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CanIMRT shrinkthe PTV? Educationalobjectives
* ICRU 62: 1. Undersandthe conceptf motionblur
PTV =CTV +IM + SM and PDF

2. Undersandtheideaof de-blurringadose
distributionthrough“4D” motion
optimization

3. Beableto disausstherelativepotential
and limitations of 4D motionoptimization
in compaisonwith marginsandgating

> Internalmotion and randomsetuperors
leadto “doseblurring”

> IMRT cannotdo much about
systamatic setuperrors
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Motion blur of dosedistribution

Motion blur

: Tiemee comlved
15-Funclion Aitted plan
Film [has fmchions b 1
McCarter& BeckhamPMB, 2001 ..
oo n:,,m.,.x(,,,:',,_, e Courtesy:RandyTerHaken, Ann Arbor
Interplay effects betweenorgan motion
Interplay effects pay %
andMLC movement
CedricX Yu, David A Jaffray and JohnW Wong: ) "
“The effectsof intra -fr action organ motion on i - T
the delivery of dynamic intensty modulation”
Phys. Med Biol. 43 (1998 91-104. \
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JH Kung andP Zygmanski
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Interplay effectin fractionatedtreatmers

* Interplay effects tendto avelgeoutin a

fractionaedtreament

¢ Residualdoseerrors haveanarrow

Gaussiardistribution

» The stardarddeviation(o) is typically
lessthan1%

Bortfeld, Jokivars; Goitein, Kung, Jiang:
“ Effects of Intra -Fraction Motion on IMRT ...
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Phys.Med.Biol. 47:22032220,July 7, 2002

Chuietadl. resuls: 1 fx vs. 30fx
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Interplay effectin 3D

ChenShou Chui, Ellen Y orke, LindaHong:
“The Effects of Intra -Fraction Organ Motion . ..",

Med. Phys.30(7):173€1746,2003

3 breast4 lung patients£3.5mmto £ 10 mm
Simuldionsfully 3D
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Summaryof effects

howbig |technique where
affected
Blurring 20-30% all field edges
- .
(smoothing)
Deformaton | <5% all interfaces
(interface)
Interplay <1% IMRT everywhere
stardard
deviation
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Potential shortconings of intemplay studies Biological effect

» Assumpion thatbreathings not correlated o I
with MLC sequene g ¢ S ,
. . . o' 33 H 4 rd
 Simulations:samemotion patern every day Lea S/
¢ With 1% standarderor thereis a : B R A
5% chane to see deviaions > 2% or HNE
0.3 % chanceo se= devidgions> 3%.... i
« Biologicd effect of doseperfradion i B
variation s w1 @ 3 w

ralative standars saviabion of dose, Gid, (3]

» Averaging may notwork (well) for hypo-

Bortfeld, Paganett “Biologic relevarce of daly dosevariations', IJIROBP65(3), 899-906, 2006

fractlonatlon S. Zavgoodny. “Theimpactof inter-fractiondose variations’, PMB 49,53335345,2004
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Motion probability densty function, PDF Outline
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— Breathingtrajectary 2. 4D optimizationusingmotion probabilities
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(D) = | D (x) pdf(x) dx
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Motion blur anddeconwlution Motion blur (smoothng)

vy field | Target(CTV) staticprofile
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Motion compensdion through“horng Motion compensaon through
- i ins? s .
abetter alternaive to margins® prokability-basedde-blurring
" staticprofile « B.Lind etal. 1993 “Optimd radiatian bean profilesconstering

¢ J.Li & L. Xing 2000, “Inverseplaming incorpaating organmotior’,
Med.Phys.27(7)1573-1578

« M. Birkner etal. 2003, “ Adapting inverseplanring to patientand
organgeometreal variation”, Med. Phys30(10):2&82-2831

* J.Unkelbach& U. Oelfke 2004, “Inclusion of organ movementsn
IMRT ...probabilty distributions’ Phys. Med. Biol. 49:40054029

] « A. Trofi mov et al. 2005, “Temporo-spatal IMRT optimization...”,
Phys Med. Biol. 50 (2005) 2779-2798
o + D.McShanetal. 2006, “MIGA”, Med. Phys.33(5):15.0-1521

y / o g uncertaintésin beampatiert alignment’, Acta Oncal. 32:331-42
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Pencil beamandorganmotion

