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Learning Objectives

• Epidemiology of heart disease in cancer patients

• Cardiotoxicity of various Chemotherapeutic agents

• Cardiotoxicity of Radiation Therapy

• Cardiotoxicity of Hormonal Therapy

• Risk Factors for chemo/radiation-induced 
cardiotoxicity

• Markers of, and Diagnostic modalities for 
cardiotoxicity related to cancer therapy

• Cardiac therapy in cancer patients

• When to refer to Cardio-Oncology



Epidemiology of Heart 
Disease in Cancer Patients



Heart Disease

Stroke

Cancer



Deaths due to Heart Disease and Cancer



Heart disease patients 
are more likely to have 
a higher risk of cancer 
than the general 
population



Interactions between Heart Disease, 
Risk Factors, Cancer, Cancer Therapy



Estimated Numbers of US Cancer 
Survivors by Site

Many of these survivors have had radiation or chemotherapy, with potential long-
term cardiovascular toxicities; attenuate clinical success of oncologic treatments





Heart Disease in Cancer: Risks

• > 50% of all patients exposed to 
chemotherapy will show some degree of 
cardiac dysfunction 10 to 20 years after 
chemotherapy

–5% will develop overt heart failure

–40% will experience arrhythmias

– Eight-fold higher cardiovascular mortality 
when compared with the general 
population



Oncologic Treatments: Long-term Risk 
of HF, Despite Short-term Reassurance



Survivors of Childhood Cancer: Cumulative Incidence 
by Organ Systems

Armstrong et al, ASCO 2012
Tukenova et al, JCO 2010



Chemotherapy



Chemotherapy and the Heart: Why?

• Cardiac Cells do not divide

– High protein synthesis

– High metabolism

• Do not regenerate?

• Rely heavily on ordered cell-cell 
communication

• Responsive to biologic stress

• Consist of terminally differentiated cells 
unprotected by a vascular barrier

• Susceptible to permanent and adverse effects 
of chemo and radiation therapy



• Antimetabolites (5-FU, 
capecitabine)

• Antimicrotubule agents 
(docetaxel, paclitaxel)

• Monoclonal antibody-based TKI 
(bevacizumab)

• Small molecule TKIs (erlotinib, 
sorafenib)

• Monoclonal antibody-
based TKI (bevacizumab)

• Small molecule TKIs
(sorafenib, sunitinib, 
pazopanib, axitinib, 
cediranib)

• VEGF trap: Afibercept

Cardiomyopathy/

Heart Failure 
Hypertension

Arrhythmias

(bradycardia, QT 
prolongation)

Ischemia

Chemotherapy-Induced 
Cardiovascular Toxicity

Anthracyclines (doxorubicin, epirubicin, idarubicin)
Alkylating agents (cyclophosphamide, ifosfamide)
Antimicrotubule agents (docetaxel)
Monoclonal antibody (bevacizumab, trastuzumab)
TKIs (dasatinib, imatinib, lapatinib, sunitinib)
Antimetabolites (clofarabine)
Proteasome inhibitors (bortezomib)

Angiogenesis inhibitor (thalidomide)
Antimicrotubule agent (paclitaxel)
Histone deacetylase inhibitor
(vorinostat)
Small molecule TKIs (dasatinib, 
lapatinib, nilotinib)
Miscellaneous (arsenic trioxide)



Incidence of LV Dysfunction Associated 
with Cancer Therapy

ESC Position Paper, EHJ 2016



ANTHRACYCLINES



Doxorubicin: Uses

• Treatment of acute lymphocytic leukemia (ALL), 
acute myeloid leukemia (AML), Hodgkin’s 
disease, Breast cancer, malignant lymphoma, 
soft tissue and bone sarcomas, thyroid cancer, 
small cell lung cancer, gastric cancer, ovarian 
cancer, bladder cancer, neuroblastoma, and 
Wilms' tumor

• Unlabeled Treatment of multiple myeloma, 
endometrial carcinoma, uterine sarcoma, head 
and neck cancer, liver cancer, kidney cancer



Mechanism of Anthracycline-
Induced Cardiotoxicity

Harake et al, Future Cardiol. 2012



Vacuolization with Reduced Ejection 
Fraction due to Anthracycline Cardiotoxicity

