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BACKGROUND: Treatment for breast cancer (BC) frequently involves radiotherapy. Guidelines recommend screening for cardiac
adverse events starting 10years after radiotherapy. The rationale for this interval is unclear.

METHODS AND RESULTS: We aimed to study cardiovascular event rates in the first decade following curative radiotherapy for BC.
We compared mortality and cardiovascular event rates with an age- and risk factor-matched control population. We included
1095 patients with BC (mean age 56+12 years). Two hundred and eighteen (19.9%) women died. Cancer and cardiovascular
mortality caused 107 (49.1%) and 22 (10.1%) deaths, respectively. A total of 904 cases were matched to female FLEMENGHO
(Flemish Study on Environment, Genes and Health Outcomes) participants. Coronary artery disease incidence was similar
(risk ratio [RR], 0.75 [95% ClI, 0.48-1.18)), yet heart failure (RR, 1.97 [95% ClI, 1.19-3.25]) and atrial fibrillation/flutter (RR, 1.82
[95% CI, 1.07-3.08]) occurred more often in patients with BC. Age (hazard ratio [HR], 1.033 [95% CI, 1.006-1.061], P=0.016),
tumor grade (HR, 1.739 [95% ClI, 1.166-2.591], P=0.007), and neoadjuvant treatment setting (HR, 2.782 [95% ClI, 1.304-5.936],
P=0.008) were risk factors for mortality. Risk factors for major adverse cardiac events were age (HR, 1.053 [95% ClI, 1.013-
1.093]; P=0.008), mean heart dose (HR, 1.093 [95% ClI, 1.025-1.167]; P=0.007), history of cardiovascular disease (HR, 2.386
[95% ClI, 1.096-6.197]; P=0.029) and Mayo Clinic Cardiotoxicity Risk Score (HR, 2.664 [95% ClI, 1.625-4.367]; P<0.001).

CONCLUSIONS: Ten-year mortality following curative treatment for unilateral BC was mainly cancer related, but heart failure and
atrial fibrillation/flutter were already common in the first decade following irradiation. Mean heart dose, pre-existing cardiovas-
cular diseases, and Mayo Clinic Cardiotoxicity Risk Score were risk factors for cardiac adverse events. These results suggest
a need for early dedicated cardio-oncological follow-up after radiotherapy.

Key Words: breast cancer m cardio-oncology m cardiovascular diseases ® epidemiology m radiation therapy ® risk factors

malignancy and the leading cause of cancer death

worldwide.! The multidisciplinary management of
BC involves chemotherapy, targeted agents, hormone
therapy, and radiotherapy and reduces recurrence
and mortality in early and locally advanced disease.?®
Consequently, the focus of the management of BC
shifted toward maintaining the quality of life of women

In women, breast cancer (BC) is the most common

treated for BC by overcoming treatment-related ad-
verse events, in particular cardiovascular mortality and
morbidity.* Systemic therapy potentially entails a decline
in left ventricular function, arrhythmias, and vascular
toxic effects. Thoracic irradiation can cause peri- and
myocardial fibrosis, rhythm and conduction abnormali-
ties, valvular heart disease, heart failure (HF), and isch-
emic heart disease, often after a long latency period.>®
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CLINICAL PERSPECTIVE

What Is New?

e This study focused on major adverse cardiac
events (cardiovascular mortality, coronary
events, heart failure, atrial fibrillation/flutter) in
the first decade after radiotherapy in a curatively
treated breast cancer population.

e Heart failure and atrial fibrillation/flutter were
more prevalent in the first 10years as com-
pared with age- and cardiovascular risk factor-
matched controls.

What Are the Clinical Implications?
e These results encourage early dedicated
cardio-oncological follow-up after radiotherapy.

Nonstandard Abbreviations and Acronyms

BC breast cancer

FLEMENGHO Flemish Study on Environment,
Genes and Health Outcomes

HER2 human epidermal growth factor
receptor 2
MACE major adverse cardiac event

Cardiac irradiation has previously been associated with
HF, more specifically HF with preserved ejection frac-
tion (EF).” Current guidelines issued by cardiological
and oncological societies recommend screening for de-
layed cardiovascular adverse events in BC survivors ex-
posed to irradiation, typically from 10years after therapy
onwards.®8°

Little is known about cardiac side effects in the first
10vyears after radiotherapy. Our aim was to investigate
cardiac side effects in the first 10years after radiother-
apy. Therefore, our objective was to compare the rates
of mortality and major adverse cardiac events (MACES)
in the first decade following contemporary radiation
therapy as part of the curative treatment regimen for
unilateral BC with those observed in age- and risk
factor-matched controls. We hypothesized that radio-
therapy of the chest might entail higher mortality and
morbidity related to cardiac radiation damage.

We identified excess cardiovascular event rates in
patients with BC compared with controls. In order to be
able to identify patients at risk, our secondary aim was
to identify in the cohort with BC tumor- and treatment-
related factors and comorbidities predictive of (cardiac)
adverse events, including the Mayo Clinic Cardiotoxicity
Risk Score.”® The Mayo Clinic Cardiotoxicity Risk
Score (Figure S1) integrates patient-related risk factors
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(previous cardiovascular disease, classic cardiovascu-
lar risk factors, previous radiation therapy or anthracy-
cline exposure, age, sex) and medication-related risk
factors (cardiotoxicity profile of administered chemo-
therapeutics) and was introduced to guide screening,
monitoring, and initiation of preventive treatment for
patients undergoing chemotherapy.'®

METHODS

The data underlying this article will be shared on rea-
sonable request to the corresponding author.

Design of the Study

We performed a monocentric, retrospective study se-
lecting all women with unilateral BC who received ra-
diotherapy as part of their curative treatment in 2007 or
2008 from the BC registry of the University Hospitals
Leuven (Figure 1). We compared mortality and car-
diovascular event rates during the first decade with
an age- and risk factor-matched control population
(FLEMENGHO [Flemish Study on Environment, Genes
and Health Outcomes]). Second, we explored tumor-
and treatment-related factors and comorbidities, pre-
dictive of (cardiac) adverse events, including the Mayo
Clinic Cardiotoxicity Risk Score.

Cohort With Breast Cancer

Since 2000, patients with BC visiting the Leuven
Multidisciplinary Breast Cancer Center (University
Hospitals Leuven, Belgium) have systematically been
entered into a clinical database, containing extensive
patient-, tumor-, and treatment-related data as well as
follow-up data and blood samples. Collection of pa-
tient data and blood analysis were approved by the
local ethics committee (S63773, University Hospitals
Leuven). All patients included in the study gave written
informed consent.

