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PollEverywhere Audience Response

• We are utilizing PollEverywhere software for this process.

• You may join to participate by 3 different ways:
• Web Browser: Go to PollEv.com/ushp

• PollEverywhere app: Download app and join ushp presentation 

• Text Messaging: Text ushp to 22333 

• We recommend the PollEverywhere app or web browser as they are easier 
to respond

• For each question, you can click on the correct answer in Web Browser or 
App or text correct answer to 22333
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• Off-Label Uses of Medications
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Learning Objectives | Pharmacists
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• Describe the mechanisms behind anthracycline and anti-HER2 induced 
cardiotoxicity 

• Differentiate between the different types of anthracycline and anti-HER2 
cardiotoxicities 

• Design a therapeutic regimen that entails preventive measures against 
anthracyclines and anti-HER2 cardiotoxicities

• Develop a plan regarding anthracyclines and anti-HER2 adjustments in 
cardiotoxicity 

Learning Objectives | Technicians
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• Recognize which chemotherapy agents and classes are associated with 
cardiotoxicity 

• Differentiate between brand and generic of the chemotherapies 
mentioned

• Recall the maximum lifetime doses of cardiotoxic chemotherapies 
mentioned

• Identify the classes of cardiac medications used as preventive 
management of anthracycline and anti-HER2 cardiotoxicity 

• Epidemiology of anthracycline and anti-HER2 induced cardiotoxicity 

• Mechanism of anthracycline and anti-HER2 induced cardiotoxicity

• Risk factors of anthracycline and anti-HER2 induced cardiotoxicity 

• Review of anthracycline and anti-HER2 agents and mechanism

• Types of chemotherapy induced cardiotoxicity 

• Diagnosis of anthracycline and anti-HER2 induced cardiotoxicity 

• Preventive management of anthracycline and anti-HER2 induced cardiotoxicity 

• Management of said cardiotoxicity 

• Management of chemotherapy regimens after cardiotoxicity

Outline
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Background: Epidemiology, Etiology, Risk 
Factors, and Review of Causative Agents
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Definitions & Abbreviations

9

• LVEF = left ventricular ejection fraction 

• Anthracyclines = a class of 
chemotherapy that intercalates the 
DNA/RNA strands and inhibits 
topoisomerase II

• Doxurubicin, daunorubicin, idarubicin, 
epirubicin, mitoxantrone 

• HF = heart failure 

• Anti-HER2 agents = anti-cancer agents 
that bind to HER2 receptors on tumors

• Trastuzumab, pertuzumab, lapatinib 

• AML/ALL = Acute myeloid/lymphocytic 
leukemia 

• ACEi = angiotensin-converting enzyme 
inhibitors (e.g., lisinopril, enalapril)

• ARB = angiotensin receptor blockers 
(e.g., candesartan, losartan)

• HTN = hypertension 

• CAD = coronary artery disease 

• DM2 = diabetes mellitus 

• Advances in cancer treatment 
growing number of survivors 

• More attention required for chronic 
and long-term adverse effects

• >80% of children and adolescents 
treated for cancer become long-term 
survivors

• Cardiovascular disease  leading 
cause of death in cancer survivors 

• Takes years to decades to manifest the 
clinical HF

Epidemiology 

10
NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity
Cardinale, D., et al. Anthracycline-Induced Cardiomyopathy. American College of Cardiology. 2010. Vol 55;No 3. DOI:10.1016/j.jacc.2009.03.095
Armenian, S. et al., Prevention and Monitoring of Cardiac Dysfunction in Survivors of Adult Cancers: American Society of Clinical Oncology Clinical Practice Guideline. 2017. Vol 35, No 8. DOI: 10.1200/JCO.2016.70.5400
Carver, J., et al. American Society of Clinical Oncology Clinical Evidence Review on the Ongoing Care of Adult Cancer Survivors: Cardiac and Pulmonary Late Effects. Journal of Clinical Oncology. 2007. Vol 25, No 25. DOI: 10.1200/JCO.2007.10.9777

Anthracyclines

• 9-50% 
asymptomatic 
LVEF dysfunction

• 5% develop 
clinical HF

• 50% of pediatric 
cancer survivors 
exposed show 
LVEF dysfunction 
10-20 years after 

Anti-HER2 agents

• 27% cardiac 
dysfunction in 
combination 
trastuzumab/ 
anthracycline
groups vs <7% in 
anthracycline only

• 2.8%-3.4% 
sequential 
administration 

Cardio-Oncology: A Growing Field
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88 patients
~50 YO

