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ABSTRACT
Purpose:
The main purpose of this study was to test the thgsis that incidental cardiac irradiation is assed with

changes in cardiac function in breast cancer (B@)igors treated with radiotherapy (RT).

Methods and Materials:

We conducted a cross-sectional study consistint08fBC survivors treated with RT between 2005 abitil2
The endpoint was cardiac function, assessed bycadtiography. Systolic function was assessed vhighleft
ventricle ejection fraction (LVEF) (n=107) and thgkobal longitudinal strain (GLS) of the left verig (LV)
(n=52). LV diastolic dysfunction (n=109) was definey e’ at the lateral and septal region, whichrespnts the
relaxation velocity of the myocardium. The indivadicalculated RT dose parameters of the LV andramo
arteries were collected from three-dimensional @$dal planning data. Univariable and multivariabilelysis
using forward selection was performed to identify best predictors of cardiac function. Robustoésglection
was assessed using bootstrapping. The resultingvamidble linear regression model was presentedtte

endpoints systolic and diastolic function.

Results:

The median time between BC diagnosis and echogmajpby was 7 years. No relation between RT dose

parameters and LVEF was found. In the multivarianalysis for the endpoint GLS of the LV, the maxim
dose to the left main coronary artery was mostnoftelected across bootstrap samples. For decrdésstdlic
function the most often selected model across baptssamples included age at time of BC diagnosi a
hypertension at baseline. Cardiac dose-volume driato (DVH) parameters were less frequently seletied

this endpoint.

Conclusions:
This study shows an association between individaadiac dose distributions and GLS of the LV aRdr for
BC. No relation between RT dose parameters and LW&$found. Diastolic function was most associatet

age and hypertension at time of BC diagnosis. Euntisearch is needed to make definitive conclgsion
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INTRODUCTION

Adjuvant radiotherapy (RT) for breast cancer (B&} been associated with a wide variety of cardiseage’s

In relation to BC radiation, risk of ischemic hedisease has been well-establishiéd Recent studies have
shown significant relationships between RT to thble heart (WH) and left ventricle (LV), and acateonary
events in BC population§ However, the relationship between thoracic RT eardliac dysfunction is less clear.
The left ventricular ejection fraction (LVEF) by lemcardiography is the cornerstone of LV systolinctipn
assessment in clinical practice. However, LVEF cerderestimate actual cardiac damage because of the
compensatory reserve of the myocardium that enaddegjuate ventricular outcome even in the presefce
dysfunctional myocyt€s Global longitudinal systolic strain (GLS) is achecardiographic technique that
detects and quantifies subclinical and subtle distaces in LV systolic function and can thus besabgred as
early marker for radiation-induced cardiac danfagehis is particularly relevant, as the latency dirfor
symptomatic radiation-induced cardiovascular disgas relatively long. These early markers may dipfhl to
identify patients at risk for major cardiac evethigt may benefit from preventive strategies.

The aim of this study was to assess the relatipriseiween radiation dose to the LV and radiatiosedo the
coronary arteries and LV systolic and diastolicclion in BC survivors treated with RT based on vidial

planned 3D dose distributions and computed tomdyré&BT) information.

METHODS AND MATERIALS

Sudy Population

The Department of General Practice of XXXX perfodr@ecross-sectional population-based study to sskes
frequency of cardiac dysfunction in female BC suovs in a primary care settihgPatients were included if
they were diagnosed with BC stage I-Ill and haddisease activity for at least 5 years after treatme
Information could be extracted from electronic gatirecords of one of 80 participating primary gaingsicians
(PCPs) in the northern Netherlands region. Patiemste excluded if they had metastatic diseaseeatitie of
BC diagnosis, had a history of other malignanciedar received prior chemotherapy or RT treatmenbther
malignancies. The main study included 350 BC suamgvreated from 1988 to 2011. All 350 patientsamaent
an echocardiography. Due to the inclusion critefithe main study with the date of treatment moistlthe pre-
CT era, patients were only selected when CT-basedréatment planning data was available. Therefoue,
total study population was composed of 109 BC surg treated with RT from 2005 to 2011.

