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50 Gy / 25 fx (± boost) 

  The most world wide frequent schedule   

 

Introduction Prospective randomized trials comparing 

Lumpectomy Alone vs. with WBRT 

Trial N F/U (yr) op 

Breast recurrence (%) 
% 

reduction 
BCS BCS + RT 

Sweden 381 10 Q 24 9 63 

Milan III 579 10 Q 24 6 75 

NSABP-B06 1262 20 L 39 14 64 

Ontario 837 7.6 L 35 11 69 

Scottish 585 7.7 L 25 5 80 

England 399 >5 L 35 13 63 

Finland 152 6.7 L 18 8 56 

NSABP-B21 1009 8 L 16.5 2.8* 83 

* Patients received tamoxifen  



Linear-Quadratic (LQ) model for radiotherapy 

S=e -D-D2 



• linear () and the quadratic () component of cell killing are equal. 

•  D=D2 

/ ratio 
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Dose  

• Early or tumor: less curved 

 - linear () is steeper,  

   / is large (10 Gy) 

• Late: more curved 

 - linear small, quadratic () is big, 

   / is small (2-3 Gy) 



Dose-response Relationship  

Dose-response relationship for late responding tissues is more curved. 

 Larger / ratio for early responding tissues. 

2 Gy 4 Gy 



α/β ratio of Breast 

α/β ratio, Gy 

Conventional  

                             Tumor 

                             Normal tissue effect 

 

10 

  3 

In vitro human breast ca. cell lines   4 

*Locoregional tumor control 

Change in photographic breast appearance 

4.6 

3.4 

*Bentzen SM. Lancet Oncol  9:331-41, 2008 



  α/β ratio of  breast cancer: 4.6 Gy 
           breast normal tissue: 3.4 Gy 

Breast cancer  

2 Gy 3 Gy 

 conventional (2Gy) and hypo (3Gy) fractionation 

  - No big difference of effectiveness and toxicity 



 Hypofractionated RT 
 

 

  1) Shorter total treatment time  
 

  2) More convenient for patient ( Time and $ ) 
 

  3) Less resource intensive 

 

  

 

     1) Treatment Outcome  
            

       2) Cosmetic effect  

? 

? 



Randomized trials of breast hypofractionation 

Holloway CL. The breast  19:163-7, 2010 

        N                     1410              2236            2215              1234 
Daily dose               3.3/3              3.2/3             2.67               2.66 
Weeks                       5/5                 5/5                3                  3.5       



Hypofractionation achieves equivalent local control to 

‘standard’ fractionation. 

Total dose(Gy) 
/ fractionation 

Daily dose 
/total weeks 

5yr  
local recurrence (%) 

10yr  
local recurrence (%) 

 RMH/GOC 
50/25 
39/13 

42.9/13 

2Gy/5wks 
3Gy/5wks 

3.3Gy/5wks 

12.1 
14.8 
  9.6 

 START A 
50/25 
39/13 

41.6/13 

2Gy/5wks 
3Gy/5wks 

3.2Gy/5wks 

3.6 
5.2 
3.5 

8yr, no diff. btw 
arms 

 START B 
50/25 
40/15 

2Gy/5wks 
2.67Gy/3wks 

3.3 
2.2 

8yr, no diff. btw 
arms 

 Canadian 
50/25 

42.5/16 
2Gy/5wks 

2.66Gy/3.5wks 
3.2 
2.8 

6.7 
6.2 



Whelan TJ, NEJM 362:513-20, 2010 



Hypofractionation achieves equivalent normal tissue effects 

compared to ‘standard’ fractionation. 

RMH/GOC 

START A 

START B 

Canadian 

Fractional dose > 3 Gy showed a little higher cosmetic change and induration  



Marhin W. IJROBP  69:483-9, 2007 

Hypofractionated adjuvant RT did not significantly increase  

the risk of cardiac mortality. 



Williamson D. Radiot Oncol  95:317-320, 2010 

DCIS, retrospective data.  