Anthracyclines and/or 
trastuzumab
• 92% anthracyclines
• 17% trastuzumab after 

anthracyclines 
• 8% trastuzumab without 

previous anthracycline 

Breast
AML*
ALL*
Non-Hodgkin’s
Hodgkin’s 

Baseline EF 60%
• 12% had baseline 

EF <55%

Yoon, Geoffrey J et al. “Left ventricular dysfunction in patients receiving cardiotoxic cancer therapies are clinicians responding optimally?.” Journal of the American College of Cardiology vol. 56,20 (2010): 1644-50. doi:10.1016/j.jacc.2010.07.023

Stanford University Hospital in 2010 

*AML = Acute Myeloid Leukemia 
*ALL = Acute Lymphocytic Leukemia

Mean cumulative doses: 
oDoxorubicin: 238±167 mg/m2

oDaunorubcin: 216±112 mg/m2

oIdarubicin: 40±9 mg/m2

Cardio-Oncology: A Growing Field

12

Stanford University Hospital in 2010 

Outcomes of Treatment Practices
• 35 patients had EF <55% after start of 

chemotherapy; 12 already had low EF at 
baseline

o 40% received ACEi/ARB 

o 51% received beta-blocker 

o 54% received cardiology consultation

Not many patients 
were treated…

Greene, S., et al. Medical Therapy for Heart Failure with Reduced Ejection Fraction. J Am Coll Cardiol. Jul 2018. 72 (4) 351-366.
Yoon, Geoffrey J et al. “Left ventricular dysfunction in patients receiving cardiotoxic cancer therapies are clinicians responding optimally?.” Journal of the American College of Cardiology vol. 56,20 (2010): 1644-50. doi:10.1016/j.jacc.2010.07.023

National average of HFrEF
patients receiving appropriate 
ACEi/ARB or beta-blockers 
• 73.4% received ACEi/ARB
• 67.0% received beta-blocker
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• Anthracyclines
• Doxorubicin, Daunorubicin > Epirubicin, Mitoxantrone, Idarubicin

• Common indications: breast cancer, Hodgkin's lymphoma, non-Hodgkin’s 
lymphoma, acute leukemias, sarcomas

• Anti-HER2 agents
• Trastuzumab >>> Pertuzumab, Lapatinib (PO)

• Common indications: breast cancer, colon cancer, gastric cancer, rectal cancer

Review of Anthracyclines and Anti-HER2 
Agents Use

13
NCCN Chemotherapy Order Templates. 2020.

Mechanisms of cardiotoxicity  

14Cardinale, D., et al. Cardiotoxicity of Anthracyclines. Frontiers in Cardiovascular Medicine. 2020. Vol 7, article 26. DOI=10.3389/fcvm.2020.00026 
Carver, J., et al. American Society of Clinical Oncology Clinical Evidence Review on the Ongoing Care of Adult Cancer Survivors: Cardiac and Pulmonary Late Effects. Journal of Clinical Oncology. 2007. Vol 25, No 25. DOI: 10.1200/JCO.2007.10.9777

Trastuzumab

• Some damage, not permanent
• Changed expression profiles of genes 

necessary for cardiac and mitochondrial 
functions and DNA repair

• HER2 signaling in cardiac development is 
well established 

• Toxic ROS accumulation in human 
cardiomyocytes 

• Downregulates TOP2B 
• Results in less DNA repair  toxicity 

Trastuzumab
HER2

TOP2B

ROS Damage

CARDIOTOXICITY

Doxorubicin

Cell membrane

DNA = deoxyribonucleic acid
TOP2B = topoisomerase 2B
ROS = reactive oxygen species

ROS and Iron Hypothesis of Cardiotoxicity 

15

Cardiac non-
heme iron

Doxorubicin

Iron 
regulatory 

protein
Ferritin

ROS

Gammella, Elena et al. “The role of iron in anthracycline cardiotoxicity.” Frontiers in pharmacology vol. 5 25. 26 Feb. 2014, doi:10.3389/fphar.2014.00025

ROS = reactive oxygen species

Which common cardiotoxicity mechanism do anthracyclines and anti-
HER2 agents share? 

A. They both cause iron deficiency 

B. They both inhibit TOP2B 

C. They both directly inhibit HER2

Test Question for Pharmacists

16
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Which common cardiotoxicity mechanism do anthracyclines and anti-
HER2 agents share? 

