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RADIOBIOLOGY IN RADIOSURGERY

F Vernimmen 2009

1968

The first prototype of Leksell
Gamma Knife® was installed in
Stockholm, Sweden.

1999
Elekta refines the Art of radiosurgery
by introducing Leksell Gamma Knife® C
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Leksell GammaPlan®

Reasons for fractionation:

The reason why these treatments are tolerated is the . . .
very localized nature of the dose deposition and the * meningiomas growing around the optic
very rapid dose fall off outside the target.

apparatus
. ) * hearing preservation in acoustic neuromas
Based on a large body of clinical experience doses for gp
radiosurgery are well established - close proximity of critical structures
* non compact AVM nidus
* large target volume

« targets in eloquent areas of the brain



| want to
fractionate

But what is the total dose and the
dose/fraction ?

RADIOLOGICAL SLOW GROWING

]
J

RADIOBIOLOGICAL SLOWLY
PROLIFERATING

iological ffective ose
(BED)

What is the a/B ratio ?

How to determine these o/ values?
Cell culture techniques: “easy”, but are “in Vitro”

Animal models

Patient clinical data
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The FE plot analysis is valid for a
very specific observed end effect.

a/B ratio

Meningiomas
Acoustic neuromas
Arteriovenous malformations

Optic chiasma

Using clinical data => FE plot

=> Tucker plot

Tucker method Table 1: Meningioma data

Pairs of radiation doses that have an equal biological effect

Author Total dose in Gy 0 Complications

Dn (given in dn) <> Dm (given in dm) szt 14 4 8.809
Lo*'etal 14 9z 6%

5.50%

Roche? et al

Vernimmen' et al
slope=R/a _ bus*?et al

Henzel*et al

1/slope=a/l}




Meningioma

= 0.89
p <0.0001

alff =376

Table 2: Acoustic data

Author

Combs* et al
Combs’ et al
Huang®* et al
McClelland® et al
Paek* et al

Chang®etal

Van Eck*et al
Lunsford®' et al

Chung®et al

Landy? et al

Chung? et al

Williams® et al

Andrews et al

Total dose in
G

DIFinGy  Radiological control Complications Hearing
rvatio
91% - 5y 6%
5.70%

2.20%

97%
93.6%

87%

Meningioma

p=0.004

a0 100 150

Dmdm - Dhdn { Gy)

Acoustic Neuroma

7 =085
p < 0.0001

alfp = 2,38

99



Acoustic neuroma
Arteriovenous malformation

Dn - Dm ( Gy)
2

[
h
L

a/B=1.8
P=0.000%

75 100 125

Dmdm - Dndn (Gy?)

Table 4: Optic chiasma radiation doses

Arteriovenous malformation

T

Total dose Dose / Fraction Nr of Fractions Optic Ret

8.9* 89 890

800

p=0,33

T T T T T T

-20 5 30 55 80 102 130 155 180 20
Total dose / fractionation schedules considered to be safe:
* Shrieve®®

Dmdm - Dndn (Gy?) ol
*** Goldsmith28
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Optic Chiasma

Optic Chiasma

o
=]

1/Total Dose (Gy ')
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50 40 30 20 -10 0 10 20 30 40 50
Dmdm - DNdn (Gy?)

Table 5: Results How valuable is the knowledge of these a/B values?

Author AVM Author Meningioma Author Acoustic
alR (Gy) allt (Gy) /R (Gy)

The calculations of BED doses should be more clinically

Kocher®et al Vemimmen™et al 3 Linskey*s et al - accurate

The o/B value gives an indication of intrinsic value of
fractionation

Shrieve® et al 3.28 Gross? et al

Henzel* et al

It allows to calculate tolerable dose/fractionation schedules
for when the target is close to critical structures

Vernimmen? et al
Qi*et al

This study This study 3.8 This study
FE plot 5 FE plot & FE plot
Tucker Tucker Tucker

* assumed not calculated
+ for small AVM volumes
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intrinsic difference brain-target

How critical is the knowledge of the exact a/B value

250+
2o ——braina/li=2.5

—— (ametai=1

G." (B = targetallis2
B -— targeta/li=3
g . = tarpetali=4
W ghgd| T TEme e ———— . - |argeta/i=T
: : — targetai=10

Target: 16 Gy/1#
Target: o/f = 3 Gy
Optic: o/ =3 Gy

31
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