For this study we selected all women with unilateral
early and locally advanced BC, treated at the University
Hospitals Leuven with external beam radiation in
the years 2007 or 2008 from the clinical BC registry.
Additional chemotherapy administration, if needed,
and follow-up were done at the University Hospitals
Leuven or external. The study protocol complied with
the Declaration of Helsinki. The Ethics Committee of
the University Hospitals Leuven (approval number
S61741) approved the study and in view of the retro-
spective design waived the requirement for informed
consent.

Between January 1, 2007 and December 31, 2008,
1338 patients were diagnosed with breast cancer at
our institution and treated with curative intent. We
studied women diagnosed with unilateral BC and with
radiation therapy as part of their anticancer treatment,
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Women with curative treatment for Matched to Control population:
breast cancer in 2007 or 2008, ﬂ FLEMENGHO cohort
involving radiotherapy E.j
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Figure 1. Study design.

CV indicates cardiovascular; FLEMENGHO, Flemish Study on Environment, Genes and
Health Outcomes; and MACE, major adverse cardiac event.

thus excluding 12 men, 38 women with bilateral BC,
and 193 women without external-beam radiation ther-
apy (Figure 2). Consequently, the studied cohort with
BC consisted of 1095 patients who were followed until
November 1, 2018 (censoring date).

Their electronic hospital records were retrospec-
tively analyzed for tumor characteristics, received an-
ticancer treatment, oncological parameters, and the
occurrence of cardiac events before and after the BC
therapy. HF was defined as symptoms of HF (dyspnea,
orthopnea, edema) or decline of EF <45%. Fatal HF
was defined as HF as main cause of death. Cause
of death was determined by checking the electronic
hospital records and classified as either oncological,
cardiovascular, infectious, other, or unknown. When
death was classified as cardiovascular, it was further
subclassified as either acute coronary syndrome, HF,
stroke, pulmonary embolism, sudden cardiac death,
other, or unknown.

The predefined end points were total, cardiovascu-
lar, noncardiovascular, and cancer mortality, as well as
MACE. MACE was defined as cardiovascular mortality,
fatal and nonfatal coronary events, fatal and nonfatal HF,
and atrial fibrillation or flutter (AF). Cardiovascular risk
factors, such as hypertension, diabetes, and smoking
status were extracted from the hospital records. History
of cardiovascular disease was defined as a history of
coronary artery disease, HF, stroke, or AF.

Radiotherapy Dosimetry

Radiotherapy to the chest invariably leads to a radia-
tion dose to the heart. Depending on the target vol-
ume, different radiation techniques can be applied,
resulting in variable mean heart doses. We evalu-
ated the mean heart dose depending on the regions
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involved in the irradiation. In our studied cohort of 1095
patients, 307 patients received only radiotherapy to the
breast or thoracic wall. A total of 788 patients received
radiotherapy to the parasternal and subclavian nodes
(cumulative dose of 50 Gray [Gy] in 2 Gy fractions), with
an average mean heart dose of 2.3Gy for right-sided
versus 6.7 Gy for left-sided BC (Figure S2).

The patients receiving radiotherapy on parasternal
and subclavian nodes were further subcategorized de-
pending on the additional regions involved, resulting in
different radiation techniques.

In a subgroup of 384 patients, the target volume
consisted of the breast and parasternal and subcla-
vian lymph nodes. The most commonly used radiation
modality was an oblique parasternal photon technique
(data available for 264 patients). The average mean
heart dose was 1.7 Gy for right-sided versus 6.4 Gy for
left-sided BC.

In 74 patients, the target volume included only
the parasternal and subclavian volumes. All patients
were irradiated with a mixed beam technique (data
available for 69 patients). The average mean heart
dose was 4.7 Gy for right-sided versus 7.8 Gy for left-
sided BC.

A total of 330 patients received radiotherapy to the
thoracic wall and parasternal and subclavian nodes. A
technique of electron beam for the thoracic wall and
mixed photon/electron beam for the nodal volumes
was used in almost all cases (95.9%). In these patients
the mean heart doses were not routinely calculated. To
estimate mean heart doses, these were calculated in a
subset of 20 patients (10 left-sided BC, 10 right-sided
BC) based on the previously drafted plans. The aver-
age mean heart dose was 9.4 Gy for right-sided versus
14.3 Gy for left-sided BC.
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Case selection

1338 breast cancer patients, diagnosed in 2007 or 2008, treated
with curative intent

=~ 12 men
>
é 38 bilateral breast cancer
A\ 4
1288 women with
unilateral breast cancer
Radiation therapy? é NO: 193

¢ YES

Total breast cancer cohort available for matching
1095 women with unilateral breast cancer & radiation therapy

as part of their cancer treatment

D

191 were not matched

Control selection

Total FLEMENGHO cohort (n=3343)

—e—3 1644 men

é 120 women <18 years

A\ 4

Total FLEMENGHO cohort available for matching
1579 female participants

675 were not matched

—

904 women with unilateral breast cancer & radiation therapy
matched to 904 female FLEMENGHO participants

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) diagram of the studied populations.
FLEMENGHO indicates Flemish Study on Environment, Genes and Health Outcomes.

Control Population and Matching

FLEMENGHO is a family-based epidemiological
study."'? Participants are representative of the pop-
ulation of a geographically defined area in northern
Belgium. The University Hospitals Leuven are the
main health care referral center for the FLEMENGHO
catchment area. Recruitment of FLEMENGHO par-
ticipants started in 1985 and continued until 2007. The
FLEMENGHO study is registered with the Belgian Data
Protection Agency (ethics approval number, S58373).
At annual intervals the vital status of FLEMENGHO par-
ticipants was ascertained via the National Population
Registry and the cause of death established via the
Flemish Death Certificate Registry, Ministry of the
Flemish Community, Brussels. The cause of death was
validated against the medical records of general prac-
titioners and hospitals. To collect nonfatal outcomes,
at the yearly contacts, standardized questionnaires
were completed to collect information about each par-
ticipant’s personal and familial medical history, use of
medication, and smoking. If participants declined a
physical contact at the local examination center in the
catchment area, the questionnaires were completed
by telephone interview. Arterial hypertension was an
office systolic blood pressure of >140mmHg or dias-
tolic blood pressure of 290 mmHg, or use of antihyper-
tensive medication. Diabetes was defined as the use
of antidiabetic drugs and a fasting or random blood
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glucose of >126mg/dL or >200mg/dL, respectively.
Dyslipidemia was a low-density lipoprotein cholesterol
of >115mg/dL or use of lipid-lowering drugs. All fatal
and nonfatal outcomes were validated via consultation
of the medical records of general practitioners, spe-
cialists, and regional hospitals.