A. They both cause iron deficiency 

B. They both inhibit TOP2B 

C. They both directly inhibit HER2

Test Question for Pharmacists

17

Type of cardiotoxicity 

18
Carver, J., et al. American Society of Clinical Oncology Clinical Evidence Review on the Ongoing Care of Adult Cancer Survivors: Cardiac and Pulmonary Late Effects. Journal of Clinical Oncology. 2007. Vol 25, No 25. DOI: 10.1200/JCO.2007.10.9777

• Cell death
• Damage with 1st administration 
• Irreversible

Anthracyclines

Type 1

• Cellular dysfunction 
• Reversible (with or without treatment)
Trastuzumab, pertuzumab, lapatinib

Type 2

Stages of Anthracycline Cardiotoxicity 

19

Acute Early-onset Chronic Late-onset
Chronic

Onset Within 1-2 weeks of 
treatment

<1 year after 
completion of treatment 

>1 year after 
completion of 
treatment 

Course Usually reversible 
upon discontinuation 
of anthracycline

Can be progressive Can be 
progressive 

Newer data is favoring the “ongoing progression” of 
cardiotoxicity as a continuum vs these stages. 

Cardinale, D., et al. Cardiotoxicity of Anthracyclines. Frontiers in Cardiovascular Medicine. 2020. Vol 7, article 26. DOI=10.3389/fcvm.2020.00026 

Anthracyclines are associated with ________ myocardial damage and 
anti-HER2 agents are associated with ________ myocardial damage. 

A. Severe; moderate 

B. Type 2; Type 1 

C. Type 1; Type 2

Test Question for Pharmacists

20
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Anthracyclines are associated with ________ myocardial damage and 
anti-HER2 agents are associated with ________ myocardial damage. 

A. Severe; moderate 

B. Type 2; Type 1 

C. Type 1; Type 2

Test Question for Pharmacists

21

Which of the following classes of medication have been associated with 
cardiotoxicity? 

A. Angiotensin converting enzyme inhibitors 

B. Vinca alkaloids

C. Anthracyclines and anti-HER2 agents

Test Question for Technicians

22

Which of the following classes of medication have been associated with 
cardiotoxicity? 

A. Angiotensin converting enzyme inhibitors 

B. Vinca alkaloids

C. Anthracyclines and anti-HER2 agents

Test Question for Technicians

23

Manifestations

24

• Arrhythmias

• Pericardial disease 

• Hypertension 

• Thrombosis 

• Vascular and metabolic issues 

NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity
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• Female > Male 

• Hypertension/underlying cardiovascular disease (CVD) or risk factor for 
CVD

• Baseline reduced (or low-normal; 50-54%) LV function 

• Black 

• Age >65 years old or <18 years old 

• Renal failure 

• Overweight or obese

Risk Factors

25
Cardinale, D., et al. Cardiotoxicity of Anthracyclines. Frontiers in Cardiovascular Medicine. 2020. Vol 7, article 26. DOI=10.3389/fcvm.2020.00026 
NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity

Risk Factors: Oncology 

26

• Cumulative dose 

• Concomitant exposure to radiation (especially high dose (≥ 30 Gy) to 
chest) and/or trastuzumab *contraindication*

• Treatment with lower-dose anthracycline (e.g., doxorubicin <250 mg/m2, 
epirubicin <600 mg/m2) or trastuzumab alone and presence of any risk 
factors listed previously

• Sequential treatment  low dose anthracyclines followed by trastuzumab
• But lower risk than concomitant therapy poses

Armenian, S. et al., Prevention and Monitoring of Cardiac Dysfunction in Survivors of Adult Cancers: American Society of Clinical Oncology Clinical Practice Guideline. 2017. Vol 35, No 8. DOI: 10.1200/JCO.2016.70.5400

Anthracycline Cumulative Dose Risk

27

400 mg/m2 = 5% 

550 mg/m2 = 26% 

700 mg/m2 = 48% 

Clinical heart failure ↑ exponentially 
with ↑ in cumulative doxorubicin 
dose

Armenian, S. et al., Prevention and Monitoring of Cardiac Dysfunction in Survivors of Adult Cancers: American Society of Clinical Oncology Clinical Practice Guideline. 2017. Vol 35, No 8. DOI: 10.1200/JCO.2016.70.5400

Heart Failure Risk

Maximum Lifetime Cumulative Doses

28

Doxorubicin 
(Adriamycin®)

400 mg/m2

Epirubicin
(Ellence®)

900 mg/m2

Daunorubicin 
(Cerubidine®)

550 mg/m2

Idarubicin 
(Idamycin®)

150 mg/m2

Mitoxantrone 
(Novantrone®)

140 mg/m2
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Anti-HER2: Trastuzumab Risk

29

• Trastuzumab following anthracycline chemotherapy increases cardiac 
dysfunction risk by 7-fold

• 3-year incidence of cardiac dysfunction following trastuzumab treatment 
without anthracyclines is 0.5% 

• 27% cardiac dysfunction and HF in combination trastuzumab and 
anthracycline groups 

• Cardiotoxicity = most common dose limiting toxicity 

Mohan, N., et al. Trastuzumab-mediated cardiotoxicity: current understanding, challenges, and frontiers. Antib Ther. 2018. 1(1)////;13-17. doi: 10.1093/abt/tby003.

