and Survivors

Patient specific risk factors Intended cancer therapy
/ s
Age > 60 years ‘ Anthracycline dose > 240 mg/m?
Female Left-sided/mediastinal irradiation
Known CVD pre-treatment High chest radiation dose
CV risk factors pre-treatment Trastuzumab exposure
i’ Pre-treatment LVEF < 53% | _ Concurrent exposure 1o > 1 cardiotoxic treatment A
N o \
Pre-treatment assessment 3
‘ Risk-approprnate surveillance plan
' Consider baseline assessment (+/- during treatment)

* LVEF assessment (preferably with strain)
« Troponin measurement

" Cancer
treatment

Post-treatment assessment (if appropriate*) |

| ‘ Prediction of risk of future CVD J |

Risk of LV dysfunction Risk of coronary disease Surveillance for other toxicities
(" Consider serial LVEF | [ onsidareoveveniion ). i i
assessments Fvimery / ypr e Valvular disease

Pericardial constriction
Role of surveillance stress
Frequency of assessment and testing or imaging unclear Extra-cardiac vascular disease

@ . role of strain unclear J U /
MOFFITT
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Proposed definitions for cancer therapy-related
cardiac dysfunction (CTRCD).

>10% decline in LVEF to a final value less than 53%
confirmed on subsequent imaging performed 2 to 3 weeks
after the initial measurement.

>15% relative decline in global longitudinal strain (GLS)
compared with baseline strain.

Hypertension, arrhythmia, ischemia, thromboembolism,
QT prolongation

J Clin Oncol 2002;20:1215-21.
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ECG
Standard Echo

Advanced Echo: Strain

studies (GLS), Tissue
Doppler, 3D volumes
Stress Echo

CMR

Biomarkers

Early signs of CTRCD:
Commence cardioprotective

medications and continue Severe CTRCD:

cancer treatment Interruption of
Moderate CTRCD: cancer treatment,
Optimisation of cardiac cardiac
medication, provisional optimisation,
Eur Heart J Suppl. 2019 Dec; 21(Suppl M): M44—M49
interruption or cancer reassess and
treatment and reassess balance cancer

@ treatment, -
: prognosis and e !
MOFFITT 1 cardiac risks HEALTH




Which cancer patients are at increased risk for developing cardiac dysfunction?
Recommendation 1
Cancer Start of End of
diagnosis treatment treatment
Which preventative What strategies What are the What are the
strategies minimize minimize risk during preferred surveillance preferred surveillance
risk before initiation potentially / monitoring / monitoring
of therapy? cardiotoxic therapy? approaches during approaches after
R dati 2 R dati 3 treatment in patients treatment in patients
ecommendation L e at risk for cardiac at risk for cardiac
dysfunction? dysfunction?
Recommendation 4 Recommendation 5

J Clin Oncol 35:893-911. © 2016 by American Society of Clinical Oncology

HEALTH




Strain Imaging to Diagnose Chemotherapy
Induced Cardiomyopathy

Measure of myocardial deformation

Identification of subclinical LV dysfunction prior to EF
changes

Potential role for early cardiovascular intervention

MO@TT
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Strain-Guided Management of Potentially Cardiotoxic
Cancer Therapy

CENTRAL ILLUSTRATION: Various Surveillance Strategies, Initiation of
Cardioprotective Therapy, and the Subsequent Response at the 1-Year Follow-

Up
Echo surveillance 1-year
Abnormal

ejection fraction
response Abnormal left
ventricular ejection

fraction response

@z
E

Thavendiranathan, P. et al. J Am Coll Cardiol. 2021;77(4):392-401.

ModF@fTT
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Management of chemotherapy-induced
cardiomyopathy.

Drugs

Chemotherapy Dexrazoxane Imaging withhold
Dose reduction ? ACEI ? Modality chemoRx
Liposomal formulations ? ARB ? Frequency if ongoing
Less toxic alternatives ? B-blockers
(epirubicin, lapatinib) ? Statins l

Ny

P,

Pt. Selection = T T
Age ? Aerobic

Cardiac Risk Exercise B‘:omarke_rs Std. HF Rx
LVEF ( I«gz‘o‘;\m

? Novel markers

CHEMOTHERAPY — CARDIOMYOPATHY

@ Circulation: Heart Failure. 2013;6:358-361 USF
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Prevention of Chemotherapy Induced

Effect of Candesartan Treatment

Difference in change in LVEF (85% CI) from baseline to EOS

Sample
n = total/candesartan/not candesartan

Al patients (rr = 109/57/52)
Age > median (n = 55/28/27)
Age = median (n = 54/28/25)

Current smoker (nm = 19/11/8)

Not current smoker (n = 90/46/44)

P-values for
interaction

F=047

P=07T6

/

Hypertension (n = 8/6/2)
No hypertension (n = 101/51/50)

BMI = median (n = 51/20/31)

BMI = median (n = S8/37/21)

Trastuzumab (n = 25M13/M12)
Mo trastuzumab (n = 84/44/40)

Mo radiation (n = 24/14/10)
Left sided radiation (n = 40/23/17)
Right sided radiation (rr = 4520/25)

e
P=041

~=0.09

FP=028

F=043

-6 -4 -2
Candesartan worse

TT

Candesartan better

Gulati et al. Eur Heart J. 2016; 37: 1671-80.




Conclusions

= Cardiovascular toxicity has significant impact on both cancer patients
and survivors

= Traditional chemotherapy, targeted and immune therapy and
radiation therapy are all associated with cardiotoxicity

= LV dysfunction and heart failure, arrhythmias, ischemia and
hypertension are commonly observed toxicities

= Biomarkers and strain imaging may help with the early diagnosis of
certain forms of cardiotoxicity

= Cardio-oncology collaboration serves as a forum to optimize cardiac
health and ensure cancer treatment continuation
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Current and Future Directions in Cardio-Oncology

= Collaboration between oncologists and cardiologists results in
completion of cancer therapy in most patients

= Ongoing analysis of referral patterns, management plans, and patient
outcomes will help to guide the cardiac care of oncology patients,
ultimately optimizing cancer and cardiac outcomes alike

= Cardio-oncology rehabilitation is a concept that aims to reduce the risk
of CVD and improve cardiopulmonary fitness in cancer survivors by
providing exercise prescriptions and cardiac rehabilitation during and
after cancer treatment
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Thank You!
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CardioOncology

at the HEART of Cancer

Roohi.lsmail-Khan@ moffitt.org
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