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« Describe the epidemiology of cardiac disease and cancer

« Develop a clinical framework to approach Cardio-Oncology

« Understand risk stratification in Cardio-Oncology
Ex. Anthracyclines

o Clinical tools
o Strain imaging
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Top 10 Causes of Death in the US
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QuickStats: Number of Deaths from 10 Leading Causes, by Sex — National Vital Statistics System, United States,
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Innovative phase I-1II compounds
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Increase in cancer therapies over time

Expansion of immunotherapy indications
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Top Non-Cancer Causes of Death in

% of deaths at follow-up time

Cancer Patients

Objective Ill: Non-cancer deaths vs. follow-up time
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Zaorsky et al. Ann Oncol 2017
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Armenian, et al. JCO, 2016
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Competing Therapeutic Dynamic of Cancer and CVD

Heart
failure

W - In cancer treatment, the goal

R L}?@x % Wy is to starve/target/destroy
tumor growth malignant cells
2

- ’ - N

VEGF stimulators G VEGFl <4—— Ischemia

« Inheart disease, the goal is
to heal/nourish/protect
cardiac myocytes

Cardiotoxicity

« Ex.VEGF inhibitor

. HIF
Hypoxiainduced ___,  prce T VEGF/TK inhibitors
angiogenesis VEGE

Meijers et. al, Cardiovascular Research, 2019
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+ Bevacizumab
« Sunitinib
| Her2-targeted therapies | \
* Trastuzumab l l l
+ Pertuzumab

+ Bortezomib

remma s | Cardiomyocyte damage and
Proteasome inhibitors J \ heart failure Hypertension Ischemia vascular effects Platinum based therapies ]

Coronary disease / . Cisplatin
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+ Fluorouracil
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[ Alkylating agents

Valvular disease 4—[ Radiation I =

+ Cyclophosphamide

~—3» Thromboembolism

/
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+ Paclitaxel
* Docetaxel

Arrhythmias

Figure 1. An overview of the cardiovascular side effects of chemotherapy and radiation.

Adapted from Lenneman C, et al. Circ Res, 2016

Broad Spectrum

Acute & chronic

Team-based
approach
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e Interruption, or discontinuation of cancer therapy
e Physical morbidity & mortality of CVD
e Psychological impact of an additional severe comorbidity

e Disqualification from oncology clinical trials
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- Many cancer therapeutics are
associated with cardiovascular
complications

Stem Cell Transplant
Alkylating Agents
Checkpoint Inhibitors

« Cardiovascular disease can be a
rate-limiting step that excludes
patients from optimal treatment
and clinical trials

« Collaboration between cardiologists
and oncologists can result in bigger e —

and bolder treatment options +Miinize CordenasculrToicty

« Improve Overall Outcomes

Adusumalli et al. J Cardiovasc. Trans. Res, 2020
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Integrated Approach of CVD & Cancer
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Khouri, et al. Circulation 2012
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Risk Stratification
in Cardio-Oncology

Case Example: Anthracyclines
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* Doxorubicin discovered from the fungi
Streptomyces peucetius

* Functions by inhibition of
topoisomerase [ and II

* Used in clinical oncology starting in
1960s

« Effective in treating a variety of cancers
* World Health Organization’s list of
essential medicines

McGowan et. al, Cardiovascular Drugs and Therapy, 2017
Dhingra et. al, Cardio-Oncology: Principles, Prevention, Management, 2017
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EpwaArp A. LeFrAkK, MD,* Jan Pr¥ua, MD, PuD,!
SIDNEY RoOSENHEIM, MD* Anp JEFFREY A. GoOTTLIEB, MD?

