6/23/2015

Key Clinical Applications eedlng

Advanced Dose Calculation in
Brachytherapy

Regina K Fulkerson, PhD

Potential Conflict of Interest

Regina Fulkerson is a consultant with
Standard Imaging, Inc.

References

Rivard MJ, Venselaar JLM, Beaulieu L. The evolution of brachytherapy
treatment planning. Med Phys 2009;36:2136-53.

Papagiannis P, Pantelis E, Karaiskos P. Current state of the art
brachytherapy treatment planning dosimetry algorithms. Br ] Radiol
2014;87(1041):20140163.

Beaulieu L, Carlsson Tedgren A, Carrier J-F, Davis SD, Mourtada F, Rivard M],
et al. Report of the Task Group 186 on model-based dose calculation
methods in brachytherapy beyond the TG-43 formalism: Current status
and recommendations for clinical implementation. Med Phys
2012;39(10):6208-36.

Comprehensive Brachytherapy: physical and clinical aspect. JLM
Venselaar, D Baltas, AS Meigooni and PJ. Hoskin. CRC Press, Taylor & Francis,
2013.




| m————— ]
Brachytherapy

Foundation of all radiotherapy
¢ 1898: Discovery of Radium

Classical treatment planning methods based on
tabulated activity data

» Corrections for radionuclide and source encapsulation

Radionuclide T Maximum energy of

emitted particle [keV] _
Ly 67d 497 7
7Cu 6190 575 1=
il 8d 606 p
=Sm 48281 810

“Re 38d 1077
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oSt 505d 1491

“Ho 268h 1854

“Re 17.0h 2120

Y 64.1h 2284

“Modern” treatment planning
* TG-43 formalism

» Parameters account for source attenuation and
geometry

» Assumption of an infinite water environment
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Rivard et al, Med Phys 31, 633-674 (2004)

Mostly water
What do we do?
Analytical solutions
e Discretize parameters
Energy
Angle
Composition
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Physics of heterogeneity corrections

¢ The Linear Boltzmann Equation or LTBE
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Papagiannis , Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014)
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Treatment planning - today

Commercially available approaches
¢ CPE assumed (Dose = Kerma): Primary dose = analytical using ray-
tracing with scaling; 1°t scatter dose, estimated from Scerma.
o Scatter dose:
Grid-Based Boltzmann Solves (GBBS): iteratively solve the LTBE by space
(finite elements), angles (discrete ordinate) and energy (energy groups)
discretization.
Acuros - BrachyVision (Varian Medical Systems)
¢ Collapsed Cone Superposition: Scatter dose is separated into 1** and
multiple scatter contributions. MC-derived point kernels and
angular discretization ensure that every voxel in the geometry is
intercepted at least once.
Advanced Collapsed-cone Engine - ACE, Elekta
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Does it matter?

Clinical results show we are doing something right
¢ But do we really know what we are delivering? (TG-43)
 Novel sources on the market

Electronic brachytherapy (eBT)
Xoft® - 29 keV
Esteya® - 41 keV
Radionuclides
57Co - 124 keV
153Gd - 61 keV
169Yb - 93 keV
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Does’it matter? - YES =

Sensitivity of dosimetry for novel radionuclides and eBT sources to material
heterogeneities and general differences with TG-43
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Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)
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Vision 20/20 paper
anatomic photon | absorbed " - . beta’kerma
site energy dose attenuation | shielding | scattering dose
high
prostate |, XXX | XXX | XXX
breast high XXX
low XXX XXX XXX
high XXX
G ow | XXX | XXX
. high XXX XXX
skin
low XXX XXX XXX
lung high XXX XXX
low XXX XXX XXX
penis high XXX
low XXX XXX
eye high XXX XXX XXX
low XXX XXX XXX XXX
Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)
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Current state of affairs

Commercially available algorithms - 92[r only
Monte Carlo methods - random sampling of
probability distribution functions of physics processes
» EGSnrc/BrachyDose, Geant4, MCNP
TG-186 - Model-based dose calculation methods
¢ Level 1 - Reproducing TG-43 parameters
¢ Level 2 - Testing capabilities of MBCDAs
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“Acuros vs JEE e TG-;;conditions
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Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014)
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Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014)
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"Heterogeneous geometry
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Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014)

6/23/2015




0 < 2 o 4 0 = o g g
i () i (em)

DA A2 M08 6 42 0 2 46 B M0 409 8766432401 234667800
dore atersncets) dose atoencets)

Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014)

tnical example:

Firas Mourtada

inical example:

Dose perturbations due to contrast
medium and air

v

The effect of patient inhomogeneities
Air bubbles
Dose to skin air = water?

Chest wall/rib dose tissue = water?
contrast impact?

A
N o

Patient specific planning vs. class

solutions to estimate the effect SETIER SRR iery
source shielding?

radiation scatter?

