WinOpt-HDR

Anatomy based 3D
dose optimization in
brachytherapy

Michael Lahanas, Dimos Baltas

Kostas Karouzakis Stavroula Giannouli and Natasa Milickovic
Email: mlahanas@gmx . .net wiww mlahanas .de

USER'S MANUAL

Email: mailto:mlahanas@gmx.net
Web: http://www.mlahanas.de




WinOpt-HDR User Manual 2

Information in this document is subject to changfgowt notice. This User’'s Manual can be
reproduced, stored in a retrieval system, or tittetsim any form or by any means electronic or
mechanical, including photocopying and recordiranjopurpose.

The following trade names are referenced throutiieuanual:
Windows NT, Windows 2000, Windows 95/98 are tradewiakkisrosoft Corporation.
Pentium, Pentium II, Pentium Ill and Pentium Vteademarks of Intel Corp.



WinOpt-HDR User Manual 3

INEFOQUCTHION ... 8
Dose computation using dosimetric Look-Up Tables...........c.ccccooieiinn 13
SAMPIING POINES ...t e e et e e et e e et e e eeaan s 14
Optimized bounding DOXES........coi i 16
Triangulation and Collision detection...........c..ccoooveiiiiiii e, 17

Dose Optimization in HDR brachytherapy ........ e 18
Dose optimization USING VArANCES.........cccueeiiiiiieeiciee et et 18
Dose optimization using dose-volume histogram basedbjectives............ 21
Single objective weighted sum optimization................ccocceeeeieiinieieeee 23
True multiobjective optimization ... 24

Multiobjective OPtIMIZALON.................cc.cccoooeveeiieeiiieeeeeeee e 25
Introduction and DefiNitioNS ..........c.cocooiiiiiieiece s 25

Solutions obtained with the use of weighted sums iaptimization procedures....... 27
Generation of uniform and random importance factors for multiobjective

(o011 0172= 11 o] o 1P 28
Decision Making tOOIS................c.cccocoeeveeeioeeeieeeeeeeeeeeeeeee e, 29
Template based Inverse Planning................cccoccoveeooeeeeeeeceneecnn, 31
Post Implant OptMIZALON.................c.ccccoooeeeeeeeeeeeeeeeeeeeeeeeeee e 33
The USErINterface..............cooooeeoeeeeeeeeeeeeeeeeeeeeeeeeeee e, 34

The FILE 1/O DIialog ....ccoooiiiiiie e 36
The Dose Parameter Dialog.........c..ooveiiiiiiiiiieeeceeceeceeeeeeeee e 37
The Template based Inverse Planning Dialog...........cccccoeeviiieiiiccicciene, 40

TEMPIALE VIBW... ettt e e e e e et 48

The Optimization Dialog.........c.coviiiiiiceceeeee e 52
POSt Plan OptimIZation..........ccuuuuioiiiiie e e e e e eeea e e eaaans 53
Template based inverse Plan Optimization.............cccccocvevviiviiennen 71
The Dose distribution Dialog..........cccccoiiiiiiiiieee e 72
Examples of using WINOPHDR ..., 80
PTV based optimization Method............coouuiiiiiiii e 80
DVH based multiobjective optimization method...................ooooiii, 83
Example of template based manual Inverse Planning................... 86
WinOpt-HDR Errors and Warnings..............ccccoeceeeeceeeeeceeeeeeeenae, 94

General REefEIENCES..........oooeoeeeeeeeeeeee e, 96



WinOpt-HDR User Manual 4

WINOpt-HDR REMErencCes..................oooeoeoeeeeeeeeeeeeeeeeeeeeeeeee, 98

APPENDIX ..o, 100
1. Template Coordinate SYSIEeM..........cccoviiiiiiiiiee e 100
2. The VOI Charisma File..........cccooiiiiiiiiee e 101
3. The Catheters Charisma File..........cccoviiiiiiiiicee e, 109
4. The Loading Charisma File...........ccooiiiiii e 112

The WINOPt-HDR LOQ FIl....ccuuiiiiiiiiieieeeee e 115

The WINOPt-HDR SOIUtIONS FilE .......iiiiiie e 120



WinOpt-HDR User Manual 5

WinOpt-HDR Overview and Tutorial

WinOpt-HDR is a software toolkit designed for angtbased dose optimization for high dose
rate (HDR) brachytherapy. Its algorithm are canisiy updated and improved. It has been
developed by Michael Lahanas in cooperation witbdBaltas head of the Medical Physics &
Engineering department of Klinikum Offenbach inn@ery. Kostas Karouzakis and Stavroula
Giannouli from the National Technical Universitgtbens helped in the development of parts
of the WinOpt-HDR source code. Additional studies by Nahkekovic and Maria
Papagiannopoulou were important in estimatingetifi@imance of various algorithms. Some of
the methods, which are unique in HDR brachytheregwe been described in numerous
publications in medical physics journals and iferemce proceedings. WinOpt-HDR is a
demonstration toolkit for our solution which weepffor the true multiobjective dose
optimization problem in HDR brachytherapy. It dagsimclude other tools such as catheter
reconstruction, volumetric rendering, image fetorit assumes that these possibilities exist in
some other program and that the information caexperted so that they can be used by
WinOpt-HDR. The methods presented in this prograpuld be easily ported to any
brachytherapy treatment planning system.

WinOpt-HDR includes the necessary tools for damgngnianalysis and optimization with
respect to multiple objectives. WinOpt-HDR has leend in comparison to Nucletrons
planning system PLATO to produce superior anceinvtrst case compatible results. Systems
like PLATO provide only a single solution and/@yaos at risk cannot be considered except
manually and if only using some phenomenologmalxapations. WinOpt-HDR offers the
possibility to provide in principle all possibletiems. It offers the planner the tools to select
the best solutions out of this set.

Plato and other systems often use artificial metooskduce negative dwell position weights.
These methods include constraints on the objdatation which reduces but does not
eliminate these solutions. An artificial correctiechamism is applied by setting all negative
dwell times equal to 0. This mechanism necessarily redugesithef the obtained solution.
WinOpt-HDR avoids the generation of such non-pdlysmutions. It does not require any
artificial constraint for the objective method algb no correction at any stage of the
optimization process.

The tasks should perform in the following order:

1. Preparation and input of data for the optimizatio
2. Selection of a optimization method.

3. Selection of a solution.

4. Analysis of the results.

It is assumed that the final acquired anatomy, definition of ETcvitazal structures contours ,
with the needles in situ (CT or 3D-U/S) reconsedi¢l7], [18]. Additional the source dwell
positions to be considered in the optimizatioselseted.

Thereafter the anatomy based optimization toatssiled previously can be utilized for the
case of HDR brachytherapy for defining the exaotesawell times and source dwell positions
within the implanted catheters, that will resulth® desired 3D dose distribution (user
objectives). The parameters needed to drive #rdoadier in order to deliver the planned
brachytherapy are then calculated and stored.
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It is assumed that the geometry of the VOIs, theetess geometry and the source dwell
positions and the dwell times or loading is wiittarspecial format, see Appendix 2 and 3.

Minimum System Requirements

WinOpt-HDR version 2.0 runs on a standard PC hegduatform with the operating system
Windows 95/98, Windows NT or Windows 2000. Dosimtsit calculation requires the use of
large look-up tables. A RAM of 256 MB and moferefore recommended.

A graphic-card that supports OPENGL is recommeibdédhot necessary. Current version
supports only implants which include in additiacghécsurrounding normal tissue maximal three
critical structures. Version 2.0 is not full optimized. Adspeef optimization and dose
calculation by a factor of 2-3 is possible. Th@u@ton time increases linear with the number
of active source dwell positions. New dose cabcutagthods could decrease the computation
time by an additional factor of 2-5.

