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PROTONS

5

Contouring of LT Anterior Coronary artery and Cardiac Volumes

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016
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FACTORS ASSOCIATED WITH RISK OF RADIATION CARDIAC TOXICITY &k b

=VVolume of Heart irradiated (>5 %)

=\Volume of Left Coronary Arteries/ Left Ventricle Irradiated
=Radiation dose (> 5Gy) and dose per fraction

=Radiation Therapy to lymph nodes, especially IMN

=" Administration of Anthracyclines, Trastuzumab, Cyclophosphamide,
Docetaxel, Aromatase Inhibitors (Anastrozole)

=Patient Age at time of Treatment. Hx of Cardiovascula Disease

=History of Smoking and other Comorbidities



CHEMOTHERAPEUTIC AGENTS AND
LEFT VENTRICULAR DYSFUNCTION

Table 1
Chemotherapeutic agents associated with left
ventricular dysfunction

Chemotherapeutic Incidence
Drug Class Agent(s) (%)

Anthracyclines Doxorubicin 3-26
(At a cumulative 5-18
dose of 0.9-33
550 mg/m?)
Idarubicin
Epirubicin
Alkylating agents Cyclophosphamide 7-28
Ifosfamide 17

Antimicrotubule Docetaxel 2.3-8
agent

Antimetabolite Clofarabine 27

Monoclonal Bevacizumab 1.7-3
antibody-based Trastuzumab 2-28
tyrosine kinase

sinal inhibitors

Proteasome Bortezomib 2-5
inhibitor

Small-molecule Dasatinib 2-4
tyrosine Lapatinib 1.5-2.2
kinase inhibitors Sunitinib 2.7-11

Imatinib mesylate  0.5-1.7




"Arrythmia P

=sCoronary Artery Stenosis, I'sc\emi Angina, Infarction
=(Macro- and Micro-vascular injury, Macrophages)

ASHIER.ZLININ0

=Valvular Injury
=Congestive Heart Failure

=Pericardial Effusion, Pericarditis




HEART DISEASETAETER RADIATION THERAPY » |
FEOR BREAST CANCER:

Z

Darby SC et al
N Engl J Med 368: 987. 2013
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AFTER RADIATION THERAPY FOR BREAST CANCER

RISK OF DEATH OR CORONARY DISEASE
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Darby SC et al N Engl J Med 368: 987. 2013




HEART DISEASE AFTER RAIDIATION THERAPY s
FOR BREAST CANCER Ing
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PREDICTION OF POST RADIATION ACUTE CARDIAC EVENTS MODEL

vouLumnm 35 NuUMBEN

1 Armiu 10, 2O0V7

JOURNAL OF CLINICAL ONCOLOGY

This report agrees with
Darby’s value of an
increase in ACE of 16%
per Gy of MHD over the

first 9 years following sy

Pltiinhenct me oo ang o Jandary 17, 200 7

° ° Chinical trigl information: NOTO247 1070

ra d |at Telq! t h era € rwepnflling mutharinndlb.a. Crifls
MDD, PhD, Dopacment &f Rstiation
Civmeotonry. Mniveinity M baal o
Croninpun, MO Box 30, 001, HTOO M1

Groningan, the Netharends;
amall: an g.erljnseumeg

¢ Clinical

0732103177381 Vw11 7T w/S20.00

Validation and Modification of a Prediction Model for Acute
Cardiac Events in Patients With Breast Cancer Treated With
Radiotherapy Based on Three-Dimensional Dose
Distributions to Cardiac Substructures

Veerle A van den B ward, Bastiaan P Ta, Avjen van der Schaaf, Ar liquee BB Bowurma, Astrid M ML Middag,
Heja | Bantera-lopp wneve Vovan Dijk, Fembke B, van Dijk-1 Laurens AW, Marteijn, CGertruida H. de

Bock, Johannes G.M. Burgerhof. Jourik A. Giererma, Johannes A, Langendifh, John 1. Maduro, and Anne PG
Crigns
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Purpose

A r:l:nlon::hlp botwoen mean haeart dose (MHD) and acute coronary event (ACE) rate was reported in
4 study of pationts with breast gancer (BC). Theae main objective of our cohic ly was 1o validate
this relationahip and investigate if other dosedistribution paramaters are Bottar predictors for ACEs
than MHD.