Match the correct generic name anthracycline with its brand name and 
associated max lifetime dose:

A. Doxorubicin (Ellence®); 400 mg/m2

B. Mitoxantrone (Cerubidine®); 140 mg/m2

C. Idarubicin (Idamycin®); 150 mg/m2

Test Question for Technicians

30

Match the correct generic name anthracycline with its brand name and 
associated max lifetime dose:

A. Doxorubicin (Ellence®); 400 mg/m2

B. Mitoxantrone (Cerubidine®); 140 mg/m2

C. Idarubicin (Idamycin®); 150 mg/m2

Test Question for Technicians

31

Diagnosis, Detection, and Classification

32
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ACC/AHA Stages of Heart Failure (HF)

33

Stage A
• Patients at high 

risk of 
developing HF

• No structural or 
functional 
abnormalities 

• Risk factors 
including history 
of cardiotoxic 
drug therapy

Stage B
• Have structural 

heart disease 
• No signs or 

symptoms of HF

Stage C
• Have structural 

heart disease
• Current or prior 

symptoms of HF

Stage D
• Advanced 

structural heart 
disease

• Marked 
symptoms of HF 
at rest despite 
maximal medical 
therapy

ACC/AHA Guidelines for the Evaluation and Management of CHF in the Adult. 2001. https://www.ahajournals.org/action/showCitFormats?doi=10.1161%2Fhc4901.102568 

New York Heart Association (NYHA)
Functional Classification

34

• No limitation of physical activity NYHA I

• Slight limitation of physical activity 
• Comfortable at rest but ordinary activity = fatigue 

NYHA II

• Marked limitation of physical activity 
• Comfortable at rest but less than ordinary activity = fatigue 

NYHA III

• Unable to carry out any physical activity without discomfort 
• Symptoms at rest 

NYHA IV

https://www.heart.org/en/health-topics/heart-failure/what-is-heart-failure/classes-of-heart-failure

Diagnosis of cardiotoxicity  

35
NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity

Anthracyclines

• LVEF <50% 
AND/OR
• Decreased by 

>10% from 
baseline

Trastuzumab

• ≥16% absolute 
decrease in LVEF 
from baseline 

OR
• LVEF below limits 

of normal + ≥10% 
decline from 
baseline

Pertuzumab

• LVEF <40%
OR
• LVEF 40-45%  with 

≥10% absolute 
decrease below 
baseline 

Detection of cardiotoxicity 

36

• Echocardiogram (per drug package insert)
• Anthracyclines: at baseline and at end of treatment 

• Trastuzumab/Pertuzumab: at baseline, every 3 months, and at end of treatment 

• Troponin I 
• Troponin has been shown to increase by ~33% after high dose-chemotherapy 

doses (even within 72 hours)

• Relationship between early troponin rise after anthracycline and LVEF reduction 
during follow-up

• American Society of Clinical Oncology (ASCO) Clinical Practice Guideline
• No consensus on how often to monitor via echocardiogram or troponin

Doxorubicin hydrochloride. Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/050467s073lbl.pdf
Herceptin (trastuzumab). Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5250lbl.pdf
Virizuela, J.A., et al. SEOM clinical guidelines on cardiovascular toxicity (2018). Clinical and Translational Oncology. 21:94-105. https://doi.org/10.1007/s12094-018-02017-3
Cardinale, D. et al., Prognostic Value of Troponin I in Cardiac Risk Statification of Cancer Patients Undergoing High-Dose Chemotherapy. Circulation. 2004. 109:2749-2754



10

Detection of cardiotoxicity 

37

• Echocardiogram (ECHO)
• Transthoracic echocardiogram (TTE) 

• Global longitudinal strain (GLS)

• Multiple Gated Acquisition scan (MUGA) 
• Risk with serial use = radiation exposure and secondary cancer risk

• Cardiac magnetic resonance (CMR)

Kolla, B., et al. Cardiac Imaging Methods for Chemotherapy-related Cardiotoxicity Screening and Related Radiation Exposure: Current Practice and Trends. Anticancer Research. May 2017. vol. 37 no. 5 2445-2449
Research to Practice: Assessment of Left Ventricular Global Longitudinal Strain for Surveillance of Cancer Chemotherapeutic-Related Cardiac Dysfunction. JACC Cardiovasc Imaging 2018;11:1196-1201. 