All patients were treated with breast conservinggery followed by adjuvant RT. Patients with nodesigve
disease and high risk node negative patients weated with adjuvant systemic treatment includindaerine

therapy, according to the national guidelines.

Data Collection

Citizens of the Netherlands are registered in actednic record of a primary care physician (PCe PCP
captures all information according to the Intermadil Classification of Primary Care (ICP&)Relevant data
was collected using the ICPC codes for cardiovasciisk factors (dyslipidemia, hypertension, andbdites
mellitus) and cardiovascular disease (heart fajlisghemic heart disease, acute myocardial infancoronary

artery sclerosis, atrial fibrillation, (supra)veantiar tachycardia and non-rheumatic valve disease)
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Detailed information about patient characteristiasmor characteristics, systemic BC therapy (inclgd
chemotherapy and/or endocrine therapy and/or Tzastab), and follow-up data were retrieved from litasp
charts. The baseline date was defined as the d&€ diagnosis. The censoring date was definethaslate of
the echocardiographic assessment. The medicalsetioimmittee of XXXX approved the study which was

registered at clinicaltrials.gov [ID:XXXX]

Radiation Dosimetry

All 109 patients were treated with 3D conformal R3ing CT-based treatment planrfihgAt the time of
inclusion, cardiac sparing using e.g. breath hgldechniques was not yet implemented. Thereforee raf the
patients were treated with a breath-hold technigire reported doses are therefore higher thanyibieat
cardiac exposure with modern planning and cardiegtive techniquéd The prescribed dose was 50.4 Gy
delivered in 28 fractions to the whole breast vethimultaneous integrated boost of 14.0 or 16.80Gy boost
volume in the same 28 fractions, depending on padfical risk factors.

To analyze the relationship between cardiac functbthe LV and incidental cardiac irradiation, tmuring
was performed of the LV and coronary arteries, oasjple for the oxygenation of the LV. The LV was
contoured using a multi-atlas automatic segmentatiol based on the delineations by Fehgl. (Mirada RTx
[version 1.6]; Mirada Medical, Oxford, United Kingoh)*>. The contouring of the coronary arteries, inclgdin
the left main coronary artery (LMCA), left anteridescending coronary artery (LAD) and circumflexcrary
artery (CX) and right coronary artery (RCA) wasdxh®n a recently published cardiac contouring dindeoy
Duaneet al.'* and was done manually by one observer (examp#e3iD reconstruction is shown in figure 1).
Following cardiac substructure delineation, thavithial radiation dose to these substructures wasatculated
using the original treatment plan. As a final sfepthis study, dose-volume histogram (DVH) paranebf the
cardiac substructures were extracted from the nreat planning system (Pinnacle [version 9.1]; PBhili

Radiation Oncology, Fitsburg, WI).

Echocardiography Parameters

As described previously, cardiac (dys)function veasluated using echocardiographyn short, all image
acquisition and analysis was performed by a cendading lab (XXXX Imaging Core Laboratory) with WID

E9 ultrasound equipment (GE, Horton, Norway), basea predefined imaging and measurement protédiol.
measurements were performed in accordance withgthéelines of the European Association for Cardio
Vascular Imaging/American Society of Echocardiotia(EACVI/ASE)™.

Systolic function was evaluated in two ways. Fbgtthe left ventricular ejection fraction (LVEF) wh was
measured by the biplane method of disks summatioodified Simpson’s rule). In cases where the image
quality was too low to reliably determine the eralial border, an estimation of LVEF was given by a
experienced ultrasound technician. The LVEF wasyaed for 107 patients. Abnormal LVEF was definadaa
LVEF <54%, according to the EACVI/ASE guidelingsAdditionally, global longitudinal systolic stra{GLS)
was determined as another measure of systolic iimctFor this reason, the echocardiograms were
retrospectively analyzed for the GLS of the LV,ngsiautomated 2D-speckle-tracking with TomTec Imggin
Systems GmbH Arena 2 (Munich, Germany). For thialysis, we excluded all echocardiographies thatwer

