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:"",rpor:,tH,gOrgan Deforma tion/pa ticnt Sctup Into Inverse Planning 
, ..\ lgoriliUll and Implementation 
Bir~ner·l, D Yan2

, M Alberl, F Ntisslin \ ( I )University of Tuebingen, 
f»cbingen, Germany, (2)Willi am Beaumon t Hospital, Roya l Oak, MI 

fbC dose distribution in an organ of interest can not be correct ly reconstructed 
',hout ~nowledge of internal organ motion/deformation, setup inaccuracies, 
~ tcmporal dens ity variations in the patienl, thereby limiting the capability 
cI. eon\ clIliona l inverse planning optimi zation, We have developed an 

\'crSC plann in g system which constructs the optimal dose distribution by 
~sidering organ/patient temporal geometri c varia tion . as determined from 

utliplc cr and portal image feedback. TIlis inverse planning system 
~siSIS of the following components: ( I ) organ subvolume registration and 
~upancy frequency reconstruction. which 3CCQUnts for both org3l1 
l!1OIionldeform3t ion and setup error, (2) fraction and cumulati ve dose 
distribution reconstruction in the organ. which accounts for both the tempoml 
position of organ subvolumes 3nd temporal density of the patient, and (3) 
objrf1i ve function and constraint evaluat ion. whi ch incorporates the tempora l 
i~forlll;ltion of orga n dose distribution. 

1l1e inverse pl3nn ing system was tested on prostate cancer patients, each with 
lIlultiple cr images ( 15-18 Cfs) and daily portal images acquired during the 
treatnlcnt course. The optima l treatmcnt plan produces a hctcrogencous dosc 
in regions adjacent to target/critica l norma l structure boundaries to spare 
normal tissue and compcnsate for target dosc loss. The gradient of the dose 
distribution in this region depcnds on the occ upancy density of both the target 
~nd normal organs. TIIC plan demonstrates sign ilicant improvemcnt of both 
rumor control and normal ti ssuc complication probability. In summary. 
incor;· ·ration of treat ment-imaging feedback into inverse planning shows 
glca1 j!olcntial for treatment optimization and dose csca lati on. 

TU-D-BRA-06 
Fusion·Aligned Reprojcction: A Method to Compellsate ror Limited
Data Radiotherapy [mages 
Kl Ruchala· ' , G H Oliveral.2. J M Kapatoes l, W Lu~. P J Rcckwerdt l. T R 
bekie l

.!, (I )Tomothcrapy Inc., Middleton. WI , (2)11. Wi sconsin -Madison 

In Older to account for paticnt anatomy changes , it is particularly helpful for a 
,adi, It:rapy system to feature on-board imaging. However, many such 
SySlL",lS suffer from limited-d:lla. typi cally limited licld-of·view (LFOV) du e 
to hardware limitations or the desire to reduce patient dose. Such LFOV 
imagcs can ha ve severe bowl art ifacts that affcct their utility. Moreover. the 
lack of peripheral data means that dose calc ul;lIi ons using the fracti on images 
do not properly account for allenuation and scalier. 

~e mel hod of fusion-aligned reprojection (FAR) 1:lrgc1y resol ves these 
ISsues. It is possib le to usc ccrtain automatic fusion techniqucs to align the 
incomplete .da ta ilnage with a reference image. where the reference image 
~·~~~·quired on a scan ncr wi th a broader FOV. Once the images arc 3ligned, 
11 I ,Iossib le to reproject the planning image in to a sinogram, and usc that 
s!noeram d3ta to eSlimate the missing data from the fraction image 
smograms. An improved FA R treatment image ca n thell be reconstructed. 

The bcnefi t of the FAR images is tha t they closely approximate the complete· 
data images that idea lly would ha ve been collected. Anatomy changes within 
the LFO V sca n re£ion arc detected. and un -obscu red by bowl artifacts . 
Ucyond the LFOV scan regi on. the patient is imaged surficiently we ll to 
m.llc dose reconstruction poss ible . 