WinOpt-HDR requires that in the registry a directopeisifgeed such as in this example:

[HKEY_LOCAL_MACHINE\SOFTWARE\Winopt-HDR]
"Directory"="d:\winopt"

This directory is expected to exist and that WinOptHDR is able to create files in this
directory. The user should modify the path which isthis example is set arbitrary to
d:\winopt!
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Definition of Terms

OAR
CT
DVH
HDR
LDR
PTV
PC
u/s
VOI

OrganAt Risk
ComputedTomography
DoseVolumeHistogram
High DoseRate

Low DoseRate
AanningTargetVolume
PersonalComputer

Ultra Sund

VolumeOf Interest
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Introduction

In brachytherapy small-miniaturized radioactiveesoare positioned within the tumor so that
an effective dose delivery results while saving hesstlgs. This can be done by two principal
methods:

The sources can be positioned directly into therttissue and will stay there until the end
of their life (continuously decreasing activith@&ources according to their decay scheme
and decay half-time). This is caedmanent implantatiorand for this technique low
activity and low energy radioactive sources, radicsegigdg are used. This method is call
LDR method.

A single radioactive source of high activity driven and teuhtogl a computer system is
stepping within hollow catheters, which have bemnopsly implanted into the tumor,
according to pre-designed chart: specific dwell time for a specific dwell position within a
specific catheter. The treatment time for suelm@orary implantatioris very short. Due

to the high activity of the used single steppingadlridium-192 nuclide) this method is
calledHDR.

We consider here only the HDR case. Clinicians tnekdow before starting inserting
catheters/needles into the tumor, how many casheteneeded and what is their ideal position
into the tumor. The step described above for dgfithie appropriate geometry, number and
location of needles within the tumor in order toeae the desired therapeutic effect is called
pre-planning

We have apost implantatolose optimization problem, post-planning problemgiven the
position of the source dwell positions to deterthi@alwell times such that the resulting dose
distribution satisfies to the maximum possible extent tleetiobg of conformal HDR
brachytherapy.

Conformal anatomy based dose optimization congi@ed®se in the planning target volume,
PTV, and critical structures, including the sudiagnnormal tissue. Goals of the conformal
anatomy based dose optimization is the completeagewof the PTV with a dose at least equal
to the prescription dose and simultaneously to avod védises above some critical value,
specific for each critical structure in the sudiognnormal tissue and in critical structures,
inside or in the neighborhood of the target. Antiaddl objective is the avoidance of dose
values much above the prescription dose in tlet.targ

With anatomy based optimization we also meansératan define his target for the tumor and
the dosimetric limitations to the critical stresuFor example for the case of prostate this could
be: deliver at least 7.0 Gy to the prostate glaee woses of 10.5 Gy have to be avoided to the
urethra and dose of 10 Gy have to be avoided to the r&hom.these objectives are usually
controversial, the optimization system has to folfewing tools:

1. User can define his own (pre-known) signifi¢actes of the objectives
2. User can define several combinations of thedeaige factors

3. The system is able to estimate the feasibleuapetsolutions among which the user has to
make his decision.
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Tools 1 and 2 have to be fast enough so that shéisrean be evaluated and used for the
interactive steps. Step 3 should be utilized &lyfoptimizing the implant dosimetry.

BODY

Sampling Point #i

___ Catheter
Dwell #j+1

PTV Critical Structure

Fig. 1 A single cylindrical shaped radioactive soutigtoéctivity (e.g%ar) driven and controlled by a computer
system is stepping within hollow catheters, whiah hean previously implanted into the tumor. The dose is
calculated at a small number of points (samplinig)d he contribution to the dose at each sucl ggpends on

the source dwell time, the distance and theangle

Today the majority of treatment planning systeimaahytherapy such as Nucletrons PLATO
system use phenomenological optimization methocts &1 geometrical optimization.
Additionally most of the algorithms used havedrealed artificial problem of negative times
which in principle does not exist and artificial ndstlsach as setting the negative dwell times
equal to zero and applying a dose renormalizaticheaefore used. 20%-50% of the dwell
times that are always negative as a result of the djutimaza arbitrarily set equal to 0. Dose
normalization is then applied to rescale the tdasspacified number of dose points.

Another method used is to introduce constrainttherobjective function such as gradient
constraints between dwell times of adjacent dwelish reduces but does not completely
avoids negative solutions. Still up to 20% of the tiwe# can be negative. There is no reason
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why a gradient-based restriction should be applitdtk tobjective function only to reduce
negative times which can be avoided by a moralratdr extremely simple method without
imposing any restriction on the optimization reStitter approaches use a constraint of positive
dwell times. They do not require some rather agbitnodification of the objective function.
This in principle increases the number of optimizgarameters by a factor of two. If the
constraints are satisfied only partial and negative dwedlrensai present in the final solution
again a correction mechanism must be applied.

An additional constraint applied on the optimigatiesult is the use of a dose point
normalization based on the dose of some poings&onple on the minimum peripheral dose, or
the average dose on the PTV surface. This is &ettmugiefinition of what conformal
brachytherapy means is not mathematical welldddfittee most important objective is to have
a dose at least above some value in the entirth®1¥ normalization based on the minimum
peripheral dose can be used. By using this norioaliz&thod it is true that the dose in the
PTV will be everywhere high enough but how isttiteedose distribution in the surrounding
tissue and in organs at risk? This method bast@ owrmalization on a single point usually
increases the dose in the surrounding tissue bindipler expanding the reference isodose so
that it passes through this dose point at whictnithenum dose was measured and if the point
is on the PTV surface. If the dose is normalizeg tisenPTV dose average value then we
cannot have always high enough dose values anywtiesePTV. As long as there are no
sources outside the PTV it will more or less hdtpawoid high dose values in the surrounding
tissue. Also we have not full control of the dos$eel organs at risk. This method assumes that
the reference isodose can actually have the $hlapd*@V. As the shape of the PTV is usually
complicated and isodose surfaces are less camgtgires that the number of sources is large
and adequately distributed in the PTV.

A method that is less restricted is the normalizéte method. In this method there is in
principle no point defined at which the dose isnalized. The optimization is free so that
finally we have the best possible results. Curtteaittyare some requirements to document the
dose in a definite way and the established metitaatkice constraints that reduce the quality
of the dose distribution which can be obtained.

It is still not clear that the problem is not glsinbjective problem but a multiobjective problem
with contradictory and competing objectives tlgaines the determination of at least a portion
of the Pareto front. Today when there are no egtattlished quality criteria the planner cannot
guide the system exactly to a single solutiored?atieto front.

The problem is transformed into a single objepta@lem using arbitrary importance factors
for each objective and combining the objectivesiisingle objective function to be minimized.
What does it mean to use an importance factoorOo®jective 1 and 0.1 for objective 2? That
the objective 1 is more or less 9 times more iamdtian objective 2? If there is a strong
tradeoff then a combination of 0.89 and 0.11 can give iff@itend results! Some algorithms

require importance factors of 20000 for one obgeatid 10 for another which shows that also
the optimal importance factors depend on the algdcinction used. In IMRT we have found

that the surrounding tissue and PTV coverage igbj@pcoduce not the best results with a 0.1
and 0.9 importance factor respectively as assuinedniietimes the best result was obtained
with importance factors 0.7 and 0.3 or 0.3 and 0.7 respethigely.because some objectives
are cooperating to some extent and to some ekintate competing, depending on the
importance factors of the other objectives and dangplicated way which depends on the
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topology of the PTV and the OARSs, the beam orientatc. It is not very much different in
brachytherapy.

Not only the optimization method is important Bs @he distribution of sampling points used
in the optimization procedure. One problem isdbaé variances are calculated from sampling
points limited on the contours which even if thember is large it is not true that the variances
are approximated with sufficient accuracy. Anptbbltem is the use of points inside catheters.

Optimization is the most important part of a treatnplanning system and to a smaller extent
for example its volume rendering capabilitiegelhs therefore strange that these constraints
used in the optimization, models based on crudexapptions are still used in the majority of
planning systems.

It is true that speed is an important factor. Neekss also methods such a geometric
optimization although may be fast require frorpldreners often to manually intervene in order
to modify the dwell times if the results are not aetisily. Using only a very small set of
importance factors, 1-2 usually, the planner isvifbut information of what actually is
possible. The true multiobjective optimizationmeis bf importance factors. Even if a set of
importance factors which somehow gives reasoreshblésrcan be found for some fixed
topology it requires time to find these and afisgmnti time has to be spent. A multiobjective
algorithm does not require such training.