evaluated using eyeballing (n=38), as the imagdityusas too low for a reliable assessment of #misipoint.
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The remaining 71 echocardiographies were measusety L5impson’s biplane method. Of those, 19 were
excluded due to persistent inadequate tracking b Gegments, or due to incorrect tracing of thexape
Furthermore, the echocardiographies were checkedefroducibility of GLS by analyzing inter- andtria-
observer variability. The interclass correlatiorffizient (ICC) was determined and accepted if W& greater
than 0.8°. As a result, the GLS of the LV was retrospectivahalyzed for 52 patients (flow-chart figure 1 in
the supplemental material).

LV diastolic dysfunction was analyzed for 109 patseand defined by e’ at the lateral and septabregvhere

e’ represents the relaxation velocity of the mydaan in early diastole. Diastolic dysfunction wasfided as e’
lateral or e’ septal at 2.5% below the normal rafogeeach age group, according to the Europeandaison of
Echocardiography/American Society of EchocardiobyafEAE/ASE}®. By calculating the average of e’ septal

and e’ lateral together, a continuous variable evaated®.

Satistical Analysis

Patient characteristics (including cardiovasculisk rfactors (diabetes mellitus, hypertension, gydémia,
smoking, and body mass index (BMI)), cardiac dissaéheart failure, arrhythmias, non-rheumatic valve
disorder, and ischemic heart disease)), tumor cleniatics and information about BC systemic treattn
(chemotherapy, endocrine therapy and/or Trastuzyimath RT were described at the time of diagnosesitin
applicable at the time of echocardiography usirgcdptive statistics. Clinical factors at time aagnosis were
included in the analysis, as pre-existing cardiaed@tions in combination with RT were found to iease the
risk of subsequent cardiac everitsArrhythmias included supraventricular tachycardintricular paroxysmal
tachycardia and/or atrial fibrillation. Non-rheumgatalve disorder included aortic stenosis and/drahvalve
insufficiency. Ischemic heart diseases includedwary atherosclerosis, myocardial infarction andingina
pectoris. Using DVH data from each patient’'s RTnplae first calculated the mean dose, maximum dose
mean V(x) in bins of 5 Gy, where V(x) refers to tiedative volume (in percentage) of the cardiacssulgtures
that received a dose of x Gy. Both systolic andstdiec function was defined as binary variables asd
continuous variables, whenever appropriate.

The first step in identifying associations betwgatient characteristics, risk factors and treatnebatacteristics
and the endpoints systolic and diastolic functivas a pre-selection based on intervariable coroelab reduce
the number of variables. If the Pearson correlatibtwo variables was larger than 0.80, the vadahith the
strongest univariable association with the endpeias selectéd. Secondly, univariable and multivariable
stepwise forward selection was used to select thet important risk factors. The entire variableesgbn
procedure (pre-selection and forward selection) rgggated on 1000 bootstrapped samples of equabsithe
original study population and that were drawn witlplacement. The resulting, most frequently setkcte
multivariable linear regression model was presentéis analysis was done for the endpoints LVEFSQ®IE the
LV and diastolic function, respectively. Data wasalgzed using Matlab (version R2017a) and SPSS (IBM
SPSS Statistics, Version 22, IBM Corp).

RESULTS

Patient Characteristics
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The characteristics of the patients at baselinearttie time of echocardiography are summarizethlie 1.
Tumor- and treatment characteristics are summaiizedble 2. The median age at diagnosis was 55syea
(interquartile range (IQR)=49-60), and the medige at time of echocardiography was 62 years (IQR63%

The median follow-up time was 7 years (IQR=5-8).

Results Echocardiography

Systalic function

The results of echocardiography are summarizedttet3. Using LVEF <54% as a cut-off value, 15 oiut07
(14%) BC survivors had an abnormal LVEF at the tohechocardiography.

