Nathan Bennion, MD
Radiation Oncology






Objective Principles

« Background/History
« Data for APBI
 Focus on EBRT techniques
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Probability (%)

ORIGINAL ARTICLE

Twenty-Year Follow-up of a Randomized Trial Comparing Total Mastectomy,
Lumpectomy, and Lumpectomy plus Irradiation for the Treatment of

Invasive Breast Cancer

Bernard Fisher, M.D., Stewart Anderson, Ph.D., John Bryant, Ph.D., Richard G. Margolese, M.D., Melvin Deutsch, M.D., Edwin R. Fisher, M.D., Jong-Hyeon Jeong, Ph.D., and

A Disease-free Survival
100

1 0O Total mastectomy
(371 events)

A Lumpectomy
(408 events, P=0.47)

41 A Lumpectomy + irradiation
(391 events, P=0.41)

o L] L\ L L]

0 Rl 8 12 16

20

Norman Wolmark, M.D.

B Distant-Disease~free Survival

1 0O Total mastectomy
(283 avents)

204 A Lumpectomy
(331 events, P=0.21})
1 A Lumpectomy + irradiation
(309 events, P=0.95)
0 T T T T 1

0 4 8 12 16 20
Years of Follow-up

C Overall Survival
100

1 0O Total mastectomy
(299 events)
A Lumpectomy
(338 events, P=0.51)
1 A Lumpectomy + irradiation
(317 events, P=0.74)
0 L L I L] 1
0 4 8 12 16 20




May 5, 2021

Survival After Breast Conservation vs Mastectomy Adjusted
for Comorbidity and Socioeconomic Status
A Swedish National 6-Year Follow-up of 48986 Women

Jana de Boniface, PhD"2; Robert Szulkin, PhD>#: Anna L. V. Johansson, PhD*>

* Prospective Cohort
* Adjusted for:

* tumor characteristics
 Treatment
 Demographics

« Comorbidities

e Socioeconomic status



Original Investigation

May 5, 2021

Survival After Breast Conservation vs Mastectomy Adjusted
for Comorbidity and Socioeconomic Status
A Swedish National 6-Year Follow-up of 48986 Women

Jana de Boniface, PhD"2; Robert Szulkin, PhD>#: Anna L. V. Johansson, PhD*>



Long-term Quality of Life in Patients With Breast Cancer
After Breast Conservation vs Mastectomy and Reconstruction

Summer E. Hanson, MD, PhD'; Xiudong Lei, PhD?; Margaret S. Roubaud, MD'; et al

« 647 women
* 10y patient reported satisfaction




A Comparison of Patient- and Clinician-Reported
Acute Toxic Effects During Radiation Therapy for

Primary Breast Cancer

Kaitlyn Lapen MD *, Caroline King PhD T, Lior Z. Braunstein MD *, Atif ). Khan MD, MS *, Mitchell R. Kamrava MD
I, Erin F. Gillespie MD * 1, Kiri A. Cook MD § & =

Acute CTCAE
Patient vs Physician Assessment

842 multi-institutional

14% PBI, 58% WBI, PMRT or WBI+RNI
28%
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_____________|Hypofractionation

Severe pain 9%

Pruritis 24%
Stinging 19%
Swelling 20%

Any Breast Symptom 41%
Severe Fatigue 19%

20%
40%
40%
29%
60%
27 %



Necessity is the mother of
invention

 5-6 weeks
 Cost
* Irritant
« Cosmesis



Necessity is the mother of
invention

Long-Term Results of Hypofractionated Radiation Therapy for Breast Cancer

Timothy |. Whelan, B.M., B.Ch., Jean-Philippe Pignol, M.D., Mark N. Levine, M.D., Jim A. Julian, Ph.D., Robert MacKenzie, M.D., Sameer Parpia, M.Sc., Wendy Shelley, M.D.,
Laval Grimard, M.D., Julie Bowen, M.D., Himu Lukka, M.D., Francisco Perera, M.D., Anthony Fyles, M.D., et al.



Birth of Partial Breast Radiation




Histologic Multifocality of Tis, T1-2 Breast Carcinomas

1 9 8 5 L Implications for Clinical Trials of Breast-Conserving Surgery
|

ROLAND HOLLAND, MD,” SOLKE H. J. VELING, MSc,t MARCEL MRAVUNAC, MD§
AND JAN H. C. L. HENDRIKS, MDit

e 282 invasive, 32 DCIS
* Clinically unifocal T1-2

 37% had no tumor outside of the reference mass
 20% had additional foci within 2 cm
 43% had additional foci > 2cm from reference mass



Radiotherapy after breast-conserving surgery in small breast carcinoma:
Long-term results of a randomized trial

