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Introduction

» Several large phase lll clinical trials conducted
over the years have set up the scene for breast

cancer irradiation

» To evaluate their impact of practice
 Main trials, and metaanalyses

* National guidelines



Material

» Trials and metaanalyses

» Guidelines
« NCCN (USA) 2013
* INCa (France) 2102

« REMAGUS (Institut Curie & Institut Gustave

Roussy) 2011



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving
surgery
* Invasive cancer
 DCIS
4. Fractionation trials

5. Toxicity



Trials
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Postmastectomy trials
» 20 trials
» 8266 women

» Adjuvant systemic treatments:
- pNO 34 %
- pN+ve 67%

» Median f/u: 8.6 years

EBCTCG Lancet 2005 et Darby S, SABC Symposium 2009
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PN1-3 in trials of Mast+AD * RT: 15-year risks

3222 women
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PN4+ in trials of Mast+AD * RT: 15-year risks

2794 women
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Conclusion 1

» A 70% locoregional risk reduction was achieved by
PMRT, mostly during the first five years of follow-
up

» In node positive cancer, PMRT significantly
reduced mortality: this effect became apparent

after 5 years



PMRT. NCCN guidelines 2013

PN >3
pN1-3

pNO and pT> 5 cm or
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Carcinomes infiltrants

Traitement non conservateur

RADIOTHERARIE DE LA PARO! RADIOTHERAPIE DES AIRES GANGLIONNAIRES

THORACIQUE

STATUT GANGLIONNAIRE POST CHIRURGICAL

! !

MASTECTOMIE TOTALE SIMPLE

Y Y PNO (i-) ,pNO (i+),pN1mi > pN1
pNO(i-) — pNO(i+) — pN1mi > pN1
«Indication de radiothérapie
ganglionnaire I
Pas d’indication de ou
radiothérapie ganglionnaire - T3-T4
et pas de facteur de risque L. ou ]
# Association de 2 facteurs de risque
(age < 40 ans, multi-focalité v
macroscopique, grade Il ou I,
emboles vasculaires, HER2 "%, Radiothérapie de la CMI et du sommet
Triple négatif ) l A 4 de l'aisselle incluant la région
sus claviculaire
Pas d'irradiation ganglionnaire :
Si nombre de N+/nombre de N > 50%
et > 7 ganglions examinés.
Option Radiothérapie de I'’ensemble de I'aissell
Radiotherapie sus-claviculaire +/- CMI pour
Tumeurs internes ou centrales en - - - -
I fonction de la taille, de Fige, Si <7 ganglions examines
' de la présence d’emboles vasculaires
Pas d'irradiation Irradiation pariétale
pariétale thoracique thoracique <

™\



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving
surgery
* Invasive cancer
« DCIS
4. Fractionation trials

5. Toxicity



Breast-conserving surgery and WBRT vs.
Mastectomy

»1972-1986
»7 trials

»4125 women

EBCTCG Lancet, 2005 and update 2006



Mastectomy vs BCS + RT, both with AC
ISOLATED LOCAL RECURRENCE
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Mastectomy vs BCS + RT, both with AC Mastectomy vs BCS + RT, both with AC
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Conclusions 2

» The long-term rate of local recurrence was higher
following breast-conserving treatment than after

mastectomy

» But long-term rates of specific and overall

mortality were not increased



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving

surgery
 Invasive cancer
 DCIS

4. Fractionation trials

5. Toxicity



EBCTCG Overview

»17 trials

»1976-1999

» 10801 women

» Median f/u: 9.5 years

»25% with > 10 year F/U

EBCTCG Lancet 2005 et Lancet 2011



Trials of BCS * RT: 15-year risks
10,906 women randomised in 17 trials
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PNO in trials of BCS * RT: 15-year risks
7334 women
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EBCTCG

