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IORT, very selective
technique to intensify
the local treatment
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High single dose
as sole treatment

or boost
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IORT indications
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Targeted intraoperative radiotherapy versus whole breast
radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority
phase 3 trial

lers, Michael Alvarado, Henrik U Flyger, Sarmuele tMassarut,
W T3 fe M R Holtveg, Mario Roncadin,
oricq, MNonman R Williarns, Michael Baum

28 Institutions in 9 Countries

2,232 patients enrolled (started March 2000, closed May 2008 )

Age 45 years old or more, with IDC suitable for wide local excision

IORT (20 Gy at the surface) VS conventional WBRT 40-56 Gy, w/w-out Boost)

Each center could decide that patients randomized to IORT with
certain pathological finding (lobular, EIC+...) receive WBRT in
addition




Targeted intraoperative radiotherapy versus whole breast
radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority

phase 3 trial

Median age 63 years,

Tumor size <1 cm in 36 %,

50% b/n
G3 tumors in 15%,
N+ in 17 %

Margin free 90.2-90.5 %

Re-excision 7.1-9.2 %

66 % hormone therapy

12% chemotherapy

2232 patients
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Targeted intraoperative radiotherapy versus whole breast
radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority
phase 3 trial

[ Targeted intraoperative radiotherapy
[ External beam radiotherapy

urrence (%)
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Follow-up year

Number atrisk 2232 1108
.

6 LR in the TARGIT group (1.2%), 5 in the EBRT group (0.95%)




Targeted intraoperative radiotherapy versus whole breast
radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority
phase 3 trial

Targeted intraoperative radiotherapy  External beam radiotherapy  pvalue
(n=1113) (n=1119)

Haematoma needing surgical evacuation 11{1:0%) 7(0:6%)
Seroma needing more than three aspirations 23{21%) g
4

Infection neading intravenous antibiotics o surg 3&3 lintervention 20 (1:8%)

Skin breakdown or delayed wound healing’ 31(28%) 21(19%) 0:155
RTOG toxicty grade of 3 or 41 6(05%) 23(21%) 0:002
Major toxicty 37(3:3%) 44(3.9%) 0443

No statistical difference in complication rate (11.5 in Targit arm vs 10.6% in EBRT arm)
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Involved
sub-process

Potential failure
mode

Potential causes of
failure

Potential
effects of
failure

Normal tissue
protection

Normal tissue
protection;
applicator
placement

Selection of the
applicator

Evaluation of
target thickness;
selection of
beam energy

Applicator
placement

Applicator
placement

Applicator
docking to the
linac

MU calculation

Data entry at the
treatment
console

Physical delivery
of radiation dose

1) Wrong
orientation of
internal shield
(for two-layered
shields)

2) Misalignment
of internal shield

3) Inadequate
safety margins

4) Inadequate
energy selection

5) Inadequate
preparation of
the area to be
treated or
inaccurate
placement of the
applicator base

68) Geographic
miss of the CTV

7) Inaccurate
docking (for soft-
docking
systems)

8) Wrong MU
calculation

9) Incorrect data
entry at the
treatment
console (beam
energy, MU,
field size)

10) Undetected
failure of the
linac

Human error in the
placement of the
shield

Shield displacement,
wrong applicator
placement

Underestimation of
CTV extension,
inadequate selection
of the applicator

Human error in the
measurement of
target thickness or
consultation of
dosimetry atlas,
failure in the
communication
between operators

Biologic fluid
accumulation, tissue
protrusion inside the
applicator, air gap
presence

Inadequate
localization of the
CTV; applicator
displacement due to
physiological
movements

Malfunctioning or
tolerances of the
alignment optical
system

Human error in the
calculation, failure in
the communication
between operators

Human error in
manual data entry,
failure in the
communication
between operators

Linac malfunctioning,
linac operated in
physics rather than
clinical mode, linac
start-up procedures
not correctly followed

