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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 

and Heart 

Disease 



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) 



ESC Position Paper, EHJ 2016 



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 



Risk Factors for Anthracycline-

Induced Cardiotoxicity 



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
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Anti-Angiogenic Inhibitors for 

Cancer Treatment 

• Metastatic colorectal cancer, advanced non-
small cell lung cancer, renal cell carcinoma, 
glioblastoma, hepatocellular carcinoma, GI 
stromal tumors, pancreatic cancer, 
neuroendocrine tumors, soft tissue sarcoma, 
medullary thyroid cancer 

• CML (Imatinib) 

– Developed in the 1990s, it was the first approved 
kinase inhibitor (in 2001), a revolutionary success 
for the treatment of CML, and a major step 
towards targeted therapy 



FDA-Approved Anti-Angiogenic 

Inhibitors for Cancer Treatment  

Moslehi, Circ. 2015 



Targeted Therapies: VEGF and VEFG-Associated 

Receptors & Ligands, and Specific Drug Therapies 

Mohananey, Kumar, Okwuosa. Cardiovascular Toxicity of Anti-Angiogenic Therapy: Mechanism and Management, 2016 



VSP Inhibitors: Mechanism of 

Action and Effects 

Mouhayar 2012 

-- Edema  



Class Anti-Angiogenic Agent (Trade Names) Major Cardiovascular Adverse Events 

Monoclonal Antibodies* Bevacizumab (Avastin®) 

Cetuximab (Erbitux®) 

Panitumumab (Vectibix®)  

   Hypertension (56%; grades 3/4:19%)* 

   ATEs: stroke, MI, TIA, angina, and other 

ATEs (~ 6%) 

   VTEs (~ 12%)  

   Proteinuria (up to 38%) 

   Peripheral edema  

   Cardiomyopathy with systolic LV 

dysfunction (~ 4%)  

Recombinant Monoclonal Antibody Ramucirumab (Cyramza®) 

Necitimumab (Portrazza®) 

   Hypertension (ram: 16%; grades 3/4: 

8%) 

   ATEs: MI, cardiac arrest, CVA, and 

cerebral ischemia (ram: 2%; nec: 5%) 

   Proteinuria (ram: 29.7%) 

   VTE (nec: 9%; grades 3/4: 5%) 

VEGF Decoy Receptor (VEGF trap) Aflibercept (Zaltrap®)    Hypertension (41%; grades 3/4: 19%) 

   Proteinuria (62%; grades 3/4: 8%) 

   Creatinine increased (23%) 

   VTEs (9%) 

   ATEs (3%; grades 3/4: 2%) 

Small Molecule TKIs† Gefitinib (Iressa®) 

Erlotinib (Tarceva®) 

Sorafenib (Nexavar®)‡ 

Sunitinib (Sutent®) 

Lapatinib (Tykerb®) 

Pazopanib (Votrient®) 

Vandetanib (Caprelsa®) 

Axitinib (Inlyta®) 

Regorafenib (Stivarga®) 

Cabozanitinib (Cometriq®) 

Nintedanib (Ofev®) 

Lenvatinib (Lenvima®) 

   Hypertension (9-72%; grades 3/4: 2-

33%) 

   ATEs (1-11%; grades 3/4: 1-8%) 

   VTEs (1-14%; grades 3/4: 3-9%) 

   Cardiomyopathy/heart failure (4.7 – 

28%) 

   QTc prolongation# 

   Proteinuria (2.3-36%; all grades) 

 

 
Mohananey, Kumar, Okwuosa. 
Cardiovascular Toxicity of Anti-Angiogenic 
Therapy: Mechanism and Management, 2016 



Diagnosis of 

Cardiotoxicity 

Associated with 

Chemotherapy 



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 



Testing Based on Pathophysiology 

Adapted from Hundley 2012 

Blood Work 
Strain Imaging 

Echo vs. MUGA 



Markers Associated with Cardiotoxicity in Breast 

Cancer Patients, and Strength of Evidence 

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) 

++++ 

Silver, Palomo, Okwuosa. Identification of At-Risk Patients and Comorbidities that Increase Risk, 2016 



Patient PM 

• 58-year-old African American woman with 

history of inflammatory breast cancer, which is 

triple negative, currently stage IV with 

metastases to the bone marrow. 

• Status post Adriamycin, cyclophosphamide 

dosing for a total of 11 cycles initially at a 

reduced dose and then at a higher dose, total 

Adriamycin dose now of approximately 540 

mg/sq m. 