Use: ECHO >> MUGA > CMR

*ASCO guidelines prefer CMR >MUGA if 
unable to use ECHO

LVRV

Detection of cardiotoxicity: cardiac 
biomarkers 

38

• Troponin >0.07
• Troponin has been shown to increase by ~33% after high dose-chemotherapy 

doses (even within 72 hours)
• Relationship between early troponin rise after anthracycline and LVEF reduction 

during follow-up
• Persistent elevation in troponin in patients received trastuzumab were more 

likely to develop cardiotoxicity (84%) vs only initial rise (37%)

• B-type natriuretic peptide (BNP)
• Mixed findings regarding correlation between elevated BNP and development of 

cardiotoxicity 

• ASCO guidelines  no guided recommendation for routine use in 
monitoring

Virizuela, J.A., et al. SEOM clinical guidelines on cardiovascular toxicity (2018). Clinical and Translational Oncology. 21:94-105. https://doi.org/10.1007/s12094-018-02017-3
Cardinale, D. et al., Prognostic Value of Troponin I in Cardiac Risk Statification of Cancer Patients Undergoing High-Dose Chemotherapy. Circulation. 2004. 109:2749-2754
Leya, J., et al. Role of Troponin and BNP in the Management of Patients with Cancer. American College of Cardiology. Dec 2019. 

Detection of cardiotoxicity 

39

“No recommendations can be made regarding the frequency 
and duration of surveillance in patients at increased risk who 
are asymptomatic and have no evidence of cardiac 
dysfunction on their 6- to 12-month post-treatment 
echocardiogram”

- American Society of Clinical Oncology

Prevention and Treatment 

40
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• Early intervention with cardioprotective medication may decrease the rate 
of cardiac remodeling and progression to heart failure

• Prophylactic use of ACE-inhibitors, ARBs, beta-blockers for prevention of 
anthracycline induced cardiotoxicity  ongoing area of investigation

• Utilize antioxidant properties (carvedilol) & prevents stress on ventricles 
(ACEi/ARB)

• Studies have shown varying results 

Primary Prevention

41NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity
Armenian, S. et al., Prevention and Monitoring of Cardiac Dysfunction in Survivors of Adult Cancers: American Society of Clinical Oncology Clinical Practice Guideline. 2017. Vol 35, No 8. DOI: 10.1200/JCO.2016.70.5400

Primary Prevention: Gulati, et al. (2016)

42

• Early breast cancer; adjuvant FEC*
• ~50 YO F, HER2 (-), baseline EF 62%

Population

N = 120

• 1:1:1:1
• Candesartan (8-32 mg) 
• Metoprolol succinate (50-100 mg)

Intervention

• Troponin, TTE, cardiac MRIMonitoring

2x2 factorial, randomized, placebo-controlled double-blind clinical trial in Norway

Candesartan 
+ metoprolol 

succinate

Candesartan 
+ placebo

Metoprolol 
succinate + 

placebo

Placebo + 
placebo

1 Change in LVEF from baseline to completion of adjuvant chemotherapy 

*FEC = 5-FU, epirubicin, 
cyclophosphamide 

Gulati, G., et al. Prevention of cardiac dysfunction during adjuvant breast cancer therapy (PRADA): a 2 × 2 factorial, randomized, placebo-controlled, double-blind clinical trial of candesartan and metoprolol, European Heart Journal, 
Volume 37, Issue 21, 1 June 2016, Pages 1671–1680, https://doi.org/10.1093/eurheartj/ehw022

Primary Prevention: Gulati, et al. (2016)

43

Candesartan + 
metoprolol 
succinate

Candesartan + 
placebo

Metoprolol 
succinate + 
placebo 

Placebo + 
placebo

↓ in LVEF
Change from 
baseline (95% CI)

-0.6 (-2.1, 0.8) -0.9 (-2.3, 0.4) -2.5 (-3.9, -1.1) -2.8 (-4.3, -1.3)

P-value when 
compared to 
placebo

0.075 0.025 0.71 Reference

Candesartan > Metoprolol succinate

Gulati, G., et al. Prevention of cardiac dysfunction during adjuvant breast cancer therapy (PRADA): a 2 × 2 factorial, randomized, placebo-controlled, double-blind clinical trial of candesartan and metoprolol, European Heart Journal, 
Volume 37, Issue 21, 1 June 2016, Pages 1671–1680, https://doi.org/10.1093/eurheartj/ehw022

Heart Failure

Manage Cardiotoxicity: Cardinale, et al. (2015)

44

• >18 years old treated with anthracyclines. Median 50 
YO. 75% female.