The total FLEMENGHO population consists of
3343 patients. We excluded male patients and pa-
tients younger than 18years. We had a total of 1579
FLEMENGHO participants available for matching
(Figure 2). Using a Greedy matching algorithm, the
patients with BC were matched individually in a 1:1
ratio with FLEMENGHO participants according to age
(within 5years), smoking status. and the presence ver-
sus absence of hypertension and diabetes. A total of
191 patients with BC could not be matched (due to
higher median age in the breast cancer population
versus the control population) and were therefore ex-
cluded from the case—control analysis. Matching was
checked and was optimal. Matching results can be
found in Figure S3.

We had a total matched population of 904 patients
with BC and 904 FLEMENGHO participants available
for further analysis.

Statistical Analysis

Continuous variables are expressed as means with SD.
Normality was assessed by the Kolmogorov—Smirnov
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test. Categorical variables are presented as numbers
and percentages. For between-group comparison of
means, the large-sample Z test or a nonparametric test,
as appropriate, were applied, and for comparison of
proportions Fisher’s exact test. Rates were expressed
per 1000 person-years and 95% Cl were computed as
R+1.96 x v/(R/N), where R and N are the rate and
the number of individuals used to compute the rate.
We plotted cumulative incidence rates and estimated
10-year absolute risks from the Fine and Gray propor-
tional subdistribution hazards model, taking into ac-
count competing mortality from causes other than the
event of interest.”® The association of health outcomes
in the cohort with BC was assessed by univariable and
multivariable Cox regression analysis. The covariates
analyzed in these models are age, tumor characteris-
tics, treatment characteristics, history of cardiovascu-
lar disease, and Mayo Clinic Cardiotoxicity Risk score
(details can be found in Table S1). The multivariable
models were adjusted for smoking status, arterial hy-
pertension, and diabetes. Multivariable models were
first run as a complete model including all variables,
because of convergence problems the Cox multivari-
able analyses for AF and HF were subsequently run as
reduced models including only variables significant in
univariable analysis.

In the multivariable models, estrogen receptor pos-
itivity and hormonal treatment caused strong multicol-
linearity, so for model purposes only estrogen receptor
positivity could be included. Proportional hazard as-
sumptions were calculated using Schoenfeld residuals
for all Cox multivariable models and can be found in
Table S2 and Figure S4. A 2-sided P value of <0.05
was considered statistically significant. Statistical anal-
yses were performed using SAS 9.4 (SAS Institute
Inc, Cary, NC, USA), STATA 14.2 (StataCorp, College
Station, TX, USA) and GraphPad Prism 8 (GraphPad
Software, La Jolla, CA, USA).

RESULTS

Characteristics of the Population With
Breast Cancer

Baseline characteristics of the cohort with BC are de-
scribed in Table 1.

Mortality and Adverse Cardiovascular
Events Following Curative Treatment for
Unilateral Breast Cancer

During the first decade of follow-up after BC therapy,
218 women died (19.9%); the death rate per 1000 pa-
tientyears was 20.9 (95% Cl 18.2-23.7). Cancer death
occurred in 107 women (49.1%); the corresponding
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Table 1.
Breast Cancer

Baseline Characteristics of the Cohort With

Cohort with breast cancer

No. of patients 1095

Age, y, mean+SD 56.3+12.3

Cardiovascular risk profile
Smoking, n (%) 337 (30.8%)
Arterial hypertension, n (%) 318 (29.0%)
Diabetes, n (%) 68 (6.2%)
Hypercholesterolemia, n (%) 209 (19.1%)
Obesity, n (%) 150 (13.7%)
History of cardiovascular 65 (5.9%)
disease, n (%)

Mayo Clinic Cardiotoxicity Risk 5+2

score, mean+SD

Oncological history, n (%) 56 (5.1%)
Including chemotherapy, n (%) 11 (1.0%)
Including radiotherapy, n (%) 14 (1.3%)

Timing of start systemic therapy
Neoadjuvant, n (%) 108 (9.9%)
Adjuvant, n (%) 987 (90.1%)

Laterality of breast cancer
Right, n (%) 544 (49.7%)
Left, n (%) 551 (50.3%)

Tumor stage

Neoadjuvant systemic therapy

Ila/b, n (%)

6 (5.6%)/17 (15.7%)

llha/b/c, n (%)

28 (25.9%)/35 (32.4%)/18 (16.7%)

Unknown, n (%)

4 (3.7%)

Adjuvant systemic therapy

la/b, n (%) 349 (35.4%)/37 (3.8%)
lla/b, n (%) 266 (27.0%)/186 (18.8%)
Il a/b/c, n (%) 89 (9.0%)/8 (0.8%)/38 (3.9%)

Unknown, n (%)

14 (1.4%)

receptor 2 (HER2)-targeted
therapy, n (%)

Cancer treatment
Irradiation median subclavian 788 (72.0%)
and parasternal nodes, n (%)
Hormonal therapy, n (%) 900 (82.2%)
Chemotherapy, n (%) 569 (52.0%)
Antracyclines, n (%) 532 (48.5%)
Human epidermal growth factor 135 (12.3%)

death rate per 1000 patient years was 10.3 (95% ClI
8.3-12.2). Twenty-two women (10.1%) died of a car-
diovascular death (5 strokes, 7 sudden deaths, 8 HF,
2 endocarditis); the death rate per 1000 patient years
was 2.1 (95% CI, 1.2-3.0). Ischemic heart disease
developed in 30 women (2.7%; incidence rate per
1000 patient years: 2.9 [95% CI, 1.9-3.9]). Nonfatal
and combined fatal and nonfatal HF occurred in 51
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(4.7%) and 56 (5.1%) patients respectively (incidence
rates per 1000 patient years: 5.0 [95% ClI, 3.6-6.4]
and 5.5 [95% CI, 4.0-6.9]). Out of the 56 HF cases,
29 were HF with preserved EF and 27 HF with re-
duced EF. The mean time from radiotherapy to de-
velopment of HF was 5.4+3.1years. There was no
significant time difference between the occurrence
of HF with preserved EF and HF with reduced EF
(5.5+3.1years versus 5.3+3.3years; Mann-Whitney
P=0.84). AF developed in 41 women (3.7%); the cor-
responding incidence rate per 1000 patient years
was 5.9 (95% CI, 4.1-7.6).

