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• Define different types of fractionation schedules.

• Identify the balance between tumor control and early and 
late toxicity when changing dose-time-fractionation. 

• Explain the interest in hypofractionation schedules in 
several tumor types. 

Learning Objectives
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Standard/conventional fractionation
1.8 – 2.0 Gy per fraction, 5 fractions per week

IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII 

<30% 60Glioblastoma, MelanomaResistant

30-90%50-70Most carcinomas (e.g., 

HNSCC, breast, prostate)

Intermediate

 90% 45Seminoma, LymphomaSensitive

Tumor control

probability

Dose 

(Gy)

Example
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• Hyperfractionation

• Accelerated fractionation

• Hypofractionation

Overview: Types of modified fractionation schedules
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• Hyperfractionation

• Accelerated fractionation

• Hypofractionation

Overview: Types of modified fractionation schedules

Reduced dose per fraction, greater number of fractions
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“Typical” dose per fraction

• 1.8-2 Gy for standard/ 

conventional fractionation

• 1.1-1.3 Gy for hyper-

fractionation

Sensitivity of different tissues to fraction size

Withers et al, 1983

Acute effects 

& tumor response

Late 

effects
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Squamous Cell Carcinoma (HNSCC)
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Hyperfractionation
reduced dose per fraction (< 1.8 Gy, usually 1.1-1.3 Gy)

Goals & Expectations:

• Increased tumor control through dose-escalation

• More severe early reactions

• Unchanged or less late reactions

70Gy/ 2.0 Gy/ 7w
80.5Gy/  2x1.15 Gy/  ti=6h/  7w

Conventional: Hyperfractionated:
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Years

LOCAL CONTROL SURVIVAL 

Years

p = 0.02 p = 0.08 

Oropharyngeal Cancer T2-3, N0-1 (N = 356 patients)

EORTC Hyperfractionation trial in oropharynx cancer

EORTC 22791 
Horiot et al., Radiother. Oncol. 25: 231-241, 1992 

70 Gy - 35-40 fx in 7 wks (Conventional)      Vs.      80.5 Gy - 70 fx in 7 wks (Hyperfractionated)
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EORTC 22791 

Horiot et al., Radiother. Oncol. 25: 231-241, 1992 

LATE TOXICITYACUTE TOXICITY

Oropharyngeal Cancer T2-3, N0-1 (N = 356 patients)

EORTC Hyperfractionation trial in oropharynx cancer

70 Gy - 35-40 fx in 7 wks (Conventional)      Vs.      80.5 Gy - 70 fx in 7 wks (Hyperfractionated)
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• Hyperfractionation

• Accelerated fractionation

• Hypofractionation

Overview: Types of modified fractionation schedules

Shortened overall treatment time, dose per week > 10 Gy
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Influence of overall treatment time on HNSCC local control

Withers et al, 1988

Effect of 2 month
doubling time

Observed effect of 
accelerated repopulation
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Tissue proliferation and recovered dose

Bentzen et al, 2002
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Accelerated fractionation
Shortened overall treatment time, dose per week > 10 Gy

Goals & Expectations:

• Increased tumor control through
reduced accelerated repopulation

• Increased early reactions

• Similar late toxicity

70Gy/ 2.0 Gy/ 7w

Conventional

70Gy/ 2.0 Gy/ 5w

Concomitant
boost

70Gy/ 2.0 Gy/ 6w

Pure accelerated
fractionation
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DAHANCA 6&7 randomized trials
HNSCC (n=1476 patients)

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

vs.

Conventional: Accelerated:
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LATE TOXICITYACUTE TOXICITY

DAHANCA 6&7 randomized trials
HNSCC (n=1476 patients)

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

vs.

