an Shin, MD, PhD.
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Prospective randomized trials comparing

Lumpectomy Alone vs. with WBRT

Trial \

F/U (yr)

op

Breast recurrence (%)

BCS

BCS + RT

SlwlgdeeanS'[ \%QI'ICI 1\/Cyl(]e Trgquent §4Cnedme 9

Milan III 579

NSABP-B06 1262

Ontario 837
Scottish 585
England 399
Finland 152

NSABP-B21 1009

10

20

7.6

7.7

>5

6.7

8

* Patients received tamoxifen

Q

L

24

39

35

25

35

18

16.5

6

14

11

5

13

8

2.8%*

%
reduction

63

75

64

69

80

63

56

83



Linear-Quadratic (LQ) model for radiotherapy

Cellular survival
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Survival

o/ ratio

* linear (a) and the quadratic () component of cell killing are equal.

...................... * Early or tumor: less curved

.I. ...................... - linear (o) is steeper,
o/B is large (10 Gy)

* Late: more curved

- linear small, quadratic (B) is big,
o/ is small (2-3 Gy)

=™|

Dose



Dose-response Relationship

Tumor & Early

Responding
/ Tissues
Late desponding

T}'ssues

c
9
-

(8]

@

L
.
o)
£
=
e
o)
)}

Dose-response relationship for late responding tissues is more curved.
— Larger o/ ratio for early responding tissues.



a/f ratio of Breast

a/f ratio, Gy
Conventional
Tumor 10
Normal tissue effect 3
In vitro human breast ca. cell lines 4
*Locoregional tumor control 4.6
Change in photographic breast appearance 3.4

*Bentzen SM. Lancet Oncol 9:331-41, 2008



Tumor & Early
Responding

Tissues
1

1
Respondihg
iIssues

c
0
S
0
®
L
L
)
=
2
e
3
0

Breast cancer

o/ ratio of breast cancer: 4.6 Gy
breast normal tissue: 3.4 Gy

» conventional (2Gy) and hypo (3Gy) fractionation
- No big difference of effectiveness and toxicity



Hypofractionated RT

1) Shorter total treatment time
2) More convenient for patient ( Time and $)

3) Less resource intensive

1) Treatment Outcome ?

2) Cosmetic effect ?



Randomized trials of breast hypofractionation

Site

Years accrual
Standard arm
Experimental arm A
Experimental arm B

Mean age (years)
Node + (%)
Mastectomy (%)
Tumor size = T2 (%)
Boost (%)
Chemotherapy (%)
Regional RT (%)

RMH/GOC
LK
198698

50 Gy/[25F

42.9 Gy 13F

39 Gy/13F
54.5

2.7

[

42 57

f4.5

13.9

20.6

1410
3.3/3
5/5

START A

UK
19982002
50 Gy/25F
41,6 Gy/13F
39 Gy/ 13F
57.2

START B

UK
19992001
50 Gy/25F

40 Gy/15F

NJA

57.4

228

2215

2.67

Holloway CL

Canadian

Canada
199396

50 Gy/25F
42.5 Gy/16F
N/A

Not reported
0

1234
2.66
3.5

. The breast 19:163-7, 2010



Hypofractionation achieves equivalent local control to

‘standard’ fractionation.

Total dose(Gy) Daily dose Syr 10yr
/ fractionation /total weeks  local recurrence (%) local recurrence (%)

50/25 2Gy/5wks 12.1
RMH/GOC 39/13 3Gy/5wks 14.8
42.9/13 3.3Gy/5wks 9.6
50/25 2Gy/5wks 3.6 :
START A 39/13 3Gy/5Wks 5.2 8y, ”;’rr‘:]'g' 28
41.6/13 3.2Gy/5wks 3.5
50/25 2Gy/5wks 3.3 8yr, no diff. btw
SIARTE 40/15 2.67Gy/3wks 2.2 arms
Canadian 50/25 2Gy/5wks 3.2 6.7

