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Some applications of the 

LQ model
ÈUsing the LQ model to correct 

for errors

ÈHypofractionation

Åeffect of a/b

Åeffect of long treatment times

ÈBalloon brachytherapy
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Using the L-Q model to 

correct for errors

Int. J. Radiat. Oncol. Phys. Biol., Vol. 58, No.3, pp. 871-875, 2004
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The Mike Joiner method

ÈJoiner found that if several  fractions are 

delivered at the wrong dose/fraction, you 

can derive a dose/fraction to use for the 

remainder of the course that will result in 

the planned BEDs being delivered to all

tissues
Åit is independent of the a/bof the tissue



Wayne State University

The Mike Joiner method: 

definitions

ÈThe planned total dose is: 

Dp Gy at dp Gy/fraction

ÈThe dose given erroneously is: 

De Gy at de Gy/fraction

ÈThe dose required to complete the course is: 

Dc Gy at dc Gy/fraction in Nc fractions
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The Joiner equations
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Example: single fraction > 50% 

below planned

Planned treatment: 42 Gy at 7 Gy/fraction

Given in error: 2 fractions of 3 Gy

Then the dose/fraction needed to complete 

the treatment is:
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Example (contôd.)

ÈThe extra dose required is:

Dc = 42 ï6 = 36 Gy

ÈHence the number of fractions required is:

Nc = 36/7.67 = 4.7

ÈSince we cannot deliver 0.7 of a fraction, complete 

the treatment with 5 fractions of 36/5 = 7.2 

Gy/fraction 

Åalways round out the number of fractions up, since 

increased fractionation spares normal tissues
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Example: single fraction > 50% 

above planned

ÈPlanned treatment: 42 Gy at 7 Gy/fraction

ÈGiven in error: 1 fraction of 11 Gy

ÈThen the dose/fraction needed to 

complete the treatment is:
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Example (contôd.)

ÈThe extra dose required is:

Dc = 42 ï11 = 31 Gy

ÈHence the number of fractions required is:

Nc = 31/5.58 = 5.55

ÈSince we cannot deliver 0.55 fractions, 
complete the treatment with 6 fractions to a 
total dose of 31 Gy i.e. at 31/6 = 5.17 
Gy/fraction
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Example: total dose delivered 

is > 20% below that planned

ÈPlanned treatment: 42 Gy at 7 Gy/fraction

ÈGiven in error: 30 Gy at 5 Gy/fraction

ÈThen the dose/fraction needed to complete 

the treatment is:
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Example (contôd.)

ÈThe extra dose required is:

Dc = 42 ï30 = 12 Gy

ÈHence the number of fractions 

required is:

Nc = 12/12 = 1

ÈTherefore deliver one extra fraction of 

12 Gy
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Additional benefit of the 

Joiner model

The solution is not only 

independent of a/bbut it 

is also independent of 

any geometrical sparing 

of normal tissues
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Demonstration: last Example

ÈIn the last Example, (a) 42 Gy at 7 
Gy/fraction was found to be equivalent to (b) 
30 Gy at 5 Gy/fraction plus 12 Gy at 12 
Gy/fraction

ÈThe BEDs for late-reacting normal tissues 
(a/b= 3 Gy) are 140 for (a) and 140 for (b)

ÈWith a geometrical sparing factor f = 0.8, 
these BEDs are 96 for (a) and 96 for (b)
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Hypofractionation

One of the advantages of highly 

conformal teletherapy is that it 

ought to be possible to deliver 

higher doses/fraction without 

exceeding normal tissue 

tolerance
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Example: Hypofractionation for 

prostate therapy

ÈIf the a/bfor prostate cancer is lower than 

that for late-reacting normal tissues, as 

has been suggested, the prostate cancer 

cells will repair sublethal damage better 

than the normal cells
Åhypofractionation ought to be better than 

conventional fractionation
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Proposed protocols for prostate cancer (if 

a/b= 1.5 Gy): conservative treatments

Equivalent to 66 Gy 

at 2 Gy/fraction 

with constant BED 

for late reactions 

(a/b= 3 Gy)

Fowler, 2003

Abbreviations:bNED 

= no biochemical 

evidence of disease; 

