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1. Introduction
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Hypofractionation in breast RT: Introduction

20" century:  Field-based RT
RT 2D; 3D; ... static IMRT
215t century:  Volume-based RT
IMRT; VMAT
Evolution =2 RT adaptive: Volumes
Movements
Functional/biology



Medical Radiology Diagnostic imaging g g - - -
Seymour H. Levitt S =. Diagnostic Imaging
evam) = AL. Baert
Phillp Poortmans & M.E Beuer
Editors a3 H. Hricak
Technical Basts of Radlation Therapy < M. Knauth
Practical Clinical Applications S -
Fith Edition To®
Y

This well-received book, now in its fifth edition, is unique in provid-
ing a detailed description of the technological basis of radiation therapy.
Another novel feature is the collaborative writing of the chapters by
North American and European authors. This considerably broadens

the book’s perspective and increases its applicability in daily practice
throughout the world. The book is divided into two sections. The first
covers basic concepts in treatment planning, including essential phys-
ics and biological principles related to time-dosefractionation, and
explains the various technological approaches to radiation therapy,
as intensity-modulated radiation therapy, tomotherapy, stereo
radiotherapy, and high and low dose rate brachytherapy. Is3
to quality assurance, technology assessment, and co
also reviewed. The second part of the book discyg
tical clinical applications of the different rag

leaders in the field. This book
ers, students, and practitionegz

SRT IMRT CRT

ANDARD INTENSITY MODULATED CONFORMAL
Raptanion THeErAPY RapiATION THERAPY Ran: THERAPY

ISBN 978-3-64

JLI

2364211157, 1 @_ Springer

springer.com
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Contemporary radiation therapy
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* Breast

e Boost

e PBI

e Thoracic wall

e LN supraclavicular
e LN axilla level lll

e LN axillalevel ll

e LN axilla Rotter
e LN axilla level | Heart

e LN internal mammary

Offersen BV, et al. Radiother Oncol 2015;114:3-10 & 2016,;118:205-8. 9



Hypofractionation in breast RT: intrr  -tion

* Breast

* Boost \" z ‘
e PBI \

. Thor‘m Q \\)
e LN supraclavicu! \)\;

0 e\ g
e LN axilla’ v ‘\\ v
N2 gl

o [l\" c’ ‘

.nammary

Offerse,  , et al. Radiother Oncol 2015;114:3-10 & 2016,;118:205-8. 10



Hypofractionation in breast RT: Introduction

. !

ESTRO

European Sociely for

RADIOTHERAPY
& ONCOLOGY

(N

PALCON






Hypofractionation in breast RT: introduction
Breath Hold
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2. Evidence
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Erfahrungen fber die Vertriglichkeitsgrenze
fiir Rontgenstrahlen und deren Nutzanwendung

zur Verhutung von Schiden ). _ Hypofractionation ?

\Von

H. Holthusen, IHamburge,

Yo
00—

90t
s0t
70 -
£01-
501=
Y0 -
301
20}~
70+

loleranz
uberschiritren

Wirkung

5000 r
Dosis

#) Vortrag vor der Deutschen Rontgengesellschaft am 24, April 1936
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e Total dose

e Dose per fraction

Haent gme

16
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1 x 10 Newton % 10 x 1 Newton
1 x 20 Gy # 10 x 2 Gy

Kellerer & Rossi, 1973; Hall, 2000 17
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Ellis" NSD

DOSE, TIME AND FRACTIONATION: A" CLINICAL HYPOTHESIS

FRANK ELLIS
From the Radiotherapy: Department, The Churchill Hospital, Oxford

Based on |published clinical results fof radiotherapy,|la_formula is suggested Which relates

total dose; number of fractions and overall treatment time to a quantity termed ‘Nominal
Standard Dose’. This quantity represents the biological effect of a given treatment regime.
Using this coneept it is possible to compare various treatment schedules that involve
different fractionation patterns and various overall treatment times. The evidence upon
which the idea is based, and also its use in routine clinical practice, are discussed.

Ellis F. Clin. Rad. 1969, 1-7 18
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Ellis’ NSD - Late effects

= FIRA IIENanaes

Innstilling fra sosialkomiteen om erstatning ved straleskader etter brystkreftbehandling ved

Radiumhospitalet i arene 1975-86.
Norway: 43 Gy /10 fr:

85 x 10° NKr (12 x 10° euro

Innst. S. nr. 41 (1998-99)

kKjeldedokument: St.prp. nr. 3 {(1998-99
Dato: 26.11.1998
Utgivar: Sosialkomiteen

Stralskadade far dela pa 30 miljoner

Publicerad 10 november 2005 - 17:55

Sk
SVT Nyheter | ;o ndaterad 20 juni 2006 - 11:26

De strialskadade kvinnor som Aktuellt har beratts -
flera reportage far nu ersittning fran lap<£stingen. De far Sweden .

dela pa sammanlagt 30 miljoner kropGr.
30 x 10° NKr (4 x 10° euro)

19



Hypofractionation in breast RT: Evidence

The LQ model (a/F)

:The Effect of Multiple Small Doses of X Rays on Skin Reactions in
' the Mouse and a Basic Interpretation

: B G Dovgras! aAnp J. F. FowrER

Gray Labomtory of the Cancer Research Campaign, Mount Vernon Hospital,
- Northwood, Middlesex, HA6 2RN, England

Douglas and Fowler. Rad Res 1976,;66: 401-426. 20
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The LQ model (a/F)
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- linear component
(start of the cell survival curve)

- ionizing radiation-event
simultaneously damaging two
individual targets

- non-repairable damage
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Surviving Fraction

Effect

Hypofractionation in breast RT: Evidence

In SF = -aD -pD?
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Kellerer & Rossi, 1973; Hall, 2000
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The a/f relationship shows how tissues react to
changes in fractionation: "sensitivity to

fractionation”

