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Agenda

• Review potential CV effects of breast cancer tx

• Discuss tx considerations from oncology and 

cardiovascular perspectives

• Management pearls at time of diagnosis, during 

therapy, and after tx

A multi-disciplinary approach 

is required!



Eur Heart J, Volume 40, Issue 48, 21 December 2019, Pages 3889–3897, https://doi.org/10.1093/eurheartj/ehz766

Cancer Death (Black) vs CV Death (Red)

https://doi.org/10.1093/eurheartj/ehz766


Pre-Diagnosis Diagnosis and Treatment

- Surgery

- Chemotherapy and Biologics

- Radiation

- Ovarian suppression (OS) with 

chemotherapy (CRA)

Survivorship

- 5-10 years of hormonal tx

- chronic OS tx and   premature 

menopause

Cardiovascular Risk in 

Breast Cancer Care Continuum 

Recurrence /Advanced Dz

- Re-irradiation

- Chronic tx:

- Hormonal, chemotherapy, biologic 

and targeted tx



Evaluation of Cardiac Morbidity After 

Breast Cancer is Complicated 

• Most data from post-menopausal women

• Select populations in clinical trials

• Multiple potential exposures including aging

• Difficult to assess causality

• CV disease common and misattribution may be frequent

• Long latency period for some, lack of long-term data

• Several endocrine strategies utilized over the years



Melissa L. Abel. Journal of the American 

Heart Association. Inequity in 

Cardio‐Oncology: Identifying Disparities in 

Cardiotoxicity and Links to Cardiac and 

Cancer Outcomes, Volume: 10, Issue: 24, 

DOI: (10.1161/JAHA.121.023852) 
Copyright © 2021 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell

Disparities in 

Cardio-Oncology



A REPRESENTATIVE CASE



Triple Negative Breast Cancer
• 63-year-old woman

• PMH: Valvular disease for 6 years, HTN, pulm HTN, hypothyroid

• Clinically T4dN2, stage IIIB at least, inflammatory breast cancer, ER-, PR-, HER2-

• Baseline TTE, LVEF 55%, severe MR/TR, mod AR

• Oncologist recommends 

neoadjuvant ddAC-T

• Local cardiologist recommends

no anthracylines, referral to BJH 



European J of Heart Fail, Volume: 22, Issue: 9, Pages: 1504-1524, First published: 

04 July 2020, DOI: (10.1002/ejhf.1957) 

Oncologic considerations:

• Stage IIIB (at least)

• Inflammatory Breast Cancer

• Multi-agent therapy indicated

CV considerations:

Patient

•  moderate valvulopathy

• Hypertensive (153/88)

• Normal cholesterol 

(LDL 70, HDL 85)

• Age > 60

Treatment

• Increased risk of HF with anthracyclines



Chemotherapy can save lives but can 

also cause morbidity and mortality

Personalized 

Risks

Anthracyclines in Early Breast Cancer: The ABC Trials—USOR 06-090, 
NSABP B-46-I/USOR 07132, and NSABP B-49 (NRG Oncology)
Blum Jet al, Journal of Clinical Oncology 2017 35:23, 2647-2655

Absolute 

Benefit

https://ascopubs.org/doi/abs/10.1200/JCO.2016.71.4147
https://ascopubs.org/doi/abs/10.1200/JCO.2016.71.4147
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CARDIOVASCULAR RISK 

CONSIDERATIONS



Anthracycline Toxicity

Annals of Oncology 2009 20816-827 DOI: (10.1093/annonc/mdn728)

Adapted from: von Hoff. Annals of Internal Medicine. 1979;91:710-717. 

240 mg/m2

Narayan, Ky et al. Circulation. Detailed Echocardiographic 

Phenotyping in Breast Cancer Patients, 2017.

DOI: (10.1161/CIRCULATIONAHA.116.023463) 



Who is at risk?

• Doxorubicin  250 mg/m2 (or equivalent)



Who is at risk?

• Epirubicin  600 mg /m2

J Natl Cancer Inst, Volume 100, Issue 15, 6 August 2008, Pages 1058–1067, 

https://doi.org/10.1093/jnci/djn206

Epirubicin and HF

600 mg/m2

800 mg/m2

900 mg/m2
1000 mg/m2

https://doi.org/10.1093/jnci/djn206


Who is at risk?

