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Courtesy Vincent Grégoire
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20th century: Field-based RT

RT 2D; 3D; ... static IMRT

21st century: Volume-based RT

IMRT; VMAT

Evolution   ➔ RT adaptive: Volumes

Movements

Functional/biology

Hypofractionation in breast RT: Introduction
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Contemporary radiation therapy
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Hypofractionation in breast RT: Introduction



Offersen BV, et al. Radiother Oncol 2015;114:3-10 & 2016;118:205-8.
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Hypofractionation ?



• Total dose

• Dose per fraction

• Overall treatment time

• Time interval between fractions

• Volume

Hypofractionation in breast RT: Evidence
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1 x 10 Newton ≠ 10 x 1 Newton
1 x 20 Gy ≠ 10 x 2 Gy

Hypofractionation in breast RT: Evidence

Kellerer & Rossi, 1973; Hall, 2000 17
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Ellis F. Clin. Rad. 1969, 1-7 18

Ellis’ NSD
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Norway: 43 Gy / 10 fr:

85 x 106 NKr (12 x 106 euro)  

Sweden:

30 x 106 NKr (4 x 106 euro)  

Ellis’ NSD - Late effects



Hypofractionation in breast RT: Evidence

Douglas and Fowler. Rad Res 1976;66: 401-426. 20

The LQ model (/ )
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21Kellerer & Rossi, 1973; Hall, 2000

ln SF = -D -D2

The LQ model (/ )
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Kellerer & Rossi, 1973; Hall, 2000 22

ln SF = -D -D2

D:

- linear component 

(start of the cell survival curve) 

- ionizing radiation event 
simultaneously damaging two 
individual targets 

- non-repairable damage 
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Kellerer & Rossi, 1973; Hall, 2000 23

ln SF = -D -D2

D2:

- quadratic component 

(final bending of the curve) 

- two ionizing events that damage 
two targets separately 

- sublethal damage 
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Kellerer & Rossi, 1973; Hall, 2000 24

ln SF = -D -D2
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The / relationship shows how tissues react to 

changes in fractionation: "sensitivity to 

fractionation"
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It is important to recognize that the / ratio is 

not constant and that its value should be chosen 

carefully to match the specific tissue in question



Hypofractionation in breast RT: Evidence

G. Steel, Basic clinical radiobiology 27

α/β
Low ~ 1 – 3.5

High ~ 10

High ~ 10
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Clinical data from multiple institutions 

support that breast and prostate cancer 

have a low ratio (≤ 3-4) of / , 

favouring hypofractionation.
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Everything depends on the assumption that the α / β of the tumour is 
very low

α/β 39/13 40/15 50/25

1.8 49.3 47.1 50

2 48.8 46.7 50

3 46.8 45.4 50

4 45.5 44.7 50

6 43.9 43.4 50

8 42.9 42.7 50

10 42.3 42.2 50

Trials START ➔ α/β of tumour ~ 4-5 Gy

Yarnold et al., Radiother Oncol 2005;75:9-17
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The LQ model (/ )

Conclusion: 

Even using hypofraction safely, the therapeutic ratio always drops

If the α/β of the tumour > α/β of late side effects

+
treatment prescription adapted to late side effects


we must accept to under-dose the tumour!
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The LQ model (/ )
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Hypofractionation in breast RT: Evidence

Qi et al. Radiother. Oncol 2011 32

Is the / for breast cancer really low?

Data from: / (Gy)

Whelan 2002 3.21

Owen 2006 4.39

Shelly 2000 2.21

Start A 2008 3.91

Start B 2008 2.49

Clark 1996 1.44

Arriagada 1985 3.89

95% CL:

0.75-5.01

➔Many clinical data support that breast cancer has a low α/β ratio, 
thereby supporting the use of HipoF



Hypofractionation in breast RT: Evidence

Yarnold et al., Breast 2010;19:176-79 33

112%

➔ Subdoses and overdoses are more important for late 
effects with hypofractionation

Physics aspects related to HF:
HipoF: be careful with treatment planning
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Physics aspects related to HF:
HipoF: be careful with treatment planning

If we increase the fraction size:
➔ we must lower the total dose.....

