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Heart Failure due to Chemotherapeutic 
Agents:  Issues

► Can patients at risk be identified prior to chemotherapy

► Can very early or incipient cardiomyopathy be identified

► Once identified, will biomarkers indicate severity or 

prognosis.

� Used to guide therapy?

► Can HF therapy prevent the remodeling? HFpEF vs. HFrEF

� Onset of symptoms

� Cardiac mortality

► How is the HF treated?

� Standard Guideline Directed Care?

• Where is the evidence?

• If function improves, what to do with Rx?

• What about statins and exercise



Risk Factors

Anthracycline

► Older age

► Female gender

► Hypertension and other 

risk fx for CVD

► Pre-existing cardiac disase

► Mediastinal radiation

► Cumulative anthracycline

dose

Trastuzumab

► Adjuvant anthracyclines

► Older age

► Hypertension

► Diabetes

► CAD

► A fib

► Renal insufficiency

Can occur early (acute) or late > 1 year post chemoRx (most common)

Nohria. ACC 2016



Non-invasive Imaging

► Echocardiography has been the traditional 
tool +-MUGA to detect LV dysfunction

� Manifest or early?

► Global Longitudinal Strain and strain rate 
(GLS) assessed using automated 2D-
speckle-tracking echocardiography (STE) 
--recent technique for detecting and 
quantifying subtle disturbances in (LV) 
systolic function. more reproducible than 
ejection fraction

► Strain rate and deceleration time to detect 
early diastolic filling. 



Echo Guidelines

Plana JC, Expert Consensus for Multimodality 
Imaging Evaluation of Adult Patients during and 
after CancerTherapy: A Report from the American 
Society of Echocardiography and the European 
Association of Cardiovascular Imaging. J Am Soc 

Echocardiogr 2014;27:911-39



Noninvasive Cardiac Imaging
Patients with suspected or new-onset HF, or those presenting with acute 

decompensated HF, should undergo a chest x-ray to assess heart size and 

pulmonary congestion, and to detect alternative cardiac, pulmonary, and 

other diseases that may cause or contribute to the patients’ symptoms.

A 2-dimensional echocardiogram with Doppler should be performed during 

initial evaluation of patients presenting with HF to assess ventricular 

function, size, wall thickness, wall motion, and valve function.

Repeat measurement of EF and measurement of the severity of structural 

remodeling are useful to provide information in patients with HF who have 

had a significant change in clinical status; who have experienced or 

recovered from a clinical event; or who have received treatment, including 

GDMT, that might have had a significant effect on cardiac function; or who 

may be candidates for device therapy.

I IIa IIb III

I IIa IIb III

I IIa IIb III



Stage A

Hypertension and lipid disorders should be controlled in 
accordance with contemporary guidelines to lower the risk 
of HF.

Other conditions that may lead to or contribute to HF, such 
as obesity, diabetes mellitus, tobacco use, and known 
cardiotoxic agents, should be controlled or avoided. 

I IIa IIb III

I IIa IIb III



Stages, Phenotypes and Treatment of HF



(Circulation. 2006;114:2474-2481.)





ACEI therapy: In Pediatric Cancer

• The reduction in LVESWS associated with enalapril was 

largely due to a reduction in endsystolic pressure. 

• model -- the first-year reduction in end-systolic pressure in 

the enalapril group was 7.2 vs. 5.87mmHg in placebo group 

(P .0006). 

• no significant difference end systolic posterior wall thickness 

over the length of the study.

Silber JH et al. Enalapril to Prevent Cardiac Function Decline in Long-Term Survivors of 

Pediatric Cancer Exposed to Anthracyclines. J Clin Oncol 2004; 22:820-828



RCTs of Prophylactic Treatment With Neurohormonal Antagonists to

Prevent Anthracycline- and Trastuzumab-Induced Cardiomyopathy

A.Nohria. http://www.acc.org/latestincardiology/
articles/2016/09/29/13/25/
preventionofcardiomyopathyinpatientswithcancer?
w_nav=Tab











Kaplan–Meier curve showing the cumulative incidence of cardiotoxicity in the study 
population. 