Lightfoot et al, Circ. Cardiovasc. Imag. 2010



Timing of Injury:
Breast Cancer, Sarcoma, Leukemia, Lymphoma, Prostate Cancer

Hundley 2012

4-5% Incidence



Dose-Dependent Doxorubicin-Related 
Heart Failure

Cancer 2003



Recovery of LV Systolic Function is Dependent 
on Time to Heart Failure Treatment 

Percentage of Responders According to the
Time Elapsed From AC Administration to
Start of Heart Failure Therapy

Cardinale et al, JACC 2010



Risk Factors for Anthracycline-Induced CT



Greater Risk of Anthracycline
Cardiotoxicity in Females vs. Males

Harake et al, Future Cardiol. 2012



TRASTUZUMAB



Trastuzumab: Uses
• Breast cancer, adjuvant treatment, HER2+

– Following completion of anthracycline-based 
chemotherapy

– With concurrent paclitaxel or docetaxel

– With concurrent docetaxel/carboplatin

• Breast cancer, metastatic, HER2+ 

– Either as a single agent or in combination with paclitaxel

• Gastric cancer, metastatic, HER2+ 

– In combination with cisplatin and either capecitabine or 
fluorouracil for 6 cycles followed by trastuzumab
monotherapy

• Breast cancer, metastatic, HER2+ (unlabeled 
combinations)



Trastuzumab: Mechanism of Action



Cumulative Incidence of Heart Failure: 
Anthracycline vs. Trastuzumab

Bowles et al, J Natl Cancer Inst 2012

Total N: 12,500
- AC: 3697
- TZ: 112
- AC + TZ: 442
- Other: 2442
- None: 5807
Mean age: 60y



MANAGING ANDMINIMIZING TRASTUZUMAB-

RELATED CARDIOTOXICITY

Multidisciplinary Care Approach: Cardiology–

Oncology

The selection of breast cancer patients who are potential can-

didates to receive trastuzumab should be performed by a mul-

tidisciplinary team (MDT) comprised of cardiologists and

oncologists. At the initial evaluation, a risk–benefit assess-

ment regarding the decision to add trastuzumab to chemother-

apy should be performed. First, clinical evaluation is needed,

in addition to cardiac imaging, in order to identify additional

potential risk factors for cardiotoxicity. Later, both clinical fol-

low-up and cardiac monitoring on a regular basis are required.

It is necessary for MDT staff to be familiar with trastu-

zumab-related cardiotoxicity, because this differs from that in-

duced by chemotherapeutic drugs [40]. Chemotherapy-related

cardiac dysfunction (CRCD) directly affects the myocardium

and manifests as decreased LVEF, which may progress rap-

idly to CHF. Type I CRCD is defined as cardiac toxicity

caused by anthracyclines and has been widely studied.

Trastuzumab-related cardiac toxicity is referred to as

type II CRCD. Its mechanism(s) has not yet been com-

pletely elucidated. Moreover, the strategy for diagnosis,

follow-up, monitoring, treatment, and prevention re-

mains to be established. The most important differences

between type I and type II CRCD are that the latter is not

dose-dependent, its clinical manifestations vary between

patients, it may be reversible, and it apparently does not

cause ultrastructural alterations within the myocardium

[21, 41–43].

It is crucial to identify those patients for whom trastu-

zumab treatment should be resumed following initial dis-

continuation and intervention for decreased LVEF or CHF,

because the long-term survival of breast cancer patients

with left ventricular dysfunction (LVD) may be worse than

that seen in the least advanced stages of the cancer. Thus,

the MDT should know and compare the different prognoses

of CHF and breast cancer. While the 6-year survival rate is

33% for women with CHF, the 5-year survival rate is 97%

for women with very early breast cancer, 77% in the case of

breast cancer with locoregional metastases, and just 22%

for women with distant metastases [44].

Definitions and Classification of Cardiac

Dysfunction

Stages of cardiac dysfunction have been defined in a num-

ber of national and international management guidelines.

The American College of Cardiology/American Heart As-

sociation and the Heart Failure Society of America (HFSA)

describe heart failure (HF) as a functional cardiac disorder

in which the ability of the ventricle to fill with or eject blood

is impaired [45, 46]. It may be differentiated from LVD,

which can often be an underlying cause of HF. Most HF is

associated with left ventricular systolic dysfunction, al-

though diastolic impairment at rest is also common [47].

