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Old Paradigm

Mastectomy is the unique local 
treatment for breast cancer



New Paradigm

Conservative breast surgery plus RT is as 

effective as mastectomy

The NEW ENGLAND JOURNAL of MEDICINE
COMPARING RADICAL MASTECTOMY WITH QUADRANTECTOMY, AXILLARY DISSECTION, AND RADIOTHERAPY IN PATIENTS WITH SMALL CANCERS 

OF THE BREAST

UMBERTO VKRONESI, M.D., ROBERTO SACCOZZI, M.D., MAKCKLLA DEL VECCHIO, PH.D., ALBERTO BANFI, M.D., CLAUDIO CLEMENTE, M.D., MARIO DE LENA, M.D., GIUSEPPE GALLUS, PH.D., 

MARCO GRECO,M.D., ALBERTO LUINI, M.D., ETTORE MARUBINI, PH.D., GIUSEPPE MUSCOLINO, M.D., FRANCO RII.KE, M.D., BRUNO SALVADORI, M.D., ANNAMARIA ZHCCHIM, AND ROBERTO ZUCALI, 

M.D.

Abstract From 1973 to 1980, we carried out a controlled study at

the National Cancer Institute in Milan to consider the value of a

conservative procedure in patients with breast cancer of small size.

We randomized 701 patients with breast cancer measuring less

than 2 cm in diameter and with no palpable axillary lymph nodes to

Halsted radicat mastectomy or to "quadrantectomy" with axillary

dissection and radiotherapy to the ipsilateral residual breast tissue.

We treated 349 patients with Halsted mastectomy and 352 with

quadrantectomy. The two groups

were comparable in age distribution, size and site of primary tumor,

menopausal status, and frequency of axillary metastases. There

were three local recurrences in the Halsted group and one in the

quadrantectomy group. Actuarial curves showed no difference

between the two groups in disease-free or overall survival. From

these results, mastectomy appears to involve unnecessary

mutilation in patients with breast cancer of less than 2 cm and no

palpable axillary nodes, (N Engl J Med. 1981; 305:611 . )



Local recurrences are 

more frequent in the area 

near the

scar
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Hypothesis

i RT after conservative 

breast surgery can be 

safely limited to the tumor 

bed, avoiding the 

extensive irradiation of 

the chest wall
Å IEO
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A single dose of 21 Gy is 
biologically equivalent to 65 

Gy of fractionated
RT
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Presuppositions of IORT

© Extension of local treatment beyond the 
tumour bed does not improve survival

© Local recurrences usually appear close to 
the quadrantectomy scar

© Availability of mobile LINAC machines for 
use in operating theatre

© Many women have difficulty accessing RT 
centres



We call the technique ELIOT
It started at the IEO in 1999



Summary of ELIOT procedure

ƴPerform quadrantectomy
ƴMobilize breast gland
ƴInsert protective discs
ƴReconstruct gland (temp.)
ƴMeasure breast thickness
ƴPlace collimator
ƴDock collimator to LINAC
ƴGive irradiation
ƴReconstruct gland, close wound
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Irradiation

NOVAC 7 (Sordina, Rome, Italy) 

Liac (Sordina, Rome, Italy)



Characteristics of ELIOT

procedure

Duration of irradiation 2 - 4
min

Duration of procedure 20 - 45
min

Diameter of irradiated field 4 - 10 cm 

Prescribed dose Dmax (90% isodose)
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ELIOT Technique
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ELIOT: advantages

# Single intraoperative dose of 21 
Gy, lasting a few minutes 
compared with 5-6 weeks of 
conventionally fractionated 
external beam RT



ELIOT: advantages

D The collimator is placed under the 
direct control of the surgeon 
and the evaluation of the dose 
and intensity is evaluated 
intraoperatively by the radiation 
oncologist



ELIOT: advantages

i Many patients live distant from RT centres

ƴMany cannot afford to be away from home for 3-6 weeks

ƴAs a result, many patients choose mastectomy instead of 
breast-conserving surgery