Patients and Methods

The cohort consisted of 910 consecutivae female patients with BC treated with radiotherapy (RT)
after breast-conserving surgery. The primary end point was cumulative inaidence of ACEs within
9 years of follows~up. Both MHD and various doseo-distribution parmmaeaeters of the cardiac sube-
structures were collected from three-dimensional computed tomography planning data

Rosults

The median MHD was 2.37 Gy (range, 0.51 10 15.25 Gy). The madian follow-up time was 7.6 yaars
(range, 0.1 10 101 years), during which 30 patiants expearianced an ACE . The cumulative incidence of
ACE incre @d by 16.5% par Gy (95% CI, 0.6 10 35.0;, F= .042). Analysis showed that thae volumea of
the loft vantricle roecaiving B Gy (LV-VE) was the most important prognostic dose-volume paramaetor.
The maost optimal multivariable normal tissue mplication probability model for ACEs consisted of
LV-VE, age, and weighted ACE risk score pear patient (c-statistic, 0.83; 96% CI, 0.75 to 0.91)
Conclusio

A significant doase-affact ralations: 2 was found for ACEs within 9 years after RT, Us MHD, the

_——raelative Increase par Gy was similar to that reportaed In the previous study. In addition, LV-VS seemad

1o be a better predictor for ACEs than MHD. This study confinms the importance of reducing ex-
posure of the heart to radiation to avoid excess risk of ACEs aftor radiotherapy for BC
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Fig 2. Excess risk of an acute coronary event (ACE) depending on the mean heart dose (MHD) in volume percentage calculated per age category and (A) absence or (B)
presence of cardiac risk factors.
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CARDIAC MORTALTHN AFTER RIGEHT-SIIDED
BREAST IRRADIATION

15-year rate [95% CI] P = 0.45 (stratified) A 15-year rate [95% Cl] P = 0.15 (stratified)

= \ P=021 2
HF-WBI 4.8% (3.9, 5.9] i Ul HE-WBI 4.9% (4.0, 6.1] 0.21 (raw)

— CF-WBI42%[25, 65) ) — CF-WBI 35%[20,56]

Years Since Radiotherapy Years Since Radiotherapy

Chan EK et al Radiother & Oncol 114: 73, 2015




CARDIAC MORTALITIN AFTER LEFT/ RIGHT-SIDED
BREAST IRRADIATION
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Chan EK et al Radiother & Oncol 114: 73,




Effect of Breast Irradiation on(€ardiac Disease in Women
Enrolled in BCIRG=001 atd0=Year Follow=Up

RT PATIENTS NO RT PATIENTS
Ischemic HD 4 18 Cardiac Disorder 9

Arrhytmia 20

Cardiomegaly

15 Heart Failure/ Cartdiomegaly 3
Wu S P et al Int J Radiat Oncol Bio Phys 99: 541, 2017



Effect of Breast Irradiation on Cardiac Disease in
Women Enrolled'in BECIRG=-001 at10-Year Follow-Up

G3+ Cardiac Adverse Event

Cumulative event

0 1 2 3
Years

187 178 1 157 149 143 138 131
| 550 548 525 485 460 431 417 391

b1 A 3bipg =G 7
' 4 _ Heart Failure
20%| p- 43

15%

10% |

Cumulative event

1 2 3 4 5 6 7
Years

187 179 172 158 150 144 139 132
550 549 526 487 463 435 420 395

0 1 2 3 - 5 6 7

Wu S P et al Int J Radiat Oncol Bio Phys 99: 541, 2017

No RT - RT

126
366

8

No RT - RT

127 115 100
368 343 311
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¥
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Cumulative event