Wrong dose
delivery
and/or dose
distribution

Unintended
normal
tissue
irradiation

CTV
underdose

CTV
underdose
or viceversa
unintended
normal
tissue
irradiation

Wrong dose
delivery
and/or dose
distribution

CcTV
underdose;
unintended
normal
tissue
irradiation

Wrong dose
delivery
and/or dose
distribution

Wrong dose
delivery

Wrong dose
delivery
and/or dose
distribution

Wrong dose
delivery
and/or dose
distribution

M. Ciocca, ...
& R. Orecchia

Failure Mode and
Effect Analysis
(EMEA)

A semi-quantitative
approach to prevent
accidental
exposures to the
patients

IJROBP 2011,

June 25
(Epub ahead of print)




Milan ELIOT out-trial on 1822 patients

Annual rate (%)

First event

True local recurrence

3.6% at 3-y

g

[psilateral breast cancer
Regional metastasis .
Contralateral carcinoma 19 0 (.35
Distant metastasis .4 0.47
Other carcinoma 1.8 0.60
Death as first event | | 0.6 0.20
Any first event” 171 Q) £ 3.12
Deaths
Deaths due to breast cancer 0.46
Deaths due to other causes 12 0.20 |
Unspecified cause of death 0.10

Any cause of death 46 2.5 0.76




Milan ELIOT out-trial on 1822 patients

g -

Table 3 True local recurrences gt second ipsilateral cancer wWdpordingfio selected patient ind tumour Cuuracteristics

All patients True local recurrences Second ipsilateral cancer Deaths
N - Ger Annual o 5%) N " Annualea T o) N Yo Annual rate (%)

Towl 1822 42 2.31 0.77 24 1.32 0.44 46 2.52 0.76

Age

=60 789 13 L.63 0.58 5 (L3 .22 23 292 0.94

\ T size
.12 om H38 23 2.45 .81 i3 .30 3.46 . .

i .

~2 em 264 12 455  1.56 7 265 091 16 6.06  1.81
Positive nodes® :

0 1301 27 208 0.70 9 069 023 N OdeS

12 371 S 2.16 0.69 8 2.16 0.69

34 146 7 479 1.57 18] 4.11 1.35 l
Grading _

Gl 467 2 0.43 .14 2 .43 0. 14 -

(32 853 14 1.64 Q.54 12 1.41 0.46 Gr a dl n g

G3 459 26 5.66 1.91 7 1.53 0.52 D
Perituntoral vascular invasion

Absent 1528 30 1.96 .65 15 .98 .33 P VI
Present 204 12 4.08 1.37 9 3.06 1.03

At AP AV

10.27 2.97

oM

.40 E.OL

Luminal A 648 3 0.46 .15 <} 0.62 0.20
Luminal B 977 28 2.87 096 16 1.64  0.55 MOIecular Subtype
Cerb-+ 53 6 1132 3.88 0 - ~ -

Basal 137 5 3.65 1.19 4 2.92 .95 12 8.76 2.59
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Characteri Patients
(rr == 1822)

53900 G.006 2,10
1.00
T d9) 0.4 079

Ductal carei 1.00

Loobular carcansna xre : o pom k7Y (.39 1.89 {0.90--3

j y (3.39-1.89) Q.98 (0.44
Tumoar size

=l om " 1.00

-2 em 0.03 146

=2 cm 0.0001 2.29

1301 3¢€ Re 8 1.00
371 44 {(0.80-2.59) 0.23 1.02 (0.54—-1.93) 0.95
46 K 3.05 (1.62-5.76) 0.0006 1.32 (0.64-2.72) 043

167 Excluded from multivariate model due wo
G2 8s3 26 3. (1.24-10.2) Q.02 colinearity with molecular subtype

G323 4359 37 (3.08-24.6) <L
Peritumoral vascular invasion
Absent 1528 15 1. 1.00
Present 2 2. (1.46-4.11) 0.0007 1.63 (0.90-2.96) Q.10
Ki-67
<149 564 00 ’ Ki-67, ER receptor, PgR receptor and Her2/Neu
= 14% 152 58 4. {2.20-10.3) =0.0001 averexpression are part of the molecular subiype