• Radiation  30 Gy (heart in radiation field)

• Anthracyclines + radiation
van Nimwegen, et al, Risk of heart failure in survivors of Hodgkin 

lymphoma: effects of cardiac exposure to radiation and 

anthracyclines, Blood, 2017, Figure 2.

Anthracyclines  Radiation



Who is at risk?

• Anthracyclines + trastuzumab

• Anthracyclines or trastuzumab + risk factors

Risk Factors:

• Age  60

• Compromised cardiac function

• Mod valve disease

• LVEF 50-55%

• Prior Myocardial Infarction

• 2+ CV Risk Factors 

(during or after)

• HTN

• HLD

• DM

• Obesity

• Smoking



Who is at risk?
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*Not enough data for recommendations on

newer treatments such as TKIs



Who is at risk?

• Doxorubicin  250 mg/m2 (or equivalent)

• Epirubicin  600 mg /m2

• Radiation  30 Gy (heart in radiation field)

• Anthracyclines + radiation

• Anthracyclines + trastuzumab
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• Age  60

• Compromised cardiac function

• Mod valve disease

• LVEF 50-55%

• Prior Myocardial Infarction

• 2+ CV Risk Factors 

(during or after)

• HTN
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• DM

• Obesity

• Smoking

Use alternative therapies if they do not compromise cancer 

outcomes

Minimize radiation exposure to heart



General Principles

• Screen for CV Risk factors

– HTN

– HLD

– DM

– Obesity

– Smoking



General Principles

• Screen for CV Risk factors

• Monitor for CV Safety

– CV History and Exam

– TTE/MRI

– Biomarkers



General Principles

• Screen for CV Risk factors

• Monitor for CV Safety

• Multi-disciplinary approach

– Ensure lifelong CV health

– Avoid unnecessary 

discontinuation of cancer therapy



Screening

Daniela Cardinale. Circulation. Prevention of High-Dose 

Chemotherapy–Induced Cardiotoxicity in High-Risk Patients by 

Angiotensin-Converting Enzyme Inhibition, Volume: 114, Issue: 23, 

Pages: 2474-2481, DOI: (10.1161/CIRCULATIONAHA.106.635144) 

Bonnie Ky et al. J Am Coll Cardiol. 2014; 63(8):809-816.

Troponin Guided Enalapril Prevents LVEF 

Decline



Screening

ASCO Guidelines:

• Routine imaging surveillance may be offered 

during treatment to patients at risk

• TTE 6-12 months after cancer therapy 

completion may be offered in patients at risk

Side Note: Be aware of possible breast spacers if 

considering MRI



European J of Heart Fail, Volume: 22, Issue: 9, Pages: 1504-1524, First published: 04 July 2020, DOI: (10.1002/ejhf.1957) 



General Principles

• Screen for CV Risk factors

• Monitor for CV Safety

• Multi-disciplinary approach

– Ensure lifelong CV health

– Avoid unnecessary 

discontinuation of cancer therapy

Cardioprotection?

• ACEs or ARBs

• Selected BBs

• Dexrazoxane

• Treat Hyperlipidemia 



Dexrazoxane

Ariane V.S. Macedo et al. J Am Coll Cardiol CardioOnc

2019; 1:68-79.



Other Cardioprotection

• Mixed results

• Different study 

populations

• Modest clinical benefit

• Targeted use in higher risk patients most 

likely to show benefit



BACK TO THE CASE



Patient Follow-up
• 63 yo with T4dN2, stage IIIB at least, inflammatory breast cancer, ER-, PR-, HER2-

• Independent review of TTE – valve disease no more than moderate (LVEF 55%)