Cumulative event

P=.0037

0 1 2
187 175

550 845
0 1

0 1

| 187 175
559 546

0 1

Myocardial Infarction

3 4 5 6 71 8 9 10
Years

156 148 142 __ 137 130 126 113 98
484 460 43300 421 395 371 46 315

3 4 5 6 7 8 g 10

_ Arrhythmia

No RT - RT

3 4 5 6 8 9 10
Years

160 152 145 141 130 117 101
480 455 428 414 364 339 308

3 4 5 6 8 g 10




LEFT BREAST IRRADIATIONAND CARDIAC
TOXICITY
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Boero lJ et al Int J Rad Oncol Bio Phys 94: 700, 2016



Association

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



Association Between langentiallbeam I reatment Parameters i
and Cardiac AbnoermalitiestAtter IDefinitive Radiation >
Treatment for llett=Sided Breast (Cancer

Total number of patients studied 62

Framingham predicted cardiac event incidence 6/62 (9%) p = 0.001
Actual incidence of cardiac diagnhostic study abnormalities 24/62 (.

Coronaryrartery territory of-abnormality

Left anterior descending artery 21/24 (8873

Left circumflex artery 1/24 (4%)

Right coronary artery 1/24 (4%)

Left circumflex plus right coronary artery 1/24 (4%)

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



Association Between Tangential Beam Treatment Parameters ‘

Cardiac Abnoermalities After Definitive Radiation Treatment
for Leftt-Sided Breast (Cancer

Cardiac Diagnostic Abnormalities

Central Lung
Distance (CM)

Number
Abnormal

2 (17 %)

6 (30 %)

12 (57 %)

4 (44 %)

Number with
Congestive Ht
Failure

0
5(25 %)
3 (16 %)

6 (55 %)

Number with
Coronary Art
Dis

3 (23 %)

5 (25 %)
13 (66 %)

4 (40 %)

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008




Whole Heart' Versus (Coronary  Artery D osimetry in ‘
Predicting Risk ot (Cardiacilioxicity Eollowing
Breast Radiation I'lherapy:

V

52 women with stage lll Breast Cancer (36 Left, 16 Right).
Dosimetry to the LAwas calculated based on the individual RT Tmn

Median follow-up time from RT to CTA was 5.1 years .
LAD Dmax was more strongly associated with the onset of any CAC
andLAD stenosis (225% lumen).

For any CAC, O.R was 1.15.and 2.21 for MHD and LAD.Dmax,.respectively.
For moderate/severe CAC, OR was 1.04 (p=0:24) and 2.57 (p=0.04) for MHD
and LAD Dmax, ‘respectively.

LAD Dmax > 10 Gy was a significant threshold for increased odds of developing

any CAC (OR 10.21 (p=0.03), moderate/severe CAC (OR 5.21, p=0.04),
and LAD stenosis (OR 6.52, p=0.03).

Patel SA et al Int J Radiat Oncol Bio Phys 102 (3): S46, Nov 2018
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ECOCARDIOGRAM SCREENING: .
:ENFERMEDAD CARDIACA INDUCIDA POR RADIACION i

* Screening recomendado (ASE y. Europea)

» ETT a los 5 anos de exposicion a RT en
aquellos con riesgo

» ETT ajlosj10,anes de exposicion, sinriesgo

» Eco stress a los 5 - 10 afios después
exposicion en aquellos con riesgo de
enfermedad coronaria

Courtesy, Dr. Hugo Marsiglia




TECHNIQUES TO DECREASE/ ELIMINATE RADIATION CARDIAC INJURY

V

*Reduce volume of heart irradiated (<5 %)/ Dose to the Heart (< 5Gy)
*Optimize RT Treatment Planning, including use of Electrons

*Use IMRT (Although lower doses to more normal tissue is noted)

*Use Heart Customized Shielding Blocks (Identify Tumor Bed)