• Conventional 50Gy/25fx (n=104)  

• AWBI 42.4Gy/16fx or 40Gy/16fx+12.5Gy boost (n=162) 



NCC trial (NCCCTS-07-267) 

• Phase II Study of Accelerated Whole Breast Irradiation (AWBI) after 

Lumpectomy in Patients with Stage I and II Breast Cancer 

• Accrual of patients: 277 (2007. 5-2009. 7) 

• Whole Breast 39 Gy / 13 fractions + Tumor Bed Boost 9 Gy / 3 fractions  

total dose (Gy) fx. dose (Gy) fx. number tx. Time (weeks) tumor BED (α/β=4.6Gy) late BED (α/β=3.4 Gy)

Conventional 50.4Gy+boost 10Gy 60.4 1.8 33 6.5 84.5 93.0

Conventional 50.4Gy 50.4 1.8 28 5.5 70.1 77.1

Conventional 50.0Gy 50.0 2.0 25 5 71.7 79.4

AWBI, 39Gy (RMH & START A) 39.0 3.0 13 5 64.4 73.4

AWBI, 42.9Gy (RMH) 42.9 3.3 13 5 73.7 84.5

AWBI, 41.6Gy (START A) 41.6 3.2 13 5 70.5 80.8

AWBI, 40Gy (START B) 40.0 2.7 15 3 63.2 71.4

AWBI, 48Gy (NCC-267) 48.0 3.0 16 3 79.3 90.4

BED calculation according to START trial α/β ratio



NCC Conventional RT    60.4 Gy / daily dose 1.8Gy / 33 fractions /6.6 weeks  

1   2     3       4         5           6             7 week 

Whole breast (28 fx) 

Tumor bed boost (5 fx) 

week 1   2     3      4 

Whole breast (13 fx) 

Tumor bed boost (3 fx) 

NCC Hypofractionated RT    48 Gy / daily dose 3.0 Gy  / 16 fractions / 3.2 weeks  

NCCCTS-07-267: Scheme 



Patient Characteristics (N=277) 

Characteristics No. % 

Age 

30-39 

40-49 

≥ 50 

Median 

 

16 

100 

161 

53 yo 

 

  6 

36 

58   

 

Menopause 

Pre 

Peri 

Post 

 

146 

    7 

124 

 

53 

  3 

44 

Tumor location 

Right 

Left 

 

148 

129 

 

53 

47 

Histology 

Ductal 

Others 

 

244 

  33 

 

88  

12 

Characteristics No. % 

pT stage 

pT1 

pT2 

 

195 

  82 

 

70   

30 

pN stage 

pN0 

pN1mi 

pN1a 

 

239    

  23  

  15 

 

  86 

    8 

    5 

EIC 

Yes 

No 

Unknown 

 

113 

137 

  27 

 

41 

49 

10 

Grade 

Low 

Intermediate 

High 

Unknown 

 

  22 

171 

  78 

    6 

 

    8 

  62 

  28 

    2 

Characteristics No. % 

ER status 

Positive 

Negative 

 

206 

  71 

 

74 

26 

Hormonal therapy 

Yes 

No 

 

214 

  63  

 

77 

23 

Adj. Chemotherapy 

Yes 

No 

 

 205 

   72 

 

74 

26 

Median FU: 3.1 years 



 
 
 

 
 

Results : Survival analysis 

Disease Free Survival  IBTR-free survival  

4.5y, 95% 
3y, 98% 4.5y, 98% 3y, 99% 4.5y, 95% 



 
 
 

 
 

Results : Survival analysis 

LRR-free survival  Distant relapse-free survival 

4.5y, 98% 4.5y, 97% 3y, 99% 3y, 99% 



Results : Recurrence pattern 

 Recurrence : Total 7 patients  

 

 

 

 

 

 

Nodal Failure 

(0.4 %) 

3 

Local Failure  

(1.1%) 

Distant Failure 

(1.4 %) 

0 
1 

3 

0 0 
0 



 
 
 

 
 