Conventional: Accelerated:



Clinical and Experimental Radiobiology Course 2025

Accelerated Fractionation with Hyperfractionation
Shortened overall treatment time

Dose per week > 10 Gy
Reduced dose per fraction

Goals & Expectations:

• Increased tumor control

• Increased (and faster) early reactions

• Reduced late toxicity

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

66Gy/ 2.0 Gy/ 6.5w

Conventional: Accelerated/hyperfractionated:
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LOCO-REGIONAL CONTROL SURVIVAL

conventional

CHART

conventional

CHART

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

CHART randomized trial (MRC UK)
HNSCC (n=918 patients)

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

66Gy/ 2.0 Gy/ 6.5w

Vs.

Accelerated/hyperfractionated (CHART):Conventional:
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Dische et al., Radiother. Oncol. 44: 123-136, 1997 

CHART randomized trial (MRC UK)
HNSCC (n=918 patients)

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

66Gy/ 2.0 Gy/ 6.5w

Vs.

Accelerated/hyperfractionated (CHART):Conventional:

Moderate/severe dysphagia

P = 0.04

Laryngeal edema

P = 0.009

LATE TOXICITYACUTE TOXICITY

Severity of mucositis

Persistence of mucositis
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Meta-analysis on altered fractionation HNSCC

Lacas et al., Lancet Oncol. 2017; 18(9):1221-1237

Randomized trials 1970-2010 (no postop RT)
33 trials included (11,423 patients, individual data)
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Meta-analysis on altered fractionation HNSCC
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• Hyperfractionation

• Accelerated fractionation

• Hypofractionation

Overview: Types of modified fractionation schedules

Increased dose per fraction, smaller number of fractions
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Hypofractionation
Increased dose per fraction (> 2.2 Gy)

78Gy/ 2.0 Gy/ 8w
Conventional Fractionation

60Gy/ 3 Gy/ 4w

Moderate Hypofractation with Acceleration

Ultra Hypofractionation with Acceleration
42.7 Gy/ 6.1 Gy/ 2.5w
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Hypofractionation in Prostate and Breast Cancers

Dose per Fraction
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Prostate ca. = 1.5 Gy

Dose per Fraction
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3D-CRT IMRT

Dearlaney, 1999

Improvements in conformal irradiation 
of prostate cancer
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74 Gy (37 x 2 Gy) in 7.4 w vs. 60 Gy (20 x 3.0 Gy) in 4w vs. 57 Gy (19 x 3 Gy) in 3.8w

Moderate Hypofractionation in Prostate Cancer

Dearnaley et al., Lancet Oncology, 2016

Conventional Hypofractionated/Accelerated Hypofractionated/Accelerated
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BOWEL TOXICITYDISEASE CONTROL

Moderate Hypofractionation in Prostate Cancer

Dearnaley et al., Lancet Oncology, 2016
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78 Gy (39 x 2 Gy) in 8 w   vs.   42.7 Gy (7 x 6.1 Gy) in 2.5w

Ultra-Hypofractionation in Prostate Cancer

BOWEL TOXICITYDISEASE CONTROL

Conventional Ultra-Hypofractionated
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50 Gy (25 x 2 Gy) in 5 w       Vs.      40 Gy (15 x 3.3 Gy) in 3w

Hypofractionation in Breast Cancer

Conventional Hypofractionated/Accelerated



Clinical and Experimental Radiobiology Course 2025Haviland et al., Lancet  Oncology, 2013

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

Hypofractionation in Breast Cancer

Conventional Hypofractionated/Accelerated

LATE TOXICITYEFFICACY
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• For tumors with higher  than surrounding critical normal tissues (e.g., 
HNSCC), randomized trials have demonstrated benefit of hyper- and 
accelerated fractionation for disease control with some increase in acute 
toxicity but no significant change in late toxicity

• For tumors with lower/similar  than surrounding critical normal 
tissues (e.g., prostate cancer, breast cancer), randomized trials have 
demonstrated similar disease control and toxicity with hypofractionation

Conclusions
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Questions?
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Thank you!

Scott Bratman
scott.bratman@uhn.ca
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