Importance of high dose points in a treatment plan:
➔ higher dose + higher fractional dose

„Double trouble“ (Withers 1992)

High dose points in HypoF RT:
➔ penalized with greater severity: higher dose + high dose 

points = 2x higher dose per fraction

➔ TRIPLE TROUBLE
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Adapted from Yarnold, IJROBP, 2011, 79; 1-9 36

Inhomogenei
ty of the 

dose in the 
breast

Equivalent total dose (Gy) if 
/=3 Gy, using fractions 

of....

2Gy 4Gy 6Gy

100 % 50.0 50.0 50.0

105 % 53.6 54.0 54.3 ‘triple
trouble‘

‘double 
trouble‘
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Whelan et al. JNCI 2002;94:1143-50 & NEJM 2010;362:513-20 38



42.5 Gy/16 f     2.66 Gy/f 50 Gy/25 f     2.00 Gy/f

Hypofractionation in breast RT: Evidence

Whelan et al. JNCI 2002;94:1143-50 & NEJM 2010;362:513-20 39



Local control

Hypofractionation in breast RT: Evidence

Whelan et al. JNCI 2002;94:1143-50 & NEJM 2010;362:513-20 40



Multivariate analysis on cosmetic outcome: time since 

treatment, age, tumour size, NOT fractionation

=

=

=

=

Hypofractionation in breast RT: Evidence

Whelan et al. JNCI 2002;94:1143-50 & NEJM 2010;362:513-20 41



Inclusion 1999-2001, 23 centres in UK
Tumour < 5 cm and N0-1a

(92% lumpectomy, 74% pN0, 64% T<2 cm, 
72% Tam, 15% Tam+CT)

2215 pts

Endpoints: local control and morbidity
Median follow-up 6.0 years

40 Gy / 15 fractions, 2.67 Gy / fr

50 Gy / 25 fractions, 2.0 Gy / fr

Hypofractionation in breast RT: Evidence

Yarnold et al. Lancet 2008;371:1098-107. 42
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Yarnold et al. Lancet 2008;371:1098-107. 43



Morbidity

Hypofractionation in breast RT: Evidence

Yarnold et al. Lancet 2008;371:1098-107. 44



Hypofractionation in breast RT: Evidence

45Wang SL, et al. Lancet Oncol 20019;e-pub.

Inclusion 2008-2016, 1 centre in China
T3-4 / N2

820 pts

Endpoints: loc0-regional control
Median follow-up 58.5 months

43.5 Gy / 15 fractions, 2.9 Gy / fr

50.0 Gy / 25 fractions, 2.0 Gy / fr
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46Wang SL, et al. Lancet Oncol 20019;e-pub.
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Trials specifically focused on reconstruction outcomes after moderate 

hypofractionation are underway in the USA (Alliance 221505 [NCT03414970] and FABREC 

[NCT03422003]). Together with other ongoing trials, this research will hopefully advance our 

understanding in the near future, and one day, hypofractionated regional nodal 

irradiation might be considered a standard approach worldwide. For now, we owe our 

gratitude to Wang and colleagues for their illuminating work in an area of great ongoing

interest and investigation.



Hypofractionation in breast RT: Evidence

48Brunt AM, et al. J Clin Oncol. 2020 Oct 1;38(28):3261-3272.

Where is the limit? ➔ FAST



Hypofractionation in breast RT: Evidence

49

Where is the limit? ➔ FAST

N = 915; median FU 3 years

Patient selection :
• ≥ 50 years

• < 3 cm

• N0

Brunt AM, et al. J Clin Oncol. 2020 Oct 1;38(28):3261-3272.



