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Rationale for PBI: pattern of relapse

Å2,544 patients treated by BCS +/-RT at NCI, Milan 1970 ς89

SalvadoriB, BJS,1999, 86, 84-87

Site in relation to 
Primary tumour

Number (%)

¢2cm from scar 142 (74)

Other quadrant 43 (23)

Undetermined 6 (3)



Rationale for PBI: smaller volume = less 
toxicity?

Percent 
(%) risk of 

moderate
or severe

breast 
fibrosis

Normalised Total Dose ( Gy)

Borger, IJROBP 1994. 30; 1073-81



Rationale for PBI: shorter treatment more 
attractive?

ÅInfluences on decision for mastectomy in 
patients eligible for breast conserving surgery

ÅShorter duration RT (3 vs5 weeks) would have 
made 47% of mastectomy patients more likely 
to accept BCS

Rippyet al. Breast 2014. 3; 273-8



PBI is not a new conceptΧ

Åt.L ǎǘǳŘƛŜǎ ǎǘŀǊǘŜŘ ƛƴ ǘƘŜ мфулΩǎΣ ōǳǘ ǎƘƻǿŜŘ 
increase in local recurrence rates (LRs)

ÅPossible contributing factors:

ïPatient selection

ïSurgical margins

ïRT localisation& technique
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Trial Target 
accrual

Partial Breast 
Test Arms

Time

GEC-ESTRO 1170 Multi-source 192Ir 3.5-4 days

IMPORT LOW 2000 External beam IMRT 3 weeks

RAPID 2128 External beam RT 5 days

ELIOT 1305 Intraoperative electrons 1 day

TARGIT 1600 Intraoperative x-rays 1 day

NSABP-39/RTOG 
0413

4300 Multi-source 192Ir
Single source 192Ir 
External beam RT

5 days
5 days
5 days

IRMA 3302 External beam RT 5 days

SHARE 2796 External beam RT 1 or 3 
weeks
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Accrualperiod: April 2004ςJuly2009: 1184patients

Eligibilitycriteria after BCS:

Ageҗ пл years, 

pTisor pT1ς2 (tumor size¢3 cm), pN0/pNmiM0 

Surgicalmarginsҗ н mm, LVI neg., EICneg.  

Randomisation
Stratification: institute, menopausalstatus, tumor type (DCIS vsinvasive)

AcceleratedPartial BreastIrradiation (APBI)

Interstitial Brachytherapy(iBT)

HDR:  8 x 4 Gy(n=119) or 7x 4,3 Gy(n=59)

PDR:  50 Gy(0,6-0,8 Gy/h) (n=451)

WholeBreastIrradiation (WBI)

50 Gy+ 10 Gytumor bedboost

n=633 n=551

Slides courtesy of Profs Polgar& StrnadLancet 2016. 387; 10015:229-38

GEC-ESTRO trial



APBI (n=633) WBI (n=551) p-value

Age: years(%)
Median age(range) 62 (40-92) 62 (40-85) NS

җ40-50 91 (14) 91 (17)
> 50-60 192 (30) 162 (29)

> 60-70 256(40) 202(37)
ü70 94 (15) 96 (17)
Menopausal status: n (%)
Premenopausal 108 (17) 92 (17) NS
Postmenopausal 525 (83) 459 (83)
Tumorsizeand surgicalmargins(mm)
Median tumor size(range) 12 (9-30) 12 (9ς30) NS

pTis(DCIS) 36 (5) 24 (4)
pT1 530(84) 469(85)

Ǉ¢н όҖ ол ƳƳύ 67 (11) 58 (11)
Median surgicalmargins(range) 8 (2-40 ) 7 (2-25 ) NS

Patient and tumor characteristics

Lymphnodestatus: n (%)
pN0 (AD) 127 (20) 118(21) NS
pN0 (SLNB) 470(74) 408(74)
pN1mi 5 (1) 5 (1)
pNx 31 (5) 20 (4)



HistologicalGrade: n (%)
HG1 248 (39) 217(39)
HG2 319(50) 288(52) NS
HG3 57 (9) 42 (8)

APBI (n=633) WBI (n=551) p-value

Histology: n (%)
Ductal 453 (72) 424 (77) NS

Lobular 85 (13) 49 (9)
Tubular 38 (6) 36 (7)