Comparison with other studies 

NCC START  A START  B Canadian 

Patient, n 277 2236 2216 1234 

Stage T1-2 N0-1 M0 T1-3a N0-1 M0 T1-3a N0-1 M0 T1-2 N0 M0 

Median F/U 3.1 years 5.1 years 6 years 12 years 

Dose schedule 39 Gy / 13 F  

+ 9 Gy / 3F (Boost) 

A : 39 Gy / 13F 

B : 41.6 Gy / 13F 

C : 50 Gy / 25F 

A : 40 Gy / 15 F 

B : 50 Gy / 25F 

A : 42.5 Gy / 16 F 

B : 50 Gy / 25F  

Boost RT 100% 61% 43% 0% 

Results 4.5-year LRR 

   - 2.4% 

5-year LRR 

   - 39 Gy : 5.2% 

   - 41.6 Gy : 3.5% 

   - 50 Gy : 3.6% 

5-year LRR 

   - 40 Gy : 2.2% 

   - 50 Gy : 3.3% 

10-year LRR 

    - 42.5 Gy : 6.2% 

    - 50 Gy : 6.7% 



 
 
 

 
 NCC data 

NCC data 



Cosmesis 

Total dose(Gy) 
/ fractionation 

Excellent/Good  
    Cosmesis or no change (%) 
                 (5 year) 

 RMH/GOC 
50/25 
39/13 

42.9/13 

60.4 
54.3 
69.7 

 START A 
50/25 
39/13 

41.6/13 

59.0 
58.1 
65.9 

 START B 
50/25 
40/15 

58.8 
64.5 

 Canadian 
50/25 

42.5/16 
79.2 
77.9 

 NCC, Korea 39/13+boost 9/3 80.2 (3 year) 



Skin toxicity 

Total dose(Gy) 
/ fractionation 

Moderate /Marked  
Induration (%) 

  5 yr                  10 yr 

Skin toxicity (%) 

  5 yr                     10 yr 

 RMH/GOC 
50/25 
39/13 

42.9/13 

  23                      36  
  36                      51 
  16                      28 

  12                        18.1 
  13                        18 
  5.6                       12 

 START A 
50/25 
39/13 

41.6/13 

  1.0 
  1.09 
  0.69  (HR) 

  1.0 
  0.83 
  0.63 

 START B 
50/25 
40/15 

  1.0 
  0.83 (HR) 

  1.0 
  0.76 

 Canadian 
50/25 

42.5/16 
  6.1                   10.4 
  4.7                   11.9 

  3.3                        7.7  
  3.2                        8.9 

 NCC, Korea 39/13+boost 9/3   2.7 (3yr) 

Grade 1 (3yr) 
Hyperpigmentation   1.8 
breast pain               7.1 
induration                 2.7 



ASTRO guideline 

IJROBP  81:59-68, 2011 



?? 



“The 50Gy in 25 fractions prescription does not have the advantage of 

convenience for patients nor the advantage of a reduced biological 

effectiveness associated with the „extended‟ fractionation schedule and, 

in our view should no longer be the „standard‟ for whole breast RT 

following BCS. ” 

Holloway CL. The breast  19:163-7, 2010 



Munshi A, J Cancer Res Ther, 3: 231-5, 2007 

 APBI vs. AWBI 

 

 

   

APBI AWBI 

Inclusion criteria 

Treated volume 

Level of evidence available 

Technique 

Learning Curve 

Local control 

Survival 

Very selective, most favorable group 

Partial volume of breast 

Level II 

Usually invasive 

Yes 

Acceptable 

No mature randomized data 

  Wider applicability 

  Whole breast 

  Level I 

  Non-invasive 

  No 

  Acceptable 

  Acceptable 



Cost comparison 

IJROBP  62:790-796, 2005 

 Suh WW et al. 

• 2003 Medicare Fee Schedule 



Patient preference 

IJROBP, in press, 2011 

 Hoopes DJ et al. 

• 1,807 patients respond 

62% 10% 28% 



Questions to be solved (AWBI) 

• DCIS 

• Boost 

• Regional radiotherapy 

• Women with large breasts 

• Late toxicities: brachial plexopathy, lymphedema, heart 


