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Comprehensive Cardiovascularevaluation (CVD) evaluation for cancer patients and survivors

Comprehensive
CVD evaluation for
cancer patients

History and Physical
examination focused
on screening for CVD

Lipid Panel
EKG
AlC

Screening for peripheral
vasculardisease if

appropriate

Calculate ASCVD risk
using pooled cohort
equations

Screen for asymptomatic
ASCVD:

Reviewing available images or
reports of non-gated Chest CT
scans for presence of subclinical
atherosclerosis
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Patient with newly diagnosed cancer or
cancer survivor without established
ASCVD
(asymptomatic)

|

Available recent (<1 year)
NGNCCT* scan

|

Review report orimages

for presence of CAC

| I

Absence of CAC Presence of CAC
and other significant
risk factors

AV
ﬂ Risk stratification with CAC-DRS
Is recommended and appropriate
. preventive treatment accordingly
*Non-gated non-contrast CT(NGNCCT) scans Low CV risk i
for cancer imaging may be used.for qualitative Cardio-O | It
assessment of CAC-DRS risk categories and it clilelfomoinetelion oIS

should be part of a comprehensive CVD evaluation.



Patient with newly diagnosed cancer or
cancer survivor (asymptomatic from CVD)

v

Comprehensive CVD evaluation

J

>20% ASCVD

risk

High intensity statin
and aspirin**

AN

N a

CAC-DRS 3

A4 N4
<5% ASCVDrisk 5%-20% ASCVD risk
A4 U
Re-evaluation in 1 CAC scan*
year or
2 available NGNCCT scan
if calculated ASCVD risk is uncertain
*If available, CAC scanis the preferred method to evaluate
CAC quantitatively usingthe Agatston scorein patients with
Intermediate ASCVD risk.Non-gated non-contrast CT (NGNCCT) scans N N N
for cancer imaging may be used for qualitative assessment of CAC-DRS . _ 3
risk categories and itshould be part of a CAC-DRSO CAC ,DRS 1 CAC-DRS2
comprehensive CVD evaluation. u ﬂ
** Cautionifthrombocytopenia and evaluate cancer related bleeding risk
before treatment with aspirin. Moderate Moderate to high

intensity statin
and aspirin**

intensity statin
and aspirin**




a. Agatston Score

CAC-DRSO 0
CAC-DRS 1 1-99

CAC-DRS 2 100-299
CAC-DRS3 2300

a. Visual Score

CAC-DRSO 0
CAC-DRS 1 1

CAC-DRS 2 2
CAC-DRS3 3

CardiovascularRisk

Very low
Mildlyincreased

Moderatelyincreased

Moderately-Severely
increased

CardiovascularRisk

Very low
Mildlyincreased

Moderatelyincreased

Moderately-Severely
increased

Possible Treatment

Recommendation
Statin not recommended*®

Moderate intensity statin

Moderate to high intensity
statin + aspirin 81 mg*

High intensity statin +
aspirin 81 mg*

Treatment
Recommendation
Statin not recommended*®

Moderate intensity statin

Moderate to high intensity
statin + aspirin 81 mg*

High intensity statin +
aspirin 81 mg#




Oncologic Therapy Type Common Cardiovascular Side Possible Roles of Cardiovascular CT
Effects

Doxorubicin
Daunorubicin
Idarubicin
Mitoxantrone

Anthracyclines!84-187

Alkylating Agents!88

5-fluorouracil
Capecitabine

HER2/neu Receptor Inhibitors196-198 Trastuzumab
Pertuzumab

Taxanes190; 195,199,200 Paclitaxel
Docetaxel

Vascular Endothelial Growth Factor Bevacizumab
(VEGF) Inhibitors201-205 Sunitinib
Sorafenib
Pozapanib
Pembrolizumab
Nivolumab
Ipilimumab
Atezolizumab

Immune Checkpoint Inhibitors206-216

CAR-T Therapy?!’