U. Veronesi,' E. Marubini,? L. Mariani,? V. Galimberti,' A. Luini,' P. Veronesi,'
B. Salvadori® & R. Zucali*

'Department of Senology, European Institute of Oncology, *Department of Biometrics, Istituto Nazionale per lo Studio e la Cura dei Tumort. Milano.
EDeparrmcm of Oncology. Policlinico San Marco, Zingonia. Bergamo. *Depariment of Radiotherapy, Ospedale Clinicizzato, Milano, ltaly

* Tumor bed recurrences predominated in-breast
failures with < 5% occurring elsewhere



Volume

* Re-excision after lumpectomy

* >90% of RO resections had no additional
tumor beyond 1 cm from initial
lumpectomy bed.



Dose




Dose
Equivalent to 50 Gy in 25 fractions

« Brachytherapy: 34 Gy in 10 fractions
 EBRT: 38.5 Gy in 10 fractions



Patient Selection

Thorough work up

Patient: reliable for follow-up, comorbidities,
genetics

Tumor: size, margin, histology, grade, nodal
status, focality, LVSI

Treatment: BCT candidate, breast size to
tumor ratio, distance from tumor to skin



Modality: Interstitial

T1NO-1mi, G1-2, non lobular, RO
36.4 Gy in 7 BID fractions

20y LR 9.6% APBI vs 7.9% WBI
Cosmesis favored APBI



Modality: Balloon-based



Modality: EBRT

31 pts
Technically feasible and good acute tolerance
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BID

2004 NYU 30 Gy in 5 fractions 100%
over 10 days.
Prone

***Many phase |l studies with positive outcomes™***

2010 Michigan 3.85Gyx10BID; 73%
ABC & IMRT
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2013 Canadian Rapid 3.85 Gy x10BID 65%

***Many phase |l studies with positive outcomes***



EBRT Issues

* Michigan:
e V50% and V100% correlated with cosmesis
« Larger V20%, V50%, V80%, and V100%

* Breathing control decreased inherent
feathering?

 RAPID:

* Dose had higher biologic effect than WBI arm
* 6-hour interval may not be adequate
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EBRT Timeline Highlights

Technique Good-Excellent
Cosmesis

2011 Canadian (Berrang) 350r38.5Gyin10 85%
BID
2012 Mass Gen 3.2 Gy x 10 BID 97%

2013 APBIMRT 3.85 Gy x 10 BID 90%



674 pts
oy LR 1.1% - 0.2% - 0.5%

SS improved breast appearance and breast firmness in
Test arm 2



RANDOMIZATION

GROUP 1*

Whole Breast Irradiation (WBI)
50 Gy (2.0 Gy/fraction) or
304 Gy (1.8 Gv/fraction)

to whole breast,

followed by optional boost™™
to 60.0 Gy — 66.6 Gv

GROUP 2~
Partial Breast Irradiation (PBI)***

34 Gy in 3.4 Gy fractions using
multi-catheter brachytherapy

or
34 Gy in 3 4 Gy fractions using
MammoSite® balloon catheter or
other intracavitary deviceT
or
38.5 Gy in 3.85 Gy fractions using
3D cenformal external beam radiation
For all PBI techniques: BT given to tissue
surrounding lumpectomy cavity only, BID
(with a fraction separation of at least
6 hours), for a total of 10 treatments given
on 5 days over a period of 5 to 10 days.




PRO: equivalent cosmesis
MD: worse cosmesis for PBI

Central Review: PBI worse for CT
group, better in no-CT group

ASTRO 2019



« 520 pts randomized

« WBI 50/25 vs 30/5 EOD
IMRT PBI



APBI had more favorable
G1-2 acute tox, G1 late tox

APBI had more favorable
physician and patient
cosmetic scores




>10,000 pts randomized

« Equivalent Efficacy

« Improved Quality of Life
« More Cost Effective



Current ASTRO Guidelines

Table 2 Current ASTRO guidelines for accelerated partial breast irradiation (63,64)

Consideration Suitable Cautionary

Unsuitable

Age =50 years of age 40-49 years of age if meet all other
“suitable” criteria or =50 years of age with
ane or more other cautionary feature

Genetics BRCA 1/2 negative -
Margins =2 mm <2 mm
DCIS =2.5 cm, screen-detected, =3.0 cm not meeting criteria for “suitable”

low-intermediate grade,
margins =3 mm

Size =2.0cm 2.0-3.0cm
LVSI None Limited/focal
Hormone-receptor status ER positive ER negative
Histology Invasive ductal Invasive lobular
Extensive intraductal component MNone =3 cm