We further analyzed the data by investigating asitdes relationship between radiation dose and pestment
LVEF. Clinical factors (age, diabetes mellitus, astension, dyslipidemia, smoking, and number okpgars),
systemic therapy (chemotherapy, endocrine therapy, Trastuzumab) and DVH parameters (mean dose,
maximum dose, and mean V(x) in bins of 5 Gy) of thé and coronary arteries were entered in the
multivariable analysis before application of fordaselection. Results of the variable selectionhie 1000
bootstrap samples are shown in supplementary rahtBgures 2 and 3No relationships with RT dose
parameters or use of systemic therapy were foundhd final model, LVEF was associated with smokatg
time of diagnosis (supplementary material table 1).

As a decreased LVEF indicates relatively late aawbre cardiac damage, we performed an additioraysin
using the subclinical parameter GLS of the LV asadpoint. Based on 52 echocardiographies, the 1G&&h

of the LV was -16.95% (range=-23.26%— -9.44%). Base the multivariable analysis, that included the
following risk factors before variable selectionlinical factors (age, diabetes mellitus, hypertensi
dyslipidemia, smoking, and number of pack yeargktesnic therapy variables (chemotherapy, endocrine
therapy, and Trastuzumab) and DVH parameters (mes® maximum dose, and mean V(x) in bins of 5@y)
the LV and coronary arteries, we found that the imarn dose to the LMCA was selected most acrossshragt
samples (supplementary material figure 4). All D\tidrameters that were selected related to doseeto th
coronary arteries, not to the LV. The frequencyt mb the selected models is shown in figure 5 i th
supplementary material. Model characteristics effthal model for the endpoint GLS of the LV, caisig of

the maximum dose to the LMCA, are shown in Table 4.

Diastolic function

Using e’ lateral or e’ septal at 2.5% below themakrange for each age group as a cut-off valugutf 109
(39%) BC survivors had a diastolic dysfunction [¢a).

Based on the multivariable analysis, that incluttedsame risk factors before variable selectianiaal factors
(age, diabetes mellitus, hypertension, dyslipidemsiaoking, and number of pack years), systemicather
variables (chemotherapy, endocrine therapy, andtizamab) and DVH parameters (mean dose, maximum
dose, and mean V(x) in bins of 5 Gy) of the LV amwtonary arteries, we found that clinical variablezre
selected most across bootstrap samples (supplemyantterial figure 6). The variable age at baselives
selected 1000 times out of 1000 bootstrap sampidshgipertension at baseline was selected 629 tiDiésl

parameters were less frequently selected for tidp@int. The frequency plot of the selected moaeshown in
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figure 7 in the supplementary material. Detailgh#f final model for the endpoint diastolic functimonsisting

of age at baseline and hypertension, are showaleTs.

DISCUSSION

This study shows an association between individeediac dose distributions and subclinical systolic
dysfunction of the LV after RT for BC. The subctial marker, GLS of the LV, was most associated with
maximum dose to the LMCA. Notable, all DVH paramstthat were selected for this endpoint were based
dose to the coronary arteries. The final modeldiastolic function included age and hypertensiobaseline.
DVH parameters were less frequently selected isrehdpoint.

Previous studies have shown similar results witharé to systolic function using LVEF as a primary
endpoint“?*% In these studies, with a median follow-up timesab 13 years, no significant decrease in LVEF
after RT treatment for BC has been obsefV&f® Additionally, in a recently published meta-anyRT was
found to be associated with an increased risk obreary heart disease, but not with a significantlide in
LVEF”. In the current study based on 3D cardiac dogeiiitions, no relation between RT dose and dedfine
LVEF was found either. It should be noted that gfesnin LVEF reflect severe damage that may maniteesif
relatively late, due to compensation mechanfénGiven the median follow-up time in the currenidst of 7
years, the interval may be too short for the dgwelent of a decreased LVEF of <54%. Because of the
limitations in sensitivity and reproducibility ofi¢ LVEF, we decided to also use the GLS of the Lhicl is a
more sensitive method to detect subclinical sysyisfunction of the L¥.