*Use Prone Patient Position, Deep Inspiration Breath Holding Techniques
*Selective use of techniques to irradiate Lymph Nodes

*Select Patients for Accelerated Partial Breast Irradiation

*Avoid Concurrent Chemo-Radiation Therapy
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Association

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



BREAST RT: TECHNIQUETOAVOID RADIATION
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BREAST RT: TECHNIQUETOAVOID RADIATION s
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PRONE POSITION BREAST IRRADIATION

Merchant TE, McCormick B
Int J Rad Oncol Bio Phys
30: 197, 1994




PRONE POSITIONING CAUSES THE HEART TO BE
DISPLACED ANTERIORIN WITHIN THE TTHORAX:
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Chino, Marks LB Int J Radiat Oncol Bio Phys 70: 916, 2008




PRONE POSITIONING CAUSES THE HEART TO BE
DISPLACED ANTERIORIN WITHIN THE TTHORAX: -

superior Superior-Inferior and
Medial-Lateral Distances
Mean supine and prone distances

given in millimeters, followed by
p-value for difference

diaphragm

Chino, Marks LB Int J Radiat Oncol Bio Phys 70: 916, 2008




o

N L"J ']

& 3
Washingion

EEES N, o
S| o Wedicine

Headphones




Randomized Comparison of Radiation Iherapy: I'echniques
in Vianagement-of-Node=Positive breast Cancer:
Primary @utcomes Analysis Sl o Vit

V

Of 62 patients randomized, 54 who completed all follow-up procedur
were analyzed.

Mean doses to the ipsilateral lung, left ventricle, whole heart, and
left anterior descending coronary artery were lower with IMRT-DIBH,;
The percent of left ventricle receiving 25 Gy averaged 15.8% with sta
radiotherapy and 5.6% with IMRT-DIBH (P < .001).

SPECT revealed.no differences in perfusion defects in the left anteric
descending coronary artery territory,-the study's primary endpoint,
but did reveal statistically significant differences (P = .02) in left vent
ejection fraction (LVEF), a secondary endpoint.

Jagsi R et al Int J Radiat Oncol Bio Phys 101: 1149, 2018



Radiation Effectonilfate Cardiopulmonary T'oxicity: An o
Analysis Comparing IDIBEVersusiProne I'echniques for Breast
Iireatment

V

34 patients with left-sided DCIS or breast cancer who have undergone lumpectom
and breast irradiation, enrolled on a prospective trial comparing prone breast witl
supine DIBH planning (NCI-2017-00219).

Patients underwent CT simulation in both positions, and two treatment plans
were generated for each patient.

Mean heart dose was 79.7 cGy and 76.5 cGy (p=0.37),

Estimated mean) absolute (EMA) risk of death from IHD by age 80 was 0.1%

for both plans (p =.1.0).

EMA absolute risk.of at least one radiation-related ACE by age 80 was 0.3%

for both plans (p =.0.6).

There was no observed difference in mean cardiac dose between supine DIBH ant
prone techniques, and a low absolute risk of both radiation-related ACE and
risk of death from IHD.

Yan S X et al Int J Radiat oncol Bio Phys 102 (Suppl 3): e616, 2018
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LT-SIDED BREAST CANCER
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ANTERIOR MYOCARDIAITTERRITORY INIIMRT FOR
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LT-SIDED BREAST CANCER
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ANTERIOR MYOCARDIAITTERRITORY INIIMRT FOR s
LT-SIDED BREAST CANCER
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Tan W et al

Int J Rad Oncol Bio Phys
83: 1689, 2012
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IMRT treatment plan results in improved lung and cardiac sparing.
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IMRT TO LEFT CHEST WALL AND REGIONAL LYMPH NODES

Plzn Sum IMRT - Trarsversal - LT, ) Pizn Sum AT - Dose Vokeme Histogram




Dess RT et al Int J Radiat Oncol Bio Phys 99: 1146, 2017
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VIEWRAY RAIDDIATION THERAPY

CREATING REFINED ANATOMICAL IMAGES Scanner
Useselectromagnets and

Within the metallic cocoon of an MRI scanner, rdiaSigraisroprodig
the patient is surrounded by four electromagneti¢ cross-sectionslimages
ils and th ts of a transci - B!
coils an e components of a transciever - 8
g © magnetic field from

top to bottom across
scanning tube

Z Coil

Create s varying
maghnetic field from
head to toe within
scanning tube.