42.5/16 2.66Gy/3.5wks 2.8 6.2



Long-Term Results of Hypofractionated
Radiation Therapy for Breast Cancer

.
= wY -
Vark M. Levine

Hypofractionated regimen
-,
—

Standard
regimen

-

=
Qe
v
]
| =
=5
1
(==
=
i
3

T Yoars since Randomization
4 . .
=" Hypofractionated regimen

No. at Risk

Standard regimen 612 E0& 5594 533 573 559 535 519 505 487 4531 355 42
T T T T Hypofractionated 622 617 605 592 576 562 539 517 485 482 455 369 241
& 7 8 3 . regimen

Yaars since Randomization

Figure 1. Outcomes in Patients with Breast Cancer Who Received a Hypo-
N fractionated Regimen of Radiation Therapy as Compared with Patients
53 4533 485 470 445 410 317 218 h cved th dard .
24 500 472 447 430 406 330 214 Who Recewved the Standard Regimen.

Mo. at Risk

Standard regimen 612 587 578 562 550 5§

Hypofractionated €22 609 592 569 548 5

regimen Panel A shows Kaplan—Meier estimates for local recurrence (P<0.001 for
noninferiority), and Panel B shows Kaplan—Meier estimates for overall sur
vival (P=0.79).

Whelan TJ, NEJM 362:513-20, 2010



Hypofractionation achieves equivalent normal tissue effects

compared to ‘standard’ fractionation.

Total dose Excellent/good Marked change Moderate/marked Skin toxicity
(Gy)ffraction COs 0 (% or HR") induration (% or HR")
(% (% or HR")
ayr 10 yr = 10 yr ayr
RM H/GOC 5025 b.4 9.8 23.1 36.3 12.0
42.9/13 1.3 11.2 15.6 356 al.1 13.0
39/13 BY.7 3.9 6.6 16.0 27.7 5.6
START A 50/25 59.( 1.0 1.0* 1.0°
41.6/13 1.09* 1.09" 0.83"
39/13 b4 0.69* 0.79* 0.63*
START B 50/25 58.8 1.0 1.0* 1.0°
40(15 0.83° 0.88° 0.76*
: 50/25 792 /1.3 B.1 3.3

Fractional dose > 3 Gy showed a little higher cosmetic change and induration



CLINICAL INVESTIGATION Breast

IMPACT OF FRACTION SIZE ON CARDIAC MORTALITY IN WOMEN TREATED
WITH TANGENTIAL RADIOTHERAPY FOR LOCALIZED BREAST CANCER

WiLson Maram, M.D.*" ELAINE War, M.D.. F.R.L’_.P.{C].f
AND ScotT TyLpesiey, M.D., FER.C.P.(C).*'
#Division of Radiation Oncology, Department of Surgery, University of British Columbia; ! Department of Radiation Oncology,

Vancouver Cancer Centre; and ' Vancouver Island Cancer Centre, British Columbia Cancer Agency, Vancouver,
British Columbia, Canada

Table 4. Relative risk (95% confidence interval) of cardiovascular death by age, fraction size, and laterality

Cumulative incidence of cardiac
Age (v Fracnon size (Gy) Laterahty death at 10-y follow-up (%) Felative risk® at 10-y follow-u
2O LY ¥ ¥ ¥ P ¥ P

All ages =1 Right L.} L)
Lefl (.96 0,95 (0.24-3.78)
2 Right .73 1.00
Left |86 LO7 (0.68-1.60)
Right (.00 1.00
Lefl (.00 N/A
Right 0.70 1.0
Left (.34 049 (0. 15-1.62)
Right 2.68 1.00
Lefl 2.37 0,90 (0.23-3.53)
Right 3.05 1.00
Left 3.74 1.22 {0.75-2.01)

* Relative risk of cardiac death for women with left-sided compared with night-sided breast cancer adjusted for age and fraction size.