25
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It is important to recognize that the ol ratio is
not constant and that its value should be chosen

carefully to match the specific tissue in question

26



Hypofractionation in breast RT:

Evidence

Tissue/organ End-point /] 95% conf. lim. Reference
: (Gy) Gy)
Early reactions e
I RILT Erythema 8.8 . - - o,
Erythema 12.3 ®
Desquamation 112 ny
Oral mucosa Mucositis 9.3 H I h 1 O
Mucositis 15
Mucositis - ~8 o )
Late reactions i
Skin/vasculature “Telangiectasia- 2.8 [1.7; 3.8] Turesson and Thames, 1989
Telangiectasia - - - 2.6 [2.2;3.3] Bentzen et al 1990
Telangiectasia 2.8 r—n1-R11 Bentzen and Overgaard. 1991
Subcutis - Fibrosis 1.7
Muscle/vasculature/ Impaired shoulder 3.5 ~N)
cartilage movement , L 0 W 1 f— 3
Nerve Brachial plexopathy <3.5* e
Brachial plexopathy ~2
_ Optic neuropathy 1.6 =710 - Jiang er ai, 194
Spinal cord Myeclopathy - <33 : N/A - Dische et al, 1981
Eye Corneal injury 2.9 - [-4;10] Jiang et al, 1994
Bowel Stricture/perforation 3.9 +0.7 Deore et al, 1993
Lung Pneumonitis - 3.3 +1.5 . van Dyk et al, 1989
: Fibrosis (radiological) 31 [-0.2; 8.5] Dubray et al, 1995
Head and neck Warious late effects - 3.5 +=1.2 ] Rezvani et al, 1991
Supraglottic larynx Various late effects 38 [0.8;14] Maciejewski et al, 1986
Oral cavity + oroph. " Various late effects 0.8 [-0.6;2.5] Maciejewski et al, 1990
Tumours
Head and neck - - -
Larynx 14.5* +4.9 Rezvani et al, 1993
Vocal cord ~13. wide Robertson et al, 1993
Oropharynx ~16* N/A Hariot et al. 1992
Buccal mucosa 6.6
Tonsil 7.2
Nasopharynx 16 H I 1 o
Skin 8.5*
Melanoma U.0
Liposarcoma [-1.4; 5.4] ‘1hames and SUlt 1950

G. Steel, Basic clinical radiobiology

0.4

27



Hypofractionation in breast RT: Evidence

Clinical data from multiple institutions
support that breast and prostate cancer
have a low ratio (< 3-4) of a/f,

favouring hypofractionation.

28



Hypofractionation in breast RT: Evidence

Everything depends on the assumption that the o / 8 of the tumour is
very low

Trials START = a/B of tumour ~ 4-5 Gy

a/B 39/13 40/15 50/25
1.8 49.3 47.1 50
2 48.8 46.7 50
3 46.8 45.4 50
4 455 44.7 50
6 43.9 43.4 50
3 42.9 42.7 50
10 42.3 42.2 50

Yarnold et al., Radiother Oncol 2005;75:9-17 29



Hypofractionation in breast RT: Evidence
The LQ model (o/)

If the a/B of the tumour > a/B of late side effects

+
treatment prescription adapted to late side effects

J

we must accept to under-dose the tumour!

Conclusion:

Even using hypofraction safely, the therapeutic ratio always drops

30



Hypofractionation in breast RT: Evidence
The LQ model (o/)

If the a/B of the tumour > o/p of late side ~*"

+ QQQ
treatment prescription an- PR

2N
(A%
‘\\ Svl—dose the tumour!

—irects

Conclusion:

=ven using hypofraction safely, the therapeutic ratio always drops

31



Hypofractionation in breast RT: Evidence

Is the o/ for breast cancer really low?

Data from: 0‘/[3 (Gy)
Whelan 2002 3.21

Owen 2006 4.39 . |
Shelly 2000 2.21 95% CL.:
Start A 2008 3.91 0.75-5.01
Start B 2008 2.49

Clark 1996 1.44

Arriagada 1985 3.89 y

=» Many clinical data support that breast cancer has a low a/8 ratio,
thereby supporting the use of HipoF

Qi et al. Radiother. Oncol 2011 32



Hypofractionation in breast RT: Evidence

Physics aspects related to HF:

HipoF: be careful with treatment planning

=» Subdoses and overdoses are more important for late
effects with hypofractionation

Yarnold et al., Breast 2010,;19:176-79 33



Hypofractionation in breast RT: Evidence
Physics aspects related to HF:

HipoF: be careful with treatment planning

If we increase the fraction size:
= we must lower the total dose.....

Importance of high dose points in a treatment plan:
=» higher dose + higher fractional dose

ou kb YU bhIE
pHYUVIC WU UL

High dose points in HypoF RT:
=» penalized with greater severity: higher dose + high dose
points = 2x higher dose per fraction

34



Hypofractionation in breast RT: Evidence
Physics aspects related to HF:

HipoF: be careful with treatment planning

If we increase the fraction size:
= we must lower the total dose.. ,}QQ?