BEsurogen receptor
(0.23-0.74) 0G.003

OO0
Positive 14203 42 (.39 (0.36-0.97)
Her2/NMeu
1639 5 1.00
173 ! 3.19 (L.79-5.67) «<3.0001
Molecular subtype

Lominal A 64 1.00
s> Molecular Subtype .. ::. ...
O

Cerb - So T (3. DD—31.0) <arnuu] 5.68 (1.72-18.8% 0.004
Basal 137 9 5.95 (2.22-16.0) 0.0004 5.26 (1.84-15.0) 0.002




Early Breast Cancer Trialists' Collaborative Group (EBCTCG)

L0977 women with BCS and node-negative disease

Syt gain 16.1% (SE 1.40) 15-wear gain 5-1% (SE 1-9)
Logrank Fp=—0o006

BCS

6.7% at 5-y @ | “* BCS +RT

6.7

: 10.0% at 10-y

Time {yearsh

AL IOCAN FRCUMENCE %)

Boeast cancer mortality (%)

1214 women with BCS and node-positive disease

S-year gain 30-1% (5E 2-8) 15-wear gain 7-1% [SE 3-6)
Logrank 2p=0-01

BCS + RT

Iscokatec cal recuence | %)
Breast cancer morality (%)

11% at 5-y @

13.2% at 10-y

T
5

Tirme {wears)

Effect on LR and breast cancer mortality in N+ pts




Local Control

T =
Milan III - LF at 10-y: 5.8%

_‘_‘_‘,./"r

Out-trial 2784 pts b/n 2000-03 fUART
LF at 5-y: 1.1% (am oncol, 2010)

Milan I - LF at 18-y: 6.8% } TART
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Patlent selectlon
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LOW risk group

to be treated
ouside clinical

Review

o
Patient selection [ trlal ! ! !
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Curiethérapie- Eumpean Society for Therapeutic Radiology and Oncology
(GEC-ESTRO) breast cancer working group based on clinical evidence (2009)
Csaba Polgar®*, Erik Van Liml*«wmnr Richard Potter*, Gyorgy Kovacs® Alfredo Polo© lmmidw E—VLL.L'E\ i

Guido Hﬂdhbmndt* Peter mdmﬁ ]{}5&3 Luis Guinot®, Ferran Guedea’, Bengt leJEmm«wn Oliver |. Ott,
Tibor Major?, Vratislav Strnad’, On 13ei}.£z.if of the GEC-ESTRO breast cancer working group




ASTRO Consensus Statement
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Factors

“Sultable™ group

“Cautlonary™ group

“Unsultable™ group

Patient factors

=60

Mot present

Present

Pathologic fa:

Turmor size, cm

Tl

(GorT2

T3 or T4

Negartive by at least 2 mm

lose (=22 mm)
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Any
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Multicentricity

Unicentric only
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Mulrifocality

unifocal witly

toral size =2 cml

Clicallv unifocal with rotal

5]

ize 2.1 to 3.0 cml

It
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ically multifocal =
total size or if clinically mulofoc

Histology

Invasive ducral er other
favorable subrypes*

In'asive lobular

Pure DCIS

Wt allowed

2

CITL 1N SIZE

\ OO L0 S1Ze

EIC

Mot allowed

b
f= 3 oo in size

1F =3 cmoin size

Associared LCTS

Allowed

LT
NA

NA

Modal factors

N stage

pNO (T, 1)

pIN T, pN2, pN3

Nodal surgery

SN Bx or ALND™

None performed

Treatment Facrors

djuvant therapy

Mgt allowed

1f used

N



Characteristic

Patient age
Histology

ILC
Associated LCIS
DCIS

HG

Tumour size
Surgical margir s
Multicentricity
Multifocality

EIC

LVI

ER, PR status
Nodal status

Neoadj. chemoth.