Voxels mappedackto referencegeornetry
Pend beammoves

Doseddivered to a moving targetover
the motion cycle: Motion Kernel

E. Rietzel,G. Chen
Lung example

Phase 1 of 10

¥ [mrii]

o u P
 [mm]
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DVH for 4 differenttecmiques Livercase

—_ } ) inhde exhde
—— gating
——— tracking

s s

£ S\ —— probablity, “horng )
F o \ probabiity, “horn 20% reduction
i of mean doseto
= g
H leftlung
a comparedo ITV
1
n

= y \h
W 0 D 40 & & T @
Dase (v}

Trofimov etal.,, PhysMed Biol. 50:277998, 2005
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Liver case Livercase

* Intensitymapfor onebeam
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Trofimov etal.,, PhysMed Biol. 50:277998, 2005
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QOutline

3. Uncertantiesand robustoptimization

Problemswith probalility -based “horns

» PDF is not precisely known
» PDF maynot befully samplel
»Hornsmay bedifficult to deliver

» Do confornality of edge-erhancedMRT
with “horns is amostasgoodasgatingor

tracking
* Isthistoo goodto betrue?

Motion compensabn —idealcase

Motion-compensatedoseprofile
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Motion compesation — what canhappen

Motion-compensatedoseprofile
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Uncerginty in breathingpatten

Idea:PDF+ error bars

X
T. Chanetal., “A robustappraachto IMRT optimizatiort,
PMB 51(2006):25672583
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Variationsof breathingPDF

(fromRPMdata)
Inter-fractional variation Inter-subject variations
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Robust motioncompesation

Motion-compensatedoseprofile

Robustmotioncompensation

Motion-compensatedoseprofile
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Clinical lung case

Reductionof integraldosecomparedto the

. . :Reduction of meanlung dos '_
useof conventionalmargins: ‘ '

5.4%/ 14.1%

* “Plain’ probabilty-base demnvolutiorn 15% £ T ——
(buttargetcoveragenot guaranteed) J i = liemanse_
» Robus soluion: 9% LA
(with guaraneéedtargetcoveage )
e
Vrancicetal., “Experimenté...robustoptimization..”, SU-FFT-224 R ®bsetmy
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CanIMRT shrinkthe PTV?

* |CRU 62:
PTV=CTV+IM + SM

» Internalmotion and randomsetupermors
leadto “daseblurring”

» IMRT cannotdo much about
systematic setuperrors

Probabilistic methodsand

randomvs. sysematicerrars

 Lof, Lind, Brahmel1998,“An adaptive
control algorithm...”, PMB 43:16051628

* Yang,Magerasetal. 2005,“A newmethod
forincorporaing systematiaincertanties’,
Med Phys.32(8):25672579

* Baumetal. 2006,"“Robusttreatment
planning..coverageprobailities”,
Radiah. Oncol 78:2735.

Probablistic methodsand

randomvs. systematicerrors

» Sofar we haveaddessedhis problem
mgn F((D(z)))

» With systenatic errars thereis no dose
averagng, soonecantry this:

min(F (D(x))) = qu:Ff, (Di(x))

Probablistic methodsfor
systemé#c errors
* No horns

» Leadsto amargin-like solutionwithout
havingto definethe PTV
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Conclusions

¢ Doseblurring due to randomsetup errorsand
respirdion canbe partially compensgd through
“beamhoms’

¢ In thecaseof breahing motion, this mettodis aimost
aseffectiveasgating or tracking

* However themethodrelieson very stableand
reprodiciblebreathing

» “Robustificatiori has recently been achieved, but leads

to somelossof corformdity
« It appearsthatrobustprobability-basedplaming can

reducehigh dosevolumeexpansiomeededfor internal

mation and rancbm sdup errorsby about 50%
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4D optimizaion with horns
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Outline

1. Dosimetriceffectsof respiratorymotion
and random setuperrors

2. 4D optimizationusingmotion probabilities
3. Uncertanties androbustoptimization
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PDF samping, finite numkber of fractions

(a)
=
=
g
c
E:
X r
J.Unkelbad andU. Odfke
“Inclusionof organmovementsin IMRT treatnert plaming via inverseplanning
basel on probability distributions’
Phys. Med. Biol. 49 (2004) 4006-4029

T
08 CINCOLOGY

Solution: variancetermin objectivefunction
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