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INTRODUCTION

ü The main role of radiotherapy is the eradication of residual subclinical disease after mastectomy or breast-conservation 

surgery; only in a limited experimental case series breast tumour response was directly observed

ü Since 1970s, we know that a total dose of 45-50 Gy (1.8-2 Gy fr) is sufficient to eradicate microscopic residual after 

breast conserving surgery

ü A dose higher than 60 Gy is required to obtain local control when the tumor is not totally excised

Tutt A, Yarnold J. Radiobiology of breast cancer. Clin Oncol (R Coll Radiol). 2006
Arriagada R, et al Radiotherapy alone in breast cancer. I. Int J Radiat Oncol Biol Phys. 1985
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• cT3cN2 60Gy risk of PD at 3 yrs 66% 75Gy risk of PD a 3 yrs 33%
• Microscopic disease after lumpectomy 60Gy risk LR 7% and 75Gy risk LR 3.5%
• 15Gy halve the risk of local relapse

INTRODUCTION

Tutt A, Yarnold J. Radiobiology of breast cancer. Clin Oncol (R Coll Radiol). 2006
Douglas BG, Castro JR. Novel fractionation schemes and high linear energy transfer. Prog Exp Tumor Res. 1984
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INTRODUCTION

Which is the best treatment for my patient?

Ø Best oncological results (target volume, total dose, fractionation)

Ø Lowering side effects (heart, lung, brachial plexus neoropathy, rib fracture, cosmetic results -
fibrosis, edema, shrinkage, teleangectasie- arm Lynphedema, shoulder stifness,….) 
(total dose, technology used, radiotherapy techniques)

Ø Total time of the treatment
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20 y of follow up of standard RT fractionation 50 Gy/2 Gy
Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Effect of radiotherapy after breast-conserving Lancet. 2011

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Cosmetic 
issue

Local 
control

Local Recurrence 16,4% No-boost 12.0% Boost (16Gy)

20 yrs cumulative risk of fibrosis is 5,2% in the boost group versus 1,8% in no boost group
Bartelink H, et al, Whole-breast irradiation with or without a boost for patients Lancet Oncol. 2015

Significant relative reduction of risk for women <= 40 yrs

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Cosmetic issue

• 306 women randomised to 3D IMRT or 2D RT delivered using standard wedge compensators

• All patients were treated with 50 Gy in 25 fractions followed by an electron boost to the tumour
bed of 11.1 Gy in 5 fractions

• PRIMARY ENDPOINT: Change in breast appearance since to 5 y of follow up

• 2D RT control arm patients were 1.7 times more likely to have a change in breast appearance than 
the IMRT arm patients after adjustment for year of photographic assessment (95% confidence 
interval 1.2–2.5, p = 0.008)

Donovan E, et al. Randomised trial of standard 2D radiotherapy (RT) versus intensity modulated radiotherapy (IMRT) Radiother Oncol. 2007

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Cardiac
issue

Rates of major coronary events increased linearly with the mean dose to the heart by 7.4% per 
gray (95% confidence interval, 2.9 to 14.5; P<0.001), with no apparent threshold

Darby SC, et Al. Risk of ischemic heart disease in women after radiotherapy for breast cancer. N Engl J Med. 2013

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Taylor CW, et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review. Int J Radiat Oncol Biol Phys. 2015
Giordano SH,et al. Risk of cardiac death after adjuvant radiotherapy for breast cancer. J Natl Cancer Inst. 2005

• Acute and chronic pericarditis
• Radiation-induced cardiomyopathy
• Valvular heart disease
• Radiation-induced coronary heart disease

A SEER study showed a progressive reduction in cardiac
mortality in left breast cancer, decreasing from 13% 
(1973-1979) to 9.5% (1980-1984) and 5.8% (1985-1989).

• Taylor’s Review NEJM 2015: 357 
trials from 2003 to 2013

• Mean Dose to the heart 4 Gy
without Internal Mammary Chain 
(IMC)

• Mean Dose to the heart 8 Gy with 
IMC

• Without previously cardiac risk 
factors the clinical benefit supports 
the cardiac toxicity risk

Cardiac
issue

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Poortmans PM, et al. EORTC Radiation Oncology and Breast Cancer Groups. Side Effects 15 Years. J Natl Cancer Inst. 2021

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance



Dodwell D, et al. Regional lymph node irradiation in early stage breast cancer: An EBCTCG meta-analysis of 13,000 women in 14 trials. SABCS 2018

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Dodwell D, et al. Regional lymph node irradiation in early stage breast cancer: An EBCTCG meta-analysis of 13,000 women in 14 trials. SABCS 2018

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Dodwell D, et al. Regional lymph node irradiation in early stage breast cancer: An EBCTCG meta-analysis of 13,000 women in 14 trials. SABCS 2018

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Ø Long-term Follow up in 2D and 3D techniques allowed us to get reliable costraints to 
reduce toxicites

Ø New techniques such as Breath HOLD, IMRT, VMAT, MRI-RT, Proton therapy allowed to 
reduce the administered doses to OARs but at the same time it will be necessary to 
have new costrains, which will require a long follow up for a clinical validation

Ø Changes in target volume delineation will allow us to better further the patient’s
compliance (new ESTRO guidelines in the setting of postmastectomy RT)

Emami B,et al. Tolerance of normal tissue to therapeutic irradiation. Int J Radiat Oncol Biol Phys. 1991
Bentzen SM, et al Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC). Int J Radiat Oncol Biol Phys. 2010