Hypofractionation in breast RT: Evidence

50Yarnold & Haviland. The Breast 2010

Where is the limit? ➔ FAST
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Where is the limit? ➔ FAST: side effects

WBI 25 x 2 Gy 5 x 5.7 Gy (α/β-3 Gy) 5 x 6 Gy (α/β-4 Gy)

a l l     i n     5    w e e k s

Moist desquamation (5.2%)

12% 2% 3%

Moderate change in the appearance of the breast at 28m

19.3% 20.3% 26.2% 

Marked change in the appearance of the breast at 28m

1.7% 3.7% 9.3% 

(p=0.26) 9.3% (p<0.001)

Brunt AM, et al. J Clin Oncol. 2020 Oct 1;38(28):3261-3272.
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Where is the limit? ➔ FAST: breast shrinkage

Brunt AM, et al. J Clin Oncol. 2020 Oct 1;38(28):3261-3272.

➔ α/β = 2.7 Gy



Hypofractionation in breast RT: Evidence

53Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.
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54Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.



Hypofractionation in breast RT: Evidence

55Brunt AM, et al. Radiother Oncol 2016.

Acute skin toxicity
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56Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Primary Endpoint: Ipsilateral breast tumour relapse
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57Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Disease-free survival



Hypofractionation in breast RT: Evidence

58Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Clinician-assessed late adverse effects
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59Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Clinician assessments of adverse effects at 5 years

0%

20%

40%

60%

80%

100%

40Gy 27Gy 26Gy

Any AE in breast / chest wall
ORs for any 

moderate/mark
ed AE vs. 40Gy:

• 1.55 (1.32-1.84, 
p<0.001) for 
27Gy

• 1.12 (0.94-1.34, 
p=0.20) for 
26Gy

10% 15% 12%
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60Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Fractionation sensitivity (α/β) of late-responding 
normal tissues

Any clinician-reported moderate/marked AE in breast/chest wall

α/β estimate = 1.7 Gy (95% CI 1.2 – 2.3)

Photographic change in breast appearance

α/β estimate = 1.8 Gy (95% CI 1.1 – 2.4)

Patient-reported moderate/marked change in breast appearance

α/β estimate = 2.3 Gy (95% CI 1.8 – 2.9)



Hypofractionation in breast RT: Evidence

61Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.

Conclusions & implications for clinical practice

✓Both 5-fraction schedules are non-inferior to 40 Gy/15 Fr for local 

tumour control

✓For late effects: 

✓ 26 Gy/5 Fr similar to 40 Gy/15 Fr & 

✓ 27 Gy/5 Fr consistent with 50 Gy/25 Fr 

✓Benefits to patients

✓Benefits to healthcare systems

✓The UK has adopted 26 Gy/5 Fr at a consensus meeting 15/10/20
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Hypofractionation in breast RT

1. Introduction

2. Evidence

3. Discussion

4. Conclusions
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63Marta GN, et al. CROH 2020;156:103090.
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64Marta GN, et al. CROH 2020;156:103090.
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Please remember that the results are 

strictly valid only for the groups of patients 

who have participated.
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RT after mastectomy:

➔ ?
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Lymph node RT:

➔ ?
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RT for advanced stage:

➔ ?
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RT with a boost:

Conventionally fractioned ➔ ?
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RT for DCIS:

➔ OK!

Chua B, et al. SABCS 2020.
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Radiobiology: LQ model vs. the trial results
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Radiobiology: LQ model vs. the trial results
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For tissues outside of the target volumes

Hypofractionation in breast RT: Discussion

73Mathematics by Philip



RT: new indications, new methods to minimise harms 

5-field electron technique including the IMC



0 0.5 1.0 1.5 2.0

0 0.67 1.33 2.0 2.66



Mathematics by Philip

Realistic scenario: / = 2 Gy LNT & 3.5 Gy BC 

Protocol schedule

α/β NT

2 Gy

α/β T

3.5 Gy

START 15 x 2.67 46.76 44.93

Canadian 16 x 2.66 49.58 47.67

Standard 25 x 2 50 50

100 2,66 49,58 2,00 50,00

95 2,53 46,93 1,90 47,50

90 2,39 44,29 1,80 45,00

85 2,26 41,66 1,70 42,50

70 1,86 33,84 1,40 35,00

50 1,33 23,62 1,00 25,00

25 0,67 11,34 0,50 12,50

Hypofractionation in breast RT: Discussion
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Optimistic scenario: / = 3 Gy LNT & 3 Gy BC 