Daniela Cardinale et al. Circulation. 2015;131:1981-1988

Copyright © American Heart Association, Inc. All rights reserved.



Left ventricular ejection fraction (LVEF; mean±SD) behavior in patients developing 
cardiotoxicity in the first year, from baseline (before starting chemotherapy) to the initiation 

of heart failure therapy. 

Daniela Cardinale et al. Circulation. 2015;131:1981-1988

Copyright © American Heart Association, Inc. All rights reserved.



Left ventricular ejection fraction (LVEF) in patients with cardiotoxicity and with partial 
(triangle) or full (square) recovery with heart failure therapy. 

Daniela Cardinale et al. Circulation. 2015;131:1981-1988

Copyright © American Heart Association, Inc. All rights reserved.



Continuum of anthracycline cardiotoxicity. 

John D. Groarke, and Anju Nohria Circulation. 
2015;131:1946-1949

Copyright © American Heart Association, Inc. All rights reserved.



Multimarker Risk Prediction

Braunwald, E. NEJM. 2008.
Braunwald, E. JACC HF. 2013.















Effect of Exercise Training on Peak Oxygen Consumption in Patients
with Cancer: A Meta-Analysis.    Jones et al. The Oncologist 2011;16:112–120



Effect of exercise training and Dox on cardiac function in hearts isolated from Con (n = 6), 
Dox (n = 8), Ex (n = 6), and Dox+Ex (n = 8) animals. 

Adam J. Chicco et al. J Appl Physiol 2006;100:519-527

©2006 by American Physiological Society



Exercise Cardioprotection From Doxorubicin
This study is currently recruiting participants. Verified May 2015 by University of British Columbia 

Sponsor: University of British Columbia 
Collaborator: British Columbia Cancer Agency
ClinicalTrials.gov Identifier:  NCT02006979
First received: December 5, 2013
Last updated: May 27, 2015
Last verified: May 2015 

Exercise to Prevent AnthrCycline-based Cardio-Toxicity Study (EXACT)

This study is currently recruiting participants. (see Contacts and Locations) 

Verified August 2016 by Nova Scotia Health Authority 

Sponsor: Nova Scotia Health Authority 

ClinicalTrials.gov Identifier: NCT02471053

First received: May 11, 2015; Last updated: August 16, 2016

Last verified: August 2016 

OptiTrain - Optimal Training Women With Breast Cancer (OptiTrain)

This study is currently recruiting participants. (see Contacts and Locations) 

Verified August 2016 by Karolinska Institutet

Sponsor: Karolinska Institutet

ClinicalTrials.gov Identifier: NCT02522260

First received: June 9, 2015; Last updated: August 30, 2016

Last verified: August 2016 



Peak VO2 change at 3 months
Peak VO2 

change

at 3 months

Females 

Usual Care

Males

Usual Care

Females

Exercise

Males

Exercise

N 229 668 290 682

Mean  + SD 0.15 + 2.1 0.26 + 2.6 0.88 + 2.2 0.77 + 2.7*

Median 0.20 0.20 0.80 0.60

(Min, Max) (-6.9, 7.80) (-11.6, 13.50) (-10.7, 10.20) (-8.90, 12.50)

*p=0.42; 

Adherence:  median men 80 min/wk (25th percentile, 75th percentile 41, 121);
women were 70  min/wk (37, 108). 