Focality Clinically unifocal -

Centricity Unicentric -

Nodal status pNO -

Neoadjuvant therapy None -

<40 years of age or
40-49 years of age and not
meeting all ather criteria

BRCA 1/2 positive
Positive

=3.0cm

=3.0 cm

Extensive

=3 cm

Clinically multifocal or
microscopically multifocal with
total size 3.0 cm

Multicentric
pN+
Any

DCIS, ductal carcinoma in situ; LVSI, lymphovascular space invasion; pNO, pathologically node-negative; ER, estrogen receptor; pN+,

pathologically node-positive,



American Society of Breast Surgeons (ASBrS), Suitable Criteria
(2018)

s Age =45 years

+« Tumeor size < 3 cm
» All invasive subtypes and DCIS
» Estrogen receptor positive or negzative

» Surgical Margins negative inl:: ink on
tumer for invasive tumeor and = 2 mm

for DCIS)
» Node negative
» Focal LVSI accepted

» Multifocal accepted {i_f' span of tumors

15=3 cm}

* No genetic mutation



Groupe Eurcpéen de Cu:riethéra.piefEuroPEEn Society for
Therapeutic Radiclogy and Oncelogy (GEC/ESTRO), low-
riskl."go od candidates I:ZEIIEI::I

Age = 50 years

« Tumor size =3 cm

+ [Invasive carclnomsa iexdud:i.ug

invasive lobular carcinoma or DCIS)

+ Margins = 2 mm

» Estrogen receptor positive or negative
+ Node negative

» Unifocal

+ Unicentric

« o LVSI

+« No EIC

+ No necadjuvant chemotherapy



Trial

A T i Margi
Study ‘ Enroliment ~9¢ MO SZ8 ep cratus Histology agn - ams Status
design (years)  (cm) (mmj}
RAPID (41) Phase Il 2,135 =40 =30 - Non-lobular Negative (|) Standard fractionated whole breast RT ~ Closed to accrual in
invasive or DCIS (I) APBI (3D-CRT: 38.5 Gy delivered over 2011, pending results
10 twice-daily fractions)
NSABP B39 Phase Il 4,216 =18 =30 - MNon-lobular Negative () Standard fractionated whole breast RT  Closed to accrual in
and (40) invasive or DCIS () APBI (3D-CRT: 38.5 Gy delivered over 2013; pending results
10 twice-daily fractions)
Murnburg (65)  Phase Il 1,300 =40 3.0 - Allinvasive or =22: 26if  (|) Standard fractionated whole breast RT  Closed to accrual in
I 016; i It
DCIs DCIS or (Il) APBI (interstitial) 2016; pending results
lobular
histology
SHARE (66} Phase Il 1,006 =50 =20 - All invasive =2 {l) Standard fractionated or Closed to accrual in
hypofractionated whole breast RT 2017, pending results
{Il) APBI (3D-CRT, 38.5 Gy delivered over
10 twice-daily fractions)
IRMA, (67) Phase Il 3,302  49-85 <30 - All invasive =2 (I} Standard fractionated whole breast RT ~ Recruiting
(I} APBI (interstitial or balloon-based or
external beam)
Budapest (68) Phasell 90 =40 =3.0  Positive; cannot  Non-lobular =2 3D-CRT or IMRT-based APBI; 36.9 Gy Closed to accrual in
overexpress HERZ invasive delivered over 9 twice-daily fractions 2014; pending results
Ontario (59) Phase Il 280 =250 =3.0 - Non-lobular - 3D-CRT APBI, 27.5 or 30 Gy delivered Closed to accrual in
invasive or DCIS aver 5 daily fractions 2017, pending results
TRIUMPH-T Phase i 200 =245 =3.0 Positive Allinvasive or Megative Balloon-based APBI Closed to accrual in
(70} DCIS 2017, pending results
Mayo (71) Phase i 168 =50 =25  Positive junless  Mon-lobular Negative (I) 3D-CRT AFPBI Closed to accrual in
DCIS) invasive or DCIS (1) APBI using protons 2018, pending results
(I} Interstitial APBI
Milano (72) Phase Il 700 55-70 2.0 Positive - =5 {I) Hypofractionated whole breast RT with  Recruiting
integrated boost
(I APBI (3D-CRT, 30 Gy delivered over 5
fractions over 10 days)
Alberta (73) Phase Il 274 =50 =30 - Allinvasive or =22 3D-CRT APBI; 27 Gy delivered over 5 daily Recruiting
DCIS fractions
U Penn (74) Phase Il 57 =50 <3.0 Positive Allinvasive or =22 APB| using protons Recruiting
DCIS
TROG 06.02  Single arm 48 =50 =20 - Mon-lobular =2 3D-CRT APBI; 38.5 Gy delivered over 10 Closed to accrual in
and (75) invasive twice-daily fractions 2017; pending results
Yale (76) Single arm 30 > 50 =20 = Non-lobular ~ >2 4D-CRT APBI Closed to accrual in
invasive or DCIS 2017; pending results
NYL (77) Single arm 310 18-65 =20 - All invasive Negative Image-guided external beam APBI, 30 Gy  Closed to accrual in

delivered over 5 daily fractions, treated
prone

2017; pending results



Planning

Coverage Ipsilateral Heart Lung Contralateral Volumes
Breast Breast

Florence CTV: GTV+ 1cm
(3mm skin
subtraction)
PTV: CTV+1cm
(allowed 4mm
into lung but 3
mm skin
subtraction)