Importance of high d~ ‘(\)e " catment plan:
= higher do<~ - _ ‘\\\5 a1 dose
%\)‘ \S_Fuie” (Withers 1992)

\ _uints in HypoF RT:
~enalized with greater severity: higher dose + high dose
points = 2x higher dose per fraction

=> TRIPLE TROUBLE

35



Hypofractionation in breast RT: Evidence

Inhomogenei | EQuivalent total dose (Gy) if
ty of the o./B=3 Gy, using fractions
dose in the of....
breast 2Gy 4Gy 6Gy
100 % 50.0 50.0 50.0
v -

105 % 53.6 =» 54.0 =» 54.3 | "¢
‘double
trouble

Adapted from Yarnold, IJROBP, 2011, 79; 1-9 36
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|nhom0genei EC]UiVB'Gﬂt total de- O ‘\O‘ 2

ty of the a/p=3 G\'\\' :
dose in the 5 \)\0\6 -\“(\

—breaC”. \e ‘x \ e‘\“s
w(\P AN
ne NPT axs suo
(\C ke
cO ~ = 54.0 = 54.3
‘double
trouble’

Adapted from Yarnold, IJROBP, 2011, 79; 1-9 37

‘triple
trouble-




Hypofractionation in breast RT: Evidence

Randomized Trial of Breast Irradiation Schedules After
Lumpectomy for Women With Lymph Node-Negative
Breast Cancer

Timothy Whelan, Robert MacKenzie, Jim Julian, Mark Levine,. Wendy Shelley,

Laval Grimard, Barbara Lada, Himu Lukka, Francisco Perera, Anthony Fyles,
Ethan Laukkanen, Sunil Gulavita, Veronique Benk, Barbara Szechtman

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINALARTICLE

Long-Term Results of Hypofractionated
Radiation Therapy for Breast Cancer

Timethy J. 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., Ken Schneider, M.D.,

Whelan et al. INCI 2002,94:1143-50 & NEJM 2010,362:513-20 38



Hypofractionation in breast RT: Evidence

n=3732

Eligible Patients

- Excluded

42.5Gy/16 f| 2.66 Gy/f

Analyzed
n =622

No Exclusions

n = 2498
!
Met any exclusion criteria {n=1303)
Refiused to participate (n=1185)
v
Randomized
n= 1234
Allocated to Allocated to
Short Fractionation Schedule Long (Std) Fractionation Schedule
n =622 n=612
Received allocated treatment {n=614) Received aliocated treatment . (n=600)
Recesived standard treatment {n=5) Receaivad expearimental treatment n=7)
Did not compleie treatment {n=2) Did not complete treatment {n=2)
Did not receive any radiotherapy {n=1) Did not receive any radiotherapy (n=3}

50 Gy/25 f | 2.00 Gy/f

Analyzed
n=612

No Exclusions

Whelan et al. INCI 2002;94:1143-50 & NEJM 2010;362:513-20 39




Hypofractionation in breast RT: Evidence

Local control

Local Recurrence (%)

No. at Risk

Standard
regimen

2 3 4 5 6 7 8 9 10 11 12

Years since Randomization

Standard regimen 612 597 578 562 550 553 499 485 470 449 410 317 218
Hypofractionated 622 609 592 569 548 524 500 472 447 430 406 330 214

regimen

Whelan et al. INCI 2002;94:1143-50 & NEJM 2010;362:513-20 40




Hypofractionation in breast RT: Evidence

Table 1. Late Toxic Effects of Radiation, Assessed According to the RTOG-EORTC Late Radiation Morbidity Scoring

Scheme.*

Site and Grade

Skin

o7
1
2
3

Subcutaneous tissue

Ut
1
2

3

5Yr

Standard Regimen
(N—=424)

82.3
14.4
2.6
0.7

61.4
32.5
5.2
0.9

Hypofractionated

10 ¥r

Standard Regimen

Regimen (N=449) (N=220)

861
10.7
2.5
0.7

66.8
29.5
3.8
0.9

percent of patients

70.5
21.8
5.0
2.7

45.3
44.3
6.8
3.6

Hypofractionated
Regimen (N=235)

66.8
24.3
6.4
2.5

48.1
40.0
9.4
2.5

Multivariate analysis on cosmetic outcome: time since

treatment, age, tumour size, NOT fractionation

Whelan et al. INCI 2002,94:1143-50 & NEJM 2010,362:513-20

41




Hypofractionation in breast RT: Evidence

The UK Standardisation of Breast Radiotherapy (START)
Trial B of radiotherapy hypofractionation for treatment of

early breast cancer: a randomised trial

Inclusion 1999-2001, 23 centres in UK
Tumour <5 cm and NO-1a

(92% lumpectomy, 74% pNO, 64% T<2 cm,
72% Tam, 15% Tam+CT)

40 Gy / 15 fractions, 2.67 Gy / fr

2215 pts <
50 Gy / 25 fractions, 2.0 Gy / fr

Endpoints: local control and morbidity
Median follow-up 6.0 years

Yarnold et al. Lancet 2008;371:1098-107. 42



Hypofractionation in breast RT: Evidence

Events/total (%) Estimated % with event Crude hazard ratio Log-rank

by 5years (95% Cl) (95% Cl) test p value
Local relapse®
50 Gy 34/1105 (3-1) 3-3(2:2-4-4) 1
40 Gy 25/1110 (2-2) 2.0 (1.1-2-8) 072 (0-43-1.21) 0-21
Local-regional relapse
50 Gy 36/1105 (3-2) 3-3(2:2-45) 1
40 Gy 29/1110 (2-6) 2-2(1-3-31) 0-79 (0-48-1-29) 0-35
Distant relapse
50 Gy 122/1105(11:0)  10-2(8-4-12-1) 1
40 Gy 87/1110 (7-8) 7:6 (6-0-9-2) 0-69 (0-53-0-91) 0-01
Any breast cancer-related eventt
50 Gy 164/1105 (14-8)  14-1(12-0-16-2) 1
40 Gy 127/1110 (11-4)  10-6 (8-7-12-4) 075 (0-60-0-95)  0-02
All-cause mortality
50 Gy 138/1105 (12-5)  11-0(9-1-12-9) 1
40 Gy 107/1110 (9-6) 8.0 (6-4-97) 076 (0-59-0-98)  0-03

Yarnold et al. Lancet 2008;371:1098-107. 43




Hypofractionation in breast RT: Evidence

Kaplan-Meier Syear event rate Hazard ratio
Morbid |ty (95% C1), % (95%Cl)

