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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
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• Breast

• Boost

• PBI

• Thoracic wall

• LN supraclavicular

• LN axilla level III

• LN axilla level II

• LN axilla Rotter

• LN axilla level I

• LN internal mammary

Heart

Ultra-hypofractionation in BC: Introduction

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



NL: Struikmans et al, R&O 2005NL: Hurkmans et al, IJROBP 2001

Large inter-observer variation, especially at cranial, posterior 
and medial borders
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Delineations made by students attending ESTRO´s breast teaching course

CTVp_breast
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Modern techniques:

• CT-based treatment planning allows planning and 

evaluation in 3D➔ dose optimisation for TV and 

OAR.

• CTV contouring + margin = PTV  allows inverse 

IMRT treatment planning.



Donovan et al. R&O 2007

Modern techniques: “simple” IMRT

10095 9890

112110105102

Standard “IMRT”

Cosmetic

changes

- 14% “a lot”

- 43% “some” 

Cosmetic

changes

- 7% “a lot”  

- 31% “some” 
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RT of the thoracic wall – with IM-MS.

BVI photon technique 
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Photons 
• 1 isocentre

• 4 main fields

• 3 gantry angles 

Ultra-hypofractionation in BC: Introduction



BVI photon technique including the IMC



RT of the thoracic wall - with IM-MS:
the next steps.
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Osman SO, et al. Radiother Oncol. 2014;112:17-22.

3D-CRT vIMRT 3D-CRT vIMRT

Heart V30Gy (%) 2.7 0 0.5 0

Heart V20Gy (%) 7.7 0.6 2.4 0.5

IL Lung V20Gy(%) 16.4 5.8 16.5 5.3

IL Lung V10Gy(%) 26.5 16.4 23.25 15.3

CL breast Dmean(Gy) 0.29 3.7 0.62 2.3

Free breathing Breath hold

Ultra-hypofractionation in BC: Introduction
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Ultra-hypofractionation in BC: Basics of radiobiology

Hypofractionation ?



• Total dose

• Dose per fraction

• Overall treatment time

• Time interval between fractions

• Volume

Ultra-hypofractionation in BC: Basics of radiobiology



1 x 10 Newton ≠ 10 x 1 Newton
1 x 20 Gy ≠ 10 x 2 Gy

Ultra-hypofractionation in BC: Basics of radiobiology

Kellerer & Rossi, 1973; Hall, 2000



Ultra-hypofractionation in BC: Evidence

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

The LQ model (/ )



Ultra-hypofractionation in BC: Basics of radiobiology

The / relationship shows how tissues react to 

changes in fractionation: "sensitivity to 

fractionation"



Ultra-hypofractionation in BC: Basics of radiobiology

Qi et al. Radiother. Oncol 2011

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 / ratio, 
thereby supporting the use of HipoF



Ultra-hypofractionation in BC: Basics of radiobiology

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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Ultra-hypofractionation in BC: Evidence

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



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

Ultra-hypofractionation in BC: Evidence

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



Local control

Ultra-hypofractionation in BC: Evidence

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



Multivariate analysis on cosmetic outcome: time since 

treatment, age, tumour size, NOT fractionation

=

=

=

=

Ultra-hypofractionation in BC: Evidence

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



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

Ultra-hypofractionation in BC: Evidence

Yarnold et al. Lancet 2008;371:1098-107 & Havilland et al. Lancet Oncol 2013;14:1086–94



Yarnold et al. Lancet 2008;371:1098-107 & Havilland et al. Lancet Oncol 2013;14:1086–94

Ultra-hypofractionation in BC: Evidence



Morbidity

Ultra-hypofractionation in BC: Evidence

Yarnold et al. Lancet 2008;371:1098-107 & Havilland et al. Lancet Oncol 2013;14:1086–94



Ultra-hypofractionation in BC: Evidence

Wang SL, et al. Lancet Oncol. 2019;20:352-60.

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



Ultra-hypofractionation in BC: Evidence

Wang SL, et al. Lancet Oncol. 2019;20:352-60.



