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Objectiv es

Monte Carlo Dose
Calculation for Clinical IMRT - To understand stages of an MC-IMRT
Treatment Planning dose calc ulation
_ - To illustr ate the role of MC for

ngCJU',,Y,,'BS'E"e'S . > Treatment Planning System QA

e o et » Patient-specific IMRT QA

2008AAPM Continuing Educaton g CIlnlC al IMRT plén-optimization

- To compar e clinical IMRT dose
Funded by: NIH RO1 GAGB524 calculations/optimization  with MC-
based results
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Effect of Heteroge neities on Dose

Errors in other algorithms are largest for small fields in

Justific ation of Monte Carlo
for IMRT

heterogeneous geometries

IMRT mandates patient specific QA

» Treatment planning system dose prediction

» Information transfer

» Device delivery
Conventional TPS dos e algorithms can be inaccurate
for

» Small fields

» Region s of dose gradients (radiati on disequilibrium)

» Heterogeneous condition s

If dos e prediction was always accurate, there would be
no need for per-patient QA

» Simpler methods exist for checking infor mation transfer and device

delivery than doing measuremen t-based QA
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MC can be used in IMRT QA to validate

fluence predic tion patient dose

heterogeneities .
o ‘ ( g ) - Particle Source Colim ator ‘
Vacuum Win

Vacuum Win 2z >N Flattenin g Filter
Flattening Filter /8 A lon Chamber
lon Chamber |

Stages of a Monte Carlo

Target

Jaws
NEVS

- Field Specific
Beam Modifiers

-

. Patient

VCU

Particl e Source U’I'(Iﬂ'_‘ Field-specific beam
il modifi ers

Covered in detail elsewhere (TG-105, ...)

- Direct Sim
Overall accuracy is no better than least
head accurate sub-component . May be part of the source model
» On-the-fly simulation

~ Stored particl es (phase space file)
- Source Models

» Simulation -based models

-~ Measurement -driven empirical source - Explic it simulation
models

Or

MLC Movie cour tesy
Jai-Woong Yoon

VCU Stanford VCU
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Preliminary Requireme nts

- Integrated MC system

- Commis sioned MC algorithm
» Source model tuning
» Open field matching
» MLC test fields
» IMRT test fields

. Other
. See TG-105 ++

MC for patient specific
IMRT QA
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QA D,, difference for max dose structure H ead and \\| eCk Exa m p Ie
Summary ' _
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Pinnacle Head and Neck IMRT
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MC Verifica tion

(Dose Predic tion Error Evaluator)

Original optimiza tion MC QA re-calculation

Monte Carlo in IMRT
Optimizati on
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M C O pt' m IZ&'[IOI’] M C MC optimizatio n restores desired DVHs
1 1 1 requires differe nt MLC segments
Optimiz ation d 9
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MC during IMRT optimizat ion Optimization Sequence

Pre-optimization

. Since

Optimization will converge in fewer
iterations if a good initial guess is

provided to the optimizer
- Then

Arbitrary Plan Score

MC optimiz ation should be preceded
with pre-optimiz ation using 0 RESES s
fast er/approxim ate algori thms

1 1 1
15 20 25

VCU Iteration Number
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Optimization Sequence

Arbitrary Plan Score
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Optimization Sequence

Arbitrary Plan Score

=)

F
S

. DPE

L Me

PBOPt.Conver ged

1 I I

15 20 26

Iteration Number

Optimization Sequence
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Arbitrary Plan Score

DPE = Dose Prediction Error

. DPE

Difference between inte nded
and actual dose

Measured in MC-QA process if
no MC optimization

PBOPLCon verged

1 I I

Optimization

15 20 26

Iteration Number

Sequence

. pgopt

. DPE

MCPO®t requires an
average of 6 MC dose
calcula tions to converg e

Opti mizatio n time = 6X
wecl single MC dose calc time

. Mc™ rOCE

PBOPLCon verged =} E

OCE = Optimization Convergenc e Error

Difference between two optim ization result s

25 0 3%

Iteration Number
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Reducin g Optimizat ion Time

Correction Method
Set C=0
N
Optimize using
i N

Reducing MC Optimization
e

Hybrid optimiza tion

Optimize usi
DPE+C

Optimized Dose
DC.O

Converged?
PQS(DC%)= PQS(D¥)?