Mortality and Cardiovascular Event Rates
in Patients With Breast Cancer and Age-
and Risk-Matched FLEMENGHO Women

In order to adjust for the difference in baseline risk fac-
tors between the 2 cohorts, patients with BC were
matched to FLEMENGHO participants for age (within
Syears), smoking status, hypertensive status, and the
presence of diabetes. As a result, 904 patients with BC
could be matched to 904 female FLEMENGHO partici-
pants. Mean age was 56.4+12.8years in the patients
with BC and 56.3+12.9years in the corresponding
controls. Mean difference in age between cases and
controls was 0.17 years (5th to 95th percentile range:
—-0.74 to 2.21). The prevalence of smoking, hyperten-
sion, and diabetes was 35.2%, 35.0%, and 6.7% re-
spectively. Characteristics of the matched cohorts can
be found in Table 2.

In patients with BC, total, noncardiovascular and
cancer mortality was significantly increased, whereas
cardiovascular mortality was significantly lower during
the first decade of follow-up (Figures 3A and 4). The
incidence of ischemic heart disease did not differ be-
tween patients with BC and matched controls, yet
nonfatal and combined fatal and nonfatal HF events
occurred significantly more often in the studied pa-
tients with cancer (Figures 3B and 4). Finally, irradi-
ated survivors with BC were more likely to develop AF
during 10years of follow-up (Figure 4).

Table 2. Baseline Characteristics of Matched Cohort

Radiotherapy and Breast Cancer: First Decade

Risk Factors for Mortality and
Cardiovascular Events Following Curative
Treatment for Unilateral Breast Cancer
Because of markedly increased event rates in patients
with BC compared with age and cardiovascular risk
factor matched control subjects, we sought to identify
patient-, tumor-, and treatment-related factor predic-
tive of mortality and MACE. In univariable analysis for
unilateral BC (Table S3): age (1.057 [95% ClI, 1.030-
1.084]; P<0.001); tumor size, stage, and grade; nodal
status; estrogen and progesterone receptor positiv-
ity; neoadjuvant treatment setting; mean heart dose;
treatment with hormonal therapy and HER2 (human
epidermal growth factor receptor 2) inhibitors; previous
cardiovascular disease; and Mayo Clinic Cardiotoxicity
Risk Score were associated with early mortality. Of
note, left- or right-sided BC and treatment with chem-
otherapy were not. In multivariable analysis (Table 3),
only age (1.033 [95% ClI, 1.006-1.061], P=0.016), tumor
grade, and neoadjuvant treatment setting were associ-
ated with early mortality.

For the composite end point of cardiovascular mor-
tality and MACE (Table S4), age (1.065 [95% Cl, 1.046—
1.085]; P<0.001), tumor size and stage, nodal status,
mean heart dose, treatment with HER2 inhibitors, and
history of cardiovascular disease were risk factors in
univariable analysis. In multivariable analysis (Table 3),
age (1.053 [95% CI, 1.013-1.093]; P=0.008), mean
heart dose, history of cardiovascular disease, and
Mayo Clinic Cardiotoxicity Risk Score were associ-
ated with MACE. Chemotherapy emerged as a protec-
tive factor, yet this was because patients treated with
chemotherapy were significantly younger than those
without (51.7+11.2 compared with 61.1+11.6; P<0.001).
Mortality and adverse cardiovascular event rates did
not differ between patients treated for left-sided versus
right-sided BC (Table S5). Patients receiving anthracy-
cline containing chemotherapy were more likely to die
from cancer and less likely from cardiovascular causes
compared with patients receiving chemotherapy that
did not contain anthracycline. In addition, AF was less

Cohort with breast cancer FLEMENGHO cohort P value
No. of patients 904 904
Age, y, mean+SD 56.4+12.8 56.3+12.9 0.78
Cardiovascular risk profile
Smoking, n (%) 318 (35.2) 318 (35.2) NA: matched
Arterial hypertension, n (%) 316 (35.0) 316 (35.0) NA: matched
Diabetes, n (%) 61 (6.75) 61 (6.75) NA: matched
Hypercholesterolemia, n (%) 187 (20.7) 393 (43.5) P<0.001
Obesity, n (%) 129 (14.7) 151 (16.7) 0.15
History of cardiovascular disease, n (%) 41 (4.54) 36 (3.98) 0.34

FLEMENGHO indicates Flemish Study on the Environment, Genes and Health Outcomes; NA, not applicable.
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BC 0 24 65 101 143 178 BC 0 10 20 22 31 43
FL 0 24 51 69 91 117 FL 0 4 10 14 17 22
Figure 3. Incidence of mortality and heart failure in patients and controls.

Cumulative incidence of all-cause mortality (A) and heart failure (B) in 904 women enrolled in the cohort with breast cancer (BC) and
904 matched population controls selected from the Flemish Study on the Environment, Genes and Health Outcomes (FL). Patients
and controls were matched for age, smoking status, hypertension, and diabetes. Shaded areas indicate the 95% confidence bands of
the inverse survival function. The P values denote the significance of the difference between patients and controls. The tables list the

number of women at risk at 2-year intervals in both cohorts.

likely to occur following anthracycline chemotherapy
whereas nonfatal and combined fatal and nonfatal HF
rates were similar in both subgroups (Table S6).

Age (1.072 [95% ClI, 1.037-1.107]; P<0.001), tumor
stage, nodal status, neoadjuvant treatment, mean
heart dose, and history of cardiovascular disease were
associated with the development of new-onset AF
in univariable analysis (Table S7), yet none remained
predictive of new-onset AF in multivariable analysis
(Table 3). There was a trend toward higher AF inci-
dence with higher mean heart doses (P for trend 0.021
and 0.017 with mean heart dose respectively divided in
tertiles and quantiles).

For HF, age (1.057 [95% CI, 1.030-1.084]; P<0.001);
tumor size, stage, and grade; nodal status; mean heart
dose; history of cardiovascular disease; and Mayo
Clinic Cardiotoxicity Risk Score were associated with
its occurrence in univariable analysis (Table S8), yet
only history of cardiovascular disease remained asso-
ciated with HF in multivariable analysis (Table 3).

