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m Ihlysics - Adding Certainty to Safety

* State-of-the-art in brachytherapy dose calculation
— Dr. Beaulieu

¢ Clinical uncertainties: what is the magnitude?
— Dr. Kari Tanderup

* Advances in real-time imaging for brachytherapy (e.g. real-
time MRI and advanced US imaging)
— Dr. Frank-André Siebert

* In-vivo dosimetry in brachytherapy: feasible and needed?
— Dr.Annette Haworth

* Panel discussion
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* | was the Chair of TG-186 and | am the Chair
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Model-based Dose Calculation Algorithms.
— Our WG is working with all brachytherapy TPS
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m bchytherapy is state-of-the-art

modulation

proton

painting

« Exquisite dose distribution and intensity

* Dose deposition “kernel” better than

* Real-time image guidance and dose




|\..but dose calculation is not

> 10% or more relative to TG-43

Dose is the fundamental quantity in RT

|\ TG-43 Dose Calculations

From Rivard




Iﬂ?se is the foundation of RT/BT
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Iﬂ?se is the foundation of RT/BT

Dose (Gy)

TCP/NTCP change by
the same amount:
» Rescaling

TCP/NTCP change by
different amount or in
opposite direction:

» Differential effect




Of all uncertainties, dose is the parameters for
which we should have the best handle on

» Already the case for EBRT
» Advanced dose algorithms are now available
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Differential effect: Large for OARs




’
P

Contura

ar

2 {

1\\
\ Solid: TG43
\ Dash: MC
\ Dots: GGG
ladder
Urethra 3
3 " Target
y 21
QQectum
\\"-\_—

Y. Ma et al., In preparation for Med. Phys.
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""".Pc%%entially Large Differential Effect
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6: Sureka C S, Aruna P, Ganesan S, « Computation of relative dose distribution and effective transmission around a
shielded vaginal cylinder with [1-192 HDR source using MCNP4B », Med. Phys., 44(6), 2006




0,2

0,1

Dose (Gy)

TG-186 Heterogeneous Model (D, )

(b) Dose ratio: Heterogenous Model D / TG-43 MC

DVH % differences
range

Dau ‘36“/0 to '330/0

V‘IW - 540/0 tO - 290/0

Vano -97% to - 25%

R Dy (SKin) -19% to 0%
160 -140 -120 -100 -80 60 -40 -
05 1 15 2 1 25 3

TG-186<TG43 TG-186> TG-43

* Large DVH decreases in D, ,, compared to TG-43
« Higher calculated rib dose
Shane White et al : Provided by Frank Verhaegen




anat_omic photon absorbed attenuation| shielding | scattering beta/kerma
site energy dose dose
high
prostate =0 XXX XXX XXX
breast high XXX
low XXX XXX XXX
high XXX
GYN low XXX XXX
<kin high XXX XXX
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)

m ow Important in the clin

Shielded Applicators

Very large

IC

?

Eye plaque

-10 to -30% (TG129)

Breast Brachy

-5% ("%2Ir) to -40% (eBx/193Pd)

Prostate Brachy

< -2% (1%Ir) to -15% on D90

GYN

Depends on applicators

 Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)
* Beaulieu et al (TG-186), Med Phys 39, 2012

10



“ah Rule of thumb

192|p Scatter condition

Shielding (applicator related)
103Pd/125|/eBx Absorbed dose (u,./p)
Attenuation (u/p)

Shielding (applicator, source)

Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)
Beaulieu et al (TG-186), Med Phys 39, 2012

H'uhytherapy Dose Calculation Methods

Model-Based Dose Calculation : MBDCA
Analytical / Factor-based

ISIOISICIOEE

Rivard, Beaulieu and Mourtada, Vision 20/20, Med Phys 2010
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* Collapsed-Cone (CC):
» Used for a long-time in EBRT

* Grid-Based Boltzmann Solvers (GBBS):
» Used for a long time in the nuclear industry
» Released for brachy first (2009)