Sometimes although it seems strange in principlasias to calculate all possible solutions at
once than only one particular. This is true fer tmultiobjective optimization algorithms. In a
single objective optimization there is only aesdeglision, accept the solution or not. If not a

new solution must be calculated or a manual manipulation of dwell times or dose rescaling
remains which takes a lot of time, usually muoh tman the automatic optimization.

These are definitive not methods of tiec2htury. Today the computing power of modern PCs
allows the determination of hundreds of possilléists. The planner now has information
that was to him/her not available before or only teery limited extent. The optimization
problem is not an optimization problem anymore lihatto consider arbitrary importance
factors, arbitrary correction methods and objsdti@sed on nomograms or other hand waving
arguments, but is now transformed to a decisiomgnpkoblem. The planner is confronted
with all possible solutions and information. He/8tmvs now all the answers to the questions:
What is possible if | modify the importance fa@toMhat coverage can | get? How this affects
the dose value in the organs at risk? Even if s@meystems give an approximate answer to
some of these questions these methods use a sssvaimmplicated way to obtain part of this
information.

A true multiobjective method requires a set ottigs functions that are more intuitive for the
planner than variances of dose distributions. st matural way from a dosimetric-based
approach seems to be the use of dose-volume dmstbgsed objectives.

Methods have been proposed which try to optimézienjortance factors using an optimization
method. The objective function for a set of impeddactors is calculated and then a different
set of functions combined with another set of nepoitance factors is used to establish a
guality criterion of the optimization results. Hire problem has been bypassed by the
introduction of a new set of artificial importaiactors, but this method is probably better than
using a fixed set of arbitrary importance faatoithé objective functions.
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It is clear that methods such as the geometrimipgtion method have been established
through the years The hope is that the new optiomzaethods slowly will be introduced in
new planning systems and the planners will géafamiih the new methods. It requires some
training but the result will be less arbitraryowitinnecessary correction methods, less manual
intervention. It will also produce better optinoratesults. Finally it will produce probably new
quality criteria that at the moment are not veltyestablished. It is true that we cannot expect
miracles from any optimization method since thdeuai sources, and their distribution finally
introduces physical restrictions of what is pesgMoh of a true multiobjective anatomy dose
optimization is to show these limitations indep#nale arbitrary corrections and importance
factors. It is also necessary not to use the mase planning for only post plan optimization,
since inverse planning means actually to finchhyothe dwell times of the optimal solution but
also the optimal distribution of sources in spae® ieconomic way, i.e. finding the smallest
possible number of source dwell positions without significantly gedistirthe optimization
quality in comparison to a solution a very large numtien (@alistic limits) of sources.

It should become clear soon or later that onlyohjdttive optimization should be used for the
inverse planning problem.

The new optimization methods do not require nazateln on some arbitrary set of dose

points. They do not require arbitrary correctiochar@sms. They do not require arbitrary

importance factors. All these constraints in teeh@ve due to ignorance or due to limiting

computational possibilities introduced restricbonthe optimization result. The dominance of

the market by a single provider for treatment jplgrsystems in brachytherapy has helped to
establish the old methods and it is now diffioukeplace these by the new methods.

It is true that the new optimization methods reqaislightly more complex cooperation with
planners and still the decision making procekssd# multiobjective methods can be improved
with some additional tools. A dose optimizatiosguore which does not require any human
decision making process is difficult if not impossible to be realized.



WinOpt-HDR User Manual 13

Dose computation using dosimetric Look-Up Tables

The dosé(r) atr=(X, y, zJs conventionally calculated using Eqg. (1).
NS (l\)ls
Dr)=asf(;-r)=asf, @
i=1 i=1

In Eq. (1)r, is the position of thd'isource andN, the total number of sourcéd§:r) is the
dosimetric kernel describing the dose rate pesawurite strength afrom a source positioned
atr. s is proportional to the air kerma strerfgtbf the source. For the case of HDR afterloader
s is equal t&t, wheret, is the dwell time of th& source dwell position afgis the air kerma
strength of the single stepping source.

We use dose calculation point Look-Up tables (LUT) in wheckernel valueg for
each dose calculation point and source dwell positiois palculated and stored in the table
once in a preprocessing step. If we ignore theopessing time then the calcucation time for
dose distributions is independent of the form efdbsimetric kernel. This enables us to use
realistic kernels obtained by sophisticated Mamnte €imulation routines [11]. The calculation
requires only a file which contains the dosinteffic

The dose distribution around a cylindrical sosiroa isotropic due to the attenuation of
the photons in the active source material, th@sraton material, the source drive cable etc.
Due to the cylindrical rotational symmetry the datsein a uniform isotropic medium is a

function of r and g only. The orientation of the source is determfread the catheter
geometry. At each source dwell position a vectdcusatad which is parallel to the cylindrical
source axis and in opposite direction to the sdukeecable, see Fig. 2.

Fig. 2. Source dwell
positions for a prostate
implant. The white
points are active source
dwell positions, i.e. are
considered in the
optimization process,
while blue points show
inactive source dwell
positions, rejected by
the auto-activation
algorithm. A tangent
vector at each source
dwell position is shown
which defines the
direction of the
cylindrical source and
which is used for the
dose calculation.
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Sampling Points

We estimate the dose distribution inside the Ritlakstructures and the PTV surface from
the dose of a small number of points (samplingspoin

Fig. 3: Sampling points distributed on the contours anteotriangulated surface. For the contour basiwbdne
no points are on both ends of the PTV. Therefdeege part of the surface is undefined for the optimization
algorithm and the resulting isodose is boundedbypiye PTV contours.

Sampling points in the volume are generated frerdiscrepancy sequences or quasi-random
distributed sampling points. In contrast to pseaddem distributed sampling points voids and

cluster are avoided. Monte-Carlo generated cpsictitnvergence much more rapidly than a
conventional pseudo-random sequence.

We exclude sampling points inside catheters. Thigesdtle influence of very large dose values
of sampling points that occasionally are produesdclose to the source dwell positions.

Statistical values obtained from the samplingspanet calculated therefore with a higher

accuracy [9].

Catheter describing point

Outerradius R. T
of catheter

Margin A,

Fig. 4 A catheter is defined by catheter describingspdinése points are connected with cylinders aadtat
catheter describing point an additional sphenelisiéd. The set of catheters cylinders and sgreresed to
describe the geometry of a catheter that mayhbe rai¢tallic linear or plastic and curved.
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Extended bounding box

3

Bounding box

< A

¥—— Catheter radius R

L

Fig. 5: The set of all catheters defined by the catteserilsing points and extended by the cathetes deafines
the bounding box of all catheters. The orientatiahi® bounding box is optimized such that itsmaelus
minimum. Only sampling points in this optimal oriebtedare tested if they are inside the catheters.

WinOpt-HDR excludes the volume of parts of catheted of parts of OARs which are inside
the PTV. Such a case we have for example in at@iogblant where the volume of the urethra
and the catheters inside the prostate is ignadewbaimcluded in the prostate volume.
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Optimized bounding boxes

Our anatomy based optimization method uses otireated bounding boxes [10] for a variety
of reasons.

For the efficient calculation of dose-volume histog (DVHs) of anatomical structures
obtained from sampling points inside the threendiomal triangulated objects using the test
routines described by Lahanas et al. [9] The sgrpints are required to be outside catheters
and critical structures but inside the object. gémeration time of sampling points can be
reduced significantly using optimal oriented bogrxbxes of the object, the critical structures
and catheters.

For an optimal orientation of dose calculatiors doidfast Fourier transform (FFT) based dose
calculation methods [8], the number of grid poiside an object have to be maximized. If the
axes of the grid are given by the axes of the mmmimounding box of the object then the
number of grid points inside an object is maximalhagignificantly increases the efficiency
and accuracy of this method.