Optimize d Dose
(DHPrid=pC.0 = pMC)
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Iteration Number

MC vs Hybrid

Head/Neck

DVH Comparisons
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Head and Neck

Dose Prediction Errors Optim ization Convergenc e Errors

Gy

#oeerage DPE Gy
Average Struciure OCE

[ Structure

MC vs One Correction Hybrid

Compari sons

Dose Volume | DPE

Constraint

of | OPE of O°

initial PE | (Gy)

-0.0520.09

| -0.0620.06
[ -0.0220.05
0.0620.04

OCE of | OCE of D
intial  PB | (Gy)
optimization

-

(By)

0121017

0.07£0.12
0.05£0.09
0.00£0.11

-0.030.07
| -0.0020.13

-0.07£0.18
0.01£0.06

Mumber of MC Corrections

1 MC-based correction sufficie nt

Time Reducti on
Maximum tole rated o0,
during optimization

Statistical Equivalen ce
Test Results

Prostate

- Dose window size (in cGy) required to
state optimi zation results are equivalent to

20 patients (10 Prostate, 10 Head & Neck) )
Optimize with differe nt op,ee
» MC optimization & One-MC correction optimization
> Opese = 2, 5, 8,10, 12, 15, 20 % per beam
Achieved stats 0.9%-9% wrt local dose 2%*  B%*
e . R o o
Verification calculation with 2% per beam
stati stics 77

the MC 2%/beam optim ization result

8%* [10%*\ 12%* 15%* 20%*
88 131 214 180
67 130 195 181

Compare with 2% per beam MC optimiz ation 40 63

» DVH indices used to compute PQS during optimiza tion with
statis tical equivalence tests

~ Isodoses, Full DVH's, ....
Rejection Criteria: 1 Gy Dose Diffe rence (~1.5% of
Rx dose) betwe en optimized plans

Maximum tolerated < 100 cGy threshold.

10% per beam corresponds with per-plan
0~5% wrt Doy

VCU

*Nominal -per-beam statis tica | precision
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Dose computation time

Prostate Optimizations

Statistical Precision (%) Dese Calculation Time Required for
Optimization (min)
MCopt Hybrid One

Carrection

MNeminal on, oo
Per Beam | Achieved Achieved

0.9 0.6 700 326 164
2.4 15 102 48 25
37 2.4 40 18.6 9.6

47 3 12.1 @
5.6

35 8.3 4.3

Scaled to single OLD 3 Ghz Xeon proc essor (Current CPUs 3X faster)
32-bit version of VMC++, DMLC, BEAM (64-bit version reported to be faster)
Phase-space style source (source model would be 2x faster)

4x4x4 mm?3 voxels

Head/Neck optimization s take ~1.5x longer (split beams)

VCU
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Monte Carlo Optimizatio n
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Monte Carlo Optimiza tion MC times

(OLD CPUs @ VCU, new CPUs 3X faster)

— MAT

/7 6 field lu ng "
T — T T T

. QA
~ VCU
dosxyznrc : 4.1 hours (20*3 Ghz CPU, oy,,,=0.6%)
dosxyznrc : 38 min (20*3 Ghz, o, 5%)
VMC++: 25 min (1*3 Ghz CPU, oy, =1.5%)
» Yamamoto (PMB 52 2007)
15 hrs on 28 CPU clu ster
- Optimiz ation
» Hyperion / CMS (Step-and-shoo t)
XVMC, < 1 hour (multi-core, multi CPU system)
~ VCU (dynami ¢ MLC)
Full MCopt with dosxyznrc: 12.5 hours ( s Opmax=3%)

One Correction Hybrid with VMC++: 6 min (Opt, o, =3%)
+ 25 min (final calc, op,,,=1.5%) ( )

VCU
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Summary

MC applica tions in IMRT|§ _ Thank You for Your Attent ion

- MC can account for heterogenei ties

and/or flue nce prediction - Acknowle dgements / Contrib utors

» JJ Gordon

) - » J Gardener
MC useful for 3D patient specific QA » J Ververs

» PJ Keall

MC optimi zation is clinical ly practical ~ 1B Mihaylov
» Calculation times few minut es - WLi
> Reduces normal structu re dose - | Kawrakow
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