DISCUSSION

Consistent with prior studies, our study confirmed
that cancer-associated death is the most common
cause of death during the first 10years following BC
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treatment (49.1%), whereas cardiovascular death was
the second most common retrievable cause of death,
albeit much less frequent (10.1%).'*'5 Apart from age,
histological tumor grade and neoadjuvant treatment
setting were risk factors. We observed a significantly
lower cardiovascular mortality in the cohort with BC as
compared with the FLEMENGHO controls (P<0.001).
We hypothesize that this is attributable to a compet-
ing risk with oncological death combined with a short
follow-up period, as previously reported, in the cohort
with BC.1%-"7

Aside from assessing (cardiovascular) mortality, this
study also focused on MACE after radiotherapy within
the first 10years of follow-up. Cardiovascular morbid-
ity is an important end point for survivors of cancer,
because of its impact on quality of life as well as on
additional future oncologic treatment possibilities. Our
most important finding included a significantly greater
risk of developing HF and AF within the early postirradi-
ation period, commonly regarded as a time window low
in cardiovascular complications. The higher incidence
of HF is in line with the recently published results of
the Pathways Heart Study.'® BC is highly prevalent and
has a major impact on society. Our findings suggest
that cardiovascular morbidity in the first decade after
radiotherapy might be more common than currently
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Endpoints Cancer cohort FLEMENGHO Risk ratio Estimate P
n (%) n (%) (95% CI)
Mortality
All causes 189 (19.9) 122 (12.9) @ 1.54 (1.24—1.90) <0.0001
Cardiovascular 16 (1.7) 52 (5.5) ~— 0.30 (0.17-0.55) <0.0001
Noncardiovascular 173 (18.2) 70 (7.4) @ 2.46(1.88-3.20) <0.0001
Cancer 88 (9.3) 48 (5.2) —o— 1.79 (1.29-2.48) 0.0005
Other endpoints
Coronary events 27 (3.0) 36 (4.0) e - 0.75 (0.48-1.18) 0.2115
Nonfatal heart failure 42 (4.6) 19 (2.0) ——— 2.30 (1.35-3.94) 0.0023
All heart failure 44 (4.8) 25(2.4) —e—  1.97 (1.19-3.25) 0.0081
Atrial fibrillation/flutter 38 (6.0) 19 (3.3) ——— 1.82(1.07-3.08) 0.0259
02505 1 2 4
Controls worse off Patients worse off

Figure 4. Comparison of 10-year risks in patients and controls.

Forest plot comparing the 10-year risks in 904 women enrolled in the breast cancer cohort and 904 matched population controls
selected from FLEMENGHO (Flemish Study on the Environment, Genes and Health Outcomes). Patients and controls were matched
for age, smoking status, hypertension, and diabetes. Estimates were derived by proportional hazard regression. Estimates for fatal
cause-specific outcomes accounted for the competing risk of alternative causes of death. Dots representing the point estimates have
a size proportional to the number of events in the analysis. The horizontal lines denote the 95% CI. BC indicates breast cancer.

appreciated. This suggests that early dedicated cardio-
logical follow-up of patients after radiotherapy might be
useful. Chemotherapy and thoraco-abdominal surgery
for cancer have previously been reported as a risk fac-
tor for the development of AF®; our data also implicate
thoracic irradiation as a risk factor. Given the burden of
disease associated with AF, our findings deserve vali-
dation in other cohorts.! Its occurrence beyond active
treatment argue for atrial fibrosis rather than inflamma-
tion as a causative mechanism, yet mechanistic stud-
ies are essential to elucidate its pathophysiology and
eventual therapeutic approaches. For now, our data
indicate the need for active surveillance for AF. As a
consequence, clinicians should probably have a lower
threshold for advanced rhythm monitoring using state-
of-the-art wearables or remote monitoring technology
within the first decade following radiation therapy for
BC. The risk of coronary artery disease was not in-
creased in our patients with BC compared with a con-
trol population and is in contrast with an earlier report
of increased risk of ischemic heart disease in women
after radiation therapy, beginning within 5years after
exposure.?® Additional subgroup analyses in our study
showed similar rates of coronary artery disease, HF,
and AF when irradiated for left-sided versus right-sided
BC. Previous research on radiotherapy, ischemic heart

J Am Heart Assoc. 2023;12:e027855. DOI: 10.1161/JAHA.122.027855

disease, and tumor laterality produced mixed results
beyond 10years of follow-up, whereas HF was shown
to be unaffected by tumor laterality in up to 15years of
follow-up.?'-22

Although age is a common and strong risk factor
for cardiovascular diseases and cancer in the general
population, it has already previously been withheld
as a risk factor for the development of cardiovascular
diseases following successful cancer treatment,24-26
Previous cardiovascular disease also emerged as a
risk factor for MACE in our study.?” Cancer treatment is
gradually being considered a new, albeit nonclassical,
bonafide cardiovascular risk factor, and the preferen-
tial occurrence of new MACE in patients already af-
fected by cardiovascular disease is in line with previous
research.?+28

The success of newly developed cancer therapies
has led to an increased age of survivors of cancer with
a parallel increase in age-related cardiovascular dis-
eases. In addition, cancer treatments can induce de-
bilitating cardiovascular side effects. Hence, screening
for synchronic and metachronic cardiovascular dis-
eases in patients with cancer and survivors has be-
come an integral part of state-of-the-art cancer care.®
Guidance on whom to focus for screening efforts is
nowadays broadly defined in guidelines and position
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papers from both cardiological and oncological soci-
eties yet urgently needs more specific corroborating
data, such as ours.?® Qur study is the first to show an
association between the Mayo Clinic Cardiotoxicity
Risk score and the occurrence of MACE in a cohort
with BC following radiation therapy. Furthermore, our
data confirm the usefulness of this score beyond the
active cancer treatment window, at least during the
early follow-up phase (<10years) following irradiation.
Further research is required to assess its lasting car-
diovascular risk prediction potential for midterm and
long-term survivors of cancer.

We recognize the limitations of our study. First, in-
cluded patients were derived from 1 tertiary care can-
cer referral center. Whereas uniform patient and data
management are advantages of this approach, this
might have introduced bias, in particular deviation of the
studied sample from the general population. Yet, the
clinical characteristics of studied patients are consis-
tent with earlier studies, supporting the generalizability
and reliability of our results.®® Second, radiation tech-
niques are continuously evolving, minimizing exposure
of healthy tissues to ionizing radiation. We intentionally
analyzed the patient cohort irradiated in 2007 or 2008,
to include 10years of follow-up and state-of-the-art ra-
diation techniques. Third, we could not reproduce cer-
tain risk factors reported by others, including the higher
propensity to develop ischemic heart disease when ir-
radiated for left-sided versus right-sided BC,3"-32 which
may be accounted for by the shorter follow-up time
of our study. Fourth, AF incidence rate was derived
from a subset of survivors of cancer, as electrocardio-
grams and long-term electrocardiographic recordings
were not available for all patients, which might have
introduced bias. Fifth, despite the higher incidence of
AF in irradiated cancer survivors, they suffered signifi-
cantly less from stroke. These results should be inter-
preted with caution given the low overall incidence rate
of stroke and the relatively short follow-up time of our
study. Sixth, matching with a cohort of healthy controls
might have introduced bias, such as a lower detection
rate of new onset AF and HF, owing to a lower number
of visits to health care providers. Finally, proportional
hazard assumptions were respected for all variables,
except for estrogen receptor positivity in the Cox multi-
variable model for mortality (see Figure S4).

