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What are the optimal TECHNIQUE and DEVICE? 
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CHRISTIE 
GROUP  
Ribeiro, 1993 

Lumpectomy, 
invasive pT≤4cm, 
cN0, EIC 
admitted, 
age≤70yrs 

WBI+regional 
lymph nodal 
RT: 
40 Gy/15 fx 

40-42.5 Gy/8 fx 
with 8-14 MeV 
electrons 

Med f-up 65 months  
N=708, PBI vs WBI: LR 
19.6% vs 11%, 
marked fibrosis G3 
14% vs 5%, 
teleangectasia  
33% vs 12% 

YORKSHIRE 
BREAST 
CANCER 
GROUP 
Dodwell,2005 

Lumpectomy, 
pT1-2 pN0-1 

WBI:  
40 Gy/15 fx 
+15 Gy boost 

Cobalt/
Caesium/
electron beam/
small mega-
voltage 
tangential pair 
to 55 Gy/20fx 

Med f-up 96 months 
N=174, (prematurely 
closed), PBI vs WBI: 
LRR 24% vs 9% 

HUNGARIAN 
NATIONAL 
INSTIT. OF 
ONCOLOGY 
Polgar, 2007 

Lumpectomy, 
pT1 pN0-1,G≤2, 
neg margins, non- 
Lobular, no EIC, 
Age>40yrs 
 

WBI: 
Cobalt or 
Photon beams 
50 Gy/25 fx 

HDR 36.4 Gy/7 
fx or electrons 
50 Gy/25 fx 

Med f-up 66 months 
N=258, PBI vs WBI: 
IBR 3.1% vs 4.7%  
Excellent/good 
cosmesis 77.6%  
62.9%  

Completed Randomized Controlled Trials (RCTs) 
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TARGIT 
Vaidya, 2010 

Unifocal T (non-
lobular, no EIC), 
age>45 yrs 

WBI according 
to participating 
Center 

IORT: 20 Gy  
50 kV X-rays 
single fraction 

N=2232, PBI vs WBI  
4-yrs LR1.2%vs0.95% 
Seroma 2.1%vs0.8%, 
RTOG tox G3-4 0.5%  

GEC-ESTRO 
Strnad,2012 

Lumpectomy,pTis-
T2≤3cm, ≤1 
micromet in axilla, 
neg 
margins,age>40  

WBI:  
50-50.4 Gy+ 
10 Gy boost 

HDR 32 Gy/8 fx 
or 30,3 Gy/7 fx 
PDR 50 Gy 

N=1170, PBI vs WBI 
acute dermatitis G3 0.2 
vs 7.1%, breast pain 
G2 3.4% vs 3.1%, , 
haematoma G2 0.8% 
vs 0.6%, infection 
0.2% vs 0.2% 

NSABP39/ 
RTOG 0413 
Julian, 2010 

Lumpectomy 
pTis-T2≤3cm, 
pN1, neg margins, 
any age 

WBI:  
50-50.4 Gy± 
10-16 Gy boost 

34 Gy with MBI 
or MammoSite 
or 38.5 Gy (3D-
CRT) 

Med f-up 42.6 months  
N=1391(3D-CRT): 
Fibrosis G2≤12%, 
G3≤3%  

RAPID 
Whelan, 
2013 

Lumpectomy,pTis-
T2≤3cm,pN0, 
non-lobular, 
age>40 yrs 

WBI:  
42.5 Gy/16 fx 
or 50 Gy/25 fx 
± 10 Gy boost 

3D-CRT:  
38.5 Gy/10 fx 
twice daily 

Med f-up 30 months 
N=2135, PBI vs WBI 
adverse cosmesis 
35.1% vs 16.6% 

UNIVERSITY  
of 
FLORENCE 
Livi, 2010 

Lumpectomy/ 
quadrantectomy 
pTis-T2≤2.5cm, 
neg margins, 
age>40 yrs 

WBI:  
50Gy-50.4 Gy+ 
10-16 Gy boost 

IMRT: 30 Gy in 
6 Gy fx 

N=259, PBI vs WBI 
acute skin tox G1 
5%vs22%, G2 0.8% vs 
19%,no late skin tox 

RCTs with interim analysis 
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STATE 