• LVEF >50%, no cardiovascular disease
• ECHO checked before anthracycline treatment, every 

3 months during treatment and during the 1st year 
after treatment, then every 6 months for the 
subsequent 4 years

Prospective 

Population

N = 2625

• Follow-up 5 years
• Enalapril ± beta-blocker (carvedilol or bisoprolol) 

initiated in patients developing cardiotoxicity 
Intervention

Cardinale, D., et al. Early Detection of Anthracycline Cardiotoxicity and Improvement with Heart Failure Therapy. Circulation. 2015. https://doi.org/10.1161/CIRCULATIONAHA.114.013777
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Manage Cardiotoxicity: Cardinale, et al. (2015)

45
Cardinale, D., et al. Early Detection of Anthracycline Cardiotoxicity and Improvement with Heart Failure Therapy. Circulation. 2015. https://doi.org/10.1161/CIRCULATIONAHA.114.013777

Cancer type Cardiotoxicity
(total N = 226)

No Cardiotoxicity 
(total N = 2399)

Breast 131 (58) 1213 (51)

Hodgkin 10 (4) 113 (5)

Non-Hodgkin 46 (20) 695 (29)

Myeloma 8 (4) 144 (6)

Ovarian 2 (1) 67 (3) 

Other hematologic 10 (4) 76 (3)

Other solid tumors 19 (8) 91 (4)

Cumulative
anthracycline dose 
(mg/m2)

359 ±172 299±144

Baseline LVEF was ~61% 

46Cardinale, D., et al. Early Detection of Anthracycline Cardiotoxicity and Improvement with Heart Failure Therapy. Circulation. 2015. https://doi.org/10.1161/CIRCULATIONAHA.114.013777

• Cardiotoxicity occurred in 9% of patients
• 81% NYHA class I-II
• 19% NYHA class III-IV

• Median 3.5 years between end of 
anthracycline therapy and development of 
cardiotoxicity 

82% of patients recovered from cardiotoxicity 
(median time 8.5 months)

Significantly reduced HF related hospitalization

Manage Cardiotoxicity: Cardinale, et al. (2015)
40 patients – enalapril 10 mg 
186 patients – enalapril 10 mg + 
carvedilol 25 mg/day or bisoprolol 5 
mg/day

Management of Anthracycline-Induced 
Cardiotoxicity: Cardinale, et al. (2010)

47

• >18 years old treated with anthracyclines
• Evidence of LVEF ≤45% and absence of any other 

identifiable cause of cardiomyopathy other than 
chemotherapy 

• Median cumulative anthracycline dose = 300 mg/m2

Prospective

Population

N = 201

• All patients received enalapril first initiated at 2.5-5 
mg/day (titrated up to 20 mg/day) 

• In patients receiving >5 mg enalapril  carvedilol 3.125 
mg BID started and titrated to max 50 mg/day

Intervention

Cardinale, D., et al. Anthracycline-Induced Cardiomyopathy. American College of Cardiology. 2010. Vol 55;No 3. DOI:10.1016/j.jacc.2009.03.095

HFmrEF = heart failure with mildly reduced 
ejection fraction

Management of Anthracycline-Induced 
Cardiotoxicity: Cardinale, et al. (2010)

48
Cardinale, D., et al. Anthracycline-Induced Cardiomyopathy. American College of Cardiology. 2010. Vol 55;No 3. DOI:10.1016/j.jacc.2009.03.095

Primary Endpoint: LVEF response to HF therapy 

• 42% of patients LVEF normalized by 7 months 
• 64% of these responders had treatment that started 

1-2 months after the end of anthracycline treatment

Secondary Endpoint: Occurrence of major adverse 
cardiac events

• Significantly higher cardiac event free rate in those 
who responded to enalapril/beta-blocker

Bottomline: 
• Early detection 

had the best 
response to HF 
treatment 

• Results vary 
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Potentially continuing trastuzumab: Leong, 
et al. (2019) 

49

• Women >18 years old (mean 59 years old)
• LVEF 40-54% or fell ≥15% from baseline but NYHA class I
• Stage 1-3 HER2+ breast cancer patients who developed mild 

cardiotoxicity 

Prospective 

Population

N = 20

• 1-year follow-up
• Serial ECHOs every 3 months
• ACEi and/or beta-blocker [ramipril 1.25 mg -10 mg; candesartan 

4-32 mg; carvedilol 6.25-50 mg; bisoprolol 10 mg]
• Continued adjuvant therapy with trastuzumab 

Intervention

2 patients developed further cardiotoxicity and discontinued trastuzumab 

LVEF increased despite the ongoing trastuzumab 
in individuals with mild cardiotoxicity 

Leong, D., et al. Safety of Continuing Trastuzumab Despite Mild Cardiotoxicity. JACC:CardioOncology. 2019. Vol1, Issue1. DOI: 10.1016/j.jaccao.2019.06.004