Ultra-hypofractionation in BC: Evidence

Yarnold & Haviland. The Breast 2010

Where is the limit? ➔ FAST



Ultra-hypofractionation in BC: Evidence

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

Where is the limit? ➔ FAST



Ultra-hypofractionation in BC: Evidence

Where is the limit? ➔ FAST

N = 915; median FU 9.9 years

Patient selection:

• ≥ 50 years

• < 3 cm

• N0

• 1ary endpoint: photographic breast appearance chance @ 2 & 5 y

• 2ary endpoints: physician assessments of NTE; local control

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



Ultra-hypofractionation in BC: Evidence

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.



Ultra-hypofractionation in BC: Evidence

Where is the limit? ➔ FAST: breast shrinkage

➔ α/β = 2.7 Gy

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



Ultra-hypofractionation in BC: Evidence

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



Ultra-hypofractionation in BC: Evidence

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



Where is the limit? ➔ FAST-FORWARD

N = 4096; median FU 5.96 years

Patient selection:

• ≥ 18 years

• pT1-3

• pN0-1

• 1ary endpoint: IBTR @ 5 y (2% ➔ ≤1·6% excess, HR 1·81)

• 2ary endpoints: physician + patient + photographic NTE assessment

Ultra-hypofractionation in BC: Evidence

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



Ultra-hypofractionation in BC: Evidence

Brunt AM, et al. Radiother Oncol 2016.

Acute skin toxicity



Ultra-hypofractionation in BC: Evidence

Primary Endpoint: Ipsilateral breast tumour relapse

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



Ultra-hypofractionation in BC: Evidence

Disease-free survival

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



Ultra-hypofractionation in BC: Evidence

Clinician-assessed late adverse effects

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



Ultra-hypofractionation in BC: Evidence

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%

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



Ultra-hypofractionation in BC: Evidence

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

Brunt AM, et al. Lancet. 2020 May 23;395(10237):1613-1626.
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Ultra-hypofractionation in BC: Discussion

Critique:

“Follow-up is too short!”
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Ultra-hypofractionation in BC: Discussion

Bartelink, Horiot, Poortmans et al. NEJM 2001,  JCO 2007,  Lancet Oncol 2015.
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Bartelink, Horiot, Poortmans et al. NEJM 2001,  JCO 2007,  Lancet Oncol 2015.
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Bartelink, Horiot, Poortmans et al. NEJM 2001,  JCO 2007,  Lancet Oncol 2015.
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Ultra-hypofractionation in BC: Discussion

Conclusion:

For side effects no relative increase after 5 years!



Ultra-hypofractionation in BC: Discussion

Conclusion:

For local control no relative increase after 5 years!



Ultra-hypofractionation in BC: Discussion

Critique:

“Dose inhomogeneity is a big issue!”



Ultra-hypofractionation in BC: Discussion

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

112%

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

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



Ultra-hypofractionation in BC: Discussion

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 HipoF RT:
➔ penalized with greater severity: higher dose + high dose 

points = 2x higher dose per fraction

➔ TRIPLE TROUBLE



Ultra-hypofractionation in BC: Discussion

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 HipoF RT:
➔ penalized with greater severity: higher dose + high dose 

points = 2x higher dose per fraction

➔ TRIPLE TROUBLE



Adapted from Yarnold, IJROBP, 2011, 79; 1-9

Inhomogeneity 
of the dose in 

the breast

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

2Gy 2.7Gy 5.2Gy

100 % 50.0 50.0 50.0

105 % 53.6 53.7 54.2 ‘triple
trouble‘

‘double 
trouble‘

Ultra-hypofractionation in BC: Discussion



Adapted from Yarnold, IJROBP, 2011, 79; 1-9

Inhomogeneity 
of the dose in 

the breast

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

2Gy 2.7Gy 5.2Gy

100 % 50.0 50.0 50.0

105 % 53.6 53.7 54.2 ‘triple
trouble‘

‘double 
trouble‘

Ultra-hypofractionation in BC: Discussion



Ultra-hypofractionation in BC: Discussion

Conclusion:

Yes … independent of the fractionation!



Ultra-hypofractionation in BC: Discussion

Critique:

“It’s only validated for a limited patient population!”



Ultra-hypofractionation in BC: Discussion

Marta GN, et al. The Breast 2022;62:84-92.



Ultra-hypofractionation in BC: Discussion

Marta GN, et al. CROH 2020;156:103090 + The Breast 2022;62:84-92.