RAPID Lumpectomy,pTis-
T2≤3cm,pN0,age>4
0 yrs, non-lobular, 
no BRCA1-2 

WBI:  
42.5 Gy/16 fx or 
50 Gy/25 fx ±  
10 Gy boost 

3D-CRT:  
38.5 Gy/10 fx twice 
daily 

 
 
ONGOING 

IRMA Lumpectomy, 
Invasive T<3cm, 
N≤3,neg margins, 
age≥49 yrs 

45 Gy/18 fx or 
50-50.4 Gy/ 
25 fx 

3D-CRT:  
38.5 Gy/10 fx twice 
daily 

 
ONGOING 

ELIOT Quadrantectomy 
Invasive T≤2.5cm, 
pN0, age>48 yrs 

WBI:  
50 Gy± 10 Gy 
boost 

IORT: single fraction 
with electrons up to 21 
Gy 

 
ONGOING 

IMPORT-
LOW 

Lumpectomy, 
pT≤2cm, pN0, non-
lobular, G1-2,neg 
margins, age>50 yrs 

WBI  
40 Gy/15 fx 

IMRT:Arm1:36Gy/
15fx(T region)+40Gy/
15fx 
(low risk area) 
Arm2:40Gy/ 
15fx (T region) 

 
 
ONGOING 

 

SHARE Lumpectomy, 
invasiveT≤2 cm, pN0 
neg margins, 
age≥50 yrs 

WBI:  
40-42.5Gy/
15-16 fx or 
50 Gy+16 Gy 
boost 

3D-CRT:  
40 Gy/10 fx over 5-7 
days 

 
 
ONGOING 

Ongoing RCTs 



What technique is best for which patient? 



Int J Rad Onc Biol Physics 2012 

Advantages of PRONE POSITION: 
 

ü sparing of OARs  
(lung, heart, contralateral breast)  

ü  minimization of target tissue movement  
during breathing  

ü particularly useful for patients  
with large pendulous breasts  

(at risk of more acute 
 skin reactions and inferior  

cosmetic outcome) 



Formenti SC, IJROBP 2012 

STUDY POPULATION 
ü  100 postmenopausal women 

ü  pT1(< 2 cm) pN0 
ü  Negative margins (at least 5 mm) 

ü  HR positive 

CTV: the surgical cavity  
PTV: CTV + 2 cm 
PTV_EVAL: from the PTV 
by cropping 0.5 cm from  
the skin edge and excluding  
the chest wall. 

DOSE: 
30 Gy/5 Fx of 6 Gy  
to the 95% isodose surface, 
given within 10 days. 
 
CONSTRAINTS: 
ü Ipsilateral breast: 50% of 
the volume to receive <50% 
of the prescribed dose. 
ü Heart and lung: the included 
volume <10%. 



Formenti SC, IJROBP 2012 

5-year isolated IBF: 1%  
(occurred in another quadrant of the breast,  

different hystology) 
5-year DFS: 95% 



Formenti SC, IJROBP 2012 

LATE TOXICITIES  
G1-2: 
hyperpigmentation (29%), 
fibrosis (8%),telangiectasia 
(3%),breast pain (13%) and 
breast edema (9%).  
 
G3: 
1 transient breast pain,  
1 breast edema. 

COSMESIS was rated good/excellent in 89% of patients with at least 36 
months follow-up. 



Formenti SC, IJROBP 2012 

AUTHORS’ CONCLUSION:  
The five-fractions course tested in this study is a valid option for 

 women at low risk of recurrence, particularly postmenopausal women  
whose tumors satisfy the immunohistochemical criteria for being  

carriers of luminal A cancers. 