* Monte Carlo:
» Not commercially available
» Considered the gold std: thoroughly validated

Dos for Photon Brachytherapy sources

* Range of secondary electrons small relative to
photon mean free path

» In practice small relative to calculation voxels

* Photon fluence attenuation is small within that
range
> CPE exists

* No radiative energy loss
» < 1% for water and tissues < 1 MeV)

12



D(F)= K(F)= jq>(E,7,z)E(“en(l% )dE

* If the fluence rate and energy distribution is known
at all points in the geometry, the dose rate
distribution is also known.

* Trivial for a perfect point source in a perfectly
homogeneous medium considering only the primary
photon spectrum.

» Can still be easily done for real-sources in heterogeneous
medium (primary only!)

'\ Advanced Algorithms Basics

* Both ACE and Acuros calculate from first principals
the primary dose
» Ray tracing with scaling

* Both ACE and Acuros calculate the 15t scatter dose
from Scerma:

> $(r) = c”;”‘-‘“n B, (1)

=

BUT different approaches to treat the scatter dose
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‘ Advanced Algorithms Basics

* Collapsed-cone

» Pre-calculated Monte Carlo kernels for 15t
and multiple scatter components
* Fitted by bi-exponential functions

* Change in spectral composition (scatter vs primary) not
exactly taken into account

» Transport through the volume of interest
using the collapsed-cone method

* Angle discretization critical in high dose gradient regions
* Similar for Acuros

| Angle Discretization Effect

z(mm)
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I. Raytrace source | II. CC convolution | Ill. CC convolution | IV. Summation
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(Asa K. Carlsson, Anders Ahnesj6, 2000)

II-Based Boltzmann Solver (GBBS)

Q.

<}

¥(F,E,Q) +0,(F,E)¥(F,E,Q) = Q™ (F,E,Q)+Q%(F,E,Q)

Solving the linear Boltzmann transport equation:

—  Position:T =(X,Y,2) mesh position discretization
(finite elements)

— Energy: E _ Energy bins (cross section)
—  Direction: 2=(6:9) Angular discretization

« multi-group discrete ordinates grid-based ...»

2D: Daskalov et al (2002), Med Phys 29, p.113-124
3D: Gifford et al (2006), Phys Med Biol vol 53, p 2253-2265
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Y. Ma et al., In preparation for Med. Phys.

Acuros Performance

Petrokokkinos et al., MedPhys 38, 1981-1992 (2011)
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Y. Ma et al., In preparation for Med. Phys.

H'xladvanced dose calculation algorithms?

* Correct large dose discrepencies

* Meaningful radiobiology

* Possibility of better tx approaches
» Shielded applicators

» Directional sources

» Different sources (isotopes or eBx)

17
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Report of the Task Group 186 on model-based dose calculation methods
in hnmrﬂ-m beyond the TG-43 formallsm: Current status

for clinical
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Conclusion

* Advanced dose calculations are available and is a
necessary step for better brachytherapy treatments

> Accurate dose calculation, new techniques, ...

* Dose-outcome/dose-toxicity relationships will be
revisited once enough data are available

» Large scale dose recalculation and prospective
TG43/MBDCA calculations

* For 192|r BT:

Air, applicator and shield (library!), contrast bone:
essentials

* Soft tissues = water!
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m\ GYN example

* Simple vaginal cylinder: CT/MR applicator
— 17 dwell-positions; 500cGy/fx; 100% isodose at 5 mm

1
&
B

m\ GYN example

* The plastic applicator has little effect for 1°?Ir, but for
the air inside central channel...

* 5 mm past the apex:
— TG-43: 490.78 Gy
— TG-186: 520.23 Gy

— Difference of:
* +29.45 Gy or +6% relative to TG-43 expectation
* +4% above prescription dose

* Mileage will vary depending on that last dwell-position relative to
the applicator end
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