50 Gy 40 Gy
Breast shrinkage since radiotherapy* I 24-4(203-28-4)  232(193-272)  0.89(070-1-12)
Breast hardness since radiotherapy* I 42:3(37:6-46:9)  382(336-427)  0.89(0.73-1:09)
Changein skin appearance since radiotherapy I 27-8(23.8-31.8)  22.9(193-26-6)  0-77(0:61-0.98)
Swelling in area of affected breast I 124(95-152)  105(79-132)  0.93(0-65-1:33)
Changein breast appearance since radiotherapy* I 394 (34-8-44:0)  34-4(30.0-38:9)  0-86 (0.70-1:05)
Changein breast appearance (photographic)* I 42.2(373-474)  365(31.8-416)  0-83(0-66-1.04)

| T T 1 I
*Breast conserving patients only 05 06 07 08 09 10 1112131415
Hazard ratio (95% Cl)
Favours 40 Gy Favours 50 Gy
Yarnold et al. Lancet 2008;371:1098-107. 44




Hypofractionation in breast RT: Evidence

Hypofractionated versus conventional fractionated
postmastectomy radiotherapy for patients with high-risk
breast cancer: a randomised, non-inferiority, open-label,

phase 3 trial

Shu-Lian Wang*, Hui Fang™, Yong-Wen Song, Wei-Hu Wang, Chen Hu, Yue-Ping Liu, Jing Jin, Xin-Fan Liu, Zi-Hao Yu, Hua Ren, Ning Li,
Ning-Ning Lu, Yu Tang, Yuan Tang, Shu-Nan Qi, Guang-Yi Sun, Ran Peng, Shuai Li, Bo Chen, YongYang, Ye-Xiong Li

Inclusion 2008-2016, 1 centre in China
T3-4 / N2

43.5 Gy / 15 fractions, 2.9 Gy / fr

820 pts <
50.0 Gy / 25 fractions, 2.0 Gy / fr

Endpoints: locO-regional control
Median follow-up 58.5 months

Wang SL, et al. Lancet Oncol 20019;e-pub. 45
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30

Locoregional recurrence (%)

Number at risk (number censored)

Conventional fractionated radiotherapy group 409 (0)
Hypofractionated radiotherapy group 401 (0)

20

— Conventional fractionated radiotherapy group (29 events)
— Hypofractionated radiotherapy group (31 events)

HR 110 (90% C1 0.72-1-69)
Non-inferiority test p<0-0001

0 2 4 6 8
Time since randomisation (years)
344(52) 218 (169) 117 (266) 39 (344)
332(50) 226 (147) 112 (260) 31(340)

Wang SL, et al. Lancet Oncol 20019;e-pub.

Conventional
fractionated
radiotherapy
group (n=409)

Hypofractionated p value
radiotherapy
group (n=401)

Acute toxicity

Skin toxicity - - <0-0001
Grade 1-2 357 (87%) 351 (89%)
Grade 3 32 (8%) 14 (3%)

Pneumonitis - - 0278
Grade 1 62 (15%) 61 (15%)
Grade 2 7 (2%) 14 (3%)
Grade 3 - -

Late toxicity

Skin toxicity - 0-669
Grade 1-2 90 (22%) 86 (21%)
Grade 3 0 1(<1%)

Lymphoedema - 0-961
Grade 1-2 81(20%) 78 (19%)
Grade 3 3(1%) 3(1%) -

Shoulder dysfunction - - 0734
Grade 1-2 13 (3%) 7(2%)
Grade 3 1 (<1%) 1 (<1%)

Lung fibrosis - 0-081
Grade 1-2 42 (10%) 62 (15%)
Grade 3 0 0

Ischaemic heart disease 0-569
Grade 1-2 1(<1%) 3(1%)
Grade 3 3(1%) 4(1%)

Data are n (%). The y* test was used to calculate p values. No grade 4 events or
deaths due to adverse effects were reported.

Table 2: Adverse events

46




Hypofractionation in breast RT: Evidence

Reshma Jagsi

Department of Radiation Oncology, University of Michigan, CO mment I
Ann Arbor, Ml 48109-5010, USA

rjagsi@med.umich.edu

Hypofractionated radiotherapy after mastectomy: a new
frontier

CrossMark

Trials specifically focused on reconstruction outcomes after moderate
hypofractionation

this research will hopefully advance our
understanding in the near future, and one day, hypofractionated regional nodal
irradiation might be considered a standard approach worldwide we owe our
gratitude to Wang and colleagues for area of great ongoing
interest and investigation.

47
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Where is the limit? =» FAST

Ten-Year Results of FAST: A Randomized
Controlled Trial of 5-Fraction Whole-Breast
Radiotherapy for Early 'Breast Cancer

Adrian Murray Brunt, FRCR'; Joanne S. Haviland, MSc?; Mark Sydenham, BSc Hons?; Rajiv K. Agrawal, FRCR?; Hafiz Algurafi, FRCR?;
Abdulla Alhasso, FRCR®; Peter Barrett-Lee, FRCR®; Peter Bliss, FRCR’; David Bloomfield, FRCR®; Joanna Bowen, FRCR?;

Ellen Donovan, PhD*°; Andy Goodman, FRCR'!; Adrian Hamett, FRCR'?; Martin Hogg, FRCR'3; Sri Kumar, FRCR!'“; Helen Passant, FRCRS;
Mary Quigley, FRCR'; Liz Sherwin, FRCR'®; Alan Stewart, FRCR'’; Isabel Syndikus, FRCR'2; Jean Tremlett, MSc?; Yat Tsang, PhD'?;
Karen Venables, PhD'?; Duncan Wheatley, FRCR?°; Judith M. Bliss, MSc?; and John R. Yarnold, FRCR?!
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Where is the limit? =» FAST

Patient selection :
e >50vyears

e <3Ccm
 NO

N =915; median FU 3 years

Brunt AM, et al. J Clin Oncol. 2020 Oct 1,;38(28):3261-3272. 49
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Where is the limit? =» FAST

Table 2

Schema of the UK FAST trial testing two dose levels of a 5-fraction regimen delivered
as one fraction per week versus 50 Gy in 25 fractions over 5 weeks to the whole
breast after local tumour excision of early breast cancer.