Protocol schedule

α/β NT

3 Gy

α/β T

3 Gy

START 15 x 2.67 45.42 45.42

Canadian 16 x 2.66 48.18 48.18

Standard 25 x 2 50 50

100 2,66 48,18 2,00 50,00

95 2,53 45,61 1,90 47,50

90 2,39 43,04 1,80 45,00

85 2,26 40,49 1,70 42,50

70 1,86 32,92 1,40 35,00

50 1,33 23,04 1,00 25,00

25 0,67 11,14 0,50 12,50

Hypofractionation in breast RT: Discussion

77Mathematics by Philip



Worst scenario: / = 1 Gy LNT & 5 Gy BC 

Protocol schedule

α/β NT

1 Gy

α/β T

5 Gy

START 15 x 2.67 48,99 43.88

Canadian 16 x 2.66 51.92 46.57

Standard 25 x 2 50 50

100 2,66 51,92 2,00 50,00

95 2,53 49,17 1,90 47,50

90 2,39 46,43 1,80 45,00

85 2,26 43,69 1,70 42,50

70 1,86 35,53 1,40 35,00

50 1,33 24,79 1,00 25,00

25 0,67 11,81 0,50 12,50

Hypofractionation in breast RT: Discussion

78Mathematics by Philip



The mathematics matches the results

➔ by reducing the total dose we even lower the 

expected effect in the regions outside of the non-

therapeutic doses!

Hypofractionation in breast RT: Discussion

79Mathematics by Philip



Dutch protocol 2009 (!!!!):

- 2,66 Gy as highest dose to part of the target volume

- No discussion for: breast/thoracic wall; SIB

- ≤ 50 years: limitation taken away after closure YBT (2011)

- Some doubts about regional RT

- More doubts about combination with reconstructive 

surgery

Hypofractionation in breast RT: Discussion

80



• Breast: 2 Gy 50 Gy in 25 fractions

• Boost: 2 Gy 16 Gy in 08 fractions

• TOTAL: 2 Gy 66 Gy in 33 fractions

Hypofractionation in breast RT: Discussion
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• Breast: 2 Gy 50 Gy in 25 fractions

• Boost: 2 Gy 16 Gy in 08 fractions

• TOTAL: 2 Gy 66 Gy in 33 fractions

• Breast: 1,81 Gy 50,68 Gy in 28 fractions

• Boost: 0,49 Gy 13,72 Gy in 28 fractions

• TOTAL: 2,3 Gy 64,40 Gy in 28 fractions

Hypofractionation in breast RT: Discussion
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• Breast: 2 Gy 50 Gy in 25 fractions

• Boost: 2 Gy 16 Gy in 08 fractions

• TOTAL: 2 Gy 66 Gy in 33 fractions

• Breast: 1,81 Gy 50,68 Gy in 28 fractions

• Boost: 0,49 Gy 13,72 Gy in 28 fractions

• TOTAL: 2,3 Gy 64,40 Gy in 28 fractions

• Breast: 2,17 Gy 45,57 Gy in 21 fractions

• Boost: 0,49 Gy 10,29 Gy in 21 fractions

• TOTAL: 2,66 Gy 55,86 Gy in 21 fractions

Hypofractionation in breast RT: Discussion
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Current Dutch protocol:

• Transition to UK schedule (40/15) in 2020

Hypofractionation in breast RT: Discussion
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Current protocol in many countries:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

Hypofractionation in breast RT: Discussion
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Current protocol in many countries:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

• Resistance

Hypofractionation in breast RT: Discussion
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Current protocol in many countries:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

• Resistance

• Reimbursement

Hypofractionation in breast RT: Discussion
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Hypofractionation in breast RT: Discussion

88Cardoso F, et al. Breast. 2021;55:128-135.
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89Cardoso F, et al. Breast. 2021;55:128-135.