Despite the lack of data from randomized trials with durable follow-up,  
the practice of PBI outside a clinical trial has increased over the past decade, 
prompting an ASTRO  and a GEC-ESTRO task forces to issue consensus  
statements defining groups of patients for PBI performed off protocol. 
ASTRO and GEC-ESTRO consensus panel guidelines for the use of APBI  
list DCIS in the cautionary/intermediate risks or unsuitable/high risk  
categories. 



Clin Breast Cancer 2012 

INTERSTITIAL  
BRACHYTHERAPY 

50 Gy over 96 hours at 0.52 Gy/h, 
32 Gy/8 fx or 34 Gy /10 fx (td) 

BALLOON-BASED  
BRACHYTHERAPY 

(MammoSite or Contura) 
34 Gy in 10 fx twice daily 

3D-CRT 
38.5 Gy  

in 10 twice-daily fx 

99 patients treated with PBI 





 
Outcome 

(median f-up 3 yrs) 

 
All 

N=99 

Interstitial 
N=3 
(3%) 

Balloon 
N=53 
(54%) 

3D-CRT 
N=43 
(43%) 

5-year LR 1.4% 0 2.6% 0 

5-year OS 94% 67% 96% 94% 

5-year CSS 100% NR NR NR 

Shah C,  Clin Breast Cancer 2012 

Although a difference was noted in survival by treatment 
technique (interstitial  67% vs. balloon  96% vs. 3D-CRT  
94%; P<.006), this is likely due to the small number of 
patients who underwent interstitial therapy. 





 
Outcome 

(median f-up 3 yrs) 

 
All 

N=99 

Interstitial 
N=3 
(3%) 

Balloon 
N=53 
(54%) 

3D-CRT 
N=43 
(43%) 

5-year LR 1.4% 0 2.6% 0 

5-year OS 94% 67% 96% 94% 

5-year CSS 100% NR NR NR 

Shah C,  Clin Breast Cancer 2012 

 
Outcome 

(ECOG E-5194 trial 
stratification) 

Group 1 
DCIS G1-2,  
T<2.5 cm 

N=65 

Group 2 
DCIS G3,  
T<1 cm 
N=10 

	  
5-year LR 

 
2% 

 
0% 



65/10 2% / 0% 

AUTHORS’ CONCLUSION 
 

When compared with trials omitting RT, even in low-risk patients 
with DCIS, reduced rates of LR are still noted with APBI, highlighting  

the need for improved patient stratification. 



Many factors influence NTC after breast RT. In addition, the current  
literature seems to suggest that volumetric parameter is also important. 

Mukesh M,  
Radiother Oncol 2012 

Int J Rad Onc Biol Physics 2012 



STUDY POPULATION 
80 women 

pTis-T2 pN0-N1mic 
ER+ 81% 

CTV: the surgical cavity +1.5 cm 
PTV: CTV + 1 cm 
PTV_EVAL: the PTV limited by 0.5 
cm from the skin edge and the 
chest wall. 

DOSE: 
38.5 Gy/10 Fx, twice daily 
 
CONSTRAINTS  
(NSABP-B39/RTOG 0413): 
ü  Ipsilateral breast: <35% 
of the volume to receive 
the prescribed dose. 
ü  Heart: <5% <40% of the 
prescribed dose. 
ü  Lung: < 15% <30% of 
the prescribed dose. 

Leonard KL,  IJROBP 2012 

After a median follow-up time 
of 32 months: 
LC: 99%, LRC: 99%, DMC: 99%. 



Leonard KL,  IJROBP 2012 

CTCAE v.3 
SCALE 

LÖVEY  
SCALE 

Overall, G2-4 and G3-4 LATE TOXICITY 
developed in 51% and 11% of women, respectively. 

HARVARD  
SCALE 

COSMETIC OUTCOME 
was excellent/good in 

81% of women. 

