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RADIATION DOSE AND FRACTIONATION

• Alpha/Beta ratio is a way of describing how tissues responds to radiation based 
on cell survival curves

• High alpha/beta ratios (8-10 range) represent tissues that are rapidly dividing 
such as skin, mucosa and rapidly dividing tumors.  They are most sensitive to total 
radiation dose and less to dose per fraction.

• Low alpha/beta ratios (1.5 to 3) represent tissues that are slow growing such as 
bone, muscle, cartiledge and slow growing tumors.  They are most sensitive to 
the dose per fraction

• Radiobiology studies have demonstrated that prostate cancers have a low alpha 
beta ration (1.5-3 range)

• Therefore, prostate cancer would be most sensitive to higher doses per fraction

• Higher doses per fraction require fewer fractions and lower total doses compared 
to lower doses per fraction



ALPHA/BETA RATIOS

• PROSTATE CANCER: 1.5 – 3 

• RECTUM: 2-3

• LATE BLADDER TOXICITY: 3-6

• NEURO VASCULAR BUNDLES: 2-3



THE FOUR RS OF RADIOBIOLOGY

• Repair: cells have the ability to fix radiation-induced DNA damage, a 
process that happens between radiation doses

• Reassortment: cells progress through the cell cycle.  As cells move between 
fractions, more cells enter the more sensitive phases

• Reoxygenation: tumors can have poorly oxygenated area which makes 
them radiation resistant.  Between doses hypoxic cells can be reoxygenated
making them more sensitive to subsequent radiation

• Repopulation: surviving tumor cells can rapidly divide and grow between 
treatment fractions



38 Gy in 4 fractions







38 Gy in 4 fractions







40Gy in 3 fractions







26 Gy in 2 fractions







26Gy/2 fractions versus  40Gy/5 fractions





19 Gy in 1 fraction



45Gy in 5 fractions versus 24Gy in one fraction











BED VALUES using and an alpha beta  of 2

• 40 Gy / 5 fractions BED 200

• 38 Gy/ 4 fractions BED 219

• 40 GY/ 3 fractions BED 306

• 26 Gy/ 2 fraction  BED 195

• 19 Gy/ 1 fraction  BED 200

• 24 Gy/ 1 fraction  BED 312



CONCLUSIONS

• Data from trials with short follow up support the efficacy and safety 
of 1-4 fraction regimens

• Concerns from the Four Rs of radiobiology do not seem to be an issue

• Perhaps BED is the most important issue in achieving cancer control

• Higher BED fractionation schemas cause greater gland shrinkage, 
hence more ablative

• More prospective randomized trials would be needed to shed light on 
the optimal fractionation
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