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Tumor control
Complications

Complication-free cure

The paradigm of radiotherapy
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Conventional fractionation
1.8 – 2.0 Gy per fraction, 5 fractions per week
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Prototypes of modified fractionation

• Hyperfractionation (HF)

• Accelerated fractionation (AF)

• (Hybrid schedules)

• Hypofractionation
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Less effect per gray at low doses per fraction

Principle of

equal effect per fraction
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Low α/β

High α/β
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“Typical” dose per fraction

• 1.8-2 Gy for standard 

fractionation

• 1.1-1.3 Gy for hyper-

fractionation

Fractionation sensitivity

Withers et al, 1983

Acute effects + tumor response: high a/b

Late effects: low a/b
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Hyperfractionation (HF)
reduced dose per fraction (< 1.8 Gy)

Expectations (dose-escalated HF):

• Increased tumor control

• More severe early reactions

• Unchanged or less late reactions 

70Gy/ 2.0 Gy/ 7w

CF HF

80.5Gy/  2x1.15 Gy/  ti=6h/  7w



UPLIFT school 2025

Oropharyngeal Ca T2-3, N0-1

Years

LOCAL CONTROL SURVIVAL 

Years

EORTC Hyperfractionation trial in oropharynx cancer (N = 356)

Horiot 1992

80.5 Gy - 70 fx - 7 wks     vs        70 Gy - 35-40 fx - 7-8 wks

p = 0.02 p = 0.08 
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Early effect in accelerated or hyperfrationation RxTh

Dische, 1997 Fu, 2000

Horiot, 1992 Skladowski, 2000

Toxicity of RT in HNSCC
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Prototypes of modified fractionation

• Hyperfractionation (HF)

• Accelerated fractionation (AF)

• (Hybrid schedules)

• Hypofractionation
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Influence of overall treatment time on HNSCC 

local control

Withers et al, 1988
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Tissue proliferation and 

recovered dose Dprolif

Bentzen et al, 2002
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Influence of overall treatment time on 

HNSCC local control

Overgaard et al, 1988
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Accelerated fractionation (AF)
Shortened overall treatment time, dose per week > 10 Gy

Expectations:

• Increased tumor control

• Increased early reactions

• Unchanged or decreased

late damage 

(AF/HF and/or reduced

total dose)
AF/HF

54Gy/  3x1.5Gy/  ti=6h/  12d

70Gy/ 2.0 Gy/ 7w

CF

70Gy/ 2.0 Gy/ 5w

CB
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DAHANCA 6&7 - H&N
SCC - stage II-IV (n=1476)

Overgaard et al. Lancet, 2003 

IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII
64-68  Gy/ 2.0 Gy/ 5.5w

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIII
64-68 Gy/ 2.0 Gy/ 6.5w
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Five versus six fractions of radiotherapy per week for squamous-cell 

carcinoma of the head and neck (IAEA-ACC study): a randomized, 

multicentre trial 

Overgaard et al. Lancet Oncol, 2010 

IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII
66-70  Gy/ 2.0 Gy/ 5.5-6.0 w

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIII
66-70 Gy/ 2.0 Gy/ 6.5-7.0 w
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Loco-regional control Survival

conventional

CHART

conventional

CHART

CHART - Head & Neck (MRC, UK)
SCC ,  >T1 N0 M0, WHO 0-1 (n=918)

Dische et al., Radiother. Oncol. 44: 123-136, 1997 

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  III
66 Gy/ 2.0 Gy/ 6.5 w (n=366)

IIIIIIIIIIIII

IIIIIIIIIIIII

IIIIIIIIIIIII
54 Gy/ 3 x 1.5 Gy/ ti 6 h/ 12 d (n=552)
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Early effect in accelerated or hyperfrationation RxTh

Dishes, 1997 Fu, 2000

Horiot, 1992 Skladowski, 2000

Toxicity of RT in HNSCC
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DAHANCA 6&7 - H&N
SCC - stage II-IV (n=1476)

Overgaard et al. Lancet, 2003 

IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII
64-68  Gy/ 2.0 Gy/ 5.5w

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIII
64-68 Gy/ 2.0 Gy/ 6.5w
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Moderate/severe dysphagia

P = 0.04

Moderate/severe subcutaneous

fibrosis and oedema

P = 0.04

Mucosal ulceration and

deep necrosis

P = 0.003

Laryngeal oedema

P = 0.009

Dische et al., Radiother. Oncol. 44: 123-136, 1997 

CHART - Head & Neck (MRC, UK)
SCC ,  >T1 N0 M0, WHO 0-1 (n=918)

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  III
66 Gy/ 2.0 Gy/ 6.5 w (n=366)

IIIIIIIIIIIII

IIIIIIIIIIIII

IIIIIIIIIIIII
54 Gy/ 3 x 1.5 Gy/ ti 6 h/ 12 d (n=552)
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Meta-analysis on altered fractionation HNSCC

Lacas et al., 2017

Randomized trials 1970-2010 (no postop RT)