Group Total Fraction Number of Fractions
dose (Gy) size (Gy) fractions per week

Control 50.0 2.0 25 5

Test 1¢ 30.0 6.0 5 1

Test 2° 28.5 5.7 5 1

4 Iso-effective with Control if «/6 = 4.0 Gy.
b Iso-effective with Control if /8 = 3.0 Gy.

Yarnold & Haviland. The Breast 2010 50
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Where is the limit? =» FAST: side effects

WBI 25 x 2 Gy 5x5.7 Gy (a/B-3 Gy) 5% 6 Gy.(a/-4 Gy)
all in 5 weeks

Moist desquamation (5.2%)

12% 2% 3%
Moderate change in the appearance of the breast at 28m
19.3% 20.3% 26.2%
Marked change in the appearance of the breast at 28m
1.7% 3.7% 9.3%
(p=0.26) 9.3% (p<0.001)

Brunt AM, et al. J Clin Oncol. 2020 Oct 1,;38(28):3261-3272. 51
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Where is the limit? =2 FAST: breast shrinkage

g
= 100 A
=
o
.= 80 A
o =
= 0 70 +
e
 w
iy sl o o 60 —
= 2 - = a/B=2.7 Gy
v 4
.'_I
c 9
o D 40 -
—
- o Pairwise log-rank tests:
o = 30 -
=) —— 50 Gy 30 Gy v50 Gy, P < .001
% 20 {  —— 30 Gy 28.5 Gy v50 Gy, P=.232
‘5.3 104 — 28.5 Gy 30 Gy v285 Gy, P=.025
g =]
Q
E ] ] ] ] ] ] ] ] ] ]

0 1 2 3 4 5 5 7 8 9 10
Time Since Random Assignment (years)

Brunt AM, et al. J Clin Oncol. 2020 Oct 1,;38(28):3261-3272. 52
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Hypofractionated breast radiotherapy for 1 week versus
3 weeks (FAST-Forward): 5-year efficacy and late normal
tissue effects results from a multicentre, non-inferiority,

randomised, phase 3 trial

Adrian Murray Brunt*, Joanne S Haviland™, Duncan A Wheatley, Mark A Sydenham, Abdulla Alhasso, David ] Bloomfield, Charlie Chan,
Mark Churn, Susan Cleator, Charlotte E Coles, Andrew Goodman, Adrian Harnett, Penelope Hopwood, Anna M Kirby, Cliona CKirwan,
Carolyn Morris;Zohal Nabi, Elinor Sawyer, Navita Somaiah, Liba Stones, Isabel Syndikus, Judith M Blisst, John R Yarnoldt, on behalf of the

FAST-Forward Trial Management Group

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 53
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FUNDED BY

NIHR | & research

.F m, rd Cl: Murray Brunt
FAST 0 a Chief Clinical Co-ordinator: Duncan Wheatley

- . . n N "
Eligible patients R 40Gy in 15 Fr o T | b
. A =) (2.67Gy) 3 wks - Annual clinical assessment
Invasive N for 10 years ‘
carcinoma of 27Gy in 5 Fr
the breast ™= CD) ) (5.4G¥/) 5 days = —Photos at 2, 5 and 10 years
- . M .
PT1-3pNO-1MO NN | PROMS at 3, 6, 12 months,
N=4000 s, WS @ikt | 2,5and 10 years
T | |
Recruitment \\-E) 4 Radiotherapy
and consent +/- boost (16Gy/8# or 10Gy/5#)
Primary endpoint: Secondary endpoints:
- lpsilateral breast tumour relapse - early & late AE in normal tissues

- quality of life

- contralateral primary tumours
- regional & distant metastases
- survival

Median follow-up: 6 years

Courtesy of Murray Brunt & Jo Haviland

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 54
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Acute skin toxicity

Percentage

40Gy G1+ — — 40Gy G2+  eeeee- 40Gy G3+
27Gy G1+ - = 27Gy G2+  eeeees 27Gy G3+
26Gy G1+ — — 26Gy G2+  eeeses 26Gy G3+

100 24 X 3 N < )\

90 / \
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- / N

50 / a\L ~ A\ N

40 e - - - -~
- S e
30 ," N~
-~ .
20 prpp— - = \\
== -~ .
- e o s wmm ww e em am e em e o e == = - ~

0 = T 1 11222llll T

1 2 3 4 5 6

Weeks from starting radiotherapy

Brunt AM, et al. Radiother Oncol 2016. 55
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Primary Endpoint: Ipsilateral breast tumour relapse

100
v/
/
3 -
— 40 Gy in 15 fractions
—— 27 Gy in five fractions _ms
—— 26 Gy in five fractions
g
[}
8 2
9
L
5
)
£
2
3
S
©
g 14
=
&
27 Gy vs 40 Gy: hazard ratio 0-86 (95% Cl 0-51 to 1-44);
5-year difference -0-3% (95% Cl -1-0 to 0-9); non-inferiority p=0-0022
26 Gy vs 40 Gy: hazard ratio 0-67 (95% Cl 0-38 to 1-16);
5-year difference -0-7% (95% Cl -1-3 to 0-3); non-inferiority p=0-00019
0+ I T T T 1 T T 1
0 d 2 3 q 5 6 7

Time since randomisation (years)
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Disease-free survival

100

90 —_\_

80 -

70
60
50
40
30

Disease-free survival (%)

— 40 Gy /15 Fr

20 -
— 27 Gy /5 Fr
10 27 Gy vs 40 Gy: HR 0.93 (0.71-1.20); logrank p-value = 0.56