For the efficient determination of the volumes ljéais that take into account catheters, a
simple hit or miss Monte Carlo method with a lamgeber of random points (> %0nside the
bounding box of each structure (e.g. organs) dsiged. The ratio of the number of points
inside the structure to the number of points intideassociated bounding box, which is
maximal for minimum bounding boxes, is equal toathe of the structure volume to the
bounding box volume. From the known bounding bdxnmv®, the volume of the structure is
then calculated.

For the efficient calculation of DVHs of critical dites and the PTV a stratified sampling
technique can be used [7] in which the regionkrelam as strata are defined by either optimal
oriented bounding boxes or minimum enclosing sphere

Fig. 6. Contours of a critical structure (myelon) anddtieeters of an implant showing the original bogrmtix
(white) and the optimized bounding box (red).
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Triangulation and Collision detection

Anatomy based optimization assumes that the ggaohdtlre PTV and the OARs is given.

WinOpt-HDR assumes that the VOIS are given in @droontours defined by points on the

constours obtained from parallel image slices@mnultrasound or other imaging modalities.
We apply a triangulation of these points for tenstruction of their surface. This triangulation
defines the geometry of the VOIS and is used éocaltulation of the volume of the VOIS,

excluding parts of OARs in these VOIS, such asdtieaiinside the prostate case.

During the manual semiautomatic or automatic ségioanthere may be some overlap of
VOIS. We apply a collision detection algorithmrepdrt all triangles of all combination of
VOIS which are in contact or if they intersect.

WinOpt-HDR reconstructs the surface of the PTV,yBotd OARs by a triangulation. VOIs
with branches are not supported.

WinOpt-HDR uses the triangulation algorithm of Buehal. to reconstruct the surface of the
VOIS from the points on the parallel slices.
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Dose Optimization in HDR brachytherapy

Dose optimization using variances

One solution of conformal HDR brachytherapy ishi@io a dose distribution such that the
isodose of the prescription dose coincides witRTINesurface. In principle with this approach
the use of an additional objective for the suriogriebdy is not necessary. This objective can
be expressed as the problem to determine theftitthe source dwells such that the resulting
dose variancég of the sampling points (dose points) uniformlyiliged on the PTV surface

is as small as possible. In order to avoid excessive deglalies inside the PTV we require a
small as possible dose distribution varidpaaside the PTV. Due to the source characteristics

these two objectives are competing. We use neunadizances for the two objectives:

f=—t A0-mp f=—r & -m)
° msst i=1 | , Y rrl/sz = ]

Wheremy andm, is the average dose value on the PTV surface gnedRTV volume and,

N, the corresponding number of sampling points. lr@set objectives the Pareto tradeoff
surface (described later in the text) is convexraient-based algorithms converge to the
global Pareto front. [13],[15].

In the past dose points have been use limited otarfet contours. With this approach
increasing the number of sampling points doesnoase the coverage of the PTV. We
developed a method to uniformly distribute samplangs on the whole PTV surface. This
method requires the triangulation of the entire irface. Based on the stochastic universal
sampling method uniform distributed sampling pametgienerated on the PTV surface, see [9].

In the past treatment planning systems using dosebased optimization methods had to
consider the problem of negative dwell times. lagyomenological approaches have been
used to eliminate, reduce or correct negativetoed| either at each optimization step or at the
end of the optimization. One method specifies @nt such as the difference of dwell times
between closely situated sources [4], [14]. Tieetledoobjective function is extended including
a term that considers the gradient of dwell tidifésrénces between neighbor sources). Since all
algorithms use importance factors some empirical anperfactor has to be used for this
additional objective. This approach includes tigoadl objective like a penalty function that
tries to reduce the number and the magnitude afivegwell times. It does not eliminate such
solutions and finally always a correction method is necessanetfibdsjust sets all negative
dwell times equal to 0 and renormalizes the dwedl &fter this correction. This method has the
following problems: It includes an additional degeétinction that tries to reduce or eliminate
negative source dwell times. This approach reducgglitye of the solutions since it introduces
some constraint on the solutions such as theedifierof source dwell times between two
neighbor sources. Additional it requires an impmateactor, which cannot be unique, and the
influence on the result of it is case dependeonthé&nproblem is that it finally cannot avoid
negative source dwell times and therefore it hamrect the solution with the non-physical
negative dwell times by setting these equal tosOfufther reduces the quality of the obtained
solution.
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Other approaches use a constraint of positive timel. They do not require some rather
arbitrary additional objective function. This in principleases the number of optimization
parameters by a factor of two. If the constraiatsaisfied only partial and negative dwell times
are present in the final solution again a comaogzhanism must be applied.

In order to eliminate this problem we use a simajpgping technique that transforms the linear
constrained problem into a quadratic non-consirgreblem. With this approach negative
solutions are avoided. No constraints or boundapgteed in the search space. Therefore the
method does not introduce any bias to the segatitlaih. No additional objective functions,
constraints, correction or importance factorseapgned.

If organs at risk close or in the target excepsuh®unding normal tissue don’t ned to be
considered then the powerful gradient optimizatiethod converges according to the Kuhn-
Tucker theorem for convex or quasi-convex functoasglobal solution. No local minima are
present. The gradients guide the algorithm fake tglobal minimum defined by a minimum
variance on the PTV surface.

In this approach the objective function f is doabriant i.e. if the source dwell times atg t

.., & then (1, t, ..., t) = f(at, at, ..., at), where a is any positive (a>0) number. A benefit
of this method is that the search space can litnitet/ range such as [0, 1]. For other objective
functions that are not scale invariant an absudate must be given. The optimization method
requires that only source dwell positions inside the targed bleouked. If source dwell
positions outside the PTV are included, then ligh dalues outside the PTV may exist. It is
therefore necessary to use the auto-activatiaithetgoThe objectives in terms of variances
allow the use of gradient-based algorithms that comesygéast to the global minimum. A
single optimization requires only a few seconds.

Dose Optimization

Sampling Points
on the PTV surface

Fig. 7. Example of an optimization for the variance based mdthedTV, catheters and source dwell positions
are show. Points on the PTV surface are included at which the dose variance around the prescription should be
minimized. The result is show as the isodose surface of the estogs.
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The gradient-based deterministic algorithm caxtdreded to include dose variances for OARS.
In this case it is possible that the algorithrappéd by local minima.

fOAR =1 NOARQ(D' DOAR)(D' DOAR)Z

WhereQ(x) is the theta step functioN,, is the number of sampling points in theAR and

Doag is the critical dose for the @AR, i.e. only dose values above the critical dosefoal
each OAR are considered in the objective function.

A fast simulated annealing algorithm is less sensitilecal minima and therefore is
implemented in WinOpt-HDR.
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Dose optimization using dose-volume histogram basedbjectives

In the past optimization methods were based oddbe of some sampling points at some
special positions, such as on the PTV contourasat Hose points. The normalization of the
dose was based on the values of these pointdhie=dode points on the PTV contours for
example the mean dose value was normalized teesiceigtion dose. An optimization goal is
the minimization of the variance. For a solutiom &iery small dose variance the isodose of
the prescription dose then coincides with a higieelevith the PTV surface. This normalization
although imposes a constraint on the dose diginbwnd therefore to the obtained solution(s).

If the PTV surface is complex it is impossiblethieaentire PTV receives a dose equal or larger
than the prescription dose. The normalization etifgp points introduces a constraint that
produces practical always points in the PTV withwédses below the prescription dose (cold
spots). Also it cannot consider critical structasede the PTV or in its vicinity. In order to
avoid to some extend under dosage or dose vahwestlad critical dose in the critical structure
it is necessary to rescale the dwell times ofbtianed solution, i.e. to use some other
normalization factor.