CONCLUSIONS

Mortality within 10years following curative treatment
including radiation therapy for unilateral BC was mainly
attributable to cancer death. Despite the competing
risk of cancer death, HF and AF were already com-
mon within the first decade of follow-up. This should
encourage early dedicated cardiological surveillance

J Am Heart Assoc. 2023;12:e027855. DOI: 10.1161/JAHA.122.027855
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and timely introduction of targeted anticoagulant, anti-
arrhythmic, and evidence-based HF therapies.
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Table S1. Variables used to study predictors of adverse events.

Variables

Age, years

Tumor characteristics

Left versus right-sided breast cancer
Tumor size (1-4, unknown)

Nodal status (0-3, unknown)

Tumor Stage (I-1V, unknown)
Tumor Grade (1-3, unknown)
Estrogen receptor positive
Progesterone receptor positive
HERZ2 receptor positive

Treatment characteristics
Treatment Setting (neoadjuvant vs. adjuvant)
Irradiation mediastinal and subclavian nodes
Mean heart dose

Treatment with hormonal therapy
Treatment with chemotherapy
Treatment with HER2 inhibitors
Cardiovascular risk factors
History of cardiovascular disease
Mayo Clinic Risk Score

HER2: human epidermal growth factor receptor 2.



Table S2. proportional hazard assumption Cox multivariable models.

Overall mortality MACE AF HF

Tumor characteristics Chisq p Chisq p Chisq p Chisq p
Left versus right-sided breast cancer 0.768  0.381 0.006 0.938 - - - -
Tumor size <0.001 0.987 0.026 0.871 - - 1.202 0.27
Nodal status 0.031 0.861 0.129 0.719 0.003 0.96 0.163 0.69
Tumor Stage 0.227  0.633 0.004 0.949 0.006 0.94 0.005 0.94
Tumor Grade 2.848  0.091 0.123 0.725 - - 2.508 0.11
Estrogen receptor positive 4.650 0.031 0.230 | 0.512 - - - -
Progesterone receptor positive 1.906 0.167 1.867 0.172 - - - -
HER2 receptor positive 0.709 0.400 1.790 0.181 - - - -
Treatment characteristics

Treatment Setting (neoadjuvant vs. adjuvant) 0.367  0.545 1.371 0.242 0.036 0.85 - -
Irradiation mediastinal and subclavian nodes 0.118 0.732 3.040 0.081 - - - -

Mean heart dose 1.503 0.220 2.177 0.140 0.008 0.93 0.881 0.35



Treatment with hormonal therapy
Treatment with chemotherapy

Treatment with HER2 inhibitors

Cardiovascular risk factors
History of cardiovascular disease

Mayo Clinic Risk Score

0.416

0.300

0.258

0.045

0.519

0.584

0.612

0.832

0.136

1.935

0.001

0.422

0.713

0.164

0.969

0.516

0.322

0.57

0.287 0.59

0.100 0.75

HER2: human epidermal growth factor receptor 2; MACE: Major Adverse Cardiac Event, AF: Atrial Fibrillation/Flutter; HF: Heart Failure; Chisq:

chi-squared test.



Table S3. Univariable and multivariable Cox regression for overall survival of 1095 patients with unilateral breast cancer treated with

radiation therapy in 2007 or 2008.

Tumor characteristics

Left or right-sided breast cancer
Tumor size

Nodal status

Tumor Stage

Tumor Grade

Estrogen receptor positive
Progesterone receptor positive

HER2 receptor positive

Treatment characteristics
Treatment Setting (neoadjuvant vs. adjuvant)

Irradiation mediastinal and subclavian nodes

Univariable

Hazard Ratio (95% CI)

1.055 (0.809 — 1.376)
1574 (1.365 — 1.814)
1,567 (1.367 — 1.797)
1.796 (1.494 — 2.159)
1.508 (1.235 — 1.841)
0.557 (0.407 — 0.762)
0.603 (0.455 — 0.799)

0.695 (0.434 — 1.114)

2.611 (1.856 — 3.672)

0.916 (0.686 — 1.223)

p value

0.694
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.130

<0.001

0.553

Multivariable

Hazard Ratio (95% CI)

0.881 (0.561 — 1.385)
0.722 (0.455 — 1.171)
1.237 (0.866 — 1.767)
1.370 (0.715 — 2.627)
1.739 (1.166 - 2.591)
0.854 (0.410 — 1.780)
0.591 (0.322 — 1.084)

0.921 (0.219 — 3.862)

2.782 (1.304 — 5.936)

0.764 (0.224 - 2.616)

p value
0.584
0.187
0.242
0.343
0.007
0.674

0.89

0.910

0.008

0.669



Mean heart dose
Treatment with hormonal therapy
Treatment with chemotherapy

Treatment with HER2 inhibitors

Cardiovascular risk factors
History of cardiovascular disease

Mayo Clinic Risk Score

1.049 (1.003 — 1.098)
0.518 (0.382 — 0.702)
1.134 (0.863 — 1.489)

0.512 (0.292 — 0.897)

2.666 (1.792 — 3.965)

1.101 (1.027 — 1.180)

ClI: confidence interval; HER2: human epidermal growth factor receptor 2.

0.037

<0.001

0.366

0.019

<0.001

0.006

1.048 (0.996 — 1.103)

0.702 (0.151 — 3.264)

0.404 (0.082 — 1.981)

1.182 (0.547 — 2.554)

1.116 (0.772 - 1.614)

0.072

0.651

0.264

0.670

0.559



Table S4. Univariable and multivariable Cox regression for major adverse cardiac events in 1095 patients with unilateral breast cancer

treated with radiation therapy in 2007 or 2008.

Tumor characteristics

Left or right-sided breast cancer
Tumor Size

Nodal Status

Tumor Stage

Tumor Grade

Estrogen receptor positive
Progesterone receptor positive

HER2 receptor positive

Treatment characteristics

Treatment Setting (neoadjuvant vs. adjuvant)

Univariable

Hazard Ratio (95% CI)

1.036 (0.723 — 1.485)
1.304 (1.064 — 1.598)
1.281 (1.051 — 1.561)
1.325 (1.034 — 1.697)
1.111 (0.861 — 1.433)
1.461 (0.834 — 2.559)
1.072 (0.703 — 1.633)

0.567 (0.287 — 1.120)

1.283 (0.721 — 2.284)

p value
0.847
0.010
0.014
0.026
0.419
0.185
0.747

0.103

0.397

Multivariable

Hazard Ratio (95% CI)

0.775 (0.428 — 1.404)
0.847 (0.432 — 1.661)
1.594 (0.937 - 2.710)
0.788 (0.322 — 1.931)
1.306 (0.811 — 2.103)
2.053 (0.533 — 7.904)
1.891 (0.741 - 4.829)

0.098 (0.002 — 6.248

2.754 (0.815 — 9.306)

p value
0.401
0.629
0.085
0.603
0.273
0.296
0.183

0.273

0.103



Irradiation mediastinal and subclavian nodes
Mean heart dose

Treatment with hormonal therapy
Treatment with chemotherapy

Treatment with HER2 inhibitors

Cardiovascular risk factors
History of cardiovascular disease

Mayo Clinic Risk Score

1.261 (0.830 — 1.917)
1.087 (1.029 — 1.148)
1.521 (0.868 — 2.664)
0.797 (0.548 — 1.159)

0.404 (0.178 — 0.919)

6.928 (4.494 — 10.681)

1.035 (0.942 — 1.138)

CI: confidence interval; HER2: human epidermal growth factor receptor 2.

0.277

0.003

0.142

0.236

0.031

<0.001

0471

0.379 (0.082 — 1.747)

1.093 (1.024 — 1.167)

0.062 (0.008 — 0.484)

0.880 (0.013 — 58.724)

2.386 (1.096 — 5.197)

2.664 (1.625 — 4.367)

0.214

0.007

0.007

0.952

0.029

0.001



Table S5. Mortality and cardiovascular event rates in 1095 patients treated for left-sided versus right-sided breast cancer.

Left (n=551)

Right (n=544)

Endpoint Number of | Rate Number of | Rate Rate ratio
events (95% CI) events (95% CI) (95% CI)
All-cause mortality 107 20.4 (16.6-24.2) 111 21.5 (17.5-25.4) 0.95 (0.73-1.24)
CV mortality 10 1.9 (0.7-3.1) 12 2.3 (1.0-3.6) 0.82 (0.36-1.90)
Non-CV mortality 97 18.5 (14.8-22.1) 99 19.1 (15.4-22.9) 0.97 (0.73-1.27)
Cancer mortality 53 10.1 (7.4-12.8) 54 10.4 (7.7-13.2) 0.97 (0.66-1.41)
Fatal + non-fatal coronary endpoints 18 3.5(1.9-5.0) 12 2.3 (1.0-3.7) 1.47 (0.71-3.05)
Fatal heart failure 4 0.8 (0.0-1.5) 4 0.8 (0.0-1.5) 0.99 (0.25-3.94)
Non-fatal heart failure 23 4.5 (2.6-6.3) 28 5.6 (3.5-7.6) 0.80 (0.46-1.40)
Fatal + non-fatal heart failure 26 5.0 (3.1-7.0) 30 5.9 (3.8-8.0) 0.85 (0.51-1.44)
Atrial fibrillation 22 6.2 (3.6-8.7) 19 5.6 (3.1-8.0) 1.11 (0.60-2.05)




About half of the patients (n=551, 50.3%) had left-sided breast cancer. Mean age and the prevalences of smoking, diabetes and hypertension were
similar (P>0.27) among patients with left-sided and right-sided breast cancer (age: 57.6 = 12.0 vs 56.8 £ 12.6 years, ever smoking: 31.9% vs

29.6%, hypertension: 28.7% vs 29.4%, diabetes: 6.2% vs 6.2%). Incidence of endpoints according to the localization of the cancer:

Rates are expressed as number of events per 1000 subject years.

ClI: confidence interval; CV: cardiovascular.



Table S6. Mortality and cardiovascular event rates in 1088 breast cancer patients by anthracycline chemotherapy treatment.

Anthracycline CTX (n=514)

No anthracycline CTX (n=574)

Endpoint Number of Rate Number of Rate Rate ratio
events (95% CI) events (95% CI) (95% CI)
All-cause mortality 99 20.6 (16.6-24.6) 118 21.3 (17.5-25.1) 0.96 (0.74-1.26)
CV mortality 5 1.0 (0.1-1.9) 17 3.1 (1.6-4.5) 0.34 (0.12-0.92)
Non-CV mortality 94 19.5 (15.6-23.4) 101 18.3 (14.7-21.8) 1.07 (0.81-1.41)
Cancer mortality 68 14.1 (10.8-17.5) 39 7.0 (4.8-9.3) 2.00 (1.35-2.97)
Fatal + non-fatal coronary endpoints 9 1.9 (0.7-3.1) 21 3.8 (2.2-5.5) 0.49 (0.23-1.07)
Fatal heart failure 4 0.8 (0.0-1.6) 4 0.7 (0.0-1.4) 1.15 (0.29-4.60)
Non-fatal heart failure 25 5.3(3.2-7.4) 26 4.8 (3.0-6.6) 1.11 (0.64-1.92)
Fatal + non-fatal heart failure 28 5.9 (3.7-8.1) 28 5.1 (3.2-7.0) 1.16 (0.69-1.96)
All fatal + non-fatal cardiovascular endpoints 37 7.9 (5.4-10.5) 59 11.0 (8.2-13.8) 0.72 (0.48-1.09)




Anthracycline CTX (n=514) No anthracycline CTX (n=574)

Endpoint Number of Rate Number of Rate Rate ratio
events (95% CI) events (95% CI) (95% CI)
Atrial fibrillation 10 3.5(1.3-5.7) 31 7.6 (4.9-10.2) 0.46 (0.23-0.94)

For this analysis 7 patients were excluded because of missing information on anthracycline chemotherapy treatment. Of the remaining 1088
patients, 514 (47.2%) received anthracycline chemotherapy (CTX). Event rates in patients receiving/not receiving anthracycline CTX are as

follows:

Rates are expressed as number of events per 1000 subject years.

ClI: confidence interval; CV: cardiovascular; CTX: chemotherapy.



