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Radiotherapy in Breast ca: Dose-Time relationship

 Lionel Cohen-with personal observation and review of 
published data

 Breast cancer is more radiosensitive than skin cancer

 Fractionated regimen with treatment over 3 weeks is more 
effective

 No improvement in therapeutic ratio by prolonging the 
treatment time and increasing dose beyond skin tolerance

 Single dose of 1200r is curative

BJR:1952; Vol 25, No 300, 636-642



Lionel Cohen-Review

Small white circles represent cured cases; black circles, failures. 



Adjuvant breast Hypofractionation RT: 

Background

 EBCTCG-systematic overview confirms adjuvant radiotherapy 

after primary surgery reduced LRR and breast cancer death

 For many decades schedules of adjuvant RT commonly used 

was 50Gy/25#/5weeks (+/- boost RT)

 At least 13 randomised studies testing adjuvant breast 

hypofractionated RT versus standard regimen were reported.

 2.7Gy/# for 15 or 16# over 3 to 3.2 weeks hypofractionated 

regimen were confirmed safe & efficient and replaced 

standard schedule in many countries 

Hypofractionated schedule is convenient and cost 

effective to both patient and health services



NSABP-04 TRIAL

N Engl J Med, Vol. 347, No. 8 · August 22, 2002 



NSABP-04 TRIAL: Results

 Between July 1971 to September 1974

 1765 women with operable breast cancer were randomized

 Radical mastectomy, Total mastectomy with or without regional 

irradiation

 Patients with clinically positive LN had ALND

 RT dose 50Gy/25#  to chest wall & SCF and 10-20Gy boost for 

positive LN, 45Gy/25# to IMC

 No difference in DFS, RFS, OS and distant recurrence rate

 RT significantly reduced locoregional recurrence. 



NSABP-04 TRIAL



NSABP-04 TRIAL



NSABP-06 TRIAL

N Engl J Med, Vol. 312, No. 11 · March 14, 1985 



NSABP-06 TRIAL: Results

 Started in 1976

 Total of 1843 patients randomized

 Stage I & II breast cancer, tumor <4cm

Mastectomy, segmentectomy with or without breast 
irradiation.

 ALL patient had ALND and patient with positive nodes 
received chemotherapy

 Breast RT of 50Gy/25# over 5 wks; No boost and LN irradiation

 DFS, Distant DFS and OS in segmentectomy group is no worse 
than mastectomy

 Breast irradiation significantly reduced the local recurrence



NSABP-06 TRIAL

Percentage of patients remaining free of breast tumor after segmentectomy or 

segmentectomy plus irradiation



NSABP-06 TRIAL

DFS, Distant DFS and OS of patients treated by Total mastectomy or by segmentectomy 
plus irradiation



EBCTCG- A meta-analysis

N Engl J Med 1995;333:1444-55. 



EBCTCG- A meta-analysis

Mortality data from 36 randomized trials were analyzed

Comparing surgery with or without RT in EBC

 Total of 29715 women

 Radiotherapy reduced the risk of local recurrence by 3 times 

c/w surgery alone

 RT prevents one death for every 4 local recurrence reduction at 

10 years

 No difference in long term OS 



EBCTCG- A meta-analysis

Ten-Year Survival among Approximately 3100 Women in Seven Randomized Trials 
Comparing Mastectomy with Breast-Conserving Surgery plus Radiotherapy. 



Hypofractionation in Breast Ca RT

Ontario Clinical Oncology Group Trial

J Natl Cancer Inst 2002, 94(15):1143-50



Ontario Clinical Oncology Group Trial

 1234 patients, between April 1992 to September 1996

 50Gy/25fx/35 days vs 42.5Gy/16 fx/22 days

 T1 –T2 tumors; all node negative

 Large breasted women excluded (separation > 25 cm)

 Non-inferiority with 80% power to rule out 5% increase in local 

recurrence



Ontario Clinical Oncology Group Trial-Results

Median follow-up: 12 years

Tam : 41%

Chemo: 11%

Whelan et al NEJM 362 (6), 2010



Long-term Toxicity

No difference in skin 

& subcutaneous 

toxicities



Long Term Cosmetic Results

No difference in long-term cosmetic result



UK Start trials

Haviland JS et al. Lancet Oncol 2013; 14: 1086–94 



UK Start B trial

 N=2215 patients, from 1999 to 2002

Median follow-up: 9.9 years

 Standard Arm: 50Gy/25# over 5 weeks

 Experimental arm: 40.05Gy/15# over 3 weeks

 pT1-3 pN0-1 M0 EBC patients were included 

 23 centres in the UK participated

Haviland JS et al. Lancet Oncol 2013; 14: 1086–94 

START A Trail: Experimental arm includes 39Gy/13# or 

41.6Gy/13# over 5 weeks



Start B: Cumulative Incidence LRR



Start B: Marked/Moderate Cosmetic Defect



Start B: Disease free survival



Fast forward trial

Brunt et al; Lancet Oncology-April 2020



Fast forward trial

 From Nov 2011 to June 2014

 97 (47 RT & 50 referring) hospitals in UK participated

 Total of 4096 patients enrolled

 pT1-3, pN0-1, M0, after BCS or mastectomy were eligible

 Patients randomised to;   

40Gy/15#/3wks (n=1361)

27Gy/5#/1wk    (n=1367)

26Gy/5#/1wk    (n=1368)

No SCF RT

Median follow-up 71.5 months



Fast forward trial: Results

At 5yr IBTR: 1.7% in 40Gy, 1.6% in 27Gy, 1.2% in 26Gy arm



Fast forward trial: 26Gy/5# is better



Fast forward trial: 26Gy/5# is better



IORT-TARGIT A trial

Long term survival and local control outcomes from single dose 
targeted intraoperative radiotherapy during lumpectomy

(TARGIT-IORT) for early breast cancer: TARGIT-A randomised 
clinical trial

Jayant S Vaidya et al.

BMJ 2020;370: 2836



TARGIT A trial-Results

 2298 women, aged 45years and older

 Between March 2000 to June 2012, international study

 IDC up to 3.5cm, cN0-N1, eligible for BCS

 Randomised to IORT or EBRT

 EBRT-daily fractionated course of 3-6 weeks

 IORT- by Intrabeam device, 50kV x-rays, tumor bed surface 

receives 20Gy/1#

 Patients with high risk pathology features received EBRT to 

whole breast

Median FU 8.6yrs (max 18.9yrs)



TARGIT A trial-Results



TARGIT A trial-Results



TARGIT A trial-Results



TARGIT A trial-Results

CONCLUSION

For patients with early breast cancer who met our trial selection 
criteria, risk adapted immediate single dose TARGIT-IORT during 
lumpectomy was an effective alternative to EBRT, with comparable 
long term efficacy for cancer control and lower non-breast cancer 
mortality. TARGIT-IORT should be discussed with eligible patients 
when breast conserving surgery is planned.



Omission of adjuvant RT

 Safe omission of radiotherapy after breast-conserving 
surgery

can be considered in women deemed to be at very 
low risk of local recurrence  

T1, N0, Grade 1 & 2 

ER + PR+ Her2 –

>65 years 

willing to take adjuvant endocrine therapy for 5 years 

willing to have regular mammographic follow up to 
year 10.



NICE Guideline- July 2018

Consider omitting radiotherapy for women who:

have had breast-conserving surgery for invasive breast 

cancer with clear margins and

have a very low absolute risk of local recurrence (defined 

as women aged 65 and over with tumours that are T1N0, 

ER-positive, HER2-negative and grade 1 to 2) and

are willing to take adjuvant endocrine therapy for a 

minimum of 5 years.



NCCN-Clinical practice guidelines in Oncology

 The National Comprehensive Cancer Network clinical 

guidelines allow for the use of lumpectomy plus tamoxifen/AI 

without breast irradiation in 

women greater than or equal to 70 years of age 

 clinically node negative

 ER positive  

 T1 breast cancer

 pathological negative margin required

 category I data

Breast cancer-Version 5.2020 published July 15, 2020



PRIME II Trail

 RT + hormonal therapy vs hormonal therapy alone

 Age greater than 65

 Tumour < 3.0 cm, N0

 HR positive

Margins >1 mm

Grade 3 or LVI permitted (not both)

 N=1326 patients

Kunkler I, Lancet Oncol. 2015 Mar;16(3):266-73



PRIME II: 5-year Results



Omission of adjuvant RT-Other trials

CALGB 9343

 650 pts, >70yrs, Tam or Tam+RT, median FU 12.6yrs

 No difference in  MFS, DMFS & OS 

 LRR free survival 90% & 98%

 Princess Margaret Hospital trial

 769pts, >50yrs, Tam or Tam +RT, T1 & T2 disease

 No difference in OS

 At 8 yrs, LRR 17.6% vs 3.5%

Hughes KS et al JCO 2013, 45: 2615

Fyles, A. et al. NEJM 2004;351:963-970



Thank you