NTD = normalized 

total dose (in 2 Gy 

fractions)

With hypofractionation the bNED 

could be improved from 51.6% to 

85.5%
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More aggressive treatments:

equivalent to 72 Gy at 2 Gy/fraction

Fowler, 2003

Again, the BED for 

late reactions is kept 

constant for each 

fractionation scheme

The bNED could be 

improved from 

69.2% to 94.0%
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Highly aggressive treatments:

equivalent to 78 Gy at 2 Gy/fraction

Fowler, 2003

The bNED 

could be 

improved 

from 82.6% 

to 97.6%
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Fowlerôs conclusions

Hypofractionation will increase 

the therapeutic ratio between 

tumor control and late reactions, 

provided that the Ŭ/ɓ ratio for 

prostate tumors is lower than 

that for complications
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Fowlerôs conclusions

ÈIt is obvious that too-modest 

hypofractionation will not yield enough 

gain in cure rates to be detectable with 

a practical number of patients in a 

clinical trial

ÈFewer than about 20 fractions will 

probably be necessary for a significant 

gain 
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Fowlerôs conclusions (contôd.)

ÈWe caution against the hasty adoption 

of extreme hypofractionation

Åusing very small numbers of larger 

fractions, given in an unusually short 

overall time, would need proper Phase I 

testing of the toxic effect of shortening the 

overall treatment time
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My opinion
ÈWe also need to be careful since there is 

some concern that thea/bfor prostate 

cancer may not be low and, if this is true, 

hypofractionation might be devastating

ÈWe must take into account the effect that the 

presence of any hypoxic cancer cells might 

have on the outcome since thea/bfor 

hypoxic cells is higher
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Potential effect of hypoxic cells

Because hypoxic cells would be 

expected to have a higher a/b

compared to well-oxygenated cancer 

cells, they will best be treated with 

hyperfractionation, not 

hypofractionation
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Potential effects of long treatment 

times with IMRT for prostate cancer

ÈBecause of the potentially low a/bfor prostate 

cancer, there is some concern that longer 

treatment times associated with the delivery of 

IMRT might allow prostate cancer cells to repair 

more during each session of treatment than 

normal tissue cells

Åthis might be a problem for other cancers if 

late-responding normal tissue cells repair 

slower than tumor cells
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Potential effects of long treatment 

times for prostate treatments

The prescription dose was 81 Gy in 1.8 Gy fractions 

Int. J. Radiation Oncology Biol. Phys., Vol. 57, No. 2, pp. 543ï552, 2003 

Except where explicitly noted otherwise, the following LQ 

parameters were used in this study: 

Ŭ = 0.15 Gy
ī1
, Ŭ/ɓ = 3.1 Gy, repair half time = 16 min
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EUD and TCP as a function of 

IMRT fraction delivery time

Wang, et al (2003)

Extending the 

delivery time 

from 10 min to 

30 min might 

decrease the 

EUD by about 5 

Gy
This might 

decrease the 

TCP by about 

15%
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EUD as a function of Ŭ/ɓ ratio and 

repair half-time for prostate cancer 

--- 2 min. delivery time

30 min. delivery time

Wang, et al (2003)
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Wang et al conclusions

ÈOur calculations indicate that fraction 

delivery times in the range of 15 - 45 min 

may significantly decrease cell killing

ÈThe total time to deliver a single fraction 

may have a significant impact on IMRT 

treatment outcome for tumors with a low 

a/bratio and a short repair half-time

Wang, et al (2003)
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CyberKnife treatments
ÈWith the CyberKnife, treatment 

sessions can be as long as an hour-or-

so

ÈThis is the same order of magnitude as 

half times for repair, so the time to 

irradiate each specific voxel of tissue 

will affect the outcome in that voxel
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Build up of dose for two sample voxels for 

a lung tumor treated by the CyberKnife

Murphy, et al (2007)

The dose in 

voxel A 

builds up 

slower than 

that in voxel 

B
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Spatial distribution of the 

build up of dose

Murphy, et al (2007)

For the bottom right 

hand corner of the 

tumor (red) there is a 

>20 minute period 

during which it is not 

being irradiated