33 trials included (11423 patients, individual data)

p <0.0001
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p <0.0001

Meta-analysis on altered fractionation in loc. adv. NSCLC

Mauguen et al., 2012

Randomized trials 1970-2005 (no postop RT)

10 trials included (2000 patients, individual data)
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Summary…

• In case of increase in OTT,

- for HNSCC, NSCLC, oesophageal carcinoma: compensation 

by accelerating the treatment

- for cervix and anal canal carcinoma: data exist on the adverse 

effect of prolongation of OTT, thus compensation

- for brain, prostate and breast carcinoma: no compensation

- for palliative treatment : no compensation

• Keep in mind that radiotherapy is a very cost-effective treatment 

modality, providing it is properly delivered
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Prototypes of modified fractionation

• Hyperfractionation (HF)

• Accelerated fractionation (AF)

• (Hybrid schedules)

• Hypofractionation
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Hypofractionation (HypoF)
Increased dose per fraction (> 2.0 Gy)

60Gy/ 2.0 Gy/ 6w
CF Conventional

75Gy/ 2.5 Gy/ 5w

m HypoF Moderate Hypo F (curative)

Palliative RT

SD 8 Gy 30 Gy/ 3.0 Gy/ 2w

toHypoF

Curative RT

67.5 Gy/13.5 Gy/ 2w

HypoF
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IMRT/SBRT for NSCLC



UPLIFT school 2025 Ball et al., Lancet Oncol., 2019

3 x 18 Gy or 4 x 12 Gy
33 x 2 Gy or 20 x 2.5 Gy
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SBRT – early/late toxicity

▪ Severe toxicity rate < 5%

▪ Pneumonia ≥ G3 in 0-5%

▪ Chest wall toxicity in peripherally located tumors: wall 

pain, fibrosis, rib fracture in 10%

▪ Plexopathy in upper tumors

▪ Severe toxicities (fatale hemoptysis, fistulae…) in 

centrally-located with 3 fraction schemes

Hurkmans et al, Radiation Oncology 2009



UPLIFT school 2025

0 20 40 60 80

40

50

60

70

80

90

100

HYPOFRACTIONATION           I           HYPERFRACTIONATION

1.0 Gyd/Fr = 1.6 Gy4 - 5 Gy 1.2 Gy2 Gy

Tumor  with a/b= 10 Gy

Late complications
a/b= 3 Gy

Current  data  with  prostate
tumors  at  a/b= 1.5 Gy

T
o

ta
l 
 I
s
o

-e
ff
e

c
t 
 D

o
s
e

  
(G

y
)

Number  of  dose  fractions

Radiobiological and clinical issues in IMRT for prostate C

Courtesy of K. Haustermans
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Conformal irradiation for prostate tumors

3D-

CRT

IMRT

Dearlaney, 1999

≥ grade 2 proctitis: 15% >< 5% (p= 0.01)
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Hypofractionation in prostate Ca

Dearnaley et al., Lancet Oncology, 2016

74 Gy (37 x 2 Gy) in 7.4 w >< 60 Gy (20 x 3.0 Gy) in 4w >< 57 Gy

(19 x 3 Gy) in 3.8w
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Hypofractionation in prostate Ca

Dearnaley et al., Lancet Oncology, 2016



UPLIFT school 2025

Hypofractionation in prostate Ca

Dearnaley et al., Lancet Oncology, 2016

a/b: 1.8 Gy
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Hypofractionation in prostate Ca

Dearnaley et al., Lancet Oncology, 2016

Late bowel toxicity Late bladder toxicity
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Hypofractionation in prostate Ca

Widmark et al., Lancet, 2019

Intermediate-to-high-risk prostate cancer

78 Gy (39 x 2 Gy) in 8 w >< 42.7 Gy (7 x 6.1 Gy) in 2.5w
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Hypofractionation in prostate Ca

Widmark et al., Lancet, 2019

Intermediate-to-high-risk prostate cancer

78 Gy (39 x 2 Gy) in 8 w >< 42.7 Gy (7 x 6.1 Gy) in 2.5w
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Hypofractionation in breast cancer

50 Gy (25 x 2 Gy) in 5 w ≈ 40 Gy (15 x 3.3 Gy) in 3w

Haviland, Lancet  Oncology, 2013
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Hypofractionation in breast cancer (START)

a/b: 3.5 Gy (95% CI: 1.2-5.7)
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Hypofractionation in breast cancer (FAST-forward)

40 Gy (15 x 2.67 Gy) in 3w >< 27 Gy (5 x 5.4 Gy) in 1w >< 26 Gy (5 x 5.2 Gy) in 1w 

a/b: 2.6 Gy

(95% CI: 1.4-3.7)

Brunt et al, Lancet  Oncology, 2020
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• Benefit of hyper- and accelerated fractionation for loco-

regional control probability

• Slight increase in acute toxicity but no change in late toxicity

• Moderately hypofractionation for tumors with low a/b

• Extreme hypofractionation for well selected indications, e.g. 

small peripheral lung tumors (dose distribution effect only!)

Conclusions