—— 26Gy/5Fr 26 Gy vs 40 Gy: HR 0.94 (0.73-1.22): logrank p-value = 0.65

0 1 2 3 4 5 6 7
Years from randomisation

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 57
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Clinician-assessed late adverse effects

Number of moderate or  Odds ratio forschedule  p value for comparison p value for Odds ratio for years of
marked events/total  (95%Cl) with 40 Gy comparison follow-up (95% Cl); p value
number of assessments between 27 Gy
over follow-up and 26 Gy
Any adverse event in the . g .. “ 098 (0-96-1:00); 0-055
breast or chest wall*
40 Gy 651/6121(106%) 1 (ref)
27 Gy 1004/6303 (15:9%) © 155 (1:32-1:83) <0001
26 Gy T4/6327 (122%)  112(0-94-134) 020 0.0001

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 58
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Clinician assessments of adverse effects at 5 years

100%

80%

60%

40%

20% -

0% -

/

Any AE in breast / chest wall

10%

<

\

[
15%

%

a9

w Not atall -

L

A little = Quite a bit mVery much

40Gy

271Gy

26Gy

Brunt AM, et al. Lancet. 2020 May 23,;395(10237):1613-1626.

ORs for any
moderate/mark
ed AE vs. 40Gy:

« 1.55(1.32-1.84,

p<0.001) for
27Gy

1.12 (0.94-1.34,
p=0.20) for
26Gy
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Fractionation sensitivity (o/B) of late-responding
normal tissues

Any clinician-reported moderate/marked AE in breast/chest wall
a/P estimate =1.7 Gy (95% Cl 1.2 — 2.3)

Photographic change in breast appearance
a/B estimate'=1.8 Gy (95%'Cl 1.1 — 2.4)

Patient-reported moderate/marked change in breast appearance
o/p estimate = 2.3 Gy (95% Cl 1.8 — 2.9)

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 60
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Conclusions & implications for clinical practice

v'Both 5-fraction schedules are non-inferior to 40 Gy/15 Fr for local
tumour control
v'For late effects:
v 26 Gy/5 Fr similar to 40 Gy/15 Fr &
v’ 27 .Gy/5 Fr consistent with 50 Gy/25 Fr
v'Benefits to patients
v'Benefits to healthcare systems

v'The UK has adopted 26 Gy/5 Fr at a consensus meeting 15/10/20

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626. 61
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Critical Reviews in Oncology / Hematology 156 (2020) 103090

Contents lists available at ScienceDirect

Oncology

Critical Reviews in Oncology / Hematology s——

ELSEVIER journal homepage: www.elsevier.com/locateleritrevone = ==

European School of Oncology — Review

>
The use of moderately hypofractionated post-operative radiation therapy e

for breast cancer in clinical practice: A critical review

Gustavo Nader Marta " *, Charlotte Coles °, Orit Kaidar-Person 4, Icro Meattini ', Tarek Hijal &,
Yvonne Zissiadis ", Jean-Philippe Pignol ', Duvern Ramiah’, Alice Y. Ho,
Skye Hung-Chun Cheng', Gemma Sancho ™, Birgitte Vrou Offersen >°, Philip Poortmans“

Marta GN, et al. CROH 2020;156:103090. 63
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Table 1

Characteristics of the prospective randomised studies comparing conventional with hypofractionation schedules in breast-cancer patients.

RMH/GOC611 START A712 START BS812 0C0OG514 Beijing Trial'” Total N (%)

Number of patients 1410 2236 2215 1234 820 7915 (100)
Years of inclusion 1986 - 1998 1998 - 2002 1999 - 2001 1993 - 1996 2008-2016 -
Inclusion criteria T1-3;N01;MO0 T1-3;NO—1;MO T1-3;NO-=1;M0 T1-2;NO;MO0 T3-T4;N2—-3;M0 -
Median follow-up - years (range) 9.7 (7.8—11.8) 9.3 (8.0-10.0) 9.9 (7.5-10.1 12.0 (M 4.9 (3.7-6.8) -
Type of surgery N (%)
Breast-conserving surgery 1214 (86) 1900 (85) 2038 (92) 1098 (89) 0 6250 (79)
Mastectomy 0 336 (15) 177 (8) 0 820 (100) 1665 (21)
Chemotherapy N (%) 196 (14) 793 (35) 491 (22) 136 (11) 820 (100) 2436 (31)
Boost N (%) 1051 (75) 1152 (61) 875 (43) 0 0 3078 (39)
Regional nodal irradiation N (%) 290 (21) 318 (14) 161 (7) 0 840 (100) 1609 (20)

Marta GN, et al. CROH 2020;156:103090. 64



Hypofractionation in breast RT: Discussion

Please remember that the results are
strictly valid only for the groups of patients
who have participated.
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RT after mastectomy:

Canada

RMH/GOGC

STARTA

STARTE

Mastectomy

0%

0%

15%

8%

> ?
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Hypofractionation in breast RT: Discussion

Lymph node RT:
Canada AMH/GOC STARTA STARTE
M+ 0% 32.8% 28.8% 22.8%
LN RT 0% 20.6% 14.2% 7.3%

> ?
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RT for advanced stage:
Canada | AMRIGOC STARTA STARTE
pT1-2 100% 4% 100% 100%

> ?
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RT with a boost:

(anada

RMRIGOC

STARTA

STARTE

Aoost

(%

14.5%

60.6%

42.6%

Conventionally fractioned = ?
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RT for DCIS:

HR 0.94 (0.51 - 1.74) p=0.85
100

751

501 —_— Hypofractionation WBI
—_—  Conventional VWBI

Estimates (95% CI)
, "ESN Year 5
Hypofractionation VWBI: 95 (93, 96)

Conventional WBI: 95 (93, 96)-°9rank p=0.887

Free from Local Recurrence (%)

O 3 > 3 P 5 B 7 3 S 10
Years from randomisation
No. at risk
Hypofractionation WBI 777 747 727 701 672 546 363 230 128 65 17
Conventional WBI 831 792 764 749 710 588 433 293 211 124 40

= OK!

