
Cardio-Oncology: Preventing and 

Treating Cardiovascular 

Complications Associated with 

Cancer Treatments

Tochi M. Okwuosa, DO, FACC, FAHA

Associate Professor

Rush University Medical Center



Disclosures

• Cardio-Oncology roundtable advisory for 

Pfizer

• No conflict of interest



Discussion

• Why Cardio-Oncology?

• Complications of Cancer Therapy 

– Chemotherapy

– Radiation Therapy

– Immunotherapy 

• Management of these complications

• When and why to refer to Cardio-Oncology



Deaths due to Heart Disease 

and Cancer

Source: National Vital Statistics System



Links between Cancer and CVD

Handy et al. Circ. 2018



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



Interactions between Heart Disease, 

Risk Factors, Cancer, Cancer Therapy



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



Okwuosa et al., Post Grad. Med. 2016

Systemic Effects of Various 

Chemotherapeutic Agents



Anti-Cancer Agents Associated with Heart 

Failure & Left Ventricular Dysfunction 

Chang, …. Okwuosa, Yeh, JACC 2017



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



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



Prognostic performances of BNP and LVEF in 

predicting CHF hospitalizations and Death in 

Anthracycline Treated Cancer Patients 

N = 333, Mean follow up 1360 days

Skovgaard et al. Plus One. 2014



Normal LV Myocardial Global and 

Segmental Longitudinal Strain Data

Feigenbaum et al, Circulation J. 2012



Chemotherapy Cardiomyopathy



Strain: Prediction of Chemo Cardiotoxicity

Kerkhove et al, Heart 2014



Strain and Troponin-I for 

Prediction of  Cardiotoxicity

Sawaya et al, Circulation Cardiovasc. Img. 2012



Strength of Evidence of Cardiac Markers

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 2016



Testing Based on Pathophysiology

Adapted from Hundley 2012

Blood Work
Strain Imaging

Echo vs. MUGA



Dexrazoxane for Preventing 

Doxorubicin-Induced Cardiotoxicity

Harake et al, Future Cardiol. 2012



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



Anti-Cancer Agents Associated with 

Hypertension

Chang, Okwuosa,… Yeh, JACC 2017



VSP Inhibitors: Mechanism of Action 

and Effects

Mouhayar 2012

-- Edema 



Hypertension: A Biomarker of TKI 

Efficacy and/or Cardiotoxicity?

Rini et al, JNCI 2011



Management of Adverse 

Effects of VSPs

Bair et al, Trends in Cardiovascular Medicine 2013



Others

• Arrhythmias: Ibrutinib

• Peripheral arterial disease: nilotinib, ponatinib



Ibrutinib and Atrial Fibrillation

• Retrospective single center study 

• 582 patients treated with ibrutinib for hematological 

malignancies were included

• Median follow-up of 32 months 

• 63 patients developed incident AF 

• 13 patients developed recurrent AF

• The estimated cumulative incidence of AF at 

o 6 months: was 5.9% (95% CI: 4.2-8.0)

o 1 year: 7.5% (95% CI: 5.5-9.9 

o 2 years: 10.3% (95% CI: 8.0-13)

• Median time of onset 

o Incident AF: 10.9 months (range 0.2-63.4) 

o Recurrent AF and 2.2 months (range 0.2-35.2)

Wiczer et al 2017



TKIs associated with PAD

• Ponatinib: ALERT: US Boxed Warning 
– Arterial occlusion

– Heart failure

– Hepatotoxicity

– Venous thromboembolism

Pasvolsky et al. Cardio-Oncology (2015)



Management and screening strategies for 

TKI-associated vascular adverse events

Pasvolsky et al. Cardio-Oncology (2015)



Anti-Cancer Agents Associated with 

Myocardial Infarction/Ischemia

Chang, …. Okwuosa, Yeh, JACC 2017



Anti-Cancer Agents Associated with 

Thromboembolism

Chang, Okwuosa,… Yeh, JACC 2017



Management of Cancer Therapy–
Induced Cardiovascular Complications

Chang, …. Okwuosa, Yeh, JACC 2017



Considerations in Patients with 

Thrombocytopenia

Iliescu, et al. Cath Cardiovasc Int. 2016



Anti-Cancer Agents Associated with 

QTc Prolongation

Chang, Okwuosa,… Yeh, JACC 2017



Radiation-Induced Heart Disease

Chang, Okwuosa,… Yeh, JACC 2017



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



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) 



Management of Cancer Therapy–
Induced Cardiovascular Complications

Chang, Okwuosa,… Yeh, JACC 2017



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



Anti-Androgens for Prostate Cancer/

Cardiovascular Effects

Bhatia et al. Circulation, 2016



Association between GRH agonists 

and Nonfatal or Fatal MI

Bosco et al, Eur Urol 2014



Association between GRH agonists 

and Nonfatal or Fatal Stroke

Bosco et al, Eur Urol 2014





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



Risk of Cardiac and Cardiovascular Diseases 

Worsen with Time in Cancer Survivors

Tukenova et al, JCO 2010



Stages in Heart Failure Development/ 

Recommended Therapy by Stage

Hunt et al, Circulation 2009



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





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:

• Incidence of myocarditis higher in patients 
receiving a combination of nivolumab and 
ipilimumab (0·27%)

• Was 0.09% in those receiving nivolumab alone 

• Noted 50% fatality

• A 2017 meta-analysis of 22 anti-PD-1 and anti-
PD-L1 trials in patients with NSCLC 
– Cardiorespiratory arrest 1·0%; cardiac failure 2·0%; 

myocardial infarction 1·0%; and stroke 2·0%



Licensed immune checkpoint inhibitors and their 

reported cardiotoxic effects at the time of FDA approval

Others: Tremelimumab, Pidilizumab
Lyon et al. Lancet 2018



Organs affected by ICIs

Postow, et al. NEJM. 2018



ICI-Mediated Cardiotoxicity

Lyon et al. Lancet 2018



Triage for Myocarditis Related to 

Checkpoint Inhibitors

Mahmood et al. JACC 2018



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