pNO
2006

NO/N-: BCS £ RT
ISOLATED LOCAL RECURRENCE

Exenulv:omﬂ'yearg ;BCS*R‘!'.e’ve.n(s

Ratio of annual event rates

Category BCSWRT BCS  O-E of O-E BCS+RT : BCS
(a) Entry age :
e <50 142/8609 3236731 -1116 1021 > 0-34 (s 008,
Ag (11:0%/5y) (32:7%/5y) ‘ : )
e 50 - 59 90110158 26218147 -969 825 : 0-31 (se 006
he (60%/5y) (21-4%/5y) " ¢ )
Age 60 - 69 80110599 227/9879 -766 734 .._ 0-35 (se 0:07)
(40%/5y) (15-0%/5y) v
Age 70+ 234657 7414276 276 237 —e— 0-31 (se 0-12)
(17%/5y)  (B8%/5y) 4
Test for uend:xfwo-o: 2p =010 ‘
(b) Tumour grade
Well differentiated  27/4051 79/3888 -251 253 _._ 0-37 (se 0:13)
(3:3%/5y) (10-9%/Sy)
Moderately 836688 2026100 -638 646 @ 0-37 (se 0:08)
differentiated (72%/5y)  (21-7%/Sy)
Poorly 84/5344 1924100 -621 592  _m— 0-35 (s 0:08)
differentiated (11:0%/5y) (32:9%/5y) v
Grade unknown 141/17939  413/14940 -1556 1313 [} 0-31 (se 0-05)
(45%/5y) (17-9%/5y) ’
Test for trend: 13 =01;2p=08
(c) Tumour size i
1-20 mm (T1) 18324495 566121262 -2132 1770 [ 0-30 (se 0-04)
(4-3%/5y)  (17-4%/Sy) '
21 - 50 mm (T2) 1005224  216/4145 -641 693 i 0-40 (s 0-08)
(126%/5y) (33-4%/5y) :
>50mm(T3)orT4 o9 344 -03 02 :
™) (-%/Sy)  (~%/Sy) ' 0-00 (se 1:74)
Various/unknown 524293  101/35%66 =313 349 So— 0-41 (se 0-11)
(6:3%/5y) (16-4%/5y) !
Test for trend: 2 = 38; 2p = 0-05 :
(d) Chemo. (C) or Tamoxifen (T)
BothwithCor T 7110521 201/9594 -739 644 g 0-32 (s€ 0-07)
(26%/5y) (102%/5y) .
Neither with 26423502 685/19439 ~2387 2172 - 0-33 (s 0-04)
CnorT (75%/5y)  (25:2%/5y) ’
Test for trend: 1 = 0-1; 2p = 07
(e) ER status (ER-poor vs ER-positive)
ER-poor 6304228  140/3644 -411 456  m— 0-41 (se 0-10)
(122%/5y) (29-2%/Sy) .
ER-unknown 134114394 35012774 -1183 1148 gt 0-36 (s 0-06)
(49%/5y) (16:8%/5y) ;
ER-positive 138/15403 396/12619 -1506 1225 = 0-29 (se 0:05)
(51%/5y) (20-8%/5y) d
Test for trend: ¢} = 3-6; 2p = 0:06 H
335/ 886/ -312- i i 0-33 (se 0-04)
W Total 34023 200a3~3126 2816 ¢ 2p <0.00001
(5:7%15y) (20-1%I5y) H
4 99% of <> 95%CI 2
0 05 10 16 20
BCS+RT better BCS+RT worse

Treatment effect 2p < 0-00001



PN+ in trials of BCS * RT: 15-year risks

1111 women
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Effect of radiotherapy after breast-conserving surgery on

10-year recurrence and 15-year breast cancer death:
meta-analysis of individual patient data for 10801 women

in 17 randomised trials

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)*

Recurrence: breast, nodes, metastasis,
or contralateral breast cancer as first event

Lancet, 2011; 378:771-84



EBCTCG
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Any first recurrence (%)

EBCTCG. pNO. 7287 ptes

Women with pNO disease (n=7287)
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Any first recurrence (%)
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Women with pN+ disease (n=1050)
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Conclusions 3

» Following breast-conserving surgery, the rate of
loccoregional recurrence was reduced by 70% with
radiotherapy.

» The rate of any recurrence (LRR, metastasis, CBC) as
first event was reduced by 42 % with RT.

» Locoregional radiotherapy was associated with an 18%

decrease in breast cancer mortality, after 5 years.
» The effects of radiotherapy were proportional,
independent, from known risk factors: the higher the

risk following surgery, the higher the benefit from RT.



EORTC. Local recurrences in relation to age
5319 ptes. Median F/U: 10.2 years

50 Age
- < 35
- 35~40
401 — 40-50
w5060
- >60

P <.0001

Cumulative Incidence (%)

Time (years)

Bartelink H et al. J Clin Oncol, 2007



EORTC Boost Trial. 10-year results
Breast recurrences. First event

32 507 === No boost HR = 0.59
@ —(0ayboodt 99% Cl, 0.46 to 0.76
O
© 40 P < .0001
D
=
© 30
=
S 20
2
T
= 10
=
-
S
0 18

Time (years)

O N No. of patients at risk

No boost 278 2,657 2,397 2,116 1,897 1673 1,146 525 99
16 Gy 165 2,661 2,408 2,164 1,922 1,693 1,748 503 109

w N




EORTC. Local recurrences per age groups and treatment
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Bartelink H et al. J Clin Oncol, 2007