Transciever

Sends radio signals

to protons and receives|
| signals from the m.

X coil
Creates varying
magnetic field from
left to right across
scanning tuve.

Main Coil
Surrounds patie nt with
uniform magnetic field.

™\ Patient
‘Wears loose clothing: must
empty pockets of metallic
objects that could prove harm-
ful if mowved by magnetic force




Left panel: ViewRay planning MRI for partial breast radiation.

Aqua colorwash: target volume (130 cc). Right panel: Traditional
planning CT for the same patient (290 cc,).
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ACCELERATED PARTIAL BREAST RT-
Washington University, St Louis, USA 5

| BTC
RC
CSS
0S

Grouping Outcome
Suitable (%)N 563  Cautionary (%) N586 Unsuitable (%) N 526

92. 190.2 100 0.462

100.0 95.0 95.2 0.271
98.3 98..5 87.8 0.075
85.4 79.3 76.8 0.587

ASTRO 5 American Society for Radiation Oncology; CSS 5 cancerspecific survival;
IBTC 5 yr ipsilateral breast tumor control; OS 5 yr overall survival; RC regional control;

Prashant Gabani et al, Brachytherapy 17: 171, 2018



ACCELERATED PARTIAL BREAST RT-
Washington University, St, llouis, USA

Ipsilateral Breast Tumor Control Regional Nodal Control
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Prashant Gabani et al,
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COMPARISON OF I

Examples of Protons Treatment Volumes

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016



Photons Protons

Stick, L B et al Int J Radiat Oncol Biol Phys, 97:761, 2017



COMPEPAIRK

Key: Chest wall A- Protons, B Electrons and Photos,
Whole Breast C Protons D Photons

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016



Proton radiation therapy to the left chest and regional nodes
in the setting of prior left breast radiation treatment.
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Proton radiation therapy on the RADCOMP study
rsversa! - (R O Left OW - Trestment Approved - Dose Vohme Histogram
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RADCOMP TRIAL COMPARING PROTONS TO PHOTONS
IN LOCALIZED BREAST CANCER

Schema

(<65 Vs 265)

Cardiovascular risk
(0-2vs > 2 risk factars) Arm 1: Photon Therapy*
Surgery
(mastectomy vs
lumpectomy)

Arm 2: Proton Therapy”

~<M——1 2> 200
mMmMN—-—=S 00 Z2>» 20

Laterality
(right versus left)

Pragmatic dose specification: 45.0 Gy(RBE) to 50.4 Gy(RBE) in 1.8 to 2.0 Gy(RBE)
fractions with or without a tumor bed boost
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COST EFFECTIVENESS (CE) OF PROTONS e
IN BREAST CANCER

V

Proton RT was not CE in women without CRFs or a mean heart dose (MHD) <5 Gy.
Base-case analysis noted cost-effectiveness for proton RT in women with 21 CRF
at approximateminimum MHD of 6 Gy with a willingness-to-pay threshold of

$100,000/quality-adjusted life-year.
For women with 21 CRF, probabilistic sensitivity analysis noted preference of protc
for an MHD 25 Gy with a similar willingness-to-pay threshold.

Referral for proton therapy may be cost-effective for patients with 21 CRF in patine
whom photon plans are unable to achieve an'MHD <5 Gy.