• Recommend proceeding forward with ddAC-T

• Increase lisinopril to 20 mg PO BID

• Add carvedilol 6.25 mg PO BID

• Obtained NT-Pro BNP after 1 week

• Repeat TTE after 3rd cycle



Patient Follow-up
Surveillance

• NT-Pro BNP after 1 week: 144

• TTE in 4 weeks after cycle 3:    
– LVEF 53%, GLS -14%

• TTE additional 2 months later:
– LVEF 50%, GLS -14%

• TTE remained stable at 1 year

• Patient clinically stable at 2 years

Normal LV cavity size

LVEF 50%

GLS -14%

Mild MR/AR, Mod TR



ANOTHER REPRESENTATIVE 

CASE



ER+/PR+/HER2-
• 44-year-old woman

• Clinical Stage IIIA, T3N1M0 left breast

• ILC, ER+, PR+, HER-2/neu -. Ki 67 20-25%, grade 2

• 1 out of 2 sentinel lymph nodes +

• Neoadjuvant letrozole and OS with Ki67 2% at 1 month

• Left modified radical mastectomy, multifocal ILC, 5 cm, grade 1, 7 

negative lymph nodes

• Prophylactic right mastectomy – no pathology

• -> adjuvant radiation therapy with IMRT to left chest wall



Treatment considerations

• (Neo)adjuvant Endocrine +/- Chemo

• Surgery

• Radiation



• Tamoxifen reduces 

recurrence by ~50%, 

survival by ~30% 

• AIs improve on 

tamoxifen

Adjuvant Hormonal 

Therapy

EBCTCG Lancet 2015



Post-

Mastectomy 

XRT

EBCTCG Lancet 2014



CARDIOVASCULAR RISK 

CONSIDERATIONS



CV Effects of RT



Minimizing Cardiac Effects

Bergom C, Mitchell JD, et al. J Am Coll Cardiol CardioOnc 2021; 3:343-359.



CV Effects of RT

3D CRT

DIBH

VMAT

DIBH



CV Effects of RT

Lauren E. Carlson et al. J Am Coll Cardiol

CardioOnc 2021; 3:381-392.

CAD Incidence in Left vs Right RT for Breast 

Cancer in Women < 55 years

57 yo; 70% prox LAD 

13 years after RT in 2007

(Negative cath 2013)



Screening Recommendations

Joshua D. Mitchell et al. J Am Coll Cardiol CardioOnc 2021; 3:360-380.



Effects of Estrogens  

Musculo skeletal system
e.g., bone density

Reproductive system 
e.g., lubrication and thickening of vaginal and urinary

tract lining

Cardiovascular system
e.g., production of cholesterol, 

arterial elasticity 

Central nervous system
e.g., temperature regulation, memory 

mechanisms
Breast
e.g., development ducts at puberty

CANCER
Increased risk of 

Breast and Endometrial

ESTROGENS

Adapted from Clemons, NEJM, 2001



Ueda et al, Front Endocrinol 2020

CV Effects of Estrogen



Clinical Effects of Estrogen Deprivation 

(Anti-Estrogens) 

Musculo skeletal system
Osteopenia

Osteoporosis, Bone fracture

Arthralgias

Reproductive system
Vaginal and urothelial irritation, dryness

Atrophic vaginitis, urinary issues and

incontinence 

Cardiovascular system
Hypercholesterolemia

Myocardial infarction and ischemia

Angina

Cerebrovascular accident 

Central nervous system
Hot flashes and night sweats

Depression

Headache

Cognitive dysfunction

Fatigue

ANTI-

ESTROGENS

Adapted from Clemons, NEJM, 2001; EBCTCG, Lancet, 2015; EBCTCG, Lancet, 2011 

Anti-CANCER

Overall impact on quality of life (Qol),  

function, morbidity, late mortality



Clinical Effects of Estrogen Deprivation (Anti-Estrogens) 

Khosrow-Khavar, et al. Circulation. Aromatase Inhibitors and the Risk of Cardiovascular 

Outcomes in Women With Breast Cancer, 2020.  DOI: 

(10.1161/CIRCULATIONAHA.119.044750) 

Okwuosa, et al. Circulation: Genomic and Precision Medicine. 2021  

DOI: (10.1161/HCG.0000000000000082) 