Stages A and B are asymptomatic decreases in LVEF,

whereas stage C is considered as symptomatic HF and stage

D is classified as refractory HF. Classical symptoms of HF

include shortness of breath, fatigue, fluid retention, and re-

duced exercise tolerance. The NYHA categorizes HF ac-

cording to the degree of effort required to elicit symptoms,

from I (no limitation upon normal physical exertion) to IV

(at rest) [22].

Evaluation of Potential Risk Factors

Prior to the initiation of trastuzumab treatment, every pa-

tient should undergo a complete medical history and a thor-

ough physical examination in order to detect those

conditions that may increase the risk for cardiac dysfunc-

tion during treatment (Table 3), and in some cases they may

also reveal symptoms and/or signs of pre-existing cardiac

dysfunction.

Currently, it is unclear whether or not classical cardiac

risk factors, for example, hypertension and diabetes, are

predisposing factors for trastuzumab-related cardiotoxic-

ity. In the review conducted by Seidman et al. [21], a mul-

tivariate analysis for potential risk factors (i.e., age,

hypertension, previous radiation therapy to the chest wall,

cumulative anthracycline dose, baseline LVEF) was per-

formed. Of these, only age (when trastuzumab was admin-

istered concomitantly with doxorubicin) was significantly

positively associated with the risk of developing trastu-

zumab-related cardiotoxicity (risk ratio, 1.56 per 10-year

increase in age).

All trials with trastuzumab have excluded those patients

with pre-existing CHF, and therefore the presence of LVD

or CHF symptoms should exclude the use of trastuzumab

even in those patients with borderline postchemotherapy

Table 3. Potential risk factors for the development of
trastuzumab-associated cardiac dysfunction [21, 48, 49]

Cardiovascular factors
Noncardiovascular
factors

Left ventricular dysfunction Doxorubicin exposure

Coronary artery disease Older age

Uncontrolled hypertension Chest wall irradiation
(especially to the left
side)

Valvular heart disease Diabetes

Cardiac arrhythmia Obesity

6 Managing Trastuzumab-Associated Cardiotoxicity
 b

y
 g

u
e
st o

n
 O

c
to

b
e
r 2

7
, 2

0
1
2

w
w

w
.T

h
e
O

n
c
o

lo
g

ist.a
lp

h
a
m

e
d

p
re

ss.o
rg

D
o

w
n

lo
a
d

e
d

 fro
m

 



Types of Chemotherapy-Induced CT

• Type 1 cardiotoxicity is often dose-related and 
results in irreversible myocardial cellular death.  It 
is often associated with anthracyclines such as 
doxorubicin, epirubicin, idarubicin

• Type 2 cardiotoxicity is typically not dose-related 
and can be (mostly partially) reversible.  It is often 
associated with Tyrosine Kinase Inhibitors (TKIs) 
such as trastuzumab, sunitinib, imatinib, and 
bevacizumab

• Type 1 and Type 2 cardiotoxicity can exist in the 
same patient



Trastuzumab Cardiotoxicity: Reversibility

Ewer et al, JCO 2005



Targeted Therapies and the Heart

Moslehi, Circ. 2015



TYROSINE KINASE 
INHIBITORS (TKIS)



TKIs → VEGF Signaling Pathway (VSP) 
Inhibitors

Bair et al



VSP Inhibitors: Mechanism of Action 
and Effects

Mouhayar 2012

-- Edema 



Management of Adverse 
Effects of VSPs

Bair et al, Trends in Cardiovascular Medicine 2013



Okwuosa et al., Post Grad. Med. 2016

Systemic Effects of Various 
Chemotherapeutic Agents



Immune Checkpoint Inhibitors

National Cancer Institute



Immune Checkpoint Inhibitors

• There have been increasing reports of fatal 
myocarditis in the literature with use of the 
PD-1, PD-L1 and CTLA-4 inhibitors:

– Pembrolizumab (Keytruda)

– Nivolumab (Opdivo)

– Atezolizumab (Tecentriq)

– Avelumab (Bavencio)

– Durvalumab (Imfinzi)

– Ipilimumab (Yervoy)



Triage for Myocarditis Related to 
Checkpoint Inhibitors

Mahmood et al. JACC 2018



Radiation Therapy



Radiation-Induced Heart Disease

Yusuf et al, Cardiol. Research and Practice 2011



Case of a Patient with Multiple 
Cardiovascular Complications of XRT

• 1984: Hodgkin’s Disease with XRT to 
mediastinum and neck 

• 2005: Permanent pacemaker for complete 
heart block

• March 2007: Pericardial effusion, s/p 
pericardiocentesis followed by pericardial 
window