Hypofractionated adjuvant RT did not significantly increase

the risk of cardiac mortality. et (771 SEarD (e G, ST




DCIS, retrospective data.
» Conventional 50Gy/25fx (n=104)
 AWBI 42.4Gy/16fx or 40Gy/16fx+12.5Gy boost (n=162)

Ductal carcinoma in situ

Local control with conventional and hypofractionated adjuvant radiotherapy
after breast-conserving surgery for ductal carcinoma in-situ ™

Deborah Williamson?, Robert Dinniwell ?, Sharon Fung®, Melania Pintilie®, Susan J. Done¢,
Anthony W. Fyles **
? Radiation Medicine Program, Princes: garet Hospital, Department of Radiation Oncology, University of Toronto, Canada;  Department of Biostatistics, Princess Margaret Hospital,

Taronto, Canada; © Laboratory Medicine Program, University Health Network, Departments of Laboratory Medicine and Pathobiology and Medical Biophysics, University of Toronto,
Canada

Hypofractionated Vs Conventional Fractionation

m— A0i42.4 Gy , n event= 8 Relapse at dy
== * 50 Gy ,nevent=7 Relapse at 4y=6 %

&
[iH]
o
W
o
LK
3
@

Gray's test p-value= 0.9

&
M at risk
40/42.4 Gy 162 127
50 Gy 104 86

Time to Ipsilateral Relapse(Y ears)
1
19

Fig. 1. Cumulartive incidence of ipsilateral breast relapse for hypofractionated vs. conventional fractionation.

Williamson D. Radiot Oncol 95:317-320, 2010



NCC trial (NCCCTS-07-267)

e Phase Il Study of Accelerated Whole Breast Irradiation (AWBI) after

Lumpectomy in Patients with Stage | and Il Breast Cancer
e Accrual of patients: 277 (2007. 5-2009. 7)

e Whole Breast 39 Gy / 13 fractions + Tumor Bed Boost 9 Gy / 3 fractions

BED calculation according to START trial o/B ratio

-
Conventional5040y | s04 | 18 | 28 | 55 | 704 | 74
-_

w396, (eS| w0 | s | 1 | s | e | ea
e ese mn | e | s | e | s | wr | ms
e avsey s | e | se | e | s | ws | ss
e oo e | w0 | er | 5 | s | me [ ma
w50y o257 | wso | s | 1o | s | s | i




NCCCTS-07-267: Scheme

NCC Conventional RT 60.4 Gy / daily dose 1.8Gy / 33 fractions /6.6 weeks

Whole breast (28 fx)

(TR
T

Tumor bed boost (5 fx)
NCC Hypofractionated RT 48 Gy / daily dose 3.0 Gy / 16 fractions / 3.2 weeks

Whole breast (13 fx)

YIRS

Tumor bed boost (3 fx)



Patient Characteristics (N=277)

Median FU: 3.1 years

Characteristics  No. % Characteristics \[o} % Characteristics No. %
Age 0T stage ER status
30-39 16 6 oT1 195 70 Positive 206 74
40-49 100 36 oT2 8 130 Negative 71 26
>50 161 58 '
- Hormonal therapy
Median 53 yo
PN stage Yes 214 77
Menopause pPNO 239 86 No 63 23
N1mi 23 8
Pre_ 146 53 EN " 15 - Adj. Chemotherapy
Peri / 3 Yes 205 74
Post 124 44 EIC No 79 26
) Yes 113 41
Tumor location . 137 49
Right 148 53 0
Lot 129 47 Unknown 27 10
Grade
Histology o Z 8
Ductal 244 a8 Intermediate 171 62
Others 33 12 High i 28

Unknown 6 2



Results : survivai analysis

Disease Free Survival IBTR-free survival

3y, 98% 45y, 95% 3y, 99% 4.5y, 98%

Probability of Survival (%)
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Time (month) Time (month)




Results : survivai analysis

LRR-free survival Distant relapse-free survival

*

3y, 99% 4.5y, 98% 3y, 99% 4.5y, 97%

Probability of Survival (%)
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Results : recurrence pattern

® Recurrence : Total 7 patients

= Local Failure
- (1.1%)

Distant Failure
%))

Nodal Failura
(0.4 %)



Comparison with other studies

Patient, n 277 2236 2216 1234
Stage T1-2 NO-1 MO T1-3a NO-1 MO T1-3a NO-1 MO T1-2 NO MO
Median F/U 3.1 years 5.1 years 6 years 12 years
Dose schedule
Boost RT 100% 61% 43% 0%
Results 4.5-year LRR 5-year LRR 5-year LRR 10-year LRR