Chua B, et al. SABCS 2020. 70
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Radiobiology: LQ model vs. the trial results
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For tissues outside of the target volumes

Mathematics by Philip 73
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Hypofractionation in breast RT: Discussion

Realistic scenario: a/f=2 Gy LNT & 3.5 Gy BC

a/B NT a/lf T
Protocol schedule 2 Gy 3.5 Gy
START 15 x 2.67 46.76 44 .93
Canadian 16 X 2.66 49.58 47.67
Standard 25 X2 50 50
100 2,66 49,58 2,00 50,00
95 2,53 46,93 1,90 47,50
90 2,39 44,29 1,80 45,00
85 2,26 41,66 1,70 42,50
70 1,86 33,84 1,40 35,00
50 1,33 23,62 1,00 25,00
25 0,67 11,34 0,50 12,50

Mathematics by Philip




Hypofractionation in breast RT: Discussion

Optimistic scenario: /=3 Gy LNT & 3 Gy BC

o/B NT a/lf T
Protocol schedule 3 Gy 3 Gy
START 15 x 2.67 45.42 45.42
Canadian 16 X 2.66 48:18 48.18
Standard 25 X2 50 50
100 2,66 48,18 2,00 50,00
95 2,53 45,61 1,90 47,50
90 2,39 43,04 1,80 45,00
85 2,26 40,49 1,70 42,50
70 1,86 32,92 1,40 35,00
50 1,33 23,04 1,00 25,00
25 0,67 11,14 0,50 12,50

Mathematics by Philip 77
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Worst scenario: a/8=1 Gy LNT &5 Gy BC

a/B NT a/lf T
Protocol schedule 1 Gy 5 Gy
START 15 x 2.67 48,99 43.88
Canadian 16 X 2.66 51.92 46.57
Standard 25 X2 50 50
100 2,66 51,92 2,00 50,00
95 2,53 49,17 1,90 47,50
90 2,39 46,43 1,80 45,00
85 2,26 43,69 1,70 42,50
70 1,86 35,53 1,40 35,00
50 1,33 24,79 1,00 25,00
25 0,67 11,81 0,50 12,50

Mathematics by Philip

78




Hypofractionation in breast RT: Discussion

The mathematics matches the results

= by reducing thetotal dose-we even lower the
expected effect in-the regions outside of the non-
therapeutic doses!

Mathematics by Philip 79



Hypofractionation in breast RT: Discussion

Dutch protocol 2009 (!!!1):

- 2,66 Gy as highest dose to part of the target volume

- No discussion for: breast/thoracic wall; SIB
- < 50 years: limitation taken away after closure YBT (2011)
- Some doubts about regional RT

- More doubts about combination with reconstructive

surgery
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* Breast: 2 Gy 50 Gy in 25 fractions
* Boost: 2 Gy 16 Gy in 08 fractions

e TOTAL: 2 Gy 66 Gy in 33 fractions
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Hypofractionation in breast RT: Discussion

* Breast: 1,81 Gy 50,68 Gy in 28 fractions
* Boost: 0,49 Gy 13,72 Gy in 28 fractions

* TOTAL: 2,3 Gy 64,40 Gy in 28 fractions
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* Breast: 2,17 Gy 45,57 Gy in 21 fractions
* Boost: 0,49 Gy 10,29 Gy in 21 fractions

e TOTAL: 2,66 Gy 55,86 Gy in 21 fractions
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Current Dutch protocol:

* Transition to UK schedule (40/15) in 2020

84
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Current protocol in many countries:

 Repopulation
* Redistribution
* Reoxygenation

* Repair
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Hypofractionation in breast RT: Discussion

Current protocol in many countries:

 Repopulation
* Redistribution
* Reoxygenation
* Repair

e Resistance
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Current protocol in many countries:

 Repopulation
* Redistribution
* Reoxygenation
* Repair

* Resistance

e Reimbursement
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The Breast 55 (2021) 128—135

Contents lists available at ScienceDirect ‘“"“THE
REAST

The Breast

journal homepage:www.elsevier.com/brst

Viewpoints and debate

Why is appropriate healthcare inaccessible for many European breast | @
cancer patients? — The EBCC 12 manifesto s

Fatima Cardoso * *, Fiona MacNeill °, Frederique Penault-Llorca ¢, Alexandru Eniu ¢ ¢,
Francesco Sardanelli " £, Elizabeth Bergsten Nordstrom ",
Philip Poortmans ', on behalf of the EBCC12-Faculty

Cardoso F, et al. Breast. 2021,55:128-135. 88
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Radiation Oncology

Moderate hypofractionated post-operative radiation therapy  Moderate hypofractionation schedules (15-16 fractions of <3 Gy/fraction) are recommended for routine
postoperative RT of breast cancer ([17]). However, reimbursement rules are per fraction based and
therefore favour conventional fractionation leading hospital management to force limited use of
hypofractionation,

Cardoso F, et al. Breast. 2021,55:128-135. 89
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Contents lists available at ScienceDirect

cli
B oocy

Clinical Oncology

journal homepage: www.climicaloncologyonline.net

Original Article

The Financial Impact on Reimbursement of Moderately

Hypofractionated Postoperative Radiation Therapy for Breast Cancer:
An International Consortium Report

G.N. Marta ", D. Ramiah 7, O. Kaidar-Person {, A. Kirby 9, C. Coles ||, R ]ag51 ", T. Hijal 11,
G. SanchoTT,Y Zissiadis §5, J.-P. Pignol 49, A.Y. Ho[|||, S.H. C Cheng
B.V. Offersen {11+, I. Meattini 655999, P. Poortmans ||||||™"

