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Chemotherapy

Mondal P et al.  Cardiology in Review 2019;12:230-235



Anthracyclines

• Acute cardiac toxicity

– ~3%

– SVT, VT

– AV block

– Pericarditis/myocarditis

– Self-limited



Anthracyclines: Late Toxicity

• Typically 2-3 years after exposure

• Related to systolic CHF

• Often irreversible



Anthracyclines: Mechanism

Lenneman CG & Sawyer DB. 

Circ Res. 2016;118:1008-1020

Topoisomerases: responsible for DNA transcription, replication



Anthracyclines: dose dependent

Swain SW et al. Cancer 2003;97:2869-79
CHF defined as meeting at least 3/5: total dox dose, initial LVEF, 

change in LVEF, ECG changes, additional info (CXR, labs)



Anthracyclines: dose dependent

Swain SW et al. Cancer 2003;97:2869-79Cardiac Event: defined CHF or significant reduction in EF.



Anthracyclines: Risk Factors

• Hypertension 

• Coronary artery disease

• Diabetes Type 2

• Age >65

• Preexisting cardiac disease

• Concomitant radiation



Anthracycline Toxicity: Prevention

• Limiting the dose of chemotherapy

• Developing anthracycline analogs

• Continuous infusion vs bolus – mixed 

results

– 24 hr infusion is better

• Sarcomas & leukemias

• Not well studied/FDA-approved for breast cancer

• Drug free intervals between doses

• Liposomal encapsulation
Witteles RM & Bosch X.  

Circulation 2015;132:1835-1845



Prevention: Dexrazoxane

Lenneman CG & Sawyer DB. 

Circ Res. 2016;118:1008-1020

X

Prevents doxorubicin from binding to the Topo2B-DNA complex.



Prevention: Dexrazoxane

• Dexrazoxane

– Reduces incidence of CHF and LV 

dysfunction

– However, reports of AML and MDS in children

– No longer routinely used

FDA LABEL



Prevention: Cardiac Meds

• Studied:

– Ace-inhibitors

– Angiotensin receptor blockers

– Beta blockers



Prevention: Cardiac Meds

• Limitations:

– Small # of patients treated

– Differences in study design

– Varying malignancies being studied & 

chemotherapy regimens used

– Short follow-up times

– Reductions in LVEF decline > no change in 

mortality



Prevention: Cardiac Meds

9/2011-2014, 120 pts with breast cancer and receiving epirubicin, in 2x2 

randomization

Gulat G et al. Eur Heart J. 37(21); 2016:1671-80.



Anthracycline Toxicity: Management

• Lacking definitive data

• In presence of LV dysfunction:

– Referral to cardiologist

– Treat as early as possible

– ACEis/BBs



Trastuzumab (“Herceptin”)

• Monoclonal antibody against HER2, which 

is overexpressed in 20-25% of all breast 

cancers

• Given as IV injection q3 weeks upto 1 year

• Decreased systolic function

– Reversible

– Not related to cumulative dosing

– Risk factors: age>65, anthracycline use



Plano JC et al.  Expert Consensus Document.  JASE 2014;27:911-39



Others

• Tyrosine Kinase Inhibitors

– Pulmonary HTN, QT prolongation

• VEGF Inhibitors

– Hypertension, LV dysfunction, 

thromboembolism





Cardiac Imaging in Chemotherapy

• Left ventricular ejection fraction

• Strain imaging



Cardiac Imaging in Chemotherapy

• LV EF

– MUGA: less inter-observer variability, high 

reproducibility 

– Echo is routine, easily available

• Exact cut-offs for normal or abnormal not well 

defined

• Different measurement techniques

• Important to visually compare studies over time



LV Ejection Fraction

• Can miss small changes in EF

• 2D-Echo appears to be reliable in 

detecting differences close to 10% in EF



Strain Imaging

• To identify earlier parameters of 

myocardial dysfunction, to prevent 

irreversible cardiotoxicity

• I.e. to detect subclinical LV dysfunction



ACC Echo SAP



Strain Imaging

• Defined simply as the change in shape 

(i.e. deformation) of the myocardium 

resulting from contraction or relaxation

• Based on ‘speckle tracking’ – a pattern of 

speckles throughout the myocardium

• Not angle dependent

– Such as in TDI

• Considered a natural tool to track 

myocardial motion over time





Strain Imaging: Data

• Significant decrease in LVEF (≥8%, at completion of anthracycline treatment) was 

detected only in 15% of patients developing cardiotoxicity at 15-month follow-up

• Changes in troponin or strain were present in 78% of patients developing subsequent 

cardiotoxicity

• Longitudinal strain <19% was present in all patients who later developed symptomatic 

CHF

• NT-proBNP did not predict cardiotoxicity

Sawaya H et al. Circ Cardiovasc Imaging. 2012;5:596-603

82 females with HER2+ breast cancer, treated with anthracyclines, then paclitaxel, then trastuzumab.  Echo+Labs at: beginning of

study, after anthracyclines, and q3months.



Strain Imaging: Pitfalls

Plano JC et al.  Expert Consensus Document.  JASE 2014;27:911-39



Strain Imaging: Pitfalls

• However, there have been no studies to demonstrate 

that early intervention based on change in strain alone 

can result in reduction of clinically significant (eg, 

symptomatic cardiac dysfunction) risk in patients with 

cancer. There are important studies under way that will 

provide insight into this question (eg, Strain Surveillance 

During Chemotherapy for Improving Cardiovascular 

Outcomes [SUCCOUR]).

Sawaya H et al. Circ Cardiovasc Imaging. 2012;5:596-603



Biomarkers

• 703 cancer patients

– TnI measured soon after chemo, and 1 month 

later

– Troponin “positive” for values ≥0.08 ng/mL

Cardinale D, Sandri MT, Colombo A, et al: Prognostic value of troponin I in cardiac risk stratification of 

cancer patients undergoing high-dose chemotherapy. Circulation 109:2749-2754, 2004



Biomarkers

Cardinale D, Sandri MT, Colombo A, et al: Prognostic value of troponin I in cardiac risk stratification of 

cancer patients undergoing high-dose chemotherapy. Circulation 109:2749-2754, 2004



Journal of Clinical Oncology, 2017



Surveillance & Monitoring:
During Treatment

• Routine monitoring may be offered during 

treatment in asymptomatic patients at 

increased risk

• Echo is the modality of choice

• Frequency… should be determined by 

healthcare providers… based on clinical 

judgment



Surveillance & Monitoring:
After Treatment

• In asymptomatic patients considered to be 

at increased risk:

– Echo may be performed 6-12 months after 

chemotherapy

– If no cardiac dysfunction at this point:

• No recommendation can be made regarding 

frequency and duration

• If cardiac dysfunction is noted:

– Referral to a cardiologist



Anthracycline Toxicity:
Team-Based Approach

Witteles RM & Bosch X.  Circulation 2015;132:1835-1845



Potential Surveillance Algorithm

• Anthracyclines, no Herceptin:

– Strain Echo + troponin prior to chemo, after 

anthracyclines finished, and:

• Minimal risk factors: Echo annually for 3 years

• Multiple risk factors: Echo every 6 months x2, then 

annually, upto 3 years

• Anthracyclines, with Herceptin:

– Strain Echo + troponin prior to chemo, after 

anthracyclines finished, and q3months during 

Herceptin



Practical Aspects, Future Directions

• Cardiology + Oncology

– Work hand in hand

– Factor in patient risk factors

• Need joint guidelines

– Many unanswered questions

• Consider alternative options

– Alternative treatments

– Genomic assays to determine who will 

respond to which treatment
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