EORTC Boost Trial

% 10-year IBTR
as first event

Age (years) 50 Gy 5,? GGgy+
<40 23.9 13.5
41-50 12.5 8.7
51-60 7.8 4.9
>60 7.3 3.8

Bartelink H et al. J Clin Oncol, 2007



EORTC Boost Trial. 10-year results

Fibrosis

Cumulative Incidence (%)
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Breast-conserving surgery.
NCCN guidelines 2013

pN >3
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NCI France. Guidelines 2012

» Following breast-conserving surgery and whole-
breast irradiation to 50 Gy, a 16 Gy boost to the
tumor bed is recommended

» Omission of a boost can be considered in women

older than 70 years



Carcinomes infiltrants

RADIOTHERAPIE MAMMAIRE

CHIRURGIE MAMMAIRE CONSERVATRICE
AVEC BERGES SAINES

?/Q\\A Age > 60 ans avec tous 4;;&\ Age < 60 ans/ option 70 ans
ces critéres ou un de ces critéres
# Grade loull + Grade Il
« Prolifération faible ou # Prolifération élevée
modérée « Emboles vasculaires
& Absence d’emboles & RH-
vasculaires & Atteinte ganglionnaire axillaire
« RH+ > pN1imi
& pNO a pT=20mm
« pT<20mm
\4
Radiothérapie du sein Radiothérapie du sein
Sans surimpression Et surimpression

Traitement conservateur

RADIOTHERAPIE DES AIRES GANGLIONNAIRES

STATUT GANGLIONNAIRE POST CHIRURGICAL

pNO (i-) ,pNO (i+),pN1mi

v

Pas d'irradiation ganglionnaire

Option
Radiothérapie sus-claviculaire +/- CMI pour
Tumeurs internes ou centrales en
fonction de Ia taille, de Fige,

de la présence d’emboles vasculaires

2> pN1

v

Radiothérapie de la CMI et du sommet
de l'aisselle incluant la région
sus claviculaire

Si nombre de N+/nombre de N > 50%

et > 7 ganglions examinés.
Radiothérapie de I'ensemble de 'aisselle

Si < 7 ganglions examinés

0 v



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving

surgery
* |nvasive cancer
« DCIS

4. Fractionation trials

5. Toxicity



Can radiotherapy be omitted in patients with
DCIS who underwent breast-conserving
surgery?

»Large retrospective studies
»Five trials

» Meta-analysis
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Overview EBCTCG

»Ductal Carcinoma In Situ

» Breast-conserving surgery
»WBRT 50 Gy vs none

>4 trials

»1985-2000

EBCTCG J Natl Cancer Inst Monogr, 2010



Overview DCIS

60-
I 5-yr gain 10.5 % (SE 1.2
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= logrank 2P < 0.00001
»Median F/U: 8.9 : 4.
»
®
(O]
years £ 28,15
g
QQ
»RR= 0.46 S 9 181
8
2 | BCS + RT
< 10 12.9%
7.6
0L , , .
0 5 10 15

Years since randomization

EBCTCG J Natl Cancer Inst Monogr, 2010



EBCTCG. DCIS Trials

Events/women BCS + RT events
Allocated Allocated LogrankVariance Ratio of annual event rates
Study BCS + RT BCS O—E of O—E +RT:
NSABP B-17 78/400 139/398 -36-8 523 _'._ 0-49 (se 0-10)
(19:-5%) (34-9%) :
EORTC 10853 64/462 118/456 -28:8 439 BT 0-52 (se 0-11)
(13-9%) (25-9%) '
SweDCIS 59/511 131/500 -41-3 45.9 —-— 0-41 (se 0-10)
(11-5%) (26-2%) :
UK/ANZ DCIS 28/505 67/497  -205 228 — - 0-41 (se 0-14)
(5-5%) (13-5%) 5
B Total 229/ 455/ .127.4 164.9 <> 0-46 (se 0-05)
1878 ' 2P < 0-00001
(12.2%) (24.6%) .
& 99% or === 95% ClI - ' : ;
0 05 1.0 15 2.0
Heterogeneity between 4 trials: xg =2.0;P=06 BCS + RT better BCS + RT worse

Treatment effect 2P <0-00001



Conclusions 4

» Following breast-conserving surgery of DCIS,
WBRT reduces the rate of breast recurrence by
50-60%