Dexrazoxane (Zinecard®)

50

• Water-soluble closed-ring analog of iron chelator 
ethylenediaminetetraacetic acid (EDTA)  easily passes into cells  then 
opens into EDTA-like form  strong iron chelator  displaces iron from the 
anthracycline

• Approved in 1995 to prevent cumulative cardiotoxicity in metastatic or 
advanced breast cancer patients who have received prior cumulative 
dose of doxorubicin 300 mg/m2 or epirubicin 540 mg/m2 and further 
anthracycline treatment is needed

• Dexrazoxane(mg):anthracycline(mg) dose= 10:1

Langer, Seppo W. “Dexrazoxane for the treatment of chemotherapy-related side effects.” Cancer management and research vol. 6 357-63. 15 Sep. 2014, doi:10.2147/CMAR.S47238

Dexrazoxane for all…?

51
Tebbi C.K., London W.B., Friedman D., et al. (2007) Dexrazoxane-associated risk for acute myeloid leukemia/myelodysplastic syndrome and other secondary malignancies in pediatric Hodgkin's disease. J Clin Oncol 25:493–500
Macedo, A., et al. Efficacy of Dexrazoxane in Preventing Anthracycline Cardiotoxicity in Breast Cancer. J Am Coll Cardiol CardioOnc. 2019 Sep, 1 (1) 68-79.

Concerns that dexrazoxane 
could also decrease the 

efficacy of anthracyclines

Pediatric study (2007)

ABVE or ABVE-PC ±
dexrazoxane

↑AML/MDS

Meta-analysis (2019)

Breast cancer patients

Anthracycline ± dexrazoxane

↓CHF/cardiac events

No significant difference in 
oncologic response

Controversial…

ABVE = doxorubicin, 
bleomycin, 
vincristine, etoposide
PC = prednisone, 
cyclophosphamide

In patients exposed to anthracyclines with LVEF <50% OR decreased >10% from baseline 
and/or exposed to anti-HER2 agents with a ≥16% absolute decreased in LVEF:

• Carvedilol/bisoprolol

• ACEi/ARB 

• Possibly dexrazoxane if decision made to continue anthracyclines

In patients at high risk for cardiotoxicity 

• ACEi/ARB for prevention **not ASCO recommendation 

Duration: 

Primary prevention: throughout duration of cardiotoxic treatment, or 1 year (no consensus) 

Management of cardiotoxicity: indefinitely

Management of cardiotoxicity [Studies]

52Halliday BP, et al. "Withdrawal of pharmacological treatment for heart failure in patients with recovered dilated cardiomyopathy (TRED-HF): an open-label, pilot, randomised trial". The Lancet. 2019. 393(10166):61-73.
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Management of cardiotoxicity [ASCO] 

53

“Refer patient to cardiologist”

No direct recommendations for management of 
cardiotoxicity that does not meet definitions of heart failure 

with reduced ejection fraction (<40%)

A patient with breast cancer completed chemotherapy that contained 
anthracyclines 6 months ago. She is coming to clinic complaining of 
mild shortness of breath. An ECHO is performed and her LVEF is 45% 
(baseline before anthracyclines was 65%).

Her vitals in clinic are: HR 90     BP 150/90

What cardiac management do you recommend? 

A. Metoprolol succinate 50 mg daily 

B. Carvedilol 3.25 mg twice daily 

C. Rosuvastatin 5 mg daily 

Test Question for Pharmacists 

54

A patient with breast cancer completed chemotherapy that contained 
anthracyclines 6 months ago. She is coming to clinic complaining of 
mild shortness of breath. An ECHO is performed and her LVEF is 45% 
(baseline before anthracyclines was 65%).

Her vitals in clinic are: HR 90     BP 150/90

What cardiac management do you recommend? 

A. Metoprolol succinate 50 mg daily 

B. Carvedilol 3.25 mg twice daily 

C. Rosuvastatin 5 mg daily 

Test Question for Pharmacists 

55

Test Question for Technicians

56

Which class of cardiac medications is used to manage patients with 
doxorubicin related cardiotoxicity?  

A. Alpha-blockers 

B. ACE inhibitors 

C. Angiotensin promoters 
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Test Question for Technicians

57

Which class of cardiac medications is used to manage patients with 
doxorubicin related cardiotoxicity?  