N/

7\

A/ Low-risk group -
Good candidates for APBI

>50 years

IDC, mucinous, tubular,
medullary, and colloid cc.
Not allowed

Allowed

Not allowed

Any

pT1-2 (=30 mm)
Negative (=2 mm)
Unicentric
Unifocal

Not allowed

Not allowed

Any

pNO (by SLNB or ALND*)
Not allowed

B/ Intermediate-risk group -
Possible candidates for APBI

>40-50 years

IDC, ILC, mucinous, tubular,
medullary, and colloid cc.
Allowed

Allowed

Allowed

Any

pT1-2 (=30 mm)

Negative, but close (<2 mm)
Unicentric

Multifocal (limited within 2 cm
of the index lesion)

Not allowed

Not allowed

Any

pN1mi, pNla (by ALND*)
Not allowed

GEC-ESTRO Recommendations

C/ High-risk group -
Contraindication for APBI

=40 years

pT2 (>30 mm), pT3, pT4
Positive

Multicentric

Multifocal (>2 cm from the)
index lesion)

Present

Present

pNx; =pN2a
If used




Major differences between:

ASTRO GEC/ESTRO

Age: 60 years S0 years
Stage: T1 (2 cm) T1-T2 (3 cm)

ER status: Positive Any




Variable

ASTRO
GUIDELINES

GEC-ESTRO
GUIDELINES

DB ELIOT-OUT

SUITABLE

CAUTIONARY

UNSUITABLE

POSSIBLE
CANDIDATES

CONTRA-
INDICATION

H
H
k)

Patient factors

Age

260y

50-59

BRCA1/2
mutation

Pathologic
factors
Tumor size

pT

Margins

Grade

LV

ER status

Multicentricity

multifocality

Histology

Pure DCIS
EIC {is)

Nodal factors

N stage

Nodal surgery

Treatment
factors

Absent

Update at 5-years

>40-50

Local Failure Rate : 6%

£40

pT2(>3cm)
pT3-pT4

~ Positive

Any

Present

Present

Multifocal>2cm

Any

-

Present

pNx; 2pN2a (24
positive nodes)

Not performed

Neoadj. CT

Not allowed

Not allowed

Not allowed

Not allowed




.................................................. ﬁxt»?ﬂ"ié(}
GUIDELINES {Botteri)
AL SURDN Cautionary Unsuitable
. Patients 182, 205 {’i%;" ) 690 (38%) 812 (45%)
Person-year-DFS Y : 1016 2409 2837
Person-year-OS 1091 2613 3157
Local relap ::S ] bl L 21 2
S-year rate” ui ta e 4.4% 8.9%
i v ; o
Person-year-DFS 30
L 0c0~:egr0nai midpges . 0 3
5-year rate” 0.31
Luminal B
Patients a77 318 9 1127
Person-year-DFS 3371 1101 44
Loco-regional relapses 50 1 i} 1 15
: 5-year rate” 7.4 1.4 1.13
- HER2
Patients 53 0 118
Person-year-DF S 176 ! - %
Loco- mgmnai relapses 6 - - 6
5-year rate” | 5.69

Triple negative
Patients ! 208
Person-year-DFS % g

Milan ELIOT out-trial on 1822 patients

Ml Stratification according to ASTRO groups
(LJROBP, in press)




GEC-ESTRO

Good Contra- Not assessable |
candidates indication |

ients - - 572 (31%) 268 3 ) 17 (1%)

. Person- 1838 3602 76

. Person- 1979 )1 01 86

Local re 1-9% at 5'}’ ) . J 1

- Beyear faw 6.6%

. Luminal A

Patients
Person-year-DFS

Loco-regional relapses

: 5-year rate®

- Luminal B

5 Patients
Person-year-DFS
Loco-regional relapses
5-year rate”

| HER2

Patients
Person-year-DFS
Loco-regional relapses

5-year rate”

Milan ELIOT out-trial on 1822 patients
Stratification according to ESTRO groups
(R&0, submitted)