Given the assumed benefit that reduced MHD would connote a lower risk of CHLC
preference for proton therapy in younger patients is owing to more time living

free of CHDcompared with older patients with shorter baseline life expectancies.
The analysis did suggest greater benefit for proton RT in 50-year-old women ove
40-year- old women this phenomenon is a function of outcomes data from Darby

Mailhot Vega RB et al Int J Radiat Oncol Bio Phys 95: 11,2016



COST EEFECTIVENESS OF PROTONS
IN BREAST CANCER

ICERS between Photon and Proton RT per Gy of MHD for 50yof ICERS between Photon and Proton RT per Gy of MHD for 50yoF with
with no cardiac RF at least one cardiac RF
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Cardiac Toxicity istNot Increased 25 Years After I'reatment i
of' Early-stage Breast(CarcinomaWithiViastectomy; or BiC I S
From the National CancerInstitute Randomized Irial e e

V

Among|BCT pts, radiation central lung distance >3 cm was: similar. for
right- versus left-sided tumors (35.7% Vs. 50.0%, p = 0.48). Cardiac
Interventions (CABG or PCI) occurred in 4 MRM and 3 BCT pts.
Framingham, 10-yr risk of Ml'was similar between arms. Diastolic
function, including|peak filling rate (p.= 0.29)'and diastolic volume
recovery (p = 0.28), was similar in betweenarms. No pt had evidence of
myocardial fibresis. One pt in each arm had pericardial thickening.
Among BICT pts, cardiac structure and function were similar for right
or left tumorsy BCTipts had no increase inyvisible atheresclerasis; (HR
=1.12, p = 0.80) orjluminalistenoesis >50%(HR'= 0:64, p = 0.62).
Prevalence, severity and distribution of atherosclerosis were not
different in BCT pts for right- or left-sided radiation, including LAD
(close proximity to the chest wall, received the highest RT dose)
(38.9% vs. 33.3%, p = 0.73).

Chemotherapy pts trended towards more visible atherosclerosis
independent of

Siimone CB et al Int J Radiat Oncol Bio Phys 84: S35, 2012



A Randomized Comparison of Radiation Therapy Techniques i
in Management off Node=IPositive Breast (Cancer:
Primary @utcomes Analysis

Enrollment
Assessed for eligibility (N = 73)

Excluded (N = 11)

¢ Did not meet inclusion criteria (N=1)
¢ Declined to participate (N =7)

¢+ Difficulties with insurance (N = 3)

3D - planned (N = 32)

# Received RT (N = 29)
¢ Did not receive RT on protocol (N = 2) ¢ Did not receive RT on protocol (N = 3)
e Patient could not tolerate ABC device (N =1) ¢ Patient was claustrophobic'during pre-study
® Patient was claustrophobic during pre-study scans (N = 2)
scans (N=1)

IMRT-ABC (N = 30)
¢ Received RT (N = 28)

® Patient was unable to remain still during
simulation (N = 1)

Received all study treatment and follow-up Received all study treatment and follow-up

scans (N = 28) scans (N = 26) \] ag S I R et a.I

Failed to get post RT follow-up scans (N = 3)

. F(’;{i_er;; developed metastatic disease I nt J Rad | at O n C O I B | O P h yS
* Patient refused scans (N =1) 101 1149’ 2018

Analyzed (N = 28) Analyzed (N = 26)



Randoemized Comparison ot Radiation Iherapy: I'echniques w
in Management offNode=Positive Breast Cancer:
Primary, @utcome Analysis
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Jagsi R et al
Int J Rad Oncol Bio Phy
101: 1149, 2018

Ejection Fraction Pre Treatment




RADIATION-INDUCED CARDIAC TOXICITY ==y
IN PATEINTS TREATED FOR BREAST CANCER

Conclusions

* Risk Factors that increase incidence of these events
* Screening Recommended in Hi-Risk Patients

* Limit Radiation dose to less than'b5 Gy (Heart and

* Coronary vessels

* Limit Volume of Heart irradiated to less than 5 %

* Use Modern Radiation Therapy Techniques

* Follow patients (20 years or longer) and when indicated
evaluate Cardiac Function (Perfusion/ other studies)
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