» The effect is proportional

» No subgroups were identified where radiotherapy

could be omitted



DCIS. NCCN 2013 Guidelines

» Lumpectomy and WBRT
» or Total Mastectomy

» or Lumpectomy alone

Radiotherapy reduces local recurrence risk by 50%,

but no differences in survival



FOYER LIMITE DE MICROCALCIFICATIONS

Chirurgie mammaire conservatrice
(exérése chirurgicale radio-guidée)
Ganglion sentinelle si CCIS micro-infiltrant

y

Carcinomes canalaires In Situ (+/-micro infiltrant)
Traitement loco-régional

Analyse histologique
Mammographie post-opératoire
Berges sail
Oui
Oui
\ 4 A4
Reprise chirurgicale
Radiothérapie du sein conservatrice et radiothérapie

du sein

Option

Surimpression si 3ge <60 ans

CCIS de haut grade et/ou nécrose

Non

Marge de tissu sain < 2mm
ou
atteinte unifocale d’'une berge

Radiothérapie et surimpression
ou

Mastectomie totale simple
Proposition RMI

Atteinte étendue ou
multifocale des berges
ou
mcc suspectes résiduelles

v

Mastectomie totale simple
+/- Ganglion sentinelle
Proposition RMI

MICROCALCIFICATIONS ETENDUES ET/OU
MULTICENTRIQUES (aragnostic CCIS multicanirigus
prouvé histologiquement )

v

Mastectomie totale simple
Ganglion sentinelle
Proposition RMI



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving

surgery
* |nvasive cancer
 DCIS

4. Fractionation trials

5. Toxicity




Hypofractionation trials

»Canada

»UK
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Irradiation schemes

Protocole Dose (Gy) frazlt(i)éns flr)aocs’;?oa w':(;.ks
Standard 50 25 2 5
RMH/GOC 42.9 13 3.3 5
START A 41.6 13 3.2 5
CONSORT 42.5 16 2.66 3
START B 40 15 2.67 3




Local recurrences

50 41.6
START A5 yrs

39

50 40
START B 5 yrs

50 42.5

CONSORT
5yrs

50 42.5

CONSORT
10 yrs




%

Toxicity

50 \ 42.9 \ 39 50 ‘ 41.6 39 50 40

RMH/GOC START A

START B

50




Local control: are HF schemes applicable in
all patients?

1. Chest wall irradiation after mastectomy:
* Subgroup of the START trials

* [nsufficient statistical power

2. Lymph nods irradiation

e |dem



HF and Boost

»No boost delivered in the CONSORT trial
»Only some patients had a boost in the UK

trials, with a conventional 2 Gy per fraction

regimen



HF in high recurrence risk tumors?

»Young women
» High grade, high proliferation

» Basal-like or HER2+



NCCN 2013

» The breast should receive a dose of 45-50
Gy at 1.8 - 2 Gy per fraction, or 42.5 Gy at
2.66 Gy per fraction.



NCI France 2012

» Hypofractionation should be considered if all

criteria are present:

 Age > 50 years

pT1-2, pNO,

Grade I-II

HR +ve tumors

Free margins



NCI France 2012

» HF is not recommended if either one is present

* Adjuvant chemotherapy

Mastectomy

Lymph nodes irradiation

Grade lll

Lymphovascular involvement



NCI France 2012

» No recommendation for a boost

» Recommended fractionation regimen:
+ 42.5 Gy/16 fractions in 3 weeks
* 41.6 Gy/13 fractions in 5 weeks
» 40 Gy/15 fractions in 3 weeks

» Special care is advised to limit heart and lungs
dose, and to ensure an homogeneous dose

coverage of the breast



Trials

1. Postmastectomy Radiotherapy

2. Mastectomy vs Breast-conserving treatment with
RT

3. Whole-breast irradiation after breast-conserving
surgery

 |nvasive cancer

« DCIS
4. Toxicity




EBCTCG. Second cancers
29 587 womenRT vs no RT

Total Excess Ratio of
ev:nt events rates (se)? 2p
Contralateral breast 1316 1224 1.22(0.06) 0.0005

cancer®

Cancer of other site° 1534 139.2 1.22(0.06) 0.0002

Lung cancer 255 57.0 1.60(0.16) 0.0002
Oesophagus cancer 32 10.0 1.89(0.50) 0.08
Leukaemia 59 15.0 1.71(0.36) 0.04
Soft-tissue sarcoma 26 10.8 2.34(0.62) 0.03

Other specified sites 1020 316 1.07(0.07) NS

a Ratio of annual event rates irradiated vs unirradiated
b Contralateral breast cancer as the first or only site of recurrence.
¢ Other than breast or non-melanoma skin cancer.



