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Research

JAMA Cardiology | Brief Report

A Population-Based Study of Cardiovascular Mortality
Following Early-Stage Breast Cancer

Husam Abdel-Qadir, MD; Peter C. Austin, PhD; Douglas S. Lee, MD, PhD; Eitan Amir, MB, ChB, PhD; Jack V. Tu, MD, PhD;
Paaladinesh Thavendiranathan, MD, MSc; Kinwah Fung, MSc; Geoffrey M. Anderson, MD, PhD

Patients b6 years or older

CV disease

Breast cancer

Other cancers
Cerebral or degenerative
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Cardiotoxicityinducedby BC
treatments

Table 1 Major cardiotoxicities associated with breast cancer therapy

Cancer therapy Major cardiovascular toxicity
Anthracyclines Cardiomyopathy
HER-2 antagonists Cardiomyopathy
Radiation Coronary artery disease
Cyclophosphamide Hemorrhagic myocarditis
Taxanes Bradycardia, ischemia
Fluoropyrimidines Vasospasm and ischemia
Tamoxifen Thromboembolism
Aromatase inhibitors Hyperlipidemia, hypertension, ischemia
Cyclin dependent kinase QTc prolongation

4/6 mnhibitors

CaronJ,NohriaA. CurrRepCancer2018



Cardiotoxicitydefinition

Classification Grade 1
system

American College of S
Cardiology/American

Grade 1I Grade III Grade 1V
No limitation of activities Mild limitation of Marked limitation of activity Confined to bed or chair
activity
tage A; at high risk but  Stage B; structural Stage C; Structural heart Stage D; Refractory CHF requiring
without structural heart disease disease with prior or specialized interventions
heart disease or but without current symptoms

signs or symptoms

Asymptomatic decline
of resting EF =10%
but <20%
of baseline value

Clinical Toxicity
Criteria version 2.0

Asymptomatic but CHF responsive to Severe or refractory CHF or
resting EF less than treatment requiring intubation
LLN for laboratory or
decline of resting EF
of >20% of baseline
value; <24% SF

Common

EJECTION FRACTION DECREASE - -
Resting EF 580%; Resting EF 320%; Resting EF <20%

Terminology Criteria
for Adverse Events
version 4.03

- 10-19% drop from >20% drop from
baseline baseline
LEFT VENTRICULAR SYSTOLIC DYSFUNCTION
Symptomatic due to Refractory or poorly controlled
drop in EF responsive due to drop in EF; intervention
- - to intervention such as ventricular assist device,

IV vasopressor support or heart
transplant indicated

Any of: 1.Cardio

Cardiac review and

evaluation
; od 5
committee q

myopathygharacterized by a decrease in LVEF globally or more severe in the septum
2. Signsand symptoms of HF
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Modified from Bird and Swain, 2008 Clinical Cancer Research
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Two types of treatmenirelated
cardiac dysfunction

TYPE I. e.g. anthracyclines TYPE Il: e.g. trastuzumab

Cellular death Cellular dysfunction

(damage starts with the first administration) (mitochondrial and protein alterations)
Biopsy changes No typical anthracycline-like biopsy changes
Cumulative-dose related No cumulative-dose related

Time to presentation: weeks to decades Time to presentation: weeks

Nonreversible Predominantly reversible

(myocyte death) (myocyte dysfunction)

Risk factors: combination CT, RT, age, previous Risk factors: prior/concomitant anthracyclines,
cardiac disease, hypertension age, previous cardiac disease, obesity

Suter TM, Ewer MS, Eur Heart Journal 2013



Anthracyclinerelated TYPE | cardiotoxicity

Doxorubicin

{

Oxidative stress
DNA Damage
Mitophagy
Senescence, apoptosis,
necrosis, fibrosis

Chemokine
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mitochondrial deterioration Somatic cells IPSCs
EJ / \ ' Cardiac progenitor cells
Endothelial cells impairment of reparative functions —
disruption of endothelial elasticity \ P @ senescence .
impairment of migratory capacity / Z . cell death = ,—J_J_
premature senescence i — - IPSC-cardiomyocytes
Fibroblasts Endothelial
differentiation to pro-fibrotic phenotype Bone marrow _progenitor cells ] il .
(interstitial and perivascular fibrosis) | cells ] ) |mpa\rment of regenerative Tr:r:itr?:gon persopallsed_ N
reduction of proliferation/ capacity Quaking RBP genetic sensitivity
differentiation capacity Splicing  to doxorubicin

Modified from Nebigil, 2018, Frontiers in Pharmacology



Trastuzumabrelated TYPE Il cardiotoxicity

Signalling in cardiomyocytes through the HER2ER4 heterodimers
Is essentiafor development during embryogenesis and
cardiomyocyte survival especially in situations of stress
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modified from Force, 2007, Nature Reviews Cancer



Anthracycline + Trastuzumab

ANTHRACYCLINE Topoisomerase 2 Oxidative
/ disruption stress

:

Healthy myocyte population Vulnerable myocytes
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Ewer, 2015, Nature Reviews Cardiology



Cardiotoxicity fromadjuvant anthracycline and
trastuzumab for BCOinical considerations

A Prevalenceandrisk factors
A Strategiesto minimize cardiacrisk

I Canwe avoidanthracycline8
I De-escalatedrastuzumalbcontainingregimens

A What do guidelinessayon monitoring and baselineassessment



Classificatiorof anthracycline
Inducedcardiotoxicity

Definition Incidence Timing Clinicalmanifestation

Acute <1% Immediatelyafter infusion Acute,transietdeclinein
myocaridalcontractility

Earlyonset 1.62.1%  Duringor <1y from end of DilatedCMP

chronicprogressive treatment

Late-onset 1.6%5% >1y from the end of treatment  DilatedCMP

chronicprogressive (maybecomeclinicallyevident

10-20y from end of treatment)

Oldclassificatior(1990s) basedon retrospectivesmallstudies

Curigliano GAnnOncol2012



N tot=2625 cancer pts treated with
anthracyclines

Prospective LVEF monitoring
Cardiac tox definition: reduction in
LVEF >10 percentage points from

baseline and <50%

N=226 pts (9%) had cardiac toxicity,
98% within 1st year from end of CT

Cum Doxo dose 3591172 (tox) vs 2991144 (no tox) , p<0.001 Circulation. 2015



