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Radiobiological Considerations

Linear - Quadratic model for Incomplete
monoexponential sublethal (DNA) damage repair

» Biologically Effective Dose:

T I

S =ge-(aD+bgD?) Brachytherapy
(J. Dutreix)

o

In: A Practical Manual
of Brachytherapy
(Pierquin / Marinello,
™ Medical Physics

Bm Publishing)

@ BED=nd[1+ gd/(a/b)]
tissue dependent

« BED ... virtual dose value that produces the same bi  ological effect as
the physical dose with an infinite low dose rate

proportion of surviving cells

n ... number of equal fractions
d ... dose per fraction
arameters :

a/b ...parameter describing lethal / sublethal lesions
g ... repair function depending on - half time for cell repair T,
- fractionation



Mathematical Description /Normalization - EQD2

LQ model gives biological equivalence for

=

classical LDR brachytherapy (50 cGy/h) and
2. conventional external beam therapy (2 Gy / fracti  on) with
T,,=1.5 hours (clinical experience, ICRU 38)

Calculated BED values are normalized to
conventional EBRT with 2 Gy / fraction (reference s chedule) :

BED=D,[1+2/(ab)]
Dieoc = BED /[1+ 2/ (a/b) ] = EQD,

@ “Isoeffective dose” = “equivalent dose in 2 Gy fractions ”

To calculate the total isoeffective dose D ., of a combined treatment, aII

isoeffective doses D |,z are added up : nd - (1+ ( / ﬁ))

1+ (a'/ﬁ)

Disoe totaL = Disoe, externaL * Disog, BrAcHY Disor =
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ICRU 38

GEC ESTRO

e 6 &

e &7

. $ 8 98
e 06 o |

e 11 . "

|

. < $3 83 83)

International Commission of
Units and Measures report
38, Bethesda, MD, 1985

e - $3 83
e 05383
o "3 83)
S 5O 8 "8
"8 9
° $ I
 HDR/PDR/LDR
e Dose
* Fraction size
e # of fractions
 Time interval between
fractions
 Total Rx time
« RAKR Pott_er et al,
. Dose calculation algorithm Radiother Oncol. 2006 :67-77.







Target Dose: 2D and 3D

Correlating tumour effect(s) with doses:
correlate effects with doses to volumes, instead of points

D to pOIntA ooooooooooooooooooo E

= plannning
aim Dose v
TUMOR EFFECT:

Tumour regression
4

90% of CTV

( D90'>Dose to
90% of CTV

These corelations
100% of CTV enabled by
3D imaging

b ' : Dose to
Prescribe

08% of CTV
dose

Potter et al. Radioth Oncol 2006. Haie-Meder et al. Radiother Oncol 2005.




Dose to organs at risk 2D 3D 4D

Correlating tissue effect(s) with doses

More appropriate to correlate tissue effects with d oses to tissue
volumes (at different times-4D), rather than points

0.1cm3 DO0.1cc

Most exposed =
V of OAIg D, V of clinical 1cm3 Dlcc

relevance? 2 cm3 D2cc

5cm3 D5cc

Minimum dose -
to this V

Proctoscopy findings

v
TISSUE EFFECT:

damage to OAR
OAR Point N

(i.e. ICRU-R)

Dose to :
OAR POint .......................... o

Potter et al. Radioth Oncol 2006. Haie-Meder et al. Radiother Oncol 2005.



Potter et al, Radiother Oncol. 2006 :67-77
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Minimum (prescription) dose region

OARs

s High dose region

Very High dose region
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D98 HR CTV

l D90 HR CTV

D98
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Dose gradient : 5 to 25% per mm

e Very high dose rate
e Large fraction size
* Biological dose??
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ICRU 38 rectum and bladder
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Mahantshetty et al, J Cancer Res Ther. 2011 :298-303



Intermediate dose region

High dose region (D » Dp 1c0)
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Radiotherapy and Oncology 78 (2006) 6777
Slide Courtesy: Prof: R Potter, MUW, Vienna
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Slide Courtesy: Prof: R Poétter, MUW, Vienna



DZCC chc DO.lcc
W X h:
30mm x 30mm 10mm x 10mm

Slide Courtesy: Prof: R Potter, , MUW, Vienna
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DZCC chc DO.lcc
w X h:
25mm x 20mm 10mm x 10mm

Slide Courtesy: Prof: R Potter, MUW, Vienna



Volume (cc)
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