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Dose Calculation Methods
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Learning Objectives

A Review of brachytherapy approaches.

A Describe thelosimetricuncertainty in
modern brachytherapy.

A Reviewthe AAPM T@86and WGMBDCA
guidelines to commission modern dose
calculationengines

A Identify factorsrequiringstandarizatiorto
achievedosimetricconsistencyamongclinics
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Common Past/Present Radionuclides In

Brachytherapy{LDR/HDR)

Radionuclides  Tie Eavg(KeV)
226Ra 1,622y 830
60Co 5.26 y 1,250
137Cs 30y 662
—> 192 74.1d 380
198 AU 2.7d 410
ﬁ%s ~10d 29
( 125 ~60 d 28
\103pg ~17 d 22

F. Mourtada, Ph.D.
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From MultipleSources/Manual Loadirtg a
SingleSourceAfterloading

Ra226 Tubes (manuafl Cs137 Tubes (manuafj Cs137
Pellet LDRafterloading A Ir-192 PDR/HDRafterloading

F. Mourtada, Ph.D.



HDR/PDHRemoteAfterloader

HDR: 1CCi
PDR: 12 Ci

0.9 mm diameter

2022 mm
E 155 mm N
E 2 mm
Very Flexible Cable Flexible Cable
(s i1 ) [
cn— T 1=
3.6 mm
Wery Flexible Cable Flexible Cable
45 mm

F. Mourtada, Ph.D.



ICBT Gynecology

<+Intracavitary: Places radioactive sources within a body
cavity (cervical cancer)

<2»LDR (temporary, 48hrs) or HDR (temporary, minutes)

Fletcher
Cs137
Manual
Loading

F. Mourtada, Ph.D.



Recently Introduced Applicators
CT/MR (HDR/PDRfterloader)

Utrecht Interstitial Fletcher Fletcher Shielded Interstitial Ring
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Interstitial Examples

A Interstitial
I Permanent
‘ AGU- prostate
(-125, Pd103, Cs131)

AGYN- pelvic side wall
(Au-198)

AGI-rectum (Au-198)

Permanent
Seeads




CLINICAL APPLICATION
TO APBI (ACCELERATED PARTIAL BREAST IRRADIATION)



Surface (Topical)

<2»Places the radioactive sources on top of the
area to be treateddhoroidalmelanoma)

<s»*Temporary. ~72hrs (LDR)
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Skin Surface Applicators
Ir-192 HDR
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New BT Sources

A How sensitive is dosimetry for novel radionuclides and eBT to
material heterogeneities (and general differences with TG-43)?
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New BT Sources
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Brachytherapy Dose Calculation
(.e. since 1995)

A TG43 formalism is the standard methodology for dose
calculation.

A TG43 was created primarily for interstitial low energy
brachytherapy purposes.

A Dose calculation is done assuming material is uniform water
phantom.

P(r,6)
C GL (f‘,g) ) )
D(r,0)=S8g -A-—= g1 (r)-F(r.0)
B Gy (f‘ 5 )
P(ro,00) X 7, dose rate to water in water at point P(r,0)

// air kerma strength
/( rp=1cm

9, o 8, dose rate constant

e radial dose function
L - ; geometry function (line source approximation)

2D anisotropy function

Rivard et al., Med. Phys. 31, 633-674 (2004)



History

A 1995¢ TG43 @125, Pd103)

I Provided recommendations for dose calculation
for low energy source dosimetry (E<50keV).

A 2004¢ TG43U1
I Clarifications, 1¥s2D formalism, etc.

A 2007¢ TG43U1S1
I Increased number sources, etc.

AHAMA GIONNI GdzyYé 27F ¢ Dn



Prior to TG43:
Sievert Integral Source Geometry
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Geometry of dose calculation for linear radium sources.l



Consensus Data Sets

A Report gives recommendations on how to
experimentally and theoretically obtain
dosimetric parameters for sources.

I Experimentally: detector type, volume averaging
effects, phantom materials, energy response
characterization, efc.

I Theroetically (MC): Cut off thresholds, good
practice guidelines (e.g. # of histories)

A Uncertainty analysis



Clinical Source Registry Available

A 3 current source registries available
I IROCHouston (RPC)
I Carlton University (CAN)
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High-Energy Brachytherapy Sources-examples