• After 300mg/sq m, followed with serial echos, 

strain, troponins and BNP 

 

 



Baseline Echo Strain 

Feigenbaum et al, Circulation J. 2012 



Echo Strain with Chemotherapy 



Patient PM 

• Trop increased to 0.236 

• BNP increased to 539 

• Strain became abnormal, EF 56% by echo with 

contrast 

– Could not change HF meds dose due to hypotension, 

and patient resistance 

• Next cycle: EF 47%; trop and BNP about the 

same 



The Case of AF, 6651823 

• 41 year old female with history of STAGE IIIA non-
Hodgkin lymphoma, diagnosed about 20 years 
prior s/p chemotherapy but no radiation therapy, 
now with new diagnosis of anaplastic large cell 
lymphoma requiring treatment with possibly 
doxorubicin based regimen 

• She presented to our cardio-oncology clinic to 
establish care as she would be going for 
chemotherapy involving doxorubicin again 

• S/p CHOP with ~ 300 mg/m2 of doxorubicin 

• Planned for same therapy a second time  



AF Pre-Chemo Strain (Ap 3) 



AF Pre-Chemo Strain (Ap 2) 



AF Pre-Chemo Strain (Ap 3) 





AF Intra-Chemo Strain – after 2 cycles 

(Ap 3) 



AF Intra-Chemo Strain – after 2 cycles 

(Ap 2) 



AF Intra-Chemo Strain – after 2 cycles 

(Ap 4) 





AF Strain 1 Year Later – Ap 3 



AF Strain 1 Year Later – Ap 2 



AF Strain 1 Year Later – Ap 4 





The Case of RD, 6539301 

• 29 year old Caucasian male with history of 
rhabdomyosarcoma to multiple bony 
areas, s/p chemotherapy and radiation 
therapy 

• Presents with diagnosis of HFrEF on most 
recent echocardiogram; left ventricular 
ejection fraction of ~38% 

• Thought to be related to his chemotherapy 
which included a doxorubicin 



RD, HPI 

• Complains of shortness of breath which he 
states began a few months prior. Dyspnea on 
exertion - a little - with climbing up a flight of 
stairs. He has some fatigue which he says is 
more his difficulty, rather than shortness of 
breath. No orthopnea or PND. Some 
dizziness with standing (orthostatic 
dizziness). Now he gets up slowly - happens 
more with treatments. Apparently, recently he 
has not been thinking as clearly as he used 
to. 



RD, HPI 

• He returned from Mexico a month prior (he 
was there for about 5 days), but states his 
shortness of breath began before that. In 
Mexico, he had chills, diarrhea, no fevers. 
Went to emergency room in Mexico. He was 
given antibiotics in Mexico. This resolved 
within a day. He then had a blood pressure of 
about 70s/40s while in Mexico, which 
normalized about 3 days later when they 
returned to the US. Face became puffy after 
he came back to the US. Subsided since after 
antibiotics was stopped. 



RD, Oncology Treatment 

• S/p chemotherapy with multiple drugs on the 

ARST0431 Rhabdomyosarcoma protocol, 

including doxorubicin (under 240mg/m2), 

irinotecan, vincristine, etoposide, 

ifosphamide, cyclophosphamide, 

dactinomycin... 

• S/p radiation therapy to L2 and L3 from Nov. 

5 - Nov. 16 2012; and to right femur, pelvic 

bone and clavicle, and to left scapula and 

inguinal region from May - June 2013 



RD, Initial Echo Strain Bull’s Eye 



Labs 

TSH  157.863  Range: 0.350 - 4.940 uIU/ML 

FREE THYROXINE  <0.4   Range: 0.7 - 1.5  NG/DL 

FREE T3 1.0  Range: 1.7 - 3.7 PG/ML  



Labs explained his issues 

• Very high TSH of ~158. This could explain 

a lot of his issues including 

cardiomyopathy, pericardial effusion, 

fatigue, neurological symptoms, and 

maybe even his elevated creatinine. 

• Very low index of suspicion for 

chemotherapy-induced cardiomyopathy  

chemo dose 



RD, 4 Months Post Thyroid 

Replacement Therapy 



Treatment/Prevention 

of Cardiotoxicity 

Associated with 

Chemotherapy 



Changes in LV Ejection Fraction after 

Heart Failure Therapy (ACE-I/BB) 

Cardinale et al, JACC 2010 



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 



Herrmann et al, Mayo Clin. Proc. 2014 

ACE-Is/ARBs for Prevention of 
Chemotherapy-Induced Cardiotoxicity 



Herrmann et al, Mayo Clin. Proc. 2014 

Beta Blockers for Prevention of 

Chemotherapy-Induced Cardiotoxicity 



Statins for Prevention of 

Chemotherapy-Induced Cardiotoxicity 

Herrmann et al, Mayo Clin. Proc. 2014 



Statin Use in Cancer Patients:  

Danish Registry 

Nielsen et al, NEJM 2012 

N = 295,475 
18,271 statin 
277,204 no statin 
 
≥ 40 yrs with 
cancer diagnosis 
 



Dexrazoxane for Preventing 

Doxorubicin-Induced Cardiotoxicity 

Harake et al, Future Cardiol. 2012 



Examples of major mechanisms causing cardiotoxicity 

of anticancer treatments, clinically used therapeutic 

agents, and potential protective agents  



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 M. Okwuosa 



Questions? 

? ? 