For tissues outside of the target volumes

Ultra-hypofractionation in BC: Discussion

Mathematics by Philip



Ultra-hypofractionation in BC: Discussion

Mathematics by Philip

Photons 
• 1 isocentre

• 4 main fields

• 3 gantry angles 
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Mathematics by Philip



Mathematics by Philip

BVI photon technique including the IMC



Ultra-hypofractionation in BC: Discussion

Mathematics by Philip

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

Ultra-hypofractionation in BC: Discussion



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

Ultra-hypofractionation in BC: Discussion

Mathematics 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

Ultra-hypofractionation in BC: Discussion

Mathematics by Philip
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Mathematics by Philip
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Mathematics by Philip
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For ultra-HF: only data about breast/chest wall

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!

Ultra-hypofractionation in BC: Discussion

Mathematics by Philip

Conclusion:



Ultra-hypofractionation in BC: Discussion

Critique:

“Our hospital direction doesn’t like it!”



Several other current protocols:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

• Resistance

Ultra-hypofractionation in BC: Discussion



Several other current protocols:

• Repopulation

• Redistribution

• Reoxygenation

• Repair

• Resistance

• Reimbursement

Ultra-hypofractionation in BC: Discussion



Ultra-hypofractionation in BC: Discussion

Marta GN, et al. Clin Oncol 2021;33:322-30.



Ultra-hypofractionation in BC: Discussion

Decrease in reimbursement from hypofractionation

Marta GN, et al. Clin Oncol 2021;33:322-30.



Ultra-hypofractionation in BC: Discussion

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



Ultra-hypofractionation in BC: Discussion

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

Modelling based on tariffs F centre, public, data 2019:

✓Exclusively 50/26/5 ➔ fully 40/15/3

✓n = 1000; 2/3 BCT; 1/3 PMRT
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Ultra-hypofractionation in BC: Discussion

Modified/extended from Cardoso F, et al. Breast. 2021;55:128-135.

Modelling based on tariffs F centre, public, data 2019:

✓Exclusively 50/26/5 ➔ fully 40/15/3 ➔ 26/5/1 ± boost 10/5/1

✓n = 1000; 2/3 BCT; 1/3 PMRT; 1/2 breast/CW only & 1/2 with LN

✓Indication for a boost with BCS 100% (16/8/1.5) ➔ 40% (10/5/1)

Estimated loss for the hospital: 
-3.5M€ (-53%) -0.9M€ (-23%)



Ultra-hypofractionation in BC: Discussion

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

Influence of reimbursement:

✓Varies from country to country

✓Many countries high-impact

✓This is not only the case for radiation oncology!

➔ unaffordable to apply EBM



Ultra-hypofractionation in BC: Discussion

Conclusion:

That might be a serious issue!
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Trust in hypofractionation:

• Aim at homogenous dose distributions, independent 
of the fractionation schedule

• 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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Trust in hypofractionation for breast/chest wall:

• Aim at homogenous dose distributions, independent of the fractionation 
schedule

• 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…)

• Re-irradiation: favour 40/15/3 in view of lacking experience with 26/5/1

Importance of target volume definition and contouring, 
independent of the fractionation!

Ultra-hypofractionation in BC: Conclusions



And what with 50/25/5?

• When combined concurrently with radiosensitisers:

– Superficial recurrences ➔ + hyperthermia

– SCC ➔ + weekly cDDP (IV, A)

– TN-LABC in PD on PST ➔ + capecitabine (III, B)

– BRCA-LABC in PD on PST ➔ + PARPi (III, B)

• And else?
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And what with 50/25/5?

• When combined with radiosensitisers:

– Superficial recurrences ➔ + hyperthermia

– SCC ➔ + weekly cDDP (IV, A)

– TN-LABC in PD on PST ➔ + capecitabine (III, B)

– BRCA-LABC in PD on PST ➔ + PARPi (III, B)

• And else “historical”

Ultra-hypofractionation in BC: Conclusions



Meattini I, et al. Lancet Oncol 2022;23:e21–31.
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Ultra-hypofractionation in BC: Conclusions

Bullet points:

- The level of evidence in favour of ultra-HF is sufficient 
for practice changing

- No clear contra-indications exist for ultra-HF for 
breast; chest wall and partial breast RT

- Reasons for not applying ultra-HF are not directly 
related to fractionation/radiobiology

- Research in ultra-HF now has to focus on items such 
as immediate breast reconstruction, SIB, 
preoperative RT, combination with other treatments; 
nodal RT
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