- 2.4% -39Gy :5.2% -40Gy : 2.2% -425Gy : 6.2%

-41.6 Gy : 3.5% -50Gy : 3.3% -50Gy 1 6.7%

-50Gy : 3.6%




Local Recurrence (%)

Survival (%)

Standard

FEEHTIEFI

6 7

Years since Randomization

NCC data

Hypofractionated regimen

S

Years since Randomization




RMH/GOC

START A

START B

Canadian

NCC, Korea

Cosmesis

Total dose(Gy)
[/ fractionation

50/25
39/13
42.9/13

50/25
39/13
41.6/13

50/25
40/15

50/25
42.5/16

39/13+boost 9/3

Excellent/Good
Cosmesis or no change (%)
GREED)

60.4
54.3
69.7

59.0
58.1
65.9

58.8
64.5

79.2
77.9

80.2 (3 year)



RMH/GOC

START A

START B

Canadian

NCC, Korea

SKin toxicity

Total dose(Gy)
[ fractionation

50/25
39/13
42.9/13

50/25
39/13
41.6/13

50/25
40/15

50/25
42.5/16

39/13+boost 9/3

Moderate /Marked
Induration (%)

Syr 10 yr

23 36

36 51

16 28

1.0

1.09

0.69 (HR)

1.0

0.83 (HR)

6.1 10.4

4.7 11.9

2.7 (3yr)

Skin toxicity (%)

S yr 10 yr
12 18.1
13 18
5.6 12
1.0

0.83

0.63

1.0

0.76

3.3 7.7
3.2 8.9

Grade 1 (3yr)

Hyperpigmentation 1.8
breast pain 7.1
induration 2.7



ASTRO guideline

Int. J. Radiation Oncolo,
Copyrght © 2011 American Society for

0360-3016/4—see 1run[ matier

doi:10.1016/j.ijrobp.2010.04.042

CLINICAL INVESTIGATION Breast

FRACTIONATION FOR WHOLE BREAST IRRADIATION: AN AMERICAN SOCIETY
FOR RADIATION ONCOLOGY (ASTRO) EVIDENCE-BASED GUIDELINE

BensamiN D. Smiri, M.D..* Soren M. Bentzen, Pu.D.. D.Sc..” Canpace R. Correa, M.D..F
CaroL A. Haun, M.D..* Patricia H. HarpenserGH, M.D..Y Georrrey S [BBOTT. PH.D../
BeryL McCormick, M.D., FA("R " JuLie R. McQUEE ES.. RHED..** Lori J. Pierce, M.D..,'"
SiMON N. PoweLL, M.D.. Pu.D..* Asram Recur, M. LPHONSE . TaGHIAN, M.D.. Ph. D 1

Frank A. Vicint, M.D.. FACR.! JuLia R. Whitk, M D.." axp Bruce G. Harrry, M.D.*

IJROBP 81:59-68, 2011



Table 1. Evidence supports the equivalence of hypofractionated whole breast irmadiation with conventionally fractionated whole breast
irradiation for patients who satisty all of these critena®

|. Patient 1s 50 years or older at diagnosis.

2. Pathologic stage 1s T1-2 NO and patient has been treated with breast- conserving surgery.

3. Patient has not been treated with systemic chemotherapy.

4. Within the breast along the central axis, the mimmimum dose 1$ no less than 93% and maximum dose 1s no greater than 107% of the prescription
dose (£7%:) (as calculated with 2-dimensional treatment planming without helerogeneity corrections).

Table 4. Characteristics of patients enrolled on clinical trials comparing hypofractionated whole breast irradiation with conventionally
fractionated whole breast irradiation

Canada (18, 19, 21) RMH/GOC (17, 20) START A (10) START B (16)
N=1234 N=1410 N =2236 N=2215

Conclusion: Data were sufficient to support the use of HF-WBI for patients with early-stage breast cancer who met
all the aforementioned criteria. For other patients, the task force could not reach agreement either for or against
the use of HF-WBI, which nevertheless should not be interpreted as a contraindication to its use.
Age _'EU' years 929 75% ??'} T0% N i e ZJC
1,234 100% 1.824@ 4%
1,234 100% 364 40%
Chemotherapy not used 1,098 89% 1,214 869
Central axis inhomogeneity 1.234 1009 1.410 1009
—7% to +7%
High tumor grade 233 19%

Abbreviations: CF= conventional fractionation; HF = hypofractionation; RMH/GOC =
ter; START = standardization of breast radiotherapy; WBI = whole- breast iradiation.