Uli flately, FAR improves one' s ability !o monitor patient chan ges during 
un:l~e-guided radiotherapy, for LFOV and ot her limited·data cascs. TIle 
1I1iage improvements arc useful both to visualizing changes in the patient 's 
anatomy. and ca lculating the dose delivered to the patient in the treatment 
POsition. 
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TIle numerous connicting demands for opti mi zation of a fluence pattern for a 
radiotherapy delivery can sometimes lead to sub-optimal areas in the resu ltant 
dose di stribution. For example, after the opti mi l..ation process, thece may be a 
small number of target voxels with dose va lues that are below a des ired 
minimum. Likewise, there may be some voxels in a cegion-at·risk (RAR) 
that are overdosed. In this work . we di scuss and present resu lts from a 
fluence adjustment strategy (FAS) that aims to adjust such voxels without 
performing re-optimization . 

FAS starts by identifying the RAR or target voxe ls that arc outside o f a 
predefincd dose threshold . The required change in dose is translated in to a 
modifieation in TERMA for each voxe\. TIlis TERMA change is di vided 
among the pencil beams that contribute to the voxe!. 11le rcquested chan ge in 
TERMA for each penci l beam is converted into an adjustmcn t in their 
incident energy Ouencc. Dose is then recomputed. The entire process 
requires under fi ve seconds, thus FAS can be very useful for interactivel y 
investigating the possible deli very trade-offs. 

Simulations were performed for a patient wi th a nasopharyngeal tumor. 
Targets included a primary target and a large regional field . Sensitive 
structures were the parolid glands and the spinal cord . Ana lysis of the 
optimization results found that 26 voxels in the regiona l fi eld, and 29 voxels 
in the parotids were outside of their respective limits. App lyin g FAS 
corrected all erroneous voxels without major degrad3ti on of the OV H. 

TU-D-BRA-08 
An Automatic 3D Set-Up Error Estimator ror Radiotherapy Using 
Mutu al Information 
J Kim· , J Fessler. K L.llll. J Dalter, R Ten Haken. Uni versity of Michigan , 
Ann Arbor. MI 

We have investiga ted a fully automatic set-up erroc estimation method that 
aligns DRRs (Digitally Reconstructed Radiographs) from a 3D planning Cf 
image onto 2D radiographs ·that arc acquired in a treatmcnt room. We ha ve 
chosen a MI (Mutual Information )·based image registrati on method to 
overcome the gray sca le differences between the DRRs and the radiographs. 
The MI-based estimator is fu lly automatic since it is based on the image 
intcnsity values without segmentation . To test this method, an 
anthropomorphic chest phantom was scanned at I mm slice thickness. 'Illc 
phantom was then positioned on a linear acce lerator with con trolled offsets. 
and a serics of rad iographs were acquired using an activc matrix fl at panel 
imager. MI·based alignmcnt was performed, as well as a verification of the 
controlled offsets through ali gnment of multiple liducia l markers placed at 
the periphery of the imaged lie Ids. The fid ucia ls were nOl present in the 
image regions used for MI·based registration. TIle average differences 
between the proposed method and the fiducial marker· based verilication were 
smaller than I mill for translations :Ind 0.8 degree for rotati ons. nle empirical 
s tandard deviations of es timatcs from the proposed method were smaller than 
0 .3 mill and 0.07 degree for the translati on parameters and the rot:l tion 
parameters. respectivel y . 

"nlis work was supponed in pan by grants ROI·CA8! !61 and POI· 
CA59827003 of the NIH." 

TU-D-BRA-09 
Co nc-Be:llll CT with a Flat- I'ancl Imager: Dosi metri c Considerations 
D Jaffra y·. J Siewerdsen, William Beaumont Hospital. Royal Oak, MI 

Kilovoltage (kV) cone ·bea m computed tomography (CI') based upon fla l
panel imager (foP I) technology offers fully volu metric imaging of patient 
anatomy in an adaptable form . 'nli s imaging tcchno logy can be readily 
adaplcd to convention al medical treatment devices such as :I!l isocentri c 
radiation therapy unit or an isocentric C·arm for vol umelric image-guided 
therapy. In vesli gations of cone·be:llll CT imagi ng performance delllonslr.IlC 