A. Alpha-blockers 

B. ACE inhibitors 

C. Angiotensin promoters 

Management of Chemotherapy after 
Cardiotoxicity

58

• Continuous infusion vs bolus

• Liposomal doxorubicin 

• Dexrazoxane use

• Altering administration schedule

• Current standard of care: discontinue trastuzumab/anthracyclines with 
signs or symptoms of cardiomyopathy

Management of cancer treatment after 
cardiotoxicity 

59Doxorubicin hydrochloride. Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/050467s073lbl.pdf
Armenian, S. et al., Prevention and Monitoring of Cardiac Dysfunction in Survivors of Adult Cancers: American Society of Clinical Oncology Clinical Practice Guideline. 2017. Vol 35, No 8. DOI: 10.1200/JCO.2016.70.5400

Trastuzumab Dose Modifications

60

Hold trastuzumab

≥4 weeks

• ≥16% absolute decrease in 
LVEF from baseline 

• LVEF below limits of normal + 
≥10% decline from baseline

Permanently discontinue

• >8 weeks LVEF decline 
• Suspension of trastuzumab

dosing for >3 occasions

May resume if LVEF returns to normal limits and 
absolute decrease from baseline ≤15% within 4-8 weeks

Herceptin (trastuzumab). Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5250lbl.pdf
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Pertuzumab Dose Modifications

61

Hold pertuzumab

~3 weeks

• LVEF <40%  
OR

• LVEF 40-45% with ≥10% 
absolute decrease below 
baseline 

Permanently discontinue

• If repeat LVEF has not 
improved or has further 
declined

PERJETA (pertuzumab). Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/125409lbl.pdf

Lapatinib Dose Modifications 

62

Hold lapatinib

• Grade 2*or higher LVEF 
decrease

Permanently discontinue

• Grade 2 or higher LVEF 
decrease

NCI CTCAE. 2017. https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
TYKERB (lapatinib). Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/022059s007lbl.pdf

*Grade 2 (per National Cancer Institute Common Terminology Criteria for Adverse Events): symptoms with moderate activity or 
exertion

May resume if LVEF returns to normal and asymptomatic

Screening for cardiotoxicity 

63

• History and physical exam in patients who are receiving/have received 
cardiotoxic treatments 

• ECHO 1 year/periodically after cardiotoxic treatment completion in high 
risk patients

• Serum cardiac biomarkers (troponin, etc) periodically in high-risk patients

When cardiotoxicity occurs:
• Dexrazoxane when necessary 

• Referral to cardiologist (or cardio-oncology specialist) 

• Decision regarding discontinuation/continuation of cardiotoxic 
chemotherapy determined by oncologist, cardiologist, and patient 

• Switching therapy 

Doxorubicin hydrochloride. Package Insert. https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/050467s073lbl.pdf
NCCN Guidelines. Version 2.2020. Survivorship: Anthracycline-Induced Cardiac Toxicity

A patient being treated with trastuzumab/pertuzumab for breast cancer 
has a periodic ECHO done and her LVEF is 45% (baseline was 65%). She 
is in clinic now to receive her 3rd maintenance cycle. 

What do you recommend? 

A. Continue – her LVEF is not yet at 40% or below 

B. Continue – we can just add on carvedilol and continue treatment 

C. Hold – per package insert parameters 

Test Question for Pharmacists

64
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A patient being treated with trastuzumab/pertuzumab for breast cancer 
has a periodic ECHO done and her LVEF is 45% (baseline was 60%). She 
is in clinic now to receive her 3rd maintenance cycle. 

What do you recommend? 

A. Continue – her LVEF is not yet at 40% or below 

B. Continue – we can just add on carvedilol and continue treatment 

C. Hold – per package insert parameters 

Test Question for Pharmacists

65

Trastuzumab: 
• ≥16% absolute decrease in LVEF from baseline 
• LVEF below limits of normal + ≥10% decline 

from baseline

Pertuzumab: 
LVEF <40%  OR
LVEF 40-45% with ≥10% absolute decrease below 
baseline 

The Heart Will Go On: Summary

66

• Anthracyclines are responsible for type 1 cardiotoxicity while anti-HER2 agents are 
responsible for type 2 cardiotoxicity 

• Identifying patients who are at high risk for cardiotoxicity from these agents is key 
to monitoring, prevention, and treatment 

• There are studies indicating the possible prevention/treatment of cardiotoxicity 
using beta-blockers, ACEi, and ARBs

• There are currently no concrete guidelines regarding routine monitoring or 
screening for chemotherapy related cardiotoxicity – but there are promising studies

• Clinical HFrEF from these cardiotoxic agents is treated exactly like classic heart 
failure (follow AHA guidelines)

• Always refer to the agent package insert and primary literature for guidance on 
holding and resuming treatment 

HFrEF = heart failure with reduced ejection fraction

Questions? 

67

Oncology Cardiology

68

Bestis Wasef, PharmD
November 14, 2020