» Reviewed 399 patients at Baylor & MD
Anderson treated with Adriamycin

* Found 11 cases of Adriamycin-induced
cardiotoxicity

* Only 1 case of toxicity when dose <550
mg/m2. Recommendation to limit dose

to 550 mg/m2

Lefrak et al., Cancer, 1973
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- TTE was not widely available in 1970s,

<400 mg/m2:
5%

550 mg/m?:
26%

* = Patlents at Risk

107
550 mg/m2 cutoff based on clinical E -
symptoms : ]

g 061

- Swain in 2003 studied the rate of heart -
failure using TTEs in 630 patients with &

: ¢ |
breast and lung cancer who received g0
doxorubicin SN

O b I

- Doxorubicin related HF occured at a -

lower dose of 400mg/m2 and with
greater frequency than previously
thought from the 1970s

200 300 [400) 500 600 700 8O0 900

Cumulative Dose of Daxorubicin (mg/m’)

Swain, et al. Cancer 2003
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Mulrooney,gal. BMJ 2009 10 20 30 Cause Cardlac damage
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Odds Ratio

Anthracycline Cardiotoxicity Risk

35 -
30 - 27.59
25 -+
23.47

20 -

(10 )

7.23
3.69
5 {1.65 i /

/

1-100 101-150 151-200 201-p50 251-300 300+

Cumulative Anthracycline dose in mg/m?
Armenian & Bhatia, ASCO edbook, 2018
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VOLUME 35 - NUMBER "
| d Risk f o or G Oncoroey
Prevention and Monitoring of Cardiac Dysfunction in

] ] ] L]
D eve I O I n ‘ a rd I OtOXI C It Survivors of Adult Cancers: American Society of Clinical
Oncology Clinical Practice Guideline
¢ Ky, Erica L. Mayer, Javid Moslehi, Kevin ( v, Katl ”’;n.

High dose anthracyclines (>=250mg/m2 doxorubicin; >=600mg/m2 epirubicin)

High dose (>30 Gy) radiotherapy (RT) with heart in treatment field

Lower dose anthracyclines (eg. <250 mg/m2 doxorubicin) with lower dose RT (<30 Gy) and
heart in treatment field

Treatment with lower dose anthracyclines (eg <250mg/m2 doxorubicin) with trastuzumab
sequentially

Lower dose anthracycline (eg. <250mg/m2 doxorubicin) or trastuzumab alone, and any of the

following:
e Multiple (>=2) CV risk factors: smoking, HTN, diabetes, dyslipidemia, obesity

Older age (>=60 y) age
e Compromised CV function (e.g. borderline low LVEF (50-55%), history of Mi,
moderate valvular disease

Armenian et. al, JCO, 2018
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CANC ER developed in collaboration with the European

INSTITUTE Ri S k C a l C u l a t O r Hematology Association (EHA), the European
Society for Therapeutic Radiology and
e e T Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS)

Table 2 Baseline cardiovascular risk stratification proforma for anthracycline chemotherapy

Risk factor Score Level of
evidence

Previous cardiovascular disease

Heart failure or cardiomyopathy Very high B
Severe valvular heart disease High c HFA-ICOS Cardio-Oncology cardiovascular risk assessment tool
Myocardial infarction or previous coronary revascularisation (PCl or CABG) High C
Stable angina High c 1. Select planned treatment:
Baseline LVEF <50% High B )
Anthracycline chemotherapy
Borderline LVEF 50-54% Medium? C

Cardiac biomarkers (where available) HER-2 targeted therapies

Elevated baseline troponin® Medium’ C
Elevated baseline BNP or NT-proBNP? Medium’ C VEGE inhibitors
Demographic and cardiovascular risk factors Tmm—
Age 280 years High B Combination RAF and MEK
Age 65—79years Medium? B inhibitors
Hypertension® Medium’ B o
Diabetes mellitus® Medium’ C
Chronic kidney diseased Medium’ C
Previous cardiotoxic cancer treatment
Previous anthracycline exposure High B Multiple myeloma therapies
Prior radiotherapy to left chest or mediastinum High C .
Previous non-anthracycline-based chemotherapy Medium’ C
Lifestyle risk factors https://www.cancercalc.com/hfa-icos_cardio_oncology_risk_assessment.php
Current smoker or significant smoking history Medium’ C
Obesity (BMI>30 kg/m?) Medium’ C
Risk level