“The 50Gy In 25 fractions prescription does not have the advantage of
convenience for patients nor the advantage of a reduced biological
effectiveness associated with the ‘extended’ fractionation schedule and,
In our view should no longer be the ‘standard’ for whole breast RT
following BCS. ”

Holloway CL. The breast 19:163-7, 2010

Printed by Daz-Hoon In on 702010 10:24:30 PM. Fer personal use enly. Mot approved for distrbution. Cepyright £ 2010 Natienal Comprehensive Cancer Network, Inc., All Rights Reserved.

&l Practice Guideli .
NGO | Scsiony V2010 | Invasive Breast Cancer

PRINCIPLES OF RADIATION THERAPY
Whole Breast Radiation:

Target delineation includes the majority of the breast tissue, and is best done by both clinical assessment and CT-based treatment planning. A
uniform dose distribution is the objective, using compensators such as wedges, forward planning using segments, or intensity modulated
radiation therapy (IMRT). The breast should receive a dose of 45-50 Gy in 1.8 - 2 Gy per fraction, or 42.5 Gy at 2.66 Gy per fraction. A boostto
the tumor bed is recommended in patients at higher risk for local failure, (age < 50, positive axillary nodes, lymphovascular invasion, or close
margins). This can be achieved with brachytherapy or electron beam or photon fields. Typical doses are 10-16 Gy at 2 Gy/fx. All dose
schedules are given 5 days per week.




APBI vs. AWBI

Inclusion criteria

Treated volume

Level of evidence available
Technique

Learning Curve

Local control

Survival

APBI

Very selective, most favorable group

Partial volume of breast
Level Il

Usually invasive

Yes

Acceptable

No mature randomized data

Munshi A, J Cancer Res Ther, 3: 231-5, 2007

AWBI

Wider applicability
Whole breast
Level |
Non-invasive

No

Acceptable
Acceptable



Cost comparison

¢ Suh WW et al.
. 2003 Medicare Fee Schedule

Table 5. Summary of total direct RT costs for eight treatment regimens

Whole breast Partial breast

WBRT-B WBRT WBRT-AC WBRT-IMRT APBI-IC APBI-IT APBI-3D-CRT APBI-IMRT
Cost (%) (%) (%) (%) (%) $)

Payer’s
Technical
Professional

Subtotal 9,500 7,400 5,400 7,900 7.800 | 7, 9.200

Patient’s
Time 000 700 300 300 300
Transport 500 : 200 200

Subtotal
Total

st RT with WBRT-AC = WBRET ;1M inte dulated RT: APBI
reast HDR bachy Y technique on the MammoSite erapy System; oh ¢ rate; IT = interstitia

IJROBP 62:790-796, 2005



Patient preference

¢ Hoopes D] et al.
. 1,807 patients respond

Methods of Radiation as a Component of
Breast Conservation in Early Breast Cancer

.,////.7\

Conventionally Fractionated Hypofractionated
‘Whole Breast Irradiation Whole Breast Irradiation Fartial Breast Irradiation

(CF-WBI) (HF-WBI) (PBI)

o7 weeks, once daily ~3 weeks, once daily 1 week, twice-daily

extensve level | evidence level | evidence currently in phase |l testing

MammoSite® or similar 3-D Conformal Multi-Catheter Interstitial

Ealloon Brachytherapy External Beam EBrachytherapy
(Balloon-PBI) (3D-PBI) (Multi-Cath-PBI)
Irvasive but potentially Mor-imvasive but potantially I asive bt potentially

more nommal fissue sparing less normal tissue spanng miora nomal tissue sparing

IJROBP, in press, 2011



Questions to be solved (AWBI)

DCIS

Boost

Regional radiotherapy
Women with large breasts

Late toxicities: brachial plexopathy, lymphedema, heart