• April 2007: Pericardial constriction, s/p 
pericardial stripping

• Later: Diagnosed with CAD – 50% LAD stenosis



Survivors of Childhood Cancer: Cumulative 
Incidence of CV Events at Age 45 Years

Childhood Cancer Survivor Study
N = 10,724; 5101 Female, 5623 Male



Radiation-Induced Vascular Disease:
Activation of NF-ƙB and Proinflammatory Cytokines

Weintraub et al, JACC 2010



Rate of Major Coronary Events According to 
Time Since Radiation Therapy

Darby et al, NEJM 2013

…Study was conducted prior to the much more selective 3-D 
radiotherapy with far fewer complications expected…

MACE: myocardial infarction, coronary revascularization, or death from ischemic heart



Dose-Dependent Effect of XRT on 
Major Coronary Event

Darby et al, Circulation 2012



Dose-Dependent Radiation-Induced 
Damage to Myocardium

Lauk et al, Int. J. Radiation Oncology Biol. Phys. 1985

15 cGy

20 cGy



Valvular Heart Disease Associated with 
Radiation Therapy



Minimizing XRT Cardiotoxicity

• Reduce volume and dose of XRT
– Standard fractionation (1.8 to 2 Gy per day) and equally 

weighted A/P techniques should be used

• For patients with favorable early stage disease, may 
omit XRT altogether

• Minimal XRT, if used with chemotherapy (particularly 
higher dose chemo, esp. anthracyclines)

• Screen for, and treat CAD risk factors in patients s/p XRT
• Myocardial perfusion imaging or CAC scoring in those 

who received >35 Gy of irradiation exposure beginning 
five years after therapy or after age 30 to 35 years, 
whichever is last. 

• Echo and/or nuclear imaging in those who received 
>300 mg/m2 anthracyclines



Newer Radiation Techniques

• Focused on reducing excess cardiac 
irradiation by modulating the dose 
around organs

– Intensity modulated radiotherapy (IMRT)

–Deep inspiratory breath-holding (DIBH) and 
gated techniques

–Prone positioning

– Three-dimensional conformal radiation 
therapy (3D-CRT) 



Incidence of PCI and Cardiac Disease with 
Modern Radiotherapy Techniques

Boero et al, Int. J. Radiat. Oncol. Biol. Phys. 2016



Associations of Heart Rate Parameters 
with Radiation Therapy

Groarke et al, JACC 2015



Heart Rate Abnormalities Worsen with 
Time from Radiation Therapy

Groarke et al, JACC 2015



Groarke et al, JACC 2015



Proposed Algorithm for Screening for 
Radiation-Induced Cardiotoxicity

Cuomo et al, World J. Cardiol. 2016



Endocrine/Hormonal 
Therapy



Endocrine Therapy for Breast Cancer

• Selective Estrogen Receptor Modulators (SERMs)

– Tamoxifen

– Raloxifene

– Newer generation SERMs

• Lasofoxifene

• Bazedoxifene

• Aromatase Inhibitors (AIs)