Greenlee et al, SABCS 2021 

Endocrine Tx Effects- Premenopausal Women 
in the Pathways Heart Study



Greenlee et al, SABCS 2021 

Endocrine Tx Effects- Postmenopausal Women 
in the Pathways Heart Study



PATIENT FOLLOW-UP



Metastatic Disease

• L2 Bone met diagnosed 7 years later

• ER+, PR+, HER2+ (3+ on IHC). FISH 

HER2:CEP17 9.95, HER2 copy number 

20.4

• Palliative spine radiation

• Palliative Herceptin, Perjeta + weekly 

Taxol (x 6 months then Exemestane)



TREATMENT 

CONSIDERATIONS



CLEOPATRA: Standard First-Line Treatment for HER2+ 

MBC with Pertuzumab, Trastuzumab, and Docetaxel

End-of-Study OS in ITT Population*

Slide credit: clinicaloptions.comSwain. ASCO 2019. Abstract 1020. *Crossover patients were analyzed in the placebo 
arm.

57.1
40.8

Median OS, 
Mos (95% CI)

Pertuzumab + Trastuzumab/Doc
Placebo + Trastuzumab/Doc

HR: 0.69 (95% CI: 0.58-0.82)

http://www.clinicaloptions.com/


CARDIOVASCULAR RISK 

CONSIDERATIONS



Trastuzumab and HF

Slamon D et al. N Engl J Med 2011;365:1273-1283.

Narayan, Ky et al. Circulation. Detailed Echocardiographic 

Phenotyping in Breast Cancer Patients, 2017.

DOI: (10.1161/CIRCULATIONAHA.116.023463) 





SCHOLAR and SAFE-HEART

Breast Cancer Research 

and 

Treatment volume 175, pa

ges 595–603 (2019)

“Permissive Cardiotoxicity”

https://link.springer.com/journal/10549


Pertuzumab†

Cardiotoxicity:

Overall: 4.4%

Symptomatic: 1.0%

Lapatinib

Cardiotoxicity:

Overall: 1.6%

Symptomatic: 0.2%

Cardiotoxicity:

Overall: 2.7%

Symptomatic: 0%

Lapatinib† T-DM1*

Swain et al. Oncologist 2013;18:257-264.

Perez et al. Mayo Clinic Proc 2008;83(6);679-86.

Krop et al. JCO 2015;33:1136.

*Toxicity over 12 mos with monotherapy

†Frequently administered as part of combination HER2 therapy

Non-Trastuzumab HER-2 Antagonists

* Dual Her-2 antagonist therapy generally w/ no  cardiotoxicity compared to 

monotherapy



Increased HF with HP?

https://doi.org/10.1016/j.cjco.2021.06.019



BACK TO THE CASE



Surveillance TTEs

• Baseline: LVEF 57%

• 3 mo: LVEF 54%, GLS -19.6%

• 6 mo: LVEF 70%

• 10 mo: LVEF 57%, GLS -14.8%

• 14 mo: LVEF 50-54%, mod LV dilation, GLS -12.5%

• 20 mo: LVEF 45%, GLS -13% -> referred to Cardio-Onc



Cardio-Oncology Consult

• Lipid panel (LDL 110 -> rosuvastatin 10 mg)

• Continue lisinopril, add carvedilol

• Continue trastuzumab

• Hold pertuzumab

• Enrolled in cardiac MRI surveillance -> confirmed 

reduced LVEF

• LVEF recovers to 56%, GLS -16.1% on most recent TTE 

3 years after starting therapy



OTHER NOTABLE DRUG SIDE 

EFFECTS AND FUTURE 

DIRECTIONS



Other Notable Side Effects

• Capecitabine

– Vasospasm, Long QTc

• Ribociclib

– Long QTc

Peter Y. Kim et al. J Am Coll Cardiol CardioOnc 2021; 3:145-149.



Zaorsky et al, Annals of Oncology 2017

What do cancer survivors die of? 

GOAL: 

• Maximize cancer therapy

• Optimize CV health

Future Directions:

• CHIP

• Other novel screening and prevention 

strategies



Summary

• Breast CA patients are at increased risk for CV 

mortality

• Multidisciplinary approach 

is necessary

• Baseline CV Risk Assessment

• Appropriate CV Monitoring

• “Permissive Cardiotoxicity”

Personalized 

Risks

Absolute 

Benefit



QUESTIONS?