Lyon et. al, EJHF, 2022
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» Early warning system for detecting
cardiotoxicity that is more sensitive than
ejection fraction

* Myocardial segments are tracked
throughout the cardiac cycle for a change
in size or deformation. The deformation
values are averaged to generate the global
longitudinal strain or GLS

» The higher the absolute number of GLS,
the better the LV function i.e. -18% > -12%

CENTRAL ILLUSTRATION Speckle-Tracking Strain: Clinical Utility and Future Directions

Speckle-Tracking Echocardiography (STE)

AN B
EQ/ ‘\,/1 Gather optimal two dlmensl:mal digital echocardiograms |
G)\ Use image-processing algorithms to identify
) small stable myocardial footprints ('speckles’)
" Tracked over the cardiac cycle, the displacement of speckles
can provide information about myocardial deformation

Clinical Applications of STE Sources of Variability

Undifferentiated Technical sources: Clinical sources:

left ventricular rtroph
fypertrophy Image quality / clip selection Race / ethnic factors

l Assessment of cardiotoxicity I

- - Contouring / Age and gender differences
Aortic stenosis region of interest
Hemodynamic factors
Ischemic heart disease Tracking / timing
. Medications
Regional strain Ehoicogh
T E S segmentation model Volume status
(left atrial strain, .
right ventricular strain) e
Collier, P. et al. J Am Coll Cardiol. 2017;6%(8):1043-56.
Speckle-tracking strain is an i i used L i hnalogy that can provide additi (if not jall ) dinical utility.

Interpretation of speckle-tracking strain must take into consideration both technical and clinical sources of variability. This technology is  foaus of much
current research, with the prospect of exciting future developments that are eagerly awaited. 30 = 3-dimensianal.

Collier et. al, JACC, 2017
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* Question: s GLS-guided initiation of

cardioprotective medications better than Anthracyclines with age ok, HF sk, igh dose or
. O ong 0 her cardiotoxic agent (e.qg., trastuzumab)
LVEF-guided initiation? E i
RANDOMIZE
* Design: International multicenter i : |
prospective randomized trial of 331 Strain guidance (160) EF guidance (160)
anthracycline treated patients Median Cut off 212% fall Cut off >10% fall asympt, >5% sympt
Allow for 22
follow up 1 year Allow for 22 —
. Strain guidance (138) EF guidance (138)
* Inthe GLS arm, less patlents had.cancer | |
therapy related cardiac dysfunction v Y v v v
(CTCRD) Compared to LVEF arm, (6% Vs. Reduced EF Reduced strain Pregtzgg;iEF Reduced EF Preserved EF
149%, p=0.02); | | | | |
Cardioprotective therapy No treatment Cardioprotective therapy No treatment

' ' Y ' '

Follow-up (2 years)

« Among those with cardiotoxicity, GLS arm
had g higher LVEF at fOHOW up Compared Negishi et al, JACC Cardiovac Imaging, 2018
to the LVEF arm (9% vs. 3%, p=0.03) Thavendiranathan et al, JACC, 2021
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Cardiovascular disease is a leading
cause of morbidity & mortality in
cancer patients

There is a competing therpeutic
dynamic between cancer treatment
and cardiac health, highlighting
the need for collaboration to
deliver bigger and bolder cancer
care and improve outcomes

Risk stratification, using clinical
tools and strain imaging, can
identify high-risk patients who
would benefit from cardio-
oncology care

Immunomodulatory drugs
(thalidomide)

(CDK4/CDKG inhibitors
(ribociclib)

mTOR inhibitors
(everolimus)

Immunotherapies

Immune checkpoint inhibitors

CART cell therapy

Other therapies
Radiation therapy

Conclusions

Arrhythmia

SNSSS S SSS

AN

C

NSS S

AN

AN

aaaaa
myopathy

AN

/Cytarabine
4
4
4
4
4
/Dasaﬁnib
4
4
v/ 4
4 4
4 4 4

Herrmann, Nat Rev Card, 2020