Represents 6.6% inc in women and 5.2% in men

Pina IL  et al. : JACC Heart Failure

Volume 2, Issue 2, 2014, 180–186



Adjusted Models:  Hazard Ratios for Specified Effects 

among Males and Females, with Tests for 

Corresponding Interactions of Interest

Model Endpoint Gender Interaction Effect

Estimated Effect 

in Females

Estimated Effect 

in Males

P-Value for 

Interaction

All-Cause Death/Hosp1 HR (95% CI): Exercise (vs. Control) 0.74 (0.59 - 0.92) 0.99 (0.86 - 1.13) 0.027

All Cause Death2 HR (95% CI): Exercise (vs. Control) 0.71 (0.43 - 1.15) 1.01 (0.79 - 1.28) 0.20

CV-Death/CV-Hosp3 HR (95% CI): Exercise (vs. Control) 0.79 (0.62 - 1.00) 0.96 (0.83 - 1.11) 0.17

CV-Death/HF-Hosp4 HR (95% CI): Exercise (vs. Control) 0.76 (0.55 - 1.05) 0.90 (0.75 - 1.10) 0.36

All-Cause Death/Hosp1 HR (95% CI): Non-White (vs. White) 1.01 (0.81 - 1.27) 1.25 (1.08 - 1.45) 0.11

All-Cause Death/Hosp1 HR (95% CI): Baseline PkVO2 (up to 20) 0.92 (0.90 - 0.95) 0.92 (0.90 - 0.94) 0.74

Pina IL  et al. : JACC Heart Failure

Volume 2, Issue 2, 2014, 180–186





Key Management Strategies for Cardiomyopathy Related to 
Chemotherapeutic Agents

Treatment Recommendations With Strong Level of Consensus for Cardiomyopathy 

Related to Chemotherapeutic Agents

1.   Patients treated with cardiotoxic chemotherapeutic agents should have cardiac 

functional assessment with LVEF measurement at baseline, after completing 

treatment, and while on treatment at regular intervals, or sooner if HF symptoms 
develop (Level of Evidence B).
128

2.   If test results indicate deterioration in cardiac function associated with cardiotoxic 

chemotherapy, the benefit of continued therapy should be carefully evaluated against 
the risk of producing irreversible cardiac damage 
(Level of Evidence C).
3.  Cancer patients with systolic HF should be treated with GDMT
(Level of Evidence B).

Bozkurt et al. Circulation. 2016;134:e579–e646 



Recommendations With Uncertainty for Cardiomyopathy Related to 

Chemotherapeutic Agents

1. The usefulness of serial/repeated measurements of cardiac biomarkers for 
monitoring cardiotoxicity with cancer therapy is uncertain 

(Level of Evidence C).
2. Usefulness of β-blockers, ACE inhibitors, or ARBs for primary prevention of 
cardiac toxicity of chemotherapy is uncertain at this time 

(Level of Evidence B).

Bozkurt et al. Circulation. 2016;134:e579–e646 

Recommendations With Moderate Level of Consensus for Cardiomyopathy Related to 

Chemotherapeutic Agents

1. Measurement of cardiac troponin is reasonable to identify patients at risk of 

cardiotoxicity with cancer therapy

(Level of Evidence B). 
2.   In patients at high risk for cardiac toxicity, strategies such as administration of 

divided  continuous infusions, liposome encapsulation, use of less cardiotoxic

derivatives, or use of cardioprotective agents such as dexrazoxane in conjunction with 

treatment can be useful to reduce cardiotoxicity of doxorubicin chemotherapy 
(Level of Evidence B)

Bozkurt et al. Circulation. 2016;134:e579–e646 



Even when EF improves,

What to do?  Stop Rx??
Continue? 



Cancer Therapy–Related Cardiac-Dysfunction and Heart Failure.  Part 2: 
Prevention, Treatment, Guidelines, and Future Directions.  
Hamo et al. Circ Heart Fail. 2016;9:e002843

When is the perfect time 

To start GDMT?



Summary
� Heart failure associated with chemotherapy can be 

severe and include both elements of HFrEF and HFpEF

� Risk factor identification is critical prior to the initiation of 
chemo

� HF associated with chemotherapy can respond to GDMT

� GDMT may also be protective if administered with 
chemotherapy although the data are not consistent

� GDMT may reverse LV dysfunction previously thought 
non-reversible

� A panel of biomarkers may be predictive of cardiotoxicity
and could serve as markers of improvement .

� Further research is needed in mREF patients whose LV 
function improves