Marta GN, et al. Clin Oncol 2021; in press. 90
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Decrease in reimbursement from hypofractionation

70 TS LN ~
60 T b

% of decrease in 20 A XL 2= e

reimbursement
40 A £ 2> - FALA

30 ¥ %%S

20 N
10 . . I
0
5-10% 10-20% 20-30% 30 - 40%

m Countries

Marta GN, et al. Clin Oncol 2021; in press. 91
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Moderately hypofractionated breast radiation therapy: is more evidence

needed?
Gustavo Nader Marta; Philip Poortmans

The question is, however, to which extent any further evidence is still required. In
countries as The Netherlands, hypofractionation is the standard for nearly every
indication for several years now, using the argument that with modern homogeneously
delivered volume-based RT techniques the biological effects should be identical
independent from the target volumes. Similarly, we don’t question whether
fractionation schedules for head- and neck cancer should be dependent from the
anatomical sub-site? Or aren’t it rather reimbursement issues that refrain hospital
managers and doctors from allowing brother introduction of schedules with a lower

number of fractions and a lower total dose?

Marta GN, Poortmans P. Lancet Oncol. 2019 May;20(5):e226. 93
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Moderately hypofractionated breast radiation therapy: is more evidence

needed?
Gustavo Nader Marta; Philip Poortmans

And now a trial from a country with limited resources, using radiation therapy
techniques from 25 years ago should,helpto convince centres in countries with
modern infrastructures and excellent contemporary radiation delivery help to
convince? Please! Let’s-cut the crap and make a point on this, like we did (maybe too
gently but happyto make it clearer) in our last paragraph.

Anyway; we.aim to stimulate the readers the readers of The Lancet Oncology in their
reflections and decision-making of whether or not to accept hypofractionated breast
radiation therapy in their daily clinical practice.

We confirm that we have no financial incentives associated with publishing this letter
(working in France | could rather say the inverse is true).

Marta GN, Poortmans P. Lancet Oncol. 2019 May;20(5):e226. 94
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Trust in hypofractionation:

e Aim at homogenous dose distributions
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Trust in hypofractionation:

e The 26/5/1 “FAST-Forward” fractionation is my 15
choice for: breast only; chest wall only; PBI
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Hypofractionation in breast RT: Conclusions

Trust in hypofractionation:

e The 30/5/5 “FAST” fractionation can be used for frail
patients
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Trust in hypofractionation:

e Limit the fraction size to £ 2,67 Gy for locoregional RT
(for now...)
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And what with 50/25/57

e When combined with radiosensitisers (systemic
therapy; hyperthermia)
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And what with 50/25/57

e To be considered for re-irradiation (but 40/15/3
preferable)
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And what with 50/25/57

e And else?
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dose/fractionation for external beam radiation therapy in early breast
cancer

ESTRO ACROP Consensus recommendations on patient selection and ESTR 0

Core Group: Icro Meattini (IT), Charlotte Coles (UK), Philip Poortmans (B), Liesbeth Boersma (NL), Orit Kaidar-Person (IL), Gustavo
Nader Marta (Brasil), Angel Montero-Luis (E), Birgitte Offersen (DK), and Carlotta Becherini (IT, Secretariat)

Extended Consensus Panel: representatives of radiation/clinical oncologists, radiobiologists, medical physicists, RTTs, and patient
advocates.

'Identification of the writing-committee* including the experts ECP (CG)
Define clinical questions, key-topics, and existing LoE (CG)
Literature review and consensus recommendations (CG)
Definition of consensus draft-statements (CG)
Consensus round one: first Delphi round on draft-statements (CG, ECP)
February-March, 2021 | Compile ratings and comments (CG)
' Review results (CG, ECP)
' Consensus round two-three: second-third Delphi round on key-statements (CG, ECP)

November, 2020

January, 2021

ARLY20at a\P New and previous iterations of recommendations are presented (CG, ECP)
May, 2021 Discussion of the key-statements and assessment of the agreement (CG, ECP)

A\ | Ratings are accepted if consensus is achieved (CG, ECP) , 7 -
May,2021 | Two rounds of e-mail sharing of the discussed key-statements for minor amendments (CG, ECP)
June, 2021 Finalizing of manuscript (CG, ECP)

August, 2021 Public discussion or writing-committee meeting at the ESTRO Congress 2021 (27-31 Aug, Madrid)

Abbreviations: CG, core group; ECP, extended consensus panel; LoE, level-of-evidence; ESTRO, European SocieTy for Radiotherapy and Oncology.
*Writing-committee included CG and ECP members.

102



Hypofractionation in breast RT: Conclusions

ESTRO ACROP Consensus recommendations on patient selection and Fow'
dose/fractionation for external beam radiation therapy in early breast ’}

cancer ease ~

Core Group: Icro Meattini (IT), Charlotte Coles (UK), Philip Poortmans (B), Liesbeth Bo~-

Nader Marta (Brasil), Angel Montero-Luis (E), Birgitte Offersen (DK), and Carlotta ™ =‘ 9\

Extended Consensus Panel: representatives of radiation/clinical ~

advocates.
November, 2020 Identification ~* E SO O :

Defme s Se
ea X\e“\ .= (CG, ECP)
Febrv-- (
"O be \)S .urd De!phl round on key-statements (CG, ECP)

January, 2021

_.ecommendations are presented (CG, ECP)
.aements and assessment of the agreement (CG, ECP)
-pted if consensus is achieved (CG, ECP)
} -« of e-mail sharing of the discussed key-statements for minor amendments (CG, ECP)

J ..alizing of manuscript (CG, ECP)
Au | Public discussion or writing-committee meeting at the ESTRO Congress 2021 (27-31 Aug, Madrid)
Abbreviai -, core group; ECP, extended consensus panel; LoE, level-of-evidence; ESTRO, European SocieTy for Radiotherapy and Oncology.

*Writing-cc..imittee included CG and ECP members.
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