This problem is always present more or less sincémpassible to satisfy all conflicting
objectives simultaneously. It is a consequenbe bimited number of sources. Additional the
source characteristics are such that the passilafithe obtained dose distribution are limited.
In some cases the planner is willing to sachBoeoverdose of a portion of a region at risk in
order to improve the probability of curing theadise Constraints could be no more than x% of
this region can exceed a dose value pf @ne advantage of these so-called partial volume
constraints is that the results in terms of obgeghlues are more intuitive to understand. We
used the following set of objectives formulated aalpaitime constraints:

1) Fraction of PTV (including surface) with D% D

2) Fraction of PTV (including surface) with D%,D

3) Average squared dose in the surrounding normal tisBG&2> <
4) Fraction of CS with D>%,,.

DV, is the prescription dose, or lower dose limit2fyds the high dose limit in the PTV.
<D*%8,%> is the mean quadratic dose in the surrounding ntssiz and £, is the critical
dose for a critical structure (organ at riskhimrnhodel we have two objectives for the target
(1,2), one objective for the surrounding nornsaleis3) and for each organ at risk an additional
objective (4). The inclusion of points on the serfar the objective 1), 2) improves only the
definition of the boundaries of the PTV. The objestl), 2), 4) are strongly correlated with the
DVH values at the corresponding dose values.rAst@m they are normalized in the range [0,
1]. The dose values are expressed as fractions i&sitrgppion dose. If the sources are limited
inside the PTV using the auto-activation algotitlem the range of the values of the objective
3) is of comparable magnitude as the other obgcliie use of the square of the dose value
ensures that high dose values are more likelyawoluked than more uniformly distributed
moderate dose values.

Fig. 8 shows an ideal conformal dose distributiaghdd®TV, which is a simple delta function at
the prescribed dose value. The correspondingaitea realistic cumulative DVH is show in
Fig. 9.
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Fig. 8: Dose distributions are described by dose volume histgiNrs The differential DVH of a PTV shows
the part of the volume with a specific dose vaheeoptimal homogeneous dose distribution (markerkehyline)
is a delta function and practical impossible lieeea
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Fig. 9: A cumulative DVH shows the part of a volume witlose larger than a specified dose value. The ideal
cumulative DVH for the PTV is 100% up to the refegedose value and 0 above.

Objectives 1), 2) and 3) are used such that thingedolse distribution approaches as close as
possible the optimal dose distribution. The obgeftinction 4) tries to satisfy the constraint for
the dose inside critical structures.
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Single objective weighted sum optimization

We support the conventional weighted sum apprdacisingle solution formed by the linear
weighted sum of the individual objectives. Thehingfigach objective is called also importance

factor. For two objectiveg (x) and f,(x) we have
f 2w f(0) + W, f(x).

w, andw, are the importance factors f{x) and f,(x) respectively.
An objective will contribute more to the objecfivection f if it is associated with a large

corresponding importance factor guiding probablyttie search engine to a smaller value for
this objective. This is of course not always pedmbause objectives are either cooperating or
in conflict or indifferent.
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True multiobjective optimization

Conventional dose optimization algorithms areesihggctive, i.e. they provide a single solution.
This solution is found by a trial and error seaethod, by modifying importance factors of a
weighted sum of objectives. This problem has ddeesaed currently and some methods have
been proposed to find an optimal set of importéciers [8,9]. Conventional optimization
methods combine the target objectives and thdieegeftor the surrounding healthy tissue and
of critical structures into a single weighted tlgeftinction. The weight, or importance factor,
for each objective must be supplied. The obtanhetibs depends on the value of importance
factors used. One goal of a treatment planningsystthe ability to assist the clinician in
obtaining good plans on the fly. Also it shouldigeoall the information of the possibilities
given the objectives of the treatment. In ordexpiore the feasible region of the solution space
with respect to each objective, different valuesh& importance factors in the aggregate
objective function must be given, and then thésemsed. Furthermore, the appropriate values
of these importance factors differ from clinicgé ¢a clinical case. This implies that for any new
clinical case a lot of effort is necessary for teéermination. While current optimization
methods are single weighted objective methodsode aptimization problem is a true
multiobjective problem and therefore multiobjectptenization methods should be used. The
gradient-based algorithm due to its efficiencysall@vconstruction of the so-called Pareto or
trade-off surface which contains all the informaifahe competition between the objectives
which is necessary for the planner to selectltiimsavhich best fulfills his requirements. One
problem of this algorithm is that the weighted asimsed in all conventional dose optimization
algorithms cannot provide solutions in possiblecoouex parts of the Pareto tradeoff surface
because a convex weighted sum of objectives @mweaiyg to the convex parts of the Pareto
front. Another major limitation of the algorithnitssrestriction to convex objective functions
for which gradients can be calculated. In thisacaseding to the Kuhn-Tucker theorems a
global optimum can be obtained and the entireoHesat is accessible from the weighted sum.
If we search for an optimal set of importance faalviding each importance factorsiin
points, then the number of combinationskfobjectives is approximately proportional to

! and the shape of the entire trade-off surfac@eenuery large computational time.

Most realistic problems require the simultanedusipgtion of many objectives. It is unlikely
that all objectives are optimal for a single setrameters. If this is so, then there exist nmany,
principle infinite solutions. A multiobjective atgm does not provide a single solution but a
representative set of all possible solutions. Oiliesé representative solutions a single final
solution has to be selected. It is a complex pndibl@utomatically select such a solution and
such methods have been proposed but then a plaoné not know what alternatives
solutions could instead be selected. In problemse wiifferent sets of objectives have to be
compared this information is valuable, since\isstite possibilities a planner has for each such
set.
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Multiobjective optimization.
Introduction and Definitions

The multiobjective optimizatioMQ) problem (also called multicriteria optimizatiomeator
optimization) can be defined as the problem ofrdietieg:

“A vector of decision variables which satisfiesti@nts and optimizes a vector function whose
elements represent the objective functions. Thwesttohs form a mathematical description of
performance criteria that are usually in conilicteach other. Hence, the term optimize means
finding such a solution which would give the values of all objectiven&iacteptable to the
designer.”

We call decision variablgsjx1,2,..N for which values are to be chosen in an optiorzati
problem. In order to know how "good" a certaiatism is we need to have some criteria for
evaluation. These criteria are expressed as domputections ,{x),..., f(x) of the decision
variables, which are callggective functibngse form a vector functibnin general, some of
these will be in conflict with others, and somkehaile to be minimized while others are
maximized.

The multiobjective optimization problem can be defimed as follows:

Find the vector=(X,,%,...,%) which will satisfy the m inequalities:
g(x)>0,i=1,2,..M

the p equality constraints:

hi(x)=0,i=1,2,...,P

and optimize the vector functibn

The constraints define the feasible rejiand any point in X defines a feasible solution. The
vector functiorf(x) is a function that maps the ¥ein the sef that represents all possible
values of the objective functions. Normally we never tsivat#on, like this, in which all the
fi(x) values have a minimumXnat a common point. We have to establish certain criteria to
determine what would be considered a "optimhlticso One interpretation of the term
optimum in multiobjective optimization is the Ra@ptimum. For two vectors=(X,,%,...,X)
andy=(y.,Y,...,)) of the same dimensioequalitgndless thaandgreater theglationships are
fulfilled if the relationships are true elememldéyent. A fourtlpartial less thrafationship can
be defined as follows:

x is partially less thanif " i1 {1,..N}: x £ y U $il {1,...N}| x,<vy,. For
minimization problems ¥fis partially less thant is said thay isdominatég x ory isinferioto

X.

We say that a point in X is Pareto optiniiabnd only if there is no T X for whichf(x)
dominate$(x*), i.e., there is nosuch that for k objectives:

"iT {1, 0k}, OO £f(xY) U S T{1,.. k|f(X) < f(x*
Each element in the Pareto-optimal set constétutes-inferior solution to the MO problem.

The problem has usually no unique, perfect sqldtigna set of equally efficient, or non-
inferior, alternative solutions, known asRtieeto-optimal set. Each point in this set is optimal
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in the sense that no improvement can be achiewad rector component that does not lead to
a degradation in at least one of the remainingoc@mis. That is, there are no other solutions
superior in all attributes. The set of non-donmdredutions lie on a surface on the boundary of
the feasible and non-feasible objective space lasothiePareto optimal frohe Pareto set of
the entire feasible space is calledltial or true Pareto set

In most cases, there will be several optimalosduti the Pareto sense, and we have to look to
the values of the objective functions in ordeetidé which values seems the most appropriate.
This process in which a solution is selected is ttaldecision makingcess. In comparison to
single objective algorithms, which provide one sswjlgion, the task of multiobjective
algorithms is to provide a representative samalenain-dominated solutions.