Two studies looked at both LVEF and GLS in BC swov#*®*’. They found no significant decrease in LVEF
after RT in patients with either left- or right-edl BC between two and 14 months of follow-up. Hosvewa
significant decrease in longitudinal strain immeéelig after RT and at 8 and 14 months after RT veamd for
left-sided BC survivors, but not for right-sided BGrvivors suggesting a dose effect relationshimpther study
found that patients with left-sided BC experieneedecline in apical and global strain values, wasngatients
with right-sided BC showed a decline in the bas#krdor segment of the LV. Furthermore, RT caused n
changes in conventional LV systolic measurent@nowever, the researchers did not examine anycagiEms
between cardiac dose parameters and GLS of thdriL\e with the current study, these results iatkcthat
GLS is a more sensitive measure for cardiac chaafies BC RT and that these changes are alreacepire
relatively early after completion of RT treatment.

Several studies suggest that GLS provides indeméngdeognostic information regarding cardiovascular
morbidity and mortality in the general populafioi-*! Presence of worse LV strain at baseline, wascizteal
with higher risk for incident heart failure and-eluse mortality over the followp period™. This is particularly
important in BC populations, as it may take yearsclinically overt cardiac damage to develop. Hegection

of early changes could be predictive for late Raited cardiac morbidit§.

Knowledge on the exact underlying mechanism behiadiation-induced cardiac toxicity is lacking. In
particular, it is not clear whether coronary artedeamage or myocardial damage, or both, are redpenfir
radiation-induced heart disedseOur results suggest that RT to the coronary iageis associated with
subclinical systolic dysfunction. As shown in taldlethe most selected risk factor of post-treatn@n$ is the
maximum dose to the LMCA. This was also supportgdhe frequency tables in the supplemental material

DVH parameters of the coronary arteries were stsordpminant relative to DVH parameters of the
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myocardium. Previous research has shown a direktdetween radiation dose and the location of campn
stenosis, mostly in the LAB® These studies support the importance of the emyorarteries in the
pathogenesis of radiation-induced cardiac toxicity.

It could be hypothesized that radiation of coronarieries may initiate inflammation, coronary spasior
rupture of an existing atherosclerotic plaque, Itewp in insufficient supply of oxygenated blood tbe
myocardium. This can eventually lead to secondarpabe to the myocardium, in addition to direct atidn-
induced local damage to the microvascular endathedills leading to microvascular rarefaction angaoardial
inflammation, oxidative stress and fibrdsi& However, the exact mechanisms of radiation-aagegicardiac
damage still remain to be determined.

We found an association between clinical varialded diastolic function. Our results showed that agd
hypertension at time of BC diagnosis were selentest for the endpoint diastolic function in the QGfbotstrap
samples. This is consistent with previous studies have also shown no significant increased risk\o
diastolic dysfunction after BC treatm@ft®’

A limitation of our study is its cross-sectionalstgn. We did not have echocardiography data pddRT and
therefore we are not able to report on possiblegs after RT. However, the relationship found dgstolic
(GLS) function suggests that RT might play a raletlie etiology of these effects. The decline indzar
function in relation to the dose of radiation isb#e. This subtlety makes it difficult to identifgifferences
between patient groups and control groups. By usioge effect relationships we are able to iderdifyall
changes that cannot be found just by comparingiatad and non-irradiated populations.

It was also possible to take into account patigret and follow-up time; although in our analysis ages not
associated with the decline in systolic cardiacfiom, but it was associated with a decline in Wit function.
Follow-up time was not associated with systoliad@stolic function. Moreover, it is important totaahat we
performed explorative analysis in this study. Tlene prospective data still needs to be collectétiwstudies
such as the BACCARAT prospective cohort study er MEDIRAD EARLY HEART stud§®. The results of
the current study should therefore be consideredygothesis generating, and not for making defiaiti
conclusions. Further research and validation ieoéimd larger cohorts is needed to confirm ourltgsu
Another limitation is that it remains to be detemed if, in this specific group of patients, subidal effects will
eventually translate into major cardiac events. elav, as shown in the general population, GLS plexvi
independent and additional prognostic informatiegarding long-term risk of cardiovascular morbidsyd
mortality?.