Mucinous 14 (2) 13 (2)
Papillary 5 (1) 4 (1)
Medullary 2 (<1) 1 (<1) 
Missingdata 36 (6) 24 (4)

Tumor characteristicsand systemictreatments

ER status: n (%)
ER+ 579 (92) 503 (91)
ER- 39 (6) 35 (7) NS
NA 15 (2) 13 (2)
Systemictreatments: n (%)
Hormonaltherapy 549 (87) 482(87)
Chemotherapy 63 (10) 65 (12)
None 59 (9) 46 (8) NS
Missingdata 2 (<1) 0



ResultsςL.¢w όαastreatedέ analysis)

´as treated́
WBI:  0.92%(95% CI: 0.12ς1.73%) NS
versus 

APBI: 1.44% (95% CI: 0.51ς2.38%)            p=0.42

Difference(Rate[APBI]ςRate[WBI]) betweenthe 5-yearIBTR rates=0.52%(95% CI: -0.72 ς1.75%). 

Non-inferiorit y concerningthe 5-year IBTR rate has beenconfirmed!

´intent to treat´
WBI: 1.07%(95% CI: 0.22ς1.92%) NS
versus 

APBI: 1.33% (95% CI: 0.41ς2.24%)            p=0.53



Lateside-effectsand cosmeticresultsat 5 yearFUP by treatment

Side-effect APBI WBI p-value

G1-3 skinpigmentation 5.7% 10.0% 0.009

G2-3 skintoxicity 3.7% 6.1% 0.06

G2-3 subcutaneoustoxicity 6.2% 5.4% 0.33

Symptomaticfat necrosis 1.2% 0.9% 0.49

G2-3 breastpain 0.6% 1.2% 0.11

Excellent/goodcosmeticresults
(rated by patients)

92.2% 91.1% 0.57

Excellent/goodcosmeticresults
(rated by physicians)

92.7% 90.0% 0.14

No significant difference in late toxicity at 5 years other than cumulative incidence of G2-3 
late skin toxicity 10.7% (95 CI 8.0-13.4) WBRT vs6.9% (4.8-9.0) APBI (difference -3.8, 95% CI -
7.2 ς0.4; p=0.020) ςLancet Oncology 2017 18(2):259-268



Conclusions

- 5-year resultsof the GEC-ESTRO APBI trial confirmthat adjuvant
APBI usingmulticatheterbrachytherapyafter BCS is aseffectiveas
whole-breastirradiationfor selectedpatientswith early-stage
breastcancer. 

- Significantlyless late skinside-effectshavebeenobservedin the
APBI arm.  

- Thisis the first phaseIII trial provingnon-inferiority of APBI to
conventionalwhole-breastirradiation.

- APBI  with multicatheter brachytherapyis a standard treatment
alternative to whole-breast irradiation and canbe offered in the
routine clinicalpracticefor appropriatelyselectedbreastcancer

patients.  
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Partial breast radiotherapy after breast conservation 
surgery for early breast cancer: 5-year outcomes from the 
IMPORT LOW (CRUK/06/003) phase III randomised 
controlled trial 

Dr Charlotte Coles
(Clare Griffin, Anna Kirby, Jenny Titley, Rajiv Agrawal, Abdulla Alhasso, IndraniBhattacharya, Murray Brunt, Laura 
Ciurlionis, Charlie Chan, Ellen Donovan, Marie Emson, Adrian Harnett, Jo Haviland, Penny Hopwood, Monica Jefford, 
Ronald Kaggwa, ElinorSawyer, Isabel Syndikus,YatTsang, Duncan Wheatley, Maggie Wilcox, John Yarnoldand Judith Bliss 
on behalf of the IMPORT TrialistsΩ DǊƻǳǇ)

	

ColesCE et al. Lancet 2017. 390; 10099:1048-1060



Intensity Modulated Partial Organ RT
18

40Gy 36Gy

40Gy40Gy

0Gy

15 Fractions 15 Fractions 15 Fractions

Whole Breast Reduced Dose Partial Breast



Trial design: Inclusion Criteria
19

Å Breast conservation surgery ± adjuvant systemic therapy
Å Age җ50, female
Å Pathological ǘǳƳƻǳǊ ǎƛȊŜ ҖоŎƳ
Å Invasive unifocaladenocarcinoma
Å Grade I, II or III
Å pN0 or pN1
Å Minimum ƳƛŎǊƻǎŎƻǇƛŎ ƳŀǊƎƛƴ җ2mm