Rvard, tasel

e
(AAPhS 2009)
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Contrast =

the various balloon diameters.

Ta5LE IL Percentage reduction (A%) in dose rate at 1 cm from the balloon due to contrast, relative to water, for

A%
Balloon
diameter (cm) 5% contrast 10% contrast 15% contrast 20% contrast 25% contrast
4 —0.8% —1.6% —2.4% —32% —4.0%
5 —1.0% —16% —27% —38% —49%
6 —14% —29% —43% —54% —=57%

Texas

published 17 June 2004)

Contrast effects on dosimetry of a partial breast irradiation system
Bassel Kassas,” Firas Mourtada, John L. Horton, and Richard G. Lan

The University of Texas MD Anderson Cancer Center; Box 94, 1515 Holcombe Kmﬂmmv] Houston,
30

(Received 24 February 2004: revised 6 April 2004: accepted for publication 22 April 2004:

Papagiannis , Pantelis, Karaiskos, Br ] Radiol, 87, 20141063 (2014)

‘ Contrast recommendations were made!

Kassas, Mourtada, Horton, Lane, Med. Phys 31(7),1976-1979 (2004).
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applicator

Susan L. Richardson®’

Ramiro Pino

Clinic, San Antonio, Texas 7¢

published 12 July 2010)
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Dosimetric effects of an air cavity for the SAVI™ partial breast irradiation

Department of Radiation Oncology, Washington University School of Medicine, St. Louis, Missouri 63110
Department of Radiation Oncology, The Methodist Hospital, Houston, Texas 77030 and Texas Cancer
824

(Received 8 July 2009: revised 3 June 2010: accepted for publication 5 June 2010;
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Shielding
Scatter

Rectal

S
shield

Packing
Attenuation

Standard Cylinder
Regular or
shielded

Luc Beaulieu

MCNPX 2.5 simulations compared with
TG-43 predicted doses (Plato TPS)
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Price, Horton, Fifel, Mourtada, ABS annual meeting, 2007

I Attenuation of intracavitary applicators in "*2Ir-HDR brachytherapy

Sung-Joon Ye,® Ivan A_ Brezovich, Sui Shen, Jun Duan, Richard A Popple,
and Prem N. Pareek

Department of Radiation Oncalogy, University of Alabama School of Medicine, 1824 6th Avemuie South,
Birmingham, Alabama 35294

TABLE I Elemental compositions and densities of the 1*2Ir source and applicator components used in the Monte
Carlo simulations.

Component Material Atomic composition Density (g/em®)
Active wire Iridium metal 10k 2242
Encapsulation Stainless steel [0.02 Si. 0.18 Cr 8.02
Uterine tube Stainless steel 0.02 Mn, 0.67 Fe, 0.11 Ni] 8.02
Vaginal cylinder Polysulfone 041 H. 05C, 0.070,0.02S 140

Ye, Brezovich, Shen, Duan, Popple, Pareek, Med Phys, 31 (7), 2097-2106 (2004)
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5 = Source+Tube 4
& A Source+Tube+1cm-Cyln .
0.90 _ SourceTubes2em-Cyln LY
Poly. (Bare source) (r)=3E061" - 6E05r* + 000051 -0.00351 + 0.014r + 0.688
0.88 Poly. (Source+Tube) Gia(r)=3E-067° - GE-05¢* + 0.0005¢" - 0.0039r% + 0.016r + 0.974
Poly. (Source+Tube+1cm-Cylin)  gin(r}=9E-06r° - 0.0002r* + 0.0023r° - 0.0115¢% + 0.029r + 0.9634
Poly. (Source+Tube+2cm-Cyln) gin(r)=-SE-06" + 0.0001r* - 0.0017r" + 00081 - 0.016r + 0.986
0.86
0 1 2 4 5 6 7 8 9 10
Radial distance, r (cm)
Fic. 5. Radal for 2 bare source and 2 o lindical applicators and their comparisans to published daa
Fifth-order polymomial fitings to our calulated adia dose functions e alo presented.
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34 L « PDR (red)

) b : ' « LDR (black)
I / - \ I « XZ-plane

* 20mg equivalent

Mourtada, Horton, 2004

Shielding
Collimation

Positioning

tnical example

Electron contamination
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LDR prostate implants (251, *3Pd)
¢ Seed geometry
« Inter-seed effects
* Cross-section (Energy)
Low-energy x-ray sources (Xoft, Intrabeam)
* Source geometry and composition
* Cross-section (Energy)

Bmmary -

Dosimetry and planning methods have made huge
strides since the inception of brachytherapy

192]r is the only radionuclide available for use in
commercialized treatment planning systems to date

A large cohort of TG-43 data exists for the creation of
retrospective studies (data is needed: H&N, skin)

Stay tuned for specific clinical results...
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