In conclusion, this study shows an association betwindividual RT dose for BC and GLS of the LV.rOu
results suggest that these adverse effects areiagsbwith radiation dose to the coronary arteri@isistolic
function was associated with age and hypertensiotin@e of BC diagnosis, DVH parameters were less

frequently selected for this endpoint.
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Figure legend 1: Example of the contouring of tmaoary arteries

The left ventricle (LV) was contoured using a mualtias automatic segmentation tool based on thaedgions
by Fenget al.. The contouring of the coronary arteries, inclgdthe left main coronary artery (purple), left
anterior descending coronary artery (orange) armlciflex coronary artery (green) and right coronartery

(not shown in this figure) was done manually.
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Table 1: Patient characteristics at the time of breast cancer diagnosisand at the time of

echocardiography for all 109 breast cancer survivors

BC population (N = 109)

Variable At baseline At time of echocardiograph
Age at BC diagnosis, years
Median 55 62
IQR 49-60 56—67
Follow-up interval, years
Median 7
IQR 5-8
Cardiovascular risk factors
Diabetes mellitus (%)
Yes 6 (5.5) 10 (9.2)
No 103 (94.5) 99 (90.8)
Hypertension (%)
Yes 18 (16.5) 35 (32.1)
No 91 (83.5) 74 (67.9)
Dyslipidemia (%)
Yes 6 (5.5) 20 (18.3)
No 103 (94.5) 89 (81.7)
Smoking (%)
Yes 30 (27.5) 24 (22.0)
No 79 (72.5) 85 (78.0)
Number of pack years
Median 14.48 16.75
Range 1.43-41.16 0.60-55.00
Cardiac diseases
Complaints of heart failure (%)
Yes 0 (0.0) 0 (0.0)
No 109 (100.0) 109 (100.0)
Arrhythmias (%
Yes 0 (0.0) 8 (7.3)
No 109 (100.0) 101 (92.7)
Non-rheumatic valve disorder (%)
Yes 0 (0.0) 0 (0.0)
No 109 (100.0) 109 (100.0)
Ischemic heart diseases @6)
Yes 1(0.9) 3(2.8)
No 108 (99.1) 106 (97.2)

Abbreviations: BC, breast cancer; IQR, interquantéinge; BMI, body mass index

y



" as reported by their primary care physician atest in their hospital medical charts.

" arrhythmias included supraventricular paroxystaehycardia, ventricular paroxysmal tachycardia@nd
atrial fibrillation.

* non-rheumatic valve disorder included aortic s and/or mitral valve insufficiency.

8. ischemic heart diseases included coronary atblemasis, myocardial infarction, unstable/stablgina

pectoris.




Table 2: Tumor and treatment characteristics at the time of breast cancer diagnosisfor all 109 breast

cancer survivors

Tumor characteristics (%)

Laterality BC

Left (-sided BC)

Right (-sided BC)
Size (T-stage)

TO

T1

T2

T3

Unknown
Nodes (N-stage)

NO

N1

N2

N3

Unknown

56 (51.4)
53 (48.6)

2 (1.8)
77 (70.6)
16 (14.7)

2 (1.8)
12 (11.0)

66 (60.6)
22 (20.2)
6 (5.5)
3(2.8)
12 (11.0)

Radiotherapy, median (range) (Gy)

Mean heart dose

Total

Right breast

Left breast
LV dose

Total

Right breast

Left breast
LMCA dose

Total

Right breast

Left breast
LAD dose

Total

Right breast

Left breast
CX dose

Total

Right breast

Left breast
RCA dose

2.24 (0.61-11.34)
1.29 (0.61-4.14)
4.29 (1.07-11.34)

1.49 (0.23-18.85)
0.61 (0.23-1.62)
6.15 (0.72-18.85)

1.42 (0.23-6.35)
0.88 (0.23-3.08)
2.29 (0.70-6.35)