Cyclophosphamide

Cardiomyopathy (toxicity increases ®

ina cumulative, dose-dependent
fashion)

Myopericarditis

Arrhythmia

Pericardial effusion
Hemorrhagic myopericarditis

Anginal chestpain (incidenceup to
18%)

Coronary vasospasm

Myocardial infarction

Cardiomyopathy

Myocardialischemia
Coronaryvasospasm
Cardiomyopathy
Arrhythmias

Arterial hypertension
Acute thromboembolic events,
including ACS

Myocarditis
Increasedrisk of coronary
atherosclerosis

Cytokine releasesyndrome
Elevated troponin
Cardiomyopathy
Arrhythmias

p ionwithani
prevalence of CV riskfactors

CCTA to ruleout obstructive CAD as the etiology of decreased left ventricular systolic
function/cardiomyopathy

CCTA to ruleout obstructive CAD in patients with troponin elevation, when an alternativediagnosis
for myocardialinjury other than coronary thrombosis is morelikely

CAC assessmenton non-cardiac CTscans for baselinerisk assessment

Cardiac CTto evaluate pericardial effusion (HU measurements for characterization of the_effusion if
clinically relevant)

CCTA to ruleout obstructive CAD in patients with troponin elevation, when an alternativediagnosis
for myocardialinjury other than coronary thrombosis ismorelikely (e.g. myopericarditis)

CAC assessmenton non-cardiac CTscans for baselinerisk assessment

CCTA to ruleout obstructive CAD in patients presenting with symptoms of chest pain suspected to
be coronaryvasospasmto exclude other concomitantprocesses that could accountforan acute

coronary event.
Coronary CTA to evaluatecoronary atherosclerosis priorto therapy

CAC assessmenton non-cardiac CTscans for baselinerisk assessment
Same as anthracyclines

CCTA to ruleout obstructive CAD as the etiology of decreased left ventricular systolic
function/cardiomyopathy

CCTA to ruleout obstructive CAD in patients with troponin elevation, when an alternativediagnosis
for myocardialinjury other than coronary thrombosis is more likely

Coronary artery calciumassessmenton non-cardiac CTscans for baselinerisk assessment

CCTA to ruleout ACS

CCTA to rul t tructive CAD in patients with tr nin elevation, when analternativediagnosi

‘ fialin] her il hrombosis kel

CCTA to ruleout obstructive CAD when myocarditis is suspected (e.g. elevated troponin)
CCTA to evaluatecoronary atherosclerosis prior to therapy
CAC assessmenton non-cardiac CTscans

CCTA to ruleout obstructive CAD with elevated troponin
CCTA to ruleout obstructive CAD as the etiology of decreased left ventricular systolic
function/cardiomyopathy




The Non-Ischemic Complications



Check Point Inhibitors

e Conditions CPI used
for:

* Reports of fulminant
myocarditiswith
rapid deterioration,
need to anticipate
and have a system in
place for biopsyand
potential VAD
supportinadvanced
cases

NEJM 2012;366:2517-2519
Curr Cardiol Rep 2017;19:21
JACC2018;71:1755-64
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Cardiotoxicity beyond cardiac dysfunction

— oncotogical -

IRNTRTEOUTCY
hypotension hyper tension,
: “m-w Clofaabne % Arrhythmis, Acute lymphocyte levkema
S-Fluorouacl 2%-20% Coronary vasospasm, myocardial ischerma and Advanced colon cancer, anal cancer, gastrantestinal cancers,
infarction, arrhythenias, ECG dhanges ncludng pancreatic cancer, hepatobiliary cancers, breast cancer,
ventricular ectopy, hypotension bladder cancer, head and neck cancers, and as a radiaton
sersitizer in sevesal tumors
Capecitabine 2% Caronary vasospasm, myocardal schema and Breast cancer, advanced colon cancer, anal cancer,
W Infarction, arrhythmias, ECG changes, gastrointestinal cancers, panareatic cancer, hepatobiliary
sdencarcinoma, i uoeoms, thrombasn cancers
Cytarabire Undefined Pencarditss, chest pain (ncludng anging) Hadgkin and non-Hodgkin lymphoma, acute leukemia (myeload
| - and lymphaocytic)
‘: 0% Latinum agents
| Misomycn Cisplatin Rare Arterial vasospasm, ahythm Lung cancer, bladder cancer, sarcomas, testicular cances,
‘l ovaran cancer, head and neck cancer, metastatic breast
cancer, cancer of unknown origin, esophageal cancer
it ctubule agents
Vincristine 5% Myocardial ischemia and nfarction, ahythmia Acute lymphocytec leukemia, centrdl nervous system tumors,
Hodghin and non-Hodghin lymphama, multiple myeloma,
Ewing sarcoma, ovarin cancer, small cell lung cancer,
thymoma
forocional antibady-based tyrosine kinase inhibators
Bevaczumad L7%-30% Arterial nd venows thromboembolbsm Reral cancer, colorectal cancer, lung cancer
Trastwunab 2%-28% Arrhythmia, vascs thromboss HER2+ breast cancer, HER2 ¢ gastric cancer
Pertuzumab IN7% - HER2+ breast cancer
Alemtuwumas Rare Amrhythmia Chronic lymghocytic levkemia, cutaneows T-cell lymphoma,
bone marrow transplant