Hypofractionation in breast RT: Discussion

90Marta GN, et al. Clin Oncol 2021; in press.
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91Marta GN, et al. Clin Oncol 2021; in press.

Decrease in reimbursement from hypofractionation
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Hypofractionation in breast RT
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The question is, however, to which extent any further evidence is still required. In 

countries as The Netherlands, hypofractionation is the standard for nearly every 

indication for several years now, using the argument that with modern homogeneously 

delivered volume-based RT techniques the biological effects should be identical 

independent from the target volumes. Similarly, we don’t question whether 

fractionation schedules for head- and neck cancer should be dependent from the 

anatomical sub-site? Or aren’t it rather reimbursement issues that refrain hospital 

managers and doctors from allowing brother introduction of schedules with a lower 

number of fractions and a lower total dose? Even more in countries with limited resources we 

should not wait until further evidence becomes available before generalizing hypofractionated breast 

irradiation!

Gustavo Nader Marta; Philip Poortmans

Hypofractionation in breast RT: Conclusions

Marta GN, Poortmans P. Lancet Oncol. 2019 May;20(5):e226.
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The question is, however, to which extent any further evidence is still required. In 

countries as The Netherlands, hypofractionation is the standard for nearly every 

indication for several years now, using the argument that with modern homogeneously 

delivered volume-based RT techniques the biological effects should be identical 

independent from the target volumes. Similarly, we don’t question whether 

fractionation schedules for head- and neck cancer should be dependent from the 

anatomical sub-site? Or aren’t it rather reimbursement issues that refrain hospital 

managers and doctors from allowing brother introduction of schedules with a lower 

number of fractions and a lower total dose? Even more in countries with limited resources we 

should not wait until further evidence becomes available before generalizing hypofractionated breast 

irradiation!

Gustavo Nader Marta; Philip Poortmans

And now a trial from a country with limited resources, using radiation therapy 

techniques from 25 years ago should help to convince centres in countries with 

modern infrastructures and excellent contemporary radiation delivery help to 

convince? Please! Let’s cut the crap and make a point on this, like we did (maybe too 

gently but happy to make it clearer) in our last paragraph.

Anyway, we aim to stimulate the readers the readers of The Lancet Oncology in their 

reflections and decision-making of whether or not to accept hypofractionated breast 

radiation therapy in their daily clinical practice.

We confirm that we have no financial incentives associated with publishing this letter 

(working in France I could rather say the inverse is true).

Hypofractionation in breast RT: Conclusions

Marta GN, Poortmans P. Lancet Oncol. 2019 May;20(5):e226.
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Hypofractionation in breast RT: Conclusions

Trust in hypofractionation:

• Aim at homogenous dose distributions

• The 26/5/1 “FAST-Forward” fractionation is my 1st choice for: breast only; 
chest wall only; PBI

• The 30/5/5 “FAST” fractionation can be used for frail patients

• Limit the fraction size to ± 2,67 Gy for locoregional RT (for now…)
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Hypofractionation in breast RT: Conclusions

Trust in hypofractionation:

• Aim at homogenous dose distributions

• The 26/5/1 “FAST-Forward” fractionation is my 1st choice for: breast only; 
chest wall only; PBI

• The 30/5/5 “FAST” fractionation can be used for frail patients

• Limit the fraction size to ± 2,67 Gy for locoregional RT 
(for now…)
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Hypofractionation in breast RT: Conclusions

And what with 50/25/5?

• When combined with radiosensitisers (systemic 
therapy; hyperthermia)

• To be considered for re-irradiation (but 40/15/3 preferable)

• And else?
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