G3-4 
fibrosis: 
7.5% 

Fat 
necrosis 

11% 



ü  The relative volume of breast tissue receiving 5%, 20%, 50%, 80%,  
and 100% (V5-V100) of the prescribed dose and the maximum hot spot 
(Dmax), were associated with risk of G2-4 SUBCUTANEOUS 
FIBROSIS. 
 
ü  V50 and V80 were associated with risk of FAT NECROSIS. 
 
ü  The volume receiving 50%, 80%, and 100% (V50-V80-V100) and 
Dmax were associated with FAIR/POOR COSMESIS. 

Leonard KL,  IJROBP 2012 



All cases of G3-4 
subcutaneous 
fibrosis as well as the 
majority of cases of 
fair/poor cosmesis 
occurred with a V5 
70% and a V80 25%. 



All cases of G3-4 
subcutaneous 
fibrosis as well as the 
majority of cases of 
fair/poor cosmesis 
occurred with a V5 
70% and a V80 25%. 

No statistically 
significant 
association between 
mean or minimum IFI  
and subcutaneous 
fibrosis or fair/poor 
cosmesis. 



 
STUDY 

 
N 

 
DOSE 

G3  
TOX% 

Good/excel 
COSMESIS

% 

MEAN 
V50/WBV 

% 

MEAN 
V100/WBV 

% 

Beaumont H 
Chen 2010 

94 3D-CRT 
38.5 Gy/10 Fx 

4 89 49 24 

Beaumont H 
Shaitelman 
2010 

62 3D-CRT 
38.5 Gy/10 Fx 

3.2 88 V5-50 
correlated with 

G1-2 
teleangectasia 

- 

Uniniversity 
of Michigan, 
Jagsi 2010 

34 3D-CRT 
38.5 Gy/10 Fx 

 

- 78 38 18 

NYU, 
Formenti 
2004 

25 3D-CRT 
30 Gy/5 Fx 

2 89 45 24 

Tufts Univ, 
Hepel 2009 

60 3D-CRT 
38.5 Gy/10 Fx 

25 82 PTV_EVAL/WBV 
correlated with  

fibrosis and 
cosmesis 

- 

Present 
Study 

80 3D-CRT 
38.5Gy/10 Fx 

11 81 42 14 

AUTHORS’ CONCLUSION 
On the basis of these data, they recommend consideration of the following 

 dose-volume constraints for ipsilateral breast:  
V5 <70%, V50 <40%,V80 <25%-30% and V100 <15%-18% 

(more restrictive than those defined in the NSABP B39/RTOG 0413 trial). 

Leonard KL,  IJROBP 2012 



STILL in 2012: 

 
§  although PBI is an appealing therapeutic option, 

long-term data from large, phase III trials  
on efficacy, side effects and cosmesis are needed  

to validate PBI as an equivalent treatment to WBI  
in selected patients with early-stage breast cancer 

 
§  insufficient clinical and dosimetric data  

are available to determine the  
optimal technique for PBI. 
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Good Good Better Better Better Better Least Varies Good Good Best 
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High Avg. Avg. Avg. Avg. Avg. Avg. Least High V. high High 
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for various 
tumor 
size, 
location 
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/
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large 
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large 
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small 
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deep 
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tumors 
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NS for 
large 

irregular 
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good 
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Treatme
nt 
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Treatme
nt 

planning 
complex 

Setup & 
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g errors 
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dose 
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ve and 

2nd 
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s 
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y not 

available 
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not 

available 

PBI in 2012: comparison among IORT, BRT, and 3D-CRT 

Sarin R, Nat Clin Pract Oncol 2007      Njeh C,  Rad Oncol 2010  
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PBI in 2012: comparison among IORT, BRT, and 3D-CRT 

Sarin R, Nat Clin Pract Oncol 2007      Njeh C,  Rad Oncol 2010 

Thanks for your attention! 