JACC 2018;72:202-27



Cardiotoxicity beyond cardiomyopathy

Chemotherapeutic Cardiotoxicity
Agent Incidence Manifestations Oncological Use
Small-molecule tyrosine kinase inhibitors
Dasatinib 2%-4% Pericardial effusion, hypertension, arrhythmia, ECG Philadelphia chromosome-positive chronic myeloid leukemia
changes and acute lymphablastic leukemia
Imatinib mesylate 0.5%-1.7% Pericardial effusion and tamponade, arrhythmia Philadelphia chromosome-positive chronic myeloid leukemia
and acute lymphoblastic leukemia, gastrointestinal stromal
tumors, dermatofibrosarcoma protuberans,
hypereosinophilic syndrome
Lapatinib 1.5%-2.2% JQTc interval prolongation, myocardial ischemia HER24 breast cancer
(Prinzmetal angina)
Sunitinib 3%-15% IArterial and venous thrombosis, aortic dissection, Renal cell cancer, pancreatic neuroendocrine tumors,
ECG changes gastrointestinal stromal tumors
Sorafenib 4%-28% Thrombosis, coronary vasospasm, myocardial Renal cell cancer, hepatocellular carcinoma, differentiated
ischemia/infarction thyroid carcinoma
Pazopanib 7%-13% Thrombosis, myocardial ischemia/infarction, Renal cell cancer, soft tissue sarcoma
bradycardia, ECG changes
Proteasome inhibitor
Bortezomib 2%-5% llschemia, bradycardia Multiple myeloma, mantle cell lymphoma
Immune checkpoint inhibitor
Pembrolizumab Unknown IMyocarditis PD-L14 tumors
Miscellaneous
All-transretinoic acid 6% Pericardial effusion Acute myeloid leukemia (promyelocytic leukemia)
Pentostatin 3%-10% Myocardial ischemia and infarction, arrhythmia Hairy cell lymphoma, chronic lymphocytic leukemia, cutaneous
T-cell lymphoma
Interferon alpha-2b 25% Myocardial ischemia and infarction, ECG changes, Metastatic melanoma, renal cell carcinoma
sudden cardiac death
Aflibercept 1.0%-6.8% Myocardial ischemia/infarction, stroke Metastatic colorectal cancer

JACC 2018;72:202-27
Expert Opin Drug Safety 2015;14:253-267
Cardiovasc Toxicol 2012;12:191-207

Drug HTN Ischemia Arterial QT CHF
embolic prolongation

Sorafenib 11.3% 3.8% 1.7% 40.5% 11%

Sunitinib 34.3% - - 5-10%

Dasatinib - <1%

Imatinib 4.2% - 18% <2%

Axitinib 43% <1% - <1% 21%

Regorafenib [38.3% - -

Vatalanib 22.7% - - 22.6%

Nintedanib (J15.4% Rare - 8.7%
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Radiationtherapy
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Breast Cancer Survivors

Mulrooney etal, BMJ 2009
Darby et al, NEJM 2013

Childhood Cancer Experience .l'l.



Radiation therapy cancer survivors

symptomatic

Assess for RIHD:

* Echocardiogram to assess
forvalvular heart disease.

* Ifstable clinical presentation
consider Coronary CTA to assess for
Radiation-induced CAD

* Ifunstable clinical presentation
proceed with invasive coronary angiogram

surveillance with




Nuclear Imaging In Cardio-
Oncology



Equilibrium Radionuclide Ventriculography (ERNV)

» Can calculate systolic function

» Can evaluate for diastolic dysfunction

» Can assess RV function

» Most validated for screening and follow up for chemotherapeutic

agents



Guidelines for Monitoring Doxorubicin (Adriamycin) Therapy -
with Serial Resting RNA

> LVEF > 50% at baseline:

» Baseline MUGA within in all patients
» Next MUGA at
» Next MUGA at or if high risk: cyclophosphamide,

heart disease, mediastinal radiation, abnormal ECG
» Next MUGA prior to

» Discontinue therapy if from baseline AND reaches

Schwartz RG et al. American J. Med. 82: 1109-1118, 1987



Guidelines for Monitoring Doxorubicin (Adriamycin) Therapy -
with Serial Resting RNA

LVEF < 50% at baseline:

Baseline MUGA within first 100 mg/m? in all patients

Serial MUGA prior to each subsequent dose

Discontinue therapy if LVEF decreases > 10% from baseline

OR reaches LVEF < 30%

SchwartzRGet al. AmericanJ. Med. 82:1109-1118, 1987 | ' |



Reliability and accuracy of ERNA (MUGA)

» Diagnostic Accuracy of ERNV
» Excellent correlation with LVG with calculated LVEF (r = 0.93)
» Point-by-point LV volume curve

» Excellent LVEF precision
>

>




Can We Decrease Radiation Exposure?
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Echocardiography with 3D EF and
Global Longitudinal Strain



Multi-lImaging Modality Correlation

LVEF by MUGA (%)

Difference in LVEF
(MUGA - CMR) (%)

Walker et al. J Clin Oncol 28:3429,2010
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Early Detection and Screening With Echocardiography

* LV Assessment 2D vs. 3D
echocardiography:

* Modified Biplane Simpson’s Technique:
* Range 53% - 73% with wide variation

* 3D EF: automated and reproducible with

Thavendiranathan P, etal. Reproducibility of echocardiographictechniques for sequential assessment of left ventricular ejection fractionand
volumes:Applicationto patients undergoing cancer chemotherapy.J Am CollCardiol. 2013;61:77-84



Early Detection and Screening With Echocardiography

Longitudinal Strain in Risk Assessment

Assessment of Echocardiography and Biomarkers for the
Extended Prediction of Cardiotoxicity in Patients Treated
With Anthracyclines, Taxanes, and Trastuzumab

Helowa Sawuyn, MO, PD: Igal A, Scbag. M Soum Cafion Plame. MD: Jame Sammzrs, MU
Boosie Ky, MDD, MSCE: Thaotty € Tan, MEES. M0 Vicsr Cobos, MO & Saote ML,
foserh R Corver, MDY, Sonan £ Wingers, MUY, Randolph P Mamis, MDD, Mt H. Moand. MD

o MD: Bl F. Malpom. D, whan Psers, MDY, loone Kater, MD.
M b
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Thavendiranathan P, et al. JACC: 63:2751-68



Independent and Incremental Value of Deformation
Indices for Prediction of Trastuzumab-Induced
Cardiotoxicity

Kaswaks Negas, MD, 1D, Toeoko Negads, MD, Jmes L Jlase, MRS, D, Betan A Hldinks, 1D,
B Cardon Pama, MDD, 20 Thomss 11 Marwick, MEES, 1D, MM, Clvland, Ol Mndhany
and MHian, Awtreda

+ 81 breast cancer patients with at least 3 echocardiograms

+ GLS and systolic and diastolic strain rate of incremental utility
- 11% reduction in GLS had sensitivity 65%; specificity 94%

Table 3 Percent changes In echocardiographic parameters
in 6 months within the groups
No cardetonity Cargitanaty

GLS 0286 11A298 <001
GLSRS 02=168 128 =194 09
GLSRE 12212 192148 0
¥y 50=189 7029 o

v CEERIE ST EY VA B
0cs 10:=27 932214 L)

GRS 83= 485 1002393 M

Negisht of ol JASE. 2013

AL RESEARCH ARTICLE

( Detailed Echocardiographic Phenotyping in Breast
| Cancer Patients
Associatons With jecton Fracton Decline, Recavery, and Heart Fakre

Symptoms Over 3 Years of Follow-Up

« 277 participants with
breast cancer, treated with
doxorubicin and/or
trastuzumab

+ Early changes in volumes,
longitudinal & circumferential
strain, arterial load (Ea), and
Ea/Ees,, are associated with
subsequent LVEF declines
and with cardiac symptoms
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Structural Heart Disease in Echocardiography

* Valvular pathology with stenosis or regurgitation
( aortic and mitral) from remodeling or radiation
* Tumor expansion :

* Metastatic tumors >Primary (Lung, renal Cell,
Melanoma and Mesothelioma)

* Pericarditis/Pericardial effusion : Mets vs.
radiation
* Pulmonary hypertension with RV dysfunction
e Dasatinib, carfilzomib
* Malignancies