1.73 (0.23-40.94)
0.90 (0.23-1.73)
20.57 (1.25-40.94)

1.38 (0.13-6.72)
0.56 (0.13-2.66)
1.90 (0.66-6.72)




Total
Right breast
Left breast

1.61 (0.46-7.05)
1.68 (0.74-7.05)
1.57 (0.46-2.72)

Additional systemic therapy (%)
Chemotherapy only
Yes
No
Endocrine therapy only
Yes
No
Combination chemotherapy and endocrine therapy
Yes
No
Trastuzumab
Yes
No

15 (13.8)
94 (86.2)

12 (11.0)
97 (89.0)

27 (24.8)
82 (75.2)

6 (5.5)
103 (94.5)

Abbreviations: BC, breast cancer; T, tumor; N, r&dgy, gray; LV, left ventricle; LMCA, left main conary

artery; LAD, left anterior descending coronary gri€CX, circumflex coronary artery; RCA, right covary

artery




Table 3: Results of echocar diography after a median follow-up time of 7 years

Variable

%

Left ventricle ejection fraction (%) based on 10Z Batients

Mean 58.04
Range 41.00-71.00
Missing 2 1.8
Abnormal left ventricle ejection fraction
Yes 15 13.8
No 92 84.4
Missing 2 1.8
Left ventricle global longitudinal strain (%) based 52 BC patients
Mean -16.95
Range -23.26—9.44
Missing due to limited quality 57 52.3
Left ventricle diastolic function (cm/sec) based1®® BC patients
Mean 9.00
Range 3.45-16.05
Missing 0 0.0
Abnormal left ventricle diastolic functién
Yes 43 39.4
No 66 60.6
Missing 0 0.0

Abbreviations: BC, breast cancer

" measured left ventricle ejection fraction (LVBF}h biplane method of disks summation (modified

Simpson’s rule), if not available with eyeballing.

" defined as a LVEF <54% according to the Europ&ssociation for Cardio Vascular Imaging/American

Society of Echocardiography.
* measured using automated two-dimensional-speding.

8. average of the mean e’ septal and e’ lateral.

I- defined as e’ lateral or e’ septal 2.5% belowrtbemal range for each age group, according t&tirepean

Association of Echocardiography/American Societfohocardiography. In this cohort the mean e’ depds
7.79 (range: 3.00—14.40) and the mean e’ lateralMa28 (range: 3.90-18.60).




Table 4: Model characteristics of the final model for the endpoint global longitudinal systolic strain of the
left ventriclein breast cancer survivorswithin first 10 yearsafter RT. Results are based on 52 breast

cancer survivors.

Variable

B

SE

95% CI for B

P-value

Dmax LMCA

0.883

0.342

0.195-1.570

0.013

Abbreviations: RT, radiotherapy; B, regression &oieit; SE, standard error; Cl, confidence intériy dose;

LMCA, left main coronary artery

" P-value between the variable and the endpoint GltBeol V, calculated using lineair regression asiy




Table5: Model characteristics of the final model for the endpoint diastolic function of theleft ventriclein

breast cancer survivorswithin first 10 years after RT. Results are based on 109 breast cancer survivors.

Variable B SE 95% Cl for B P-value
Age at BC diagnosis -0.155 0.021 -0.197--0.133 ®.0
Hypertension -1.309 0.536 -2.372—-0.246 0.016

Abbreviations: RT, radiotherapy; B, regression @oet; SE, standard error; Cl, confidence intérva

" P-value between the variable and the endpointaliagtinction of the LV, calculated using lineaggression

analysis.




Figure 1:
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Summary

The relationship between individual cardiac dose distributions and systolic and diastolic dysfunction is unclear.
We conducted a cross-sectional study consisting of 109 breast cancer survivors treated with post-operative
radiotherapy (RT). The endpoint was systolic and diastolic cardiac function, assessed by echocardiography.
Although no relation between RT dose parameters and |eft ventricle g ection fraction was found, an association

between individual RT dose and global longitudinal systolic strain of the left ventricle was determined.