Mortality rates without breast recurrence

§§38088 women it
20-y loss 2:-1% (s 0-9)

EN

N
(=

-
o

Q 60 | Logrank 2p < 0-00001 |
o

"t’ 50 |

=

O

240

3 Radiotherapy
< 30 29-2% -
-"; 27-1%
> Control |
=

T

o

=

0 1 ! 1 1
0 5 10 15 20 years

EBCTCG Lancet, 2005 and 2006 update



EBCTCG. Non-breast cancer mortality
25 500 women in 52 RT trials

Total Excess Ratio of rates
Events with RT RT/not 2p

Circulatory disease 1617 150 1.23 (0.06) 0.00009

Heart disease 1207 128 1.26 (0.07) 0.0001

Stroke 352 4 1.05(0.11) 0.6

Pulmonary embolism 58 14 1.68 (0.36) 0.06
Other specified cause 1647 50 1.07 (0.05) 0.2
Unknown cause 2444 122 1.11 (0.04) 0.01
Total non-breast-cancer deaths 5708 322 1.13 (0.03) <0.00001




Heart disease
mortality

4

(30468 women
N\

o

S X
v/
7/

20-y loss 1-5% (SE 0-6)
Logrank 2p = 0-00005

Heart death
B o
o (]

w
o

N
o

Radiotherapy
8:8%
10 ¢ 7-2% -

M ontrol
0

0 5 10 15 20 vyears

Heart disease death rates (% / year) and logrank analyses

Years0-9 Years 10-19 Year 20+
Radiotherapy 0-28 (280 / 100847) 0-58 (248 / 42890) 0-93 (141 / 15205)
Control 0-23 (204 / 89408) 0.47 (175 / 37137) 0.67 (98 / 14555)
Rate ratio, from 1.24 se 0-10 1.20 se 0-11 1.55 se 0-17

(O-E)/V 25.2/1184 18-5/99:6 23-1/53:0



Retrospective evaluation of mortality in relation to
cardiac dose

Events/Women  Radio. events
Mean cardiaca|jocated Allocated Logrank Varlance Ratio of annual event rates
Category dose (Gy) Radio. cControl -E  of O-E Radio. : Control

(c) Dosimetric estimate of cardiac dose (Gy)* |

<5 3 165/6719 134/6594 5.4 69-3 + 1-08 (se 0-12)
(2:5%)  (2:0%) |

5-15 9 237/4761 170/4873 26.0 94-5 | 1.32 (sE 0-12)
(5:0%) (3:5%)

1.63 (s 0-19)

Unknown 10 151/5603 153/5617 107 63.5 17— 1.18 (se 0-14)
27%) (27%)

15+ 17 125/1302 72/1290 22.7 46.2 —
(9-6%)  (5-6%) |

Test for trend: x = 4.8; 2p = 0-03
Risk ratio per 10 Gy cardiac dobse 1.30 SE 0- 07; 2p < 0-00001

[ Total 678/ 529/ 4.8 2735 <> 1.27 (se 0-07)
18385 18374 2p = 0-00009
(37%) (2:9%)

- 99% or == 95% ClI

o0 05 10 1.5 2.0 25 3.0
Radio. better Radio. worse

Treatment effect 2p = 0-00009, adverse



Treatment planning process

CT-scan in
treatment position

A 4

Virtual simulation

A 4

Skin marks
(mobile lasers)

A

y

Delineation

A

y

Set up control:

images,

clinical

l

Treat

ment
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Conclusions

» Clinical trials of radiotherapy over the past 40 years
have significantly impacted the clinical practice by

- Allowing a large number of women to preserve

their breast

 Demonstrating the relationship between local

control and survival
« Stimulating the improvement in RT delivery, thus
reducing its potential toxicity

» They have contributed to continuously decrease the

rate of recurrence of breast cancer



Locoregional rates following BCT were reduced by
50% over a decade...

EBCTCG. 1972-1986 EORTC. 1989-1996
BCS + RT
Mastectomy vs BCS + RT, both with AC 5318 women

ISOLATED LOCAL RECURRENCE

{4125 women \k % 50 1w No boost HR = 0.59
% @© 16 Gy boost 99% CI, 0.46 to 0.76
I | = 404 P < .0001
o 50 : o @
Q 5-year gain 2:7% (se 1-1) =
[ E 20 -
£ 50 ' =
= fab
Q ]
® 40 = 20
E: = 10-
2390 s 6%
8 © i T T T T T 2 T T T T
% 20 134 BC%T?,/TO- 0 2 4 6 8 10 12 14 16 18
= 10 | s 11-5% - Time (years)
= Mast
0

0 5 10 15 20 years

institutCurie