ƴELIOT solves this problem

\ ' * J-~ *

Many women live a 
long way from 
radiotherapy centres

Costs to reach the 
Radiotherapy Center can 
be

prohibitive



ELIOT: advantages

® Problem of clash with postoperative 
chemotherapy solved
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ELIOT: advantages

ELIOT is compatible with 

immediate augmentation

Journal of Plastic, Reconstructive & Aesthetic Surgery (2006) 59, 532 535

JPMS
An I nternaHonei
Journal of
Surgical
Retonstruclion
www.JPRASurg.com

ELSEVIER

CASE REPORT

Breast conservative treatment in association 

with implant augmentation and intraoperative 

radiotherapy
M. Rietjens3'*, F. De Lorenzia, P. Veronesib, M. Intrab, M. VGnturinoc, G. 

Gattid, Jean Yves Petit9

http://www.JPRASurg.com


Immediate augmentation after 

quadrantectomy and ELIOT
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OTHER INDICATIONS

FOR ELIOT

> Possible after treatment for 

Hodgkin lymphoma

> Possible in presence of skin 

burn scars

> Possible after previous Whole 

Breast Irradiation

> Possible in patients with pacemaker
»IEO
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SIDE EFFECTS OF

ELIOT
No differences between the two

arms were observed for mammary 
fibrosis, mammary retraction, pain or 

burning...

Å IEO
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Higher incidence of fat necrosis (assessed 
by radiological imaging)

in ELIOT arm, with incidence of about 12%



Technology in Cancer Research and Treatment ISSN 

J533 0346

Volume ti). Number 4, August 201 /

©Adenine Press (20/1)

Assessment of Pulmonary Fibrosis after C. Uumpinelli. M.I).1

Radiotherapy (RT) in Breast Conserving Surgery: M. Bellomi, M.D.U

Comparison between Conventional External Ivaldi, M.D.3

Beam RT (EBRT) and Intraoperative M-Intra*M*D."

RT with Electrons (ELIOT) s- kaimt>ndi' M.Sc.5'6

S. Meroni, M.D.-

www.tcrt.org r. Orecchia, MUD.W

IJ Vprnnp^i "VI I) ^
The aim of this study was to assess the frequency and the grade of RT-induced pulmonary VUWI'

A SUBGROUP OF 178 VOLUNTEERS UNDERWENT FOLLOW 

UP CLINICAL EXAMINATION INCLUDING A SPIRAL CT TO 

EVALUATE RADIATION-INDUCED PULMONARY FIBROSIS.

42 (23.6%) PATIENTS DEVELOPED PULMONARY FIBROSIS

4 (10%) IN ELIOT ARM 38 (90%) IN 
EXTERNAL RT ARM

AIE0
Istituto Europeo di Oncologia

http://www.tcrt.org


EIO ELIOT EXPERIENCE



ELIOT Randomized Trial
November 2000 - December 2007

T <2.5 cm, cN0, age> 48
Pre-surgtcal randomization (n=1305)

Reason for exclusion during or ; after

surgical intervention

INELIGIBILITY AFTER INTERVENTION

Benign or in-situ tumor Tumor 

size>2.5cm* Metastatic disease 

Multifocal disease _Other 

reasons**_

PROTOCOL VIOLATION

Patients refused assigned treatment Radicalization 

mastectomy Dysfunction of IORT machine RT not 

performed for concomitant pathology IORT not performed 

under local anesthesia

Available for analysis" RT 

(n=601) 1186 pts
Available for analysis'' m

ELIOT (n=585)



ÅAGE 48-75 YEARS

ÅTUMOR SIZE MAX 2.5 CM

ÅSUITABLE FOR BCS
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PATIENTS WITH 4 OR 
MORE POSITIVE NODES

« A TOTAL OF 69 PATIENTS WITH 
4 OR MORE POSITIVE NODES 
RECEIVED ADDITIONAL EBRT 
OF 50 GY TO THE AXILLA 
(DELAYED 6-12 WEEKS AFTER 
ELIOT)

»IE0
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ELIOT Trial Endpoints

Primary endpoint: IBTR
distinguishing between
- true local recurrence in index 

quadrant and
- new ipsilateral carcinoma in 

other quadrants (expected to 
increase in ELIOT arm)

Secondary endpoint: survival

»IEO
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Articles

lancet GnraJ 2013; 14:1269-77

Intraoperative radiotherapy versus external radiotherapy for early 

breast cancer (ELIOT): a randomised controlled equivalence trial 'Vs.