IEO TRIAL

November 2000 — December 2007
1_305 natients

Equivalence Expected Rates

EBRT arm: 3 - 3.5%

ELIOT arm: 7 - 7.5%




ELIOT Randomized Trial
Study Flowchart

Pfe«surgicai randam zamm {6"1305‘ v iR

- Extemai rad stheranw -

“Reason for exclusion during or -
- after surgical intervention

INELIGIBILITY AFTER INTERVENTION

Bemgn or in-situ mmos A
. Tumor size>2.5cm*.
Metastatic disease
“Muitifocal disease
Other reasons™

PROTOCOL VIOLATION

Pat;ems refused assigned trea'mem
- Radicalization mastectomy -
Dysfunct;cn of !ORT mac‘xme

" IORT not performed under!oc awesthesxe




| t cancer
Distant mets Contralateral breas

Log-rank P=0.2244

5

Ol

At risk At risk
Ext RT 601 Ext RT 601
ELIOT 58

Cumulative
Ext RT -
ELIOT -

Log-rank P=0.6939

40
S 20

o

ol Leg-rank P=0.6930

o] 2 4 8
At risk At risk
Ext RT 601t 583 474 Ext RT 601 587 504
ELIOT 585 560 441 ELIOT 585 582 487
Cumulative incidence (%) Cumulative mortality (%)
Ext RT - . . . . Ext RT 100 99.3 88.3
ELIOT - - . - . . ELIOT 100 99.8 88.9

Randomized Trial




ELIOT R/ Toxicities ...........

Pulmonary fibrosis was diagnosed in 42 patients (23.6%):
38 (90%) were in the EBRT arm and 4 (10% ) in the ELIOT
arm (p?<?0.0001); twenty-six of them were Grade 1 (one
ELIOT), fifteen were Grade 2 (three ELIOT) and one was
Grade 3. The post-radiotherapy risk in the EBRT arm to
develop at least Grade 1 fibrosis was 19 times higher than in
the ELIOT one (OR: 19.20; 95% CI: 6.46-57.14) and 6 times
higher to develop at least Grade 2 (OR: 5.70; 95% CI: 1.56-
20.76).

Rampinelli C et al, Assessment of Pulmonary Fibrosis after Radiotherapy (RT) in Breast
Conserving Surgery: Comparison between Conventional External Beam RT (EBRT) and
Intraoperative RT with Electrons (ELIOT), Technol Cancer Res Treat, 2011




ELIOT Random/ASTRO Groups

Eliot patients Local Relapse
N(rate/100-year)

Suitable S (0.66)

Cautionary 19 (1.26)

Unsuitable 13 (1.20)




ELIOT Random/ASTRO Groups

LOCAL RELAPSES

SUITABLE (n=268) CAUTIONARY (n=528) UNSUITABLE (n=387)
1/0 113 117
Log-rank p=0.42 og-rank p=0.001 Log-rank p=0.04

£
£
2
£
|
E
3

cooaBBEHRSEES
Cumulative Incidence (%)

copganBRBHEEA3
Cumuiative [ncdence (%)

o 0 5o B BEESESE

IPSILATERAL BREAST CANCER

SUITABLE (n=269) CAUTIONBRY (n=528) UNSUITABLE {(n=387)
C/1 1/5
Log-rank p=0.24 . Log-rank p=0.10

Cumuiative Incidence (%)
oo Ba3RhasESs S




LR rate on long-term mortality rate
(ratio 4:1). Proper selection of patients is
the current issue

=7« All the studies have short follow-up, and

5 this period doesn’t cover the increased
risk for recurrences (o second tumours)
in the same breast (it begins at 5 years
and more.....)




4 _

subgroups of patients to be submitted to
PBI (and IORT), also outside of clinical
trials

ELIOT out trial data suggest that the
criteria proposed by ASTRO/GEC-
ESTRO guidelines are appropriate to
select *‘suitable patients” for current
clinical practice




_am

PBI (and IORT) alone could be proposed
as standard treatment, in alternative to
WBI, in patients with “good
characteristics” of age, tumour size, and
important, proper biological profile

Preliminary results coming from ELIOT
randomized trial seem to confirm, even
with some slight difference




CISIORT

INTERNATIONAL SOCIETY of
INTRAOPERATIVE RADIATION THERAPY

Milan, 22-24 June 2012
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