B39 CTV=GTV+ 15
mm
PTV=CTV+10
mm
PTVeval = PTV
— 5mm from skin

IMPORT-LOW CTV=GTV +
15mm
PTV+ CTV + 10
mm
5mm skin
subtraction
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Planning

Coverage Ipsilateral Heart Lung Contralateral Volumes
Breast Breast

V15Gy<50%
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subtraction)
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Planning

Coverage Ipsilateral Heart Lung Contralateral Volumes
Breast Breast

Florence PTV: V15Gy<50% V3Gy<10% Ipsi:V10<20% CTV: GTV+ 1cm
V95%>100% Contra: V5<10% (3mm skin
Dmax <105% subtraction)
Dmin 28 Gy PTV: CTV+1cm

(allowed 4mm
into lung but 3

mm skin
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— 5mm from skin
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PTV+ CTV + 10
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subtraction



Planning

Coverage Ipsilateral Heart Lung Contralateral Volumes
Breast Breast

Florence PTV: V15Gy<50% V3Gy<10% Ipsi:V10<20% Dmax < 1Gy CTV: GTV+ 1cm
V95%>100% Contra: V5<10% (3mm skin
Dmax <105% subtraction)
Dmin 28 Gy PTV: CTV+1cm

(allowed 4mm
into lung but 3

mm skin
subtraction)
B39 PTVeval: V50%<60% Left sided: Ipsi: V30%<15%  Dmax<3% CTV=GTV+ 15
V90%>90% V100<35% V5<40% Contra: mm
Dmax < 120% Right sided: V5%<15% PTV=CTV+10
V5%<5% mm
PTVeval = PTV

— 5mm from skin
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15mm
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DEGRO Guidelines

« Patient selection
« Target definition
* Techniques
* Constraints



DEGRO Guidelines

Recommended dose-valume limits for organ at risk. (Modified according [84])

Organ Constraints

Ipsilateral non-target breast Vgp <109

Vsp {4'][5':”%

Skin Diems <90%

The recommended schedules with EBRT are:

Rib
1. Total dose 40 Gy, 2.66 Gy in 1 fraction/day ~15 fraction over 3 weeks
2. Total dose 38.5 Gy, 3.85 Gy in 1 fraction/day ~10 fraction over 10 days
Heart Mean heart dose, MHD =8% («<2.5 Gy)
Do.1cems <50%
Lung Mean lung dose, MLD «<8% [<3-4 Gy)

Dp1cms <60%

stochastic effects: MLD <1-1.5 Gy




Tips

* Discuss with surgeon
« Likelihood of post-surgical candidacy
 Request clips

« Degree of oncoplastics



Oncoplastics

* Level | Oncoplastics: excision of < 20% of
Breast

* Level Il Oncoplastics: 20-50% of breast



Level | Oncoplastic

Crescent Mastopexy

Batwing
Mammoplasty

Hemi-Batwing
Mammoplasty



* Donut Mastopexy

» Grisotti Flap

« Triangular Resection



* Inframmamary
Resection

« Reduction
Mammoplasty



Tips

* Discuss with surgeon
« Likelihood of post-surgical candidacy
 Request clips

« Degree of oncoplastics
* Be upfront with the patient
+ Patient Selection



Selection

* Eligible for CALGB: consider omission

« <70, HER2+, luminal B, >2cm but <3 cm
o 45-50y

« TNBC, NAC, >3cm, multifocal



Tips

* Discuss with surgeon
Likelihood of post-surgical candidacy
Request clips

« Degree of oncoplastics

* Be upfront with the patient

« Patient Selection

* Sim: Supine vs prone, DIBH

* Plan: consider CTV and PTV margins
separately in context of GTV confidence,
fractionation, patient reliability



Tips Cont’d

 Plan:

« consider CTV and PTV margins separately in
context of GTV confidence, fractionation,
patient reliability

* Consider daily or EOD schemes
 Subtraction for skin is for eval
« (Consider heart mean dose and LAD

 Treatment:
« CBCT
« Contour clips
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