Randomised (1:1:1)

N=2018*

Whole 

N=674

Reduced

N=673

Partial

N=669

* 2 patients were randomised and subsequently withdrew complete consent from any of their data being used in analyses



Baseline characteristics
20

Whole
N=674

Reduced
N=673

Partial                        
N=669

% % %

Age (years) Median 
(range) 62 (50-90) 63 (50-91) 62 (50-91)

Tumoursize (cm) Median 
(range) 1.2 (0.1-3.0) 1.1 (0.1-3.0) 1.2 (0.1-3.0)

Grade 1 45 40 43

2 46 49 48

3 9 11 10

Pathologicalnode status Positive 4 3 2

Negative 96 97 98

Lymphovascularinvasion Present 7 10 7

Absent 93 90 93

ER status Positive 95 95 95

Poor 5 5 5

HER2 Positive 4 4 6

Poor 96 96 94



Primary endpoint: Local relapse
21

Localrelapse (LR) Whole

N=674     

Reduced

N=673                 

Partial

N=669                 

Number of LR events 9 3 6

KM 5 year cumulative 

LR incidence estimate 

(95% CI)

1.1% 
(0.5-2.3)

0.2%
(0.02-1.2)

0.5%
(0.2-1.4)

Hazard ratio 

(95% CI)                          

0.33 
(0.09, 1.20)

0.65 
(0.23, 1.84)

Pr(HR>2.03), test for NI p=0.003 p=0.016

Log rank p-value p=0.077 p=0.420

Absolute difference in LR 

rate at 5 years (95% CI)

-0.73% 
(-0.99, 0.22)

-0.38% 
(-0.84, 0.90)



Event status
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Whole

N=674     

n

Reduced

N=673        

n         

Partial

N=669        

n         

Local relapse

Regionalrelapse

Distant relapse

9
1
11

3
1
10

6
2
12

Contralateral BC (invasive) 10 11 11

Deaths
Cause of death:

Breast cancer
Secondcancer

Cardiac
Other

Unknown

40

9
14
5
12
0

39

7
16
2
11
0

37

10
12
2
11
2
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Conclusions
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Å Non-inferiority for Reduced dose and Partial breast 
compared with Whole breast RT in terms of LR

Å LR rates & moderate/marked normal tissue effects low 
across all groups

Å Partial breast reduces severity of overall breast 
appearance (PROMs) at five years

Å This simple radiotherapy technique is implementable 
in radiotherapy centres worldwide 



ñModernò large RCTs testing PBI with LR endpoint

Trial Target 

accrual

Partial Breast 

Test Arms

Time

GEC-ESTRO 1170 Multi-source 192Ir 3.5-4 days

IMPORT LOW 2000 External beam IMRT 3 weeks

RAPID 2128 External beam RT 5 days

ELIOT 1305 Intraoperative electrons 1 day

TARGIT 1600 Intraoperative x-rays 1 day

NSABP-

39/RTOG 0413

4300 Multi-source 192Ir

Single source 192Ir 

External beam RT

5 days

5 days

5 days

IRMA 3302 External beam RT 5 days

SHARE 2796 External beam RT 1 or 3 

weeks



Partial breast RT may not have less toxicity: 
depends on dose/fractionationΧ

ÅE.g. RAPID trial:

ïAPBI 38.5 Gyin 10F bd vsWBRT 42.5 Gyin 16F or 
50 Gyin 25F ± boost

ÅPrimary endpoint: local recurrence

ÅSecondary endpoints: cosmesis& toxicity

Å2006 ς2011, 2,135 recruited, median follow 
up 36 months

Olivottoet al. JCO 2013. 31; 32:4038-45 



Cosmetic assessment at 3 yrs
APBI vsWBRT:

ÅTrained nurses ς29% vs
17%, p < 0.001

ÅPhysicians reviewing 
photographs ς26% vs18%, p 
< 0.002

ÅEQD2 about 53Gy
ÅOr 65 Gyif consider 

incomplete repair

Å YarnoldJ, IJROBP, 2010
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ELIOT Trial