Two main approaches can be used: A weighted sumemicd objective is combined with a
weight. A convex combination is formed and for sach combination a single objective
optimization algorithm is used. Each such pointugesione possible non-dominated solution.
To obtain a representative sample of solutionsptwmization algorithm has to be applied
several times. As the number of objective incré@sesombinatorial possibilities increases
exponential. Since a convex sum is formed onlgxpavts of the Pareto surface are accessible
by this method [3]. The repeated application asghmization requires a considerable time to
obtain a representative sample of the Pareto Trloatother approach is a true multiobjective
optimization method, which does not use weights, population of solutions is guided in the
multidimensional space towards the Pareto froatdsr to prevent the population to converge
to a small part of the Pareto surface evolutionagigtes are used to distribute as uniformly as
possible the population over the entire tradeddfice.
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Solutions obtained with the use of weighted sums ioptimization procedures

The solution which is obtained in the conventiaeédhted sum approach depends on the
shape of the Pareto front and the importance $aosad. In Fig. 10 the set F is shown for two
objectives,fand §. The importance factors of the weighted sum tptnized are yand w.
According to their values their vector sum dedirtection.

fz
A
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Fig. 10.Optimal solution found for a combination of impode factors.

In the objective space the weighted sum is givey=bw; f, (X) + W, f,(X). This can be

written asf,(x) = - % f,(X) +Wl. The minimization of the weighted sum can bepneted

2 2
as finding the value of y for which the line wdpeskw/w , just touches the boundary of F. It
is therefore not possible to obtain solutions onaomvex parts of the Pareto front with this
approach. We support two multiobjective optimizaietihods. A multiobjective weighted sum
method based on the fast simulated annealinghafg{itb] and a true importance factors free
multiobjective optimization algorithm that uses a multiobjestolationary algorithm. The
weighted sum approach using the fast-simulated annealing atgoriginactically provide only
a small number of non-dominated solutions. Additmmy convex parts of the Pareto tradeoff
surface can be found. It requires a large numberatioite but converges most likely to the
global Pareto front. The evolutionary algorithns aspopulation that is guided towards the
global Pareto front. It provides 100 and moreisokiin less than 10 minutes.
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Generation of uniform and random importance factors for multiobjective optimization

Importance factor vectors;, j =1,...,n that meet the following conditions are called
normalized importance factors:
n
"]ow; 20, éwj =1

j=1
Two methods are supported for the generation afrtanre factors:
1) Random distributed Importance Factors

Importance factor vectors are generated with ommgoobability p(w) for which:

"S'TS gpwdw/ Gp(w)dw=V(S)/V(S)

wi s w 'S

where S is the set of all normalized weightsrmthdSathe subset of it. V(S) and V(S*) are the
Euclidean hyper-volume of S and S* respectivieéybéhnefit of this method is that the Pareto
front can be sampled with continuously resolution.

2) Uniform distributed Importance Factors

In this method each individual importance factoedoh objective takes one of the following
values: [I/k, I = 0,...,K], where k is the sampling parameter.

0 oL
= such combinations.

o : +k-1
For n objectives and a sampling parameter of hwg% *
n-1 g
While this method requires a precalculation omgitance factors. Its benefit is that the
distribution is uniform and that it avoids clustedsvaids such as in the random distributed
sampling case.
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Decision making tools

We have implemented simple decision making t@bl®rhbles a planner to select a single
solutions from the Pareto-set based on objective valug¥lded

Solutions can be selected from the list of aktolge and values of DVHs at the prescription
dose for the Target and the critical structurpectgely. The list can be sorted in descending
order for each of the objectives used in the @gaiion or the corresponding DVH values. The
smallest value for each such quantity correspwmitts best solution found in the optimization.
Additional constraints can be applied on the pesg@lues thus reducing the number of
solutions. The full list without constraints shohest wossible dose distributions can be realized.
It also shows the correlations and trade-offs betwee objectives. The planner can select
according to his/her preferences a single non-déedisolution.

Contrast to this interactive selection of a sgudlgtion some objective functions can be applied
for the automatic selection of a single solutioa.rust be of course cautious because a simple
objective function which simulates the decisioinmakocess still does not exist in this or any
other decision making tool.

One decision tool is based on the Conformal Ifdexofrected and extended now by D. Baltas
for the inclusion of critical structures proposed aseasure of implant quality and dose
specification in brachytherapy which takes intmatcpatient anatomy, both of the tumor and

COIN =¢, x, )

normal tissues and orga@QIN for a specific dose value D is defined as:

_PTV,

YOPTV
The coefficieng is the fraction of the PTV (PFVWwith dose values at leBst

3)

_PTV,
\/D

(4)

C,

The coefficient, is the fraction of the total calculated volumey(jbwith dose values at lest
(Vp) that is covered by PTV. It is also a measur@wohtuch normal tissue outside the PTV is
covered by.

COIN can be calculated from the cumulative DVHs ofih¢ and the bodypVH .., and
DVH 4 respectively ,.qjs the volume of the body. If D is chosen to kadiference dosgp
then the ideal situationgs ¢ = 1.

COIN =PTV XDVH ., (D)?/ (100¥,oy, *DVH o (D)) (5)

body
We describe the dependence of the conformal @@éxX on the choice of the reference dose
value as th&€OIN distributioOne objective in dose optimization in brachyplyersa the
avoidance of excessive radiation inside the PTV and normal Tiiesuebjective can be
formulated in terms of tH@OIN distribution. The integral of ti&OIN distribution from some
defined value, for examplell 5can be used.



WinOpt-HDR User Manual 30

The conformity index is extended in the presencearfjans at risk.

V'cs is the volume of thé critical structure, and'cs(D > D'cit) is the volume of that critical
structure that receives a dose that exceedstita dase level'l). The product runs over all
critical structures ]Ng. In case where a critical structure receivesatiose the critical value
defined for that structure, the conformity indédixb&ireduced by a fraction that is proportional
to the volume that exceeds this limit. AccordinigiscEq. 2 is now extended to the following:

Naar i > i i o
COIN=¢,, () _VOAR\(/[? Dct)i
et OAR 2

(6)
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Template based Inverse Planning

Two are the main questions in HDR brachytheragyapisnization.

a) How and how many catheters should be inserted laictl possible source dwells
positions should be used

b) What is the duration of a radioactive source at each of tltedledactive source dwell
positions such that the resulting dose distribution satisfies varioigesBject

WinOpt-HDR supports template based pre-planningniziation and post plan optimization
with any catheter topology. Antomatic template based catheter implantatiomoutine is
used. The algorithm determines given a templatetfeoanatomical structures, PTV and OARs
which catheters and to what extent they shoufdéead given a minimum distance to the PTV
surface and organs at risk. This gives a pastigdraio question a).

A template-based inverse planningalgorithm is supported, i.e given a templatethied
minimum number of catheters and source dwell $ioniggat given criteria are satisfied.

Source dwell position

gg Catheter

Template

Fig. 11.Output of the automatic template based catheter implantation algorithachFoatbeter find the free
length of the catheter and the possible source dwigithp® considering organs at risk.

It is therefore desirable to find also the positibthe dwell sources such that using this
geometric distribution the optimization will finploduce the best possible result. An additional
goal is to use the minimal number of dwell positian analytic determination of the optimal
distribution is currently not possible. Therefptarozation methods are used which examine a
subset of possible configuration out of which #st is selected. These methods assume some
importance factors with which the various objective combined. An additional objective is a
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minimum number of source dwell positions. Thesectolgs are of different scales and
therefore some complex tuning of importance faitarsed. Only a single set of importance
factors is usually used. The result is that the optimization is limited in a very small part of the vast
objective space and therefore the result coulfigmooquality and the optimization has to be
repeated with a different set of importance fackalditional the planner may think that the

result is the best he could get but by limitingehech into a small set of the available space
he/she actually does not know what is actually possible.