®Umberto Veronesi, Roberto OreccKa, PntricffJWaisonneui'e,. Giuseppe Viale, Nicole fiotmensz, Claudia 
Sangalli, AlbertoLuini, Paolo Veicnesi, Viviona GaJimbertr, StefanoZurrida, Mario CrrstrnaLeonard, RobertaLazzail, 

Federlca Cotton r, Oreste Geritilinl, Mattla Intra, Pietro CnlcfnrelJa Bsttino fiaflardrnt
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ELIOT Trial: Events during follow-up
External radiotherapy 

(n=654)

Intraoperative radiotherapy with

electrons (n=651)

Log-rank p 

value

Number
5-year event rate

(95% CI)
Number 5-year event rate

Ipsilateral breast tumour recurrence 4 0'4% (0 0-1-0) 35 4-4% (2'7-6-1) <0 oooT*^

Local relapse ^ Mi yv ipsi lateral 

breast tumour

4

0

0-4% (0-0-1-0)

0

21 

14

2-5% (1-2-3 8) 1-9% 

fo-B-^ll _

0^0003

Axillary or other regional lymph node 

metastasis

-TTT̂ TTU T̂Trr 1-0% (0.2-1-9) 0 03

Locoregional tumour recurrence 6 0-8% (0-0-1-5) 44 5-4% (3-5-7-2) <0 0001

Contralateral breast tumour 13 1-7% (0-6-2-7) 8 1-1% (0-2-21) 0-34

Distant metastasis* 35 4-8% (3-1-6 5) 33 5-1% (3 3-6 9) 0 9 4

Other primary cancer 22 3'2% {1-8-4-7) 20 2-5% (1-2-3-8) 0 8 8

Death as first event 7 0-9% (0-1-1-7) 8 1-0% (0-1-2-0) 0'69

Total deaths 31 3-1% (1-7-4-5) 34 3-2% (1-7-4-7) Ǐƴ59

Breast cancer 20 20% (0-9-3-2) 23 2-1% (0-9-3-3) 0^6

Other cause 11 1-1% (0-2-2-0) 11 1-1% (0-2-2-0) 0 93

Person-years until last visit 39^0 for external radiotherapy, 3716 for intraoperative radiotherapy with electrons. Person

years until last contact 4107 for external radiotherapy, 3997 for 1 ntraoperative radiotherapy with electrons. *As first or

secondary event (including four diagnosed at the time of surgery all in the intraoperative radiotherapy group).

Table 2: Events identified during follow-up according to allocated group (intent ion-to-treat population)



INCREASED RISK OF LOCAL 
RELAPSE WAS SIGNIFICANTLY 
ASSOCIATED NOT ONLY WITH 

YOUNG AGE AND LARGE TUMOR

BUT ALSO BIOLOGICAL FACTORS 
LIKE HIGH GRADE, ER-NEGATIVE 
STATUS, AND POSITIVE LYMPH 

NODES..

»IEO
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TRIAL ELIGIBILITY DEPENDED 
ON FEW FACTORS (tumor size, 

clinically negative axilla, 
unifocal disease)

»IEO
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ELIOT

TRIAL

Patients IBTR 5-year event

Log-rank (n/N) rate (95% CI)

p value*
Molecular subtype

Lumina

l B
20/327 4-9% (24-74)

HER2-positive (non-luminal) 1/20 5-9% (0-0-

17-1)
Triple 

negative
7/41 18-9% (61-U7) 0-

001
Proliferative index (Ki-67)

Patients IBTR 5-year event Log-rank (n/N) 

rate (95%CI) p value*

<14%

14-20%

>20%

8/263 1-8% (0-0-3*5) 