Table S7. Univariable and multivariable Cox regression for atrial fibrillation or flutter in 1095 patients with unilateral breast cancer

treated with radiation therapy in 2007 or 2008.

Univariable Multivariable
Tumor characteristics Hazard Ratio (95% CI) p value Hazard Ratio (95% CI) p value
Left or right-sided breast cancer 0.821 (0.448 — 1.501) 0.521 - -
Tumor size 1.383 (0.993 — 1.928) 0.055 - -
Nodal status 1.794 (1.341 — 2.402) <0.001 1.765 (0.717 — 4.344) 0.216
Tumor Stage 1.937 (1.274 — 2.944) 0.002 0.973 (0.258 — 3.671) 0.968
Tumor Grade 0.819 (0.544 — 1.226) 0.329 - -
Estrogen receptor positive 2.220 (0.685 — 7.192) 0.183 - -
Progesterone receptor positive 1.198 (0.573 — 2.507) 0.631 - -
HER?2 receptor positive 0.338 (0.082 — 1.400) 0.135 - -

Treatment characteristics

Treatment Setting (neoadjuvant vs. adjuvant) 2.397 (1.063 — 5.408) 0.035 3.032 (0.510 — 18.020) 0.223



Irradiation mediastinal and subclavian nodes
Mean heart dose

Treatment with hormonal therapy
Treatment with chemotherapy

Treatment with HER2 inhibitors

Cardiovascular risk factors
History of cardiovascular disease

Mayo Clinic Risk Score

0.932 (0.478 — 1.827)
1.163 (1.057 — 1.281)
2.368 (0.731 — 7.669)
0.737 (0.385 — 1.412)

0.189 (0.026 — 1.378)

3.366 (1.528 — 7.417)

1.007 (0.862 — 1.177)

CI: confidence interval; HER2: human epidermal growth factor receptor 2.

0.836

0.002

0.150

0.291

0.100

0.003

0.928

1.113 (0.999 — 1.240)

1.783 (0.351 — 9.064)

0.053

0.486



Table S8. Univariable and multivariable Cox regression for heart failure in 1095 patients with unilateral breast cancer treated with

radiation therapy in 2007 or 2008.

Tumor characteristics

Left or right-sided breast cancer
Tumor size

Nodal status

Tumor Stage

Tumor Grade

Estrogen receptor positive
Progesterone receptor positive

HER2 receptor positive

Treatment characteristics

Treatment Setting (neoadjuvant vs. adjuvant)

Univariable

Hazard Ratio (95% CI)

1.037 (0.621 — 1.730)
1.607 (1.221 — 2.116)
1.466 (1.133 — 1.896)
1.777 (1.248 — 2.531)
1.531 (1.046 — 2.240)
0.781 (0.401 — 1.524)
0.929 (0.516 — 1.673)

0.659 (0.263 — 1.652)

1.435 (0.648 — 3.177)

p value
0.890
0.001
0.004
0.001
0.028
0.469
0.807

0.373

0.373

Multivariable

Hazard Ratio (95% CI)

0.611 (0.239 — 1.564)
1.460 (0.736 — 2.895)
1.134 (0.388 — 4.445)

1.936 (0.955 — 3.924)

p value

0.304
0.279
0.661

0.067



Irradiation mediastinal and subclavian nodes
Mean heart dose

Treatment with hormonal therapy
Treatment with chemotherapy

Treatment with HER2 inhibitors

Cardiovascular risk factors
History of cardiovascular disease

Mayo Clinic Risk Score

1.013 (0.537 — 1.910)
1.134 (1.030 — 1.248)
0.854 (0.438 — 1.664)
1.267 (0.749 — 2.144)

0.611 (0.220 — 1.692)

5.511 (3.090 — 9.831)

1.166 (1.020 — 1.334)

CI: confidence interval; HER2: human epidermal growth factor receptor 2.

0.968

0.010

0.642

0.377

0.343

<0.001

0.025

1.100 (0.978 — 1.237)

3.205 (1.006 — 10.208)

1.305 (0.980 — 1.738)

0.113

0.049

0.069



Figure S1. Mayo Clinic Risk Score.

I. Risk assessment Tesze TTE with stk EXG, cTn
Medication-related risk Patient-refated risk factors
High (risk score 4): * Cardicmyopathy or heart failure

Anthracyclines, Cyclophosphamide,

fosfamide, Clofarabine, Herceptin * CAD‘or equivalent (incl. PAD)

Intermediate (risk score 2); * HTN

Docetaxel, Pertuzumab, * Diabetes mellitus

S“""’T'b' Sorafinib * Prior or cancurrent anthracycline
LWE (':t::geé) y ib. * Prior or concurrent chest radiation
Imatinib, Lapatnib * Age <|5 or =65 years

Rare (risk score 0): * Female gender

For example, Etopoade, Rituximab,

Thalidomide

Overall risk by Cardiotoxicity Risk Score (CRS)
(nsk categones by drug-related nsk score plus number of patient-related nsk factors:
CRS >6: very high, 5-6: high, 3-4: intermediate, |-2: low, 0: very low)

Very high cardiotoxicity risk: TTE vath strain before every {other) cycle. end. 3-6
morniths and | year, optional ECG, cTn with TTE duning chemotherapy

High cardiotoxicity risk: TTE with strain every 3 cycles, end, 3-6 months and | year

after chernotherapy, optonal ECG, cTn with TTE dunng chemotheropy

Intermediate cardiotoxicity risk: TTE with strain, mid-term, end and 3-6 months after
chemotherapy, optional ECG, ¢Tn mid-term of chemotherapy

Low cardiotoxicity risk: Optional TTE wath strain andfor ECG, cTn at the end of chemotherapy
Very low cardiotoxicity risk: None

B R e B B Apples os preventive mecsves before and

Very high cardiotoxicity nisk: Initiate ACE-I/ARB, Carvedicd, and statins, starting at lowest dose
ond start chemotheropy in | week from initiction to allow steady state, up-titrore as tolerated

High cardiotoxicity risk: Initiote ACE-I/ARB, Carvedilal, and/or statins
Intermediote cardiotoxicity risk: Discuss nsk and benefit of medicatons

Low cardiotoxicity risk: None. monitoning only
Very low cardiotoxicity risk: None, maonitonng anly



Figure S2. Subgroups radiation therapy.
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Figure S3. Matching.
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Figure S4. coefficient (natural log of the hazard ratio) over time of Estrogen Receptor

Positivity in Cox multivariable model of mortality.
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