– Letrozole

– Anastrozole

– Exemestane



AIs vs. Tamoxifen: Events
Cardiovascular Adverse Events

Venous Thromboembolic Disease

Cuppone et al, Cancer 2008



Cumulative Incidence of Myocardial 
Infarction: Aromatase Inh vs. Tamoxifen

Abdel-Qadir et al., Eur J Cancer 2016



Mechanism of Tamoxifen-Induced 
Cardioprotection

• Favorable lipid profile
– Decreased LDL and total cholesterol

• However: decreased HDL and increased triglycerides

– Decreased Apo B-100
– Decreased ApoB/Apo A-1

• Increases FMD in brachial artery
• Decrease cardiac markers

– CRP

• Conditions protective mitochondrial activity in 
cardiac tissue



Traditional Risk Factors and 
Risk for Cardiotoxicity Post 

Chemo-Radiation



Survivors of Childhood Cancer: Prevalence of 
Cardiovascular Risk Factors

Childhood Cancer Survivor Study



Cardiac Mortality and Risk Factor 
Cluster in Cancer Patients

Characteristic Hazard Ratio 95% CI

Diabetes 2.2 0.8-6.1

Hypertension 5.5 3.2-9.7

Dyslipidemia 1.7 0.7-3.8

Obesity 1.2 0.6-2.3

Multiple Risk Factors 2.4 1.2-4.9

Armstrong et al



Influence of Age on XRT Plus 
Cardiovascular Risk Factors

Darby et al, NEJM 2013



Chest Radiation and Cardiovascular 
Risk Factor Cluster

Armstrong et al



Cholesterol Metabolism and Breast Cancer

Warner and Gustafsson, NEJM 2014



Hypercholesterolemia and Breast 
Cancer Pathophysiology

Nelson et al, Science 2013



Statin Use and Risk of Cancer in 
Patients with COPD

Chen et al, J. Cancer 2016



Exercise Protects Against Cancer Risk

Johnson et al, Can. J. Cardiol. 2016



Biomarker/Imaging for 
Detection of Cardiotoxicity



Stages in Heart Failure Development/ 
Recommended Therapy by Stage

Hunt et al, Circulation 2009



Strain and Troponin-I for 
Prediction of  Cardiotoxicity

Sawaya et al, Circulation Cardiovasc. Img. 2012



Normal LV Myocardial Global and 
Segmental Longitudinal Strain Data

Feigenbaum et al, Circulation J. 2012



Chemotherapy Cardiomyopathy



Silver, Palomo, Okwuosa 2016

Markers

Strength of Evidence 

on Radiotherapy†

Strength of 

Evidence on 

Chemotherapy#

Strength of Evidence 

Overall‡

GLS≠ +++++ (5) +++++ (6) +++++ 

Troponin-I* +++ (5) +++ (20) +++ 

Troponin-T* ++ (3) +++ (18) +++ 

BNP* +++++ (5) ++++ (8) +++++
NT-pro-

BNP* ++++ (3)
++++ (25)

++++



Testing Based on Pathophysiology

Adapted from Hundley 2012

Blood Work
Strain Imaging

Echo vs. MUGA



MUGA vs. Echo
MUGA

ECHO

• Assessment of ejection 
fraction

• Less accurate assessment 
with rhythm disorders

• Significant radiation 
exposure

• ?More expensive?

• No other information on 
cardiac structure/ function

• Strain

• Valves

• Wall motion

• Diastolic function

• Dimensions

• Cardiac chamber 
structure

• Pulmonary pressures

• Hemodynamics

• Pericardial disease

• Other masses/tumors



Cardiac Treatments in 
Cancer Patients



Examples of major mechanisms causing cardiotoxicity
of anticancer treatments, clinically used therapeutic 

agents, and potential protective agents



Prevention of Chemotherapy-Induced 
Cardiotoxicity

ESC Position Paper, EHJ 2016



Dexrazoxane for Preventing 
Doxorubicin-Induced Cardiotoxicity

Harake et al, Future Cardiol. 2012



Prevention with ACE Inhibitors

Modified from Cardinale et al. Circulation 2006

• Therapy given based on increase in troponin I



Changes in LV Ejection Fraction after 
Heart Failure Therapy (ACE-I/BB)

Cardinale et al, JACC 2010





Anticoagulation in Cancer Patients

Lee, JCO 2009

Warfarin

LMWH

• Cardiac Indications
• Atrial Fibrillation
• Artificial Heart 

Valves
• Thromboembolic

Disease

- Severe thrombocytopenia:
- platelet infusion, 
keep counts > 50

- Platelets 20 – 50:
- Cut LMWH in half

- Platelets < 20
- consider discontinuation 
of anticoagulation

- use prophylactic LMWH

- Individualized management



Newer Oral Anticoagulants

• Dabigatran

• Rivaroxaban

• Apixaban

• “Although the role of NOAs in cancer patients 
remains a possibility, they should not be used as 
first-line therapy until further experience regarding 
both safety and efficacy is accumulated”

• Chen et al, Semin. Oncol., 2013



Anticoagulation for Afib in Cancer, 2016

• Study sponsored by Bristol-Myers Squibb and Pfizer



PREVENTION IN 
SURVIVORS



Risk of Cardiac and Cardiovascular Diseases 
Worsen with Time in Cancer Survivors

Tukenova et al, JCO 2010



Choi et al, J Cancer Res 
Clin Oncol. 2014 

Findings independent of cancer stage



Exercise and Cardiovascular Events in 
Hodgkin Lymphoma Survivors

Jones et al, JCO 2014



Exercise Pre Cancer Diagnosis and Cardiovascular 
Events After Breast Cancer Treatment: WHI

Based on quartiles in breast cases MET.hrs.wk-1

Total

(N = 4015)

<2.50

(n = 994)

2.50 to < 8.625

(n = 1008)

8.625 to <18.00

(n = 1011)

≥18.00

(n = 1002)

Ptrend

Median MET-hrs.wk-1 8.67 0.0 5.25 13.00 26.33

Cardiovascular events

No. of events 342 103 88 86 65

Age-adjusted HR (95% CI) Ref 0.77 (0.58 to 1.03) 0.75 (0.56 to 0.99) 0.59 (0.43 to 0.80) 0.001

Multivariable-adjusted HR (95% CI)* Ref 0.80 (0.59 to 1.09) 0.86 (0.64 to 1.17) 0.63 (0.45 to 0.88) 0.02

MI

No. of events 89 25 22 24 18

Age-adjusted HR (95% CI) Ref 0.79 (0.45 to 1.40) 0.84 (0.48 to 1.48) 0.67 (0.37 to 1.24) 0.26

Multivariable-adjusted HR (95% CI)* Ref 0.83 (0.44 to 1.53) 1.05 (0.57 to 1.92) 0.68 (0.34 to 1.36) 0.37

Heart failure

No. of events 49 18 11 12 8

Age-adjusted HR (95% CI) Ref 0.58 (0.27 to 1.22) 0.63 (0.30 to 1.31) 0.43 (0.19 to 1.00) 0.08

Multivariable-adjusted HR (95% CI)* Ref 0.64 (0.29 to 1.43) 0.94 (0.43 to 2.04) 0.57 (0.23 to 1.44) 0.37

Cardiovascular death

No. of events 215 69 54 45 47

Age-adjusted HR (95% CI) Ref 0.68 (0.47 to 0.98) 0.56 (0.38 to 0.82) 0.62 (0.43 to 0.90) 0.02

Multivariable-adjusted HR (95% CI)* Ref 0.73 (0.50 to 1.06) 0.60 (0.40 to 0.90) 0.69 (0.46 to 1.04) 0.11

CHD death
No. of events 96 36 25 19 16

Age-adjusted HR (95% CI) Ref 0.59 (0.36 to 0.99) 0.45 (0.26 to 0.79) 0.40 (0.22 to 0.72) 0.003

Multivariable-adjusted HR (95% CI)* Ref 0.65 (0.38 to 1.10) 0.46 (0.25 to 0.83) 0.41 (0.21 to 0.78) 0.006

Okwuosa, Palomo et al, Unpublished data



Cardiovascular Preventive 
Interventions in Cancer Survivors

• Obesity
– Numerous studies have shown that obesity and 

weight gain in breast cancer survivors lead to a 
greater risk of recurrence and decreased survival

• Diet:
– A diet rich in fruits, vegetables, and whole grains, but 

contains limited amounts of fat, red and processed 
meat, and simple sugars may reduce both the risk of 
developing second cancers and the risk of chronic 
diseases (including heart disease)

• Smoking Cessation



Herrmann et al, Mayo Clin. Proc., 2014

WHEN TO REFER TO CARDIO-ONCOLOGY





Cardio-Oncology Program: Cardiovascular 
Disease in Cancer Patients



“The aim of Cardio Oncology is NOT to 
prevent cancer patients with 
cardiovascular disease and risk factors 
from receiving necessary life-saving cancer 
therapy, but to prevent and/or treat 
cardiac disease as best as possible 
ALONGSIDE their cancer therapy/care.”

Tochi Okwuosa



Future Directions

• Identification of persons at risk for cardiotoxicity
– Age, sex, prior use of cardiotoxic agents, CV risk 

factors
– ?Role of genetics

• Identification of markers of chemotherapy-
induced cardiotoxicity
– Strain imaging, Troponin-I, maybe BNP
– ?Galectin-3, myeloperoxidase, other markers

• Medications for cardiotoxicity
– Based on markers
– ?Prophylactic



Future Directions
• Screening for cardiotoxicity in survivors: 

– ?modality, frequency
• Echo, strain, 

• ?Based on symptoms, risk score

• ?Stress testing, CAC in radiation therapy

• Studies on other cardiotoxic agents?
– TKIs, VEGF inhibitors, monoclonal antibodies, 

antimetabolites, etc…

• Hormonal Therapy:
– Meta-analysis of patient studies evaluating differences 

in cardiovascular risk