5/138 1-5% (0 0-3-6) 

22/244 9-1% (5-1-13-1) 0002



The ASTRO and ESTRO
guidelines identified women 
suitable or good for partial 

irradiation, and
also identified 'unsuitable'or 
possible and 'cautionary'or 

high risk
groups

»IEO
Istituto Europeo di Oncotogia



onsensus Statement



International Journal of

Rad Lit ion Oncology
biology Åphysics

w w w.rodjoiima Lorg

Clinical Investigation: Breast Cancer

How Do the ASTRO Consensus Statement Guidelines for 

the Application of Accelerated Partial Breast Irradiation Fit 

Intraoperative Radiotherapy? A Retrospective Analysis of 

Patients Treated at the European Institute of Oncology

Maria Cristina Leonardi, M.D.,* Patrick Maisonneuve, Ing.,

Mauro Giuseppe Mastropasqua, M.D.,- Anna Morra, M.D.,* Roberta Lazzari, M.D.,*

Nicole Rotmensz, M.Sc., Claudia Sangalli, D.M., Alberto Luini, M.D./

Umberto Veronesi, M.D./ and Roberto Orecchia, M.D.*'1

RETROSPECTIVE STUDY ON 
1,822 EIO PATIENTS TREATED 
WITH ELIOT DIVIDED INTO 3 
GROUPS ACCORDING TO THE 
ASTRO GUIDELINES



Patients

Person-

Person-

"Suitable" 1.5% local

Local r< recurrence
5-year r< ^ _

at 5- r~Lumina...

Patients 648 118 271 251

Person-year-DFS 2330 436 948 916

Loco-regional relapses 8 2 3 3

5-year rate* 1.7% 2.3% 1.6% 1.6%

Luminal B

Patients 977 176 318 474

Person-year-DFS 3371 576 1101 1650

Loco-regional relapses 50 1 10 38

5-year rate* 7.4 0.9% 4.5% 11.5%

HER2

Patients 53
-

25 28

Person-year-DFS 176
-

82 94

Loco-regional relapses 6
-

3 3

5-year rate* 17.0
-

18.3% 16.0%

Triple negative
Patients 137

-

74 58

Person-year-DFS 469
-

276 * 175

Loco-regional relapses 12
-

5 6

5-year rate* 12.8
-

9.1% 17.1%

8
3

0

0

9

4

4

1

11.4 0

5

17 1
29.4

733 3

0.31 

1127

15

1.13

118

6 
5.69

208

7 

2.66

ELIOT out-trial on 1822 patients Stratification according to ASTRO groups

(IJROBP, Leonardi & Orecchia, 2012)



FUTURE DEVELOPMENT OF 
INTRAOPERATIVE BREAST 

IRRADIATION WITH 
ELECTRONS?



THE EXTENSIVE DATA

ARE ENCOURAGING AND 

SUGGEST USE OF

ELIOT IN ROUTINE CLINICAL 

PRACTICE, IN CAREFULLY 

SELECTED

PATIENTS

Å IEO
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LOOKS CAN BE DECEIVING





PRE-OPERATIVE 
INFORMATION USEFUL OR..... 
NECESSARY?

TRU-CUT/CORE BIOPSY

histology 
Grading 
ER, PgR 
Ki-67 
Her2/ne
u

INTRAOPERATIVE ISTOLOGICAL 

EXAMINATION

MARGIN STATUS 

TUMOR SIZE SENTINEL 

NODE STATUS

Istituto Europeo di Oncologia



IDEAL SELECTION OF THE

PATIENTS

ƴAGE AND MENOPAUSAL STATUS
ƴTUMOR SIZE AND TUMOR 

FOCALITY (MRI, 
TOMOSYNTHESIS)
ƴBIOLOGICAL 

CHARACTERISTICS (PRE-
OPERATIVE CORE BIOPSY)

l LYMPH-NODE STATUS (PET, SLNB)

Å IEO
Istituto Europeo di Oncologia