Chemotherapy related cardiac dysfunction (CTRCD): Definition

Mild: Decline in LVEF > 10%
Moderate: Decline in LVEF > 15%
tofinal LVEF < 45%

Severe: congestive HF

Decline in LVEF > 10% to final
LVEF < 50%

1. Cardiomyopathy characterized
by a decrease in LVEF globally or
more severe in the septum

2. Sign and symptoms of HF

3. Decline of EF 25% to final
ejection fraction < 55% with
symptoms of congestive HF

4. Asymptomatic decline of LVEF
2 10% to final ejection fraction <
55%

210% decline in LVEF to final LVEF
<53%
(suggests repeatimaging)

Alexander J, Dainiak N, Berger HJ, et al. Serial assessmentof doxorubidn cardiotoxicity with quantitative radionuclide angiocardiography. N Engl J Med 1979;300:278-83.

23.Schwartz RG, McKenzie WB, Alexander J, et al. Congestive heart failure and left ventricular dysfunction complicating doxorubicin therapy. Seven-year experienceusingserial radionuclideangiocardiography. Am J Med 198782:1109-18.
24.Seidman A, Hudis G, Pieri VK, et al. Cardiac dysfunction in thetrastuzumab clinical trials experience. J Clin Oncol 2002;20:1215-21.

Common Terminology Criteria for Adverse Events (CTCAE) (U.SDepartment of Health and Human Services website). 2010. Available at: http//evs.ncinih.gov/ftol /CTCAE. Acessed February 2016.



http://evs.nci.nih.gov/ftp1/CTCAE

Routine Surveillance, How Often & For How Long?

Guideline | Who? How Often

ASE * Anthracyclines » Repeat 2-3 weeks after abnormal study

Plana, et al. | » Anti-HER2 therapies » 6 months after therapy completed

JASE. 2014. | = VEGF Inhibitors « Annual assessment with imaging as per
* Proteasome inhibitors provider

ESC » Cardiotoxic therapies (Broadly |+ LVEF before and pericdically during

Zamorano, defined)t * Repeat 2-3 weeks after abnormal study

etal. EHJ. |, synivors « Periodic screeni

2016. g

ASCO * Asymptomatic, high risk * Routine surveillance, frequency

Armenian, DURING treatment*® determined by provider

etal. JCO. |, Those with signs/symptoms

2016. concerning for dysfunction

ASCO * Asymptomatic, high risk » 6 to 12 months after therapy completion

Armenian, AFTER treatment

etal. JCO. |, thoge with signs/symptoms

2016. concerning for dysfunction

* High risk = high dose anthracyclines, high dose radiotherapy,; muitiple CV risk factors, cider age,
compromised CV function; sequential therapy (anthracyclines + radiation or trastuzumab)
tCardowoxncthompm anthmcycims olkylubngagomn antimetabolites, antimicrotubules,




Cardiac Magnetic Resonance
Imaging



Chemotherapyand CMR

Subclinical

Myocardial Strain (Tagging) Myocardial Fibrosis (T1 Mapping)

> Genetic, Cardiotoxicity

ca’gﬁ"‘“ic“y Environmental, and : ‘

isease . .
Continutin Cardiovascular Risk ¥
Factors . -
Overt Cardiotoxicity
Cancer i . .
Treatment | 52S€lNe | | Cancer | | Cardiotoxic | _, Cancer
Continuum Risk Diagnosis Therapy Survivorship
A Iy 7y

Risk )
Myocardial Ischemia (Perfusion) Stratification

Imaging and Circulating Biomarkers
s
¢
L]

Imaging Biomarkers
+2D and 3D Echocardiography
*Speckle Tracking Echocardiography
*Cardiac MRI

Circulating Biomarkers
*Cardiac troponin
*Brain natriuretic peptide
*Novel biomarkers

Hundley, et al J Cardiovasc MR 2013
Drafts, etal., JACC Imaging 2012



Anthracyclines Based Chemotherapy and Strain on CMR

* Independent of:

* Gender/Age or Race

* Type of Cancer

* Chemotherapy dose
 Cardiovascular co-morbidities

o

i

UIRAS [CRUIAJUNIND HeM-PIl Jemndy

Baseline 1 Month 3 Momth 6 Month

-

ime

Figuwre 1B

Drafts, etal., JACC Imaging 2012
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