Nielsen  et al. Delineation of target volumes and organs at risk. Acta Oncol. 2013 

STANDARD FRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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Linear quadratic model on breast cancer

Tutt A. et al. Radiobiology of Breast Cancer, Clinical Oncol 2006
Douglas BG, Castro JR. Novel fractionation schemes and high linear energy transfer. Prog Exp Tumor Res 1984

• After the first clinical evidences, in the 1980s linear-

quadratic model was applied to clinical data

• The point estimate for human breast cancer was in the 

range 3-5 Gy

• Sensitivity similar to late responding tissues

STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and breast radiotherapy tolerance
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FROM STANDARD TO MODERATE HYPOFRACTIONATION

• Breast tumor a/β = 3 Gy
• Reduction of overall treatment time
• Sparing of organ at risks

START A TRIAL -> 41.6 Gy in 13 fractions (EQD2 = 51.58 Gy), or HF-WBI 39 Gy in 13 fractions (EQD2 = 46.80)
START B TRIAL -> 40.05 Gy in 15 daily fractions over 3 weeks 40.05 Gy in 15 daily fractions over 3 weeks(EQD2 = 45.42 Gy)

ONTARIO TRIAL -> 42.56 Gy in 16 fractions (EQD2 47.24 Gy)

Marta GN, et al. The use of moderately hypofractionated post-operative radiation therapy for breast. Crit Rev Oncol Hematol. 2020
Haviland JS et al. START Trialists' Group. The UK Standardisation of Breast Radiotherapy (START) trials of radiotherapy. Lancet Oncol. 2013

STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and breast radiotherapy tolerance



18

STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and breast radiotherapy tolerance

The additional 0.6 Gy/die 
may balance out the 

lower total dose acting on 
cell Repopulation! 

(in the STARTB setting)

Marta GN, et al. The use of moderately hypofractionated post-operative radiation therapy for breast. Crit Rev Oncol Hematol. 2020
Haviland JS et al. START Trialists' Group. The UK Standardisation of Breast Radiotherapy (START) trials of radiotherapy. Lancet Oncol. 2013
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STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and breast radiotherapy tolerance

Whelan TJ,et al. Long-term results of hypofractionated radiation therapy for breast cancer. N Engl J Med. 2010 

ONTARIO TRIAL
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STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and lymph nodes radiotherapy tolerance

Haviland JS, et al. START Trialists' Group. Late normal tissue effects in the arm and shoulder following lymphatic radiotherapy. Radiother Oncol. 2018

START studies (the Royal Marsden Hospital study, as well as both START 
A and START B) showed that 14.7 % (n = 864) of the patients received 
lymphatic radiation on axillary chain and/or the supraclavicular nodes

! No statistical differences were found in arm stiffness and arm oedema in 
START groups compared to standard group

! Very low rate of brachial plexopathy in patients who received regional nodal 
radiation

! The results were the same in both patient and physician assesments

10 yrs FUP
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STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and lymph nodes radiotherapy tolerance

Beijing TRIAL -> pT3-4 pN2-3 post-mastectomy 820 pts randomized to postmastectomy
RT of the chest wall and select nodal irradiation (supraclavicular and level 3) of 50 Gy in 
25 fractions weeks or 3-week hypofractionation 43.5 Gy in 15 fractions (EDQ2 = 50 Gy)

Results: no significant differences between groups in the incidence of other acute or late toxicities 
lymphoedema and shoulder dysfunction. None of the patients had brachial plexopathy or rib 
fractures during follow-up.

Weaknesses:  97% of pts received 2D tecnique RT with electron beams -> 8.3 vs 8.1% LR
5 years follow up!

Wang SL, et al. Hypofractionated versus conventional fractionated postmastectomy. Lancet Oncol. 2019

5 yrs FUP
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STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and radiotherapy tolerance after mastectomy with immediate or delate reconstruction

Ø Little data are available about the use of hypofractionation 
before or after breast reconstruction, which is increasingly 
done using implants or autologous tissue.

Ø RT might  increase the frequency of complications including 
capsular contracture rates and reconstruction failures.

Ø It is plausible that moderate hypofractionation for patients 
after breast reconstruction will compare it positively to 
conventional fractionation, provided a homogenous dose 
distribution is given 
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Burstein HJ,et al. Customizing local and systemic therapies for women with early breast cancer: the St. Gallen International Consensus. Ann Oncol. 2021

STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and radiotherapy tolerance after mastectomy with immediate or delate reconstruction
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Which is the future?

STANDARD MODERATE HYPOFRACTIONATION: 
dose constraints and radiotherapy tolerance after mastectomy with immediate or delate reconstruction
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CONCLUSIONS
Compliance in the principal conventional fractionations in breast cancer RT

Ø Standard fractionation -> 20 yrs follow up – good compliance

Ø Standard moderate hypofractionation -> 10 yrs follow up – very good compliance

Ø Standard moderate hypofractionation (lymph nodes) -> 5-10 yrs follow up in some cohorts – good compliance 

(few clinical data when IMN are included) 

Ø Standard moderate hypofractionation (after reconstruction)-> few data -> promising better compliance, but more 

clinical evidences needed
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CONCLUSIONS

Compliance in the principal conventional fractionations in breast cancer RT

Ø Standard moderate hypofractionation can be the standard even for the lymph nodes irradiation

Ø There are different ongoing trials which will better clear the role of radiotherapy in the post-reconstruction setting
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