ÅEuropean Institute of Oncology, Milan

ÅInclusion criteria:
ïWomen 48-75 years
ïҖ нΦр ŎƳ 

ÅRandomised to:
ïWBRT 50 Gyin 25F over 5 weeks + boost
ïVsIORT 21 Gyto tumour bed, electrons

ÅPrimary endpoint: ipsilateralbreast tumour recurrence 
(IBTR)

ÅPre-specified equivalence margin: LRR of 7.5% for IORT 
(assumed LRR of 3% for WBI)



Å> 25% LN+
Å20% G3

ÅGEC-ESTRO:
Å5% pN1mi
Å<10% G3

ÅIMPORT LOW:
Å3% LN+
Å~10% G3



IBTR at 5 years:Results
Å1305 patients, median follow up 5.8 years
Å5 year IBTR:
Å4.5% (95% CI 2.7-6.1) IORT
Å0.4% (95% CI 0.0-1.0) WBRT

ÅHR 9.3 (95% CI 3.3-26.3)

Veronesiet al. Lancet Oncol2013. 14: 1269-77



ELIOT: conclusions

ÅRate of IBTR in IORT group within pre-
specified equivalence margin

ÅBUT rate significantly greater than WBRT

ÅNo difference in OS

ÅImproved patient selection could reduce IBRT 
with IORT



άaƻŘŜǊƴέ ƭŀǊƎŜ w/¢ǎ ǘŜǎǘƛƴƎ t.L ǿƛǘƘ [w ŜƴŘǇƻƛƴǘ

Trial Target 
accrual

Partial Breast 
Test Arms

Time

GEC-ESTRO 1170 Multi-source 192Ir 3.5-4 days

IMPORT LOW 2000 External beam IMRT 3 weeks

RAPID 2128 External beam RT 5 days

ELIOT 1305 Intraoperative electrons 1 day

TARGIT 1600 Intraoperative x-rays 1 day

NSABP-39/RTOG 
0413

4300 Multi-source 192Ir
Single source 192Ir 
External beam RT

5 days
5 days
5 days

IRMA 3302 External beam RT 5 days

SHARE 2796 External beam RT 1 or 3 
weeks



Targittrial: design

Å1721 randomised intra-op vs1730 WBRT, 
ƳǳƭǘƛŎŜƴǘǊŜΣ җпрΣ unifocal& suitable for BCS

Å20 Gy, 6 Gyat 1 cm

ÅPrimary endpoint: IBTR

ÅNon-inferiority - difference of 2.5% in IBTR

Å15% of intra-op group received WBRT

Prof J Vaidya



Vaidyaet al, Lancet, 2014 383; 9917:603-13

Results
5 year IBTR: 
Å3.3% (95% CI 2.1-

5.1) Targit
Å1.3% (95% CI 0.7-

2.5) WBRT



Targit: statistical considerations

ÅMedian follow-up overall only 2 years 5 
months & only сммκопрм ǇŀǘƛŜƴǘǎ ƘŀǾŜ җр 
years follow-up 

ÅBinomial statistical analysis was used:

ïPatients who have not reached 5 years are 
recorded as no LR

ÅHavilandJS, Bliss JM, BentzenSM, CuzickJ. Int J Radiat
OncolBiolPhys. 2015 Aug 1;92(5):954-5.



Future directions?



Why preoperative Partial
Breast RT?

ÅBetter tumor delineation pre vs postop
ð tumor with marker ôin situõ

ÅBetter radiotherapy tumor coverage
ðCTV tumor + 2 cm

ÅSmaller volumes pre vs postop RT

Å It allows in situ genetic assessment of 
radiation response

High dose RT volume is excised!!

Post-
operative

Pre-
operative

Courtesy of Astrid Scholten& Paula Elkhuizen



Å40Gy/10F/2w ςsurgery 6/52 later

Å70 patients, median follow up 23 months

ÅCosmetic outcome 77% at 6/12 & 100% at 3 years, 11% post-
op infection

Å2 local recurrences

ÅPAPBI II trial ςpre-op vspost-op



ÅAPBI 38.5Gy/10F/1w ςsurgery at 21 days

Å27 patients, median follow up 3.6 years

Å4/27 (14%) pCR

Å4/27 G3 seromas

ÅGood-excellent cosmesis79% at 1 year, no LR