The pre-planning solution gives an optimal soltdgiothe objective of the planner. It requires
that the catheters and source dwell positions amty dx@gown and fixed. This is of course
possible only to some extent. WinOpt-HDR offergtiesibility to get the maximum possible
out of the planners’ objectives given a distribofisource dwell positions. This is called post-
implant optimization and is an answer to the prolbenWinOpt-HDR provides a unique
methodology in that it does not necessary neettargriimportance factors for the various
objectives but provides the entire spectrum ofipp@ssolutions for the various competing
objectives. Also it does not produce negative amghysical dwell times. It is surprising that
the majorities of treatment planning systems palch infeasible solutions and then apply a
simple correction mechanism which deteriorategiiigy of the solution.

Most of the treatment planning systems use aybitd®s which although have been gained
through experience are not able to give alwayesheesult. The methods in WinOpt-HDR
although expect from the planner more interaatiarder to obtain the best result for the
patient. This interaction is mainly in the seteofithe best solution out of the many competing
solutions.

WinOpt-HDR used DVH-based objectives for the inya@eseing optimization.
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Post Implant Optimization

Post Implant Optimization assumes that the sowedl dositions are given. WinOpt-HDR
supports deterministic single and multiobjectivenzatiion with variance based objectives.
Additional DVH-based aggregate single objective optimizasigop@ted with fast simulated
annealing. Multiobjective optimization can in pte@fso be used but requires considerable
time if the number of different set of importarasdrs is not very small. WinOpt-HDR offers a
true multiobjective optimization with evolutiondgorithms for variance and DVH based
objectives.

Inverse planning tries to find an optimal disiobubf source dwell positions such that using
this distribution with a small as possible number of sometlepdsitions we can achieve a dose
distribution which fulfills the planners optimization criteria @& @s possible. The actual
distribution after the implantation may differ andthere may be additional a significant
modification of the PTV and OAR geometry. A gogdost implant optimization is therefore
still to obtain a good solution.
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The User Interface
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F
User Interface ofWinOpt-HDR 2.0.
The main toolbar selects the module and the dialog oghthgidie. The secondary toolbar is used for the bi-
objective Window and the Anatomy Window that shows dhenay) i.e. the VOIS, catheters and sources and
isodose distributions.
A) TheAnatomy Windowdisplays the VOIS, catheters and the source distribution.
B) TheMain Toolbar selects the module and the corresponding diadbd,. fi
C) TheSecondary Toolbaiis used for functions of the Anatomy Window

D) TheDialog field is used to set parameters or actions of thespor@ing Menu of the Main Toolbar

E) TheProgress barappears when a lengthy calculation starts shuevaggt of the calculation performed.

o

Bl ROEETE alf
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Main Toolbar used to select the corresponding maddldialog in the right side of the user ingerfac

Import Module, import VOIS, Catheters and Ligadi Charisma format.

Dose Optimization Module

Settings for the display of two and three-dimehssodase lines and surfaces.

=02

Exit. Stops the WinOpt-HDR application

o
o
3

Export Loading in Charisma Format. Documentafi@ptimization results.

=
o
+

Parameter Setting, such as prescribed dose, stbength and sampling points.

s

Volumetry module. Display of volume and surface ard@d&f

FolTe R@m

Generates a compressed image of the Anatomy Winditvi format.

Opens or closes the Bi-Objective Window that stitmmMBopulation of the multiobjective
evolutionary algorithm.

s Toggle between solid and wire frame display féwntae VOIS in the anatomy window
'$' Starts and stops rotation of implant and VOIS drthaz-Axis

Prints the Image Window.



WinOpt-HDR User Manual 36

The FILE 1/O Dialog

~ Load ROIS + Catheters/T emplate —

POSTRLAN

PREPLAMMING withT emplate

This dialog is used to for the import of the V@&theters and Loading File in Charisma format which
define the geometry and the source distributi@ssey for the anatomy based dose optimization.

POSTPLAN

Imports VOIS, Catheters and Loading from in Charfsnmat.

PREPLANNING withT emplate
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The Dose Parameter Dialog

Auttaactivation

‘Source Parameter

Geometry and %_qmpﬁng-

— Dinze Caloulation

Usze Monte Carlo LUT far
1921 New Mucletron Source

Use TG43 palpnar furcton

| 1925 Muzlgtion Elaztic j

Use lsorepic 1/72.

ManmalEahon

|M:—:ann:||-|F'T"v"*':iu|rane j

Sealing |'| Qang OBt I

This dialog is used to set the prescription dase¢hansource parameters. Additionally the number of
sampling points used in the optimization can be set

Source Parameter

Sets the prescription dose and the source strengited for the optimization.

Geometry and Sampling
Shows information about the VOIS and the sampdiimgisp

Autoactivation
Starts the auto-activation dialog.




WinOpt-HDR User Manual

Use Monte Carlo LUT for
132l Mew Mucletran Source:

Use TG43 polynom function

i'l 92Ir Mucletron Clazzic

E

113201 Mucletron Classic
1921 Mucletron Mew
1921 Mucletron PDR
19211 Varnian Varizource

Use lsotropic 1472

Use an invariant dosimetric kernel.

Geometry and Sampling

e Stiatiied & anmlifd |
—Urrtam St akified
‘olume [cm™3] Paifits
| 22470 PV it -
| _______ @_ I SeGR
| 2115030 Body | 500
1031 01| B0D Hof Pl {20000
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St e Statn
[ooo A00 Al
[ ESE it &0 |I_l 111
| 126731 SBody | (1000
High Stat Sampling Pts for Spectum [LUT] 20000
= Sampling Pt Distribution in Yalume
| Sobol Eyjl! I Hiat .u:i-c:anl [t |
- Sampling o PTY Surface or on Contaurs |
| SEM 3 fom2 CAM 147 Paints
~ Catheters =
i Margin (000w 7B Diwells Total
[4 Fadius 1.00 ey 30 Ective Dwells

# Organs At Risk i'l |urethra

e
I
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Used a dosimetric look-up table for dose calculation.

Use for various sources a TG43 based interpdiatiction for the dosimetric kernel.

This dialog can be used to specify the number of
sampling points to be used in the VOIS for the
anatomy-based optimization. Additionally the
catheter margin can be modified or the number of
points on the PTV surface per2ci default value

of 3 Points/cm is used and recommended.
Additionally the number of sampling points can be
selected with which the final DVHs should be
calculated with high accuracy.

Radius defines the outer-catheter radius of the
catheter used. A margin can be used so that
sampling points additionally inside this margin
around the catheters are excluded in the dose
calculation and optimization.
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Source Parameter I

Source 120,00 GEBq -
StrengthAtctiviby

Prescription Dose E00.00 =

Dk I Shbrechen

This dialog is used to define the source strengittivity and the prescription dose. These paamet
have to be supplied for the use of the optimizatgorithms. The source is characterized byeitggtr
in units of U or as activity in units of GBq orT®ie prescription dose is specified in cGy.
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The Template based Inverse Planning Dialog

~ Template

&+ e

&5 H
- Meedles

& Cf]

TengiteVew adLosdng |

Loading Infa |

Distance from Template

"
g |

0. 00000

This dialog is used to set the parameters forlgmaipg. It includes a template based catheter auto
implantation possibility.

Template
[ a

&+

&
E Open and load a template file which containseggoah information of various templates
El- Displays the list of all templates loaded. Al&engan be selected from this list.

&+

&+
E Open and load a needle file that contains gecahéatformation of various needles

C/
L,I- Displays the list of all needles loaded. A neallee selected from this list.
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Loading [hfa |

Provides an information about the loading of thigetsas obtained by the automatic template based
implantation algorithm

Catheter Auto-lmplantaticn

Calls the algorithm to perform an automatic tEmpbased catheter

implantation

Template Based Inverse Planning I

- Template Geametiy

widh(®) [0 o dde 50 mm
Length [Y] [tooo  mm o [iso  mm
Thickness [£] !-‘I-‘Ilj_. mm dr+ ﬁ-ETEI_ mm
Columns 1) 111_ mm dv- [15.0 i
Rws ) |'15_“ i

- Meedle Geometn-
Total Length fmm] [200.0 Diameter [rm) [1.3
Min. &llowed Free . ; ;
Length (i) [z00 Tip Lenath fmm] [0

— Afterloader Parameters

Cowiell points per catheter Sourze Step 2.5 =

Masimum  Minimum rrirm)

1!48 |:I Autoactivation Parameters |

This dialog appears if a template based optimizdtould be performed and the VOIS and template
position is loaded. It contains information abdoeitémplate and the catheters and afterloadergpermm
such as source step etc.

Template Position |
¥ " z
Origin 1115.5330 |12|12258 |-1a4.393?

Wl 1n.nnnnnn 10.999553 10.025955

5 10.999525 1n.nnnnnn }n.nzma?

v3 [0.027378 |-0.025356 [0.939288

=
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Template Parameters l

Choose Template Modsl:
iEIffenI:uau:h Standard _*j

Wadidth Length Thickness
| 8000 10000 | 11.00

Columnz Bows

7 7

i Borders :
dy+ |_?5T:I'ﬁ du+ |_'|5_U.U_
4 [ 1500 dv | 500

Al lesigths 16 rrimn

This dialog is used for the selection of a tentgfaefrom a list of templates previously imported.

MNeadles Parameters

Chooze Meedle Model;
1Elffenl:|a|:h_ Standard j
Dluter Diameter | [REL
Tip to first Dwell Paint 150 mm

Minirum Free Iangth: |
Tl:ltal Iangth? | fﬂﬁdﬁ i

This dialog is used for the selection of a negaifrom a list of needles previously imported.
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Autoactivation I

Wl Diistance [mm]
5 - [n5000
I urethra 00000

ok |[ cancel |

This dialog is used for the auto-activation algorithmPTkeand Organs at risk are listed and the
minimum distance of the source dwell positions fnencorresponding VOI in mm. It is used to select
only source dwell positions that are at a disiaaceorresponding VOI larger than a specifieé.valu
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~ = @
h O

(= ]

g5
&

=

WinOpt-HDR

Result of the algorithm which determines which catheter can be used in the template based inverse

planning for a prostate implant where the rectum and the urethra is also shown. Catheters that through
their path hit the urethra are not selected.
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This dialog shows which catheters can be used in a template based preplanning.
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ACTIVE NEEDLE MAP

2.5

3.5

4.5

XXX .

XXX

X XX X

XX XX

XX X X

X X X X

55

6.5

7.5

This table shows marked with an X the grid position on the template where a catheter can be inserted.

ACTIVE DWELL MAP

TR=N=E=Ne¥o!

pO@OOoOOoO0o

wooodo

SOooNM

A0 O LWL

LOOOoOWLW

SX=R=R=RTs QT2

o0 oo MW

Mo oo-do

T O OO0OOOo

<ooooo

3.5

4.5

5.5

7.5

This table shows the number of source dwell positions on each catheter on the template grid that can

be used or are selected.
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FREE LENGTH (cm)

A a B b C c D d E e F
1 out out out out out out out out out out out
1.5 out out out out out out out out out out out
2 out out out out out 10.30 10.30 out out out out
2.5 out out 11.58 10.30 10.30 10.30 10.30 10.30 10.30 out out
3 out out out 10.30 10.30 10.30 10.30 10.30 10.30 out out
3.5 out out 10.30 10.30 10.30 10.30 10.30 10.50 10.32 out out
4 out out 10.30 10.30 10.30 10.30 10.30 out out out out
4.5 out out 10.30 10.30 10.30 10.30 out out 10.61 10.33 out
5 out out 10.30 10.38 10.30 10.30 10.30 10.30 10.30 10.30 out
55 out out 1155 10.30 10.30 10.30 10.30 10.30 10.30 10.30 out
6 out out 1155 10.30 10.30 10.30 10.30 10.30 10.30 10.30 out
6.5 out out out 10.30 10.30 10.30 10.30 10.30 10.30 10.30 out
7 out out out out 10.30 10.30 10.30 10.30 out out out
7.5 out out out out out out out out out out out
8 out out out out out out out out out out out

This table shows the free length of each catheter on the corresponding template grid point and
determines therefore how deep each catheter should be inserted.
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Template View

The template view is used to display the VOlIs and the catheter position on the template plane.

Z1

Source dwell
position

VOI

Catheter

Y

Template

Global coordinate system

X

The template view: The contours of VOI are shoamgahe normal to the template plane up to the
maximum needle depthz’
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WinOpt-HDR offers a manual method for the seledfaratheters to be implanted based on

the VOIs and template geometry. It offers an aiigaion mechanism that ensures that no

source dwell position will be closer than a given distance to a specifieda¢@l s

The first step finds the catheters that can becassiiering OARs in the path of each catheter.
Usually the number of catheters which pass thtbagPTV can be very large. If the template

grid is very fine catheters on a larger grid (eatcigsecond grid point) can be used. Additional
each possible catheter can be included manually.

Template Wiew

= Shiaw
z
N
4 a B b T = DI 4 E = F ! 77.0800
Bl Bl FTV 2
7.5 7.5
7.0 7.0 | Template
6.5 G:5
I Catheters
| £ 1
5.5 242 ~ Loading:
5.0 .0 Catheter density
4.5 4.5 |
4.0 4.0
A-h 3.5
Catheter Mr
3.0 4.0 [280 =] e |
2.5 2.5 Saurze Mr.
2.0 2.0 [ =] eive |
1.5 1.5 :
) g 10 Aocept |
A a B | D d E e F
s ok
)_.F'

Dialog which shows the grid of the template, the eadhed VOIs at various distances from
the template. The selected catheters are shoeu. ifihe catheters which can be selected in
light blue while the catheters which are showarkngilay at the give position can not reach the
selected plane.
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— Show
\..
= |
77.0800
PTY |V
| Template
| Catheters
| j' M Show intersection of specified VOI at a giveardie from the template
Template: )
. Displays the template
Catheters: . )
Displays the used catheter on the template grid

My

i
Moves the plane along the normal to the templaipl&ne is shown in the anatomy window.

—Loading
Catheter density

Catheter Mr

!ﬁB.D -] ctive |

Source M

| vI Achive |

Accept |

Select the catheter density. Use every fourthgdsecevery possible catheter that can be used

Catheter Mr
[ 3B b5 Active |
Sourze Nr.

£ setive |
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WinOpt-HDOR

The position of the plane defined by the z skdgrdwn in the anatomy window.
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The Optimization Dialog

Optimization

— Inwerse Plan Optimization

Multiohisctive Evolutionary |

- Pazt Plan Optimization

Dreterministic

Fast Simulated &nnealing

Multiobjective Evaolutionan

Set Optimization O ptions |

— Ophimization
Stat | [ Intemupt |

Decizion

This dialog is used to select the optimizationagieshtemplate based inverse plan optimizatiopast a
plan optimization. It is used to set the parameftéin® optimization methods, start the optiminadiod
finally to display the results. If a multiobjective optimnizistused a single solution can be selected using
the decision making dialog.

i Inverze Plan Dptimization

Multiohjgctive Evolitionary |

Part of optimization dialog for template based inverse plan optimization

-~ Pozt Flan O ptimization

Dn;-.tamin_isti;: |

Fast Simulated Annealing

Ml,dti'u:ul:jieu:tive Evolutionany

Part of optimization dialog for template based post plan optimization
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Post Plan Optimization

Fast Simulated Annealing

Apply a fast simulated annealing single or multiobjective doseatiptimi

Determiniztic L o o
Apply a deterministic single or multiobjectiwse adptimization

Multiobjective Evalutiohan

Apply an evolutionary single or multiobjective dptimization

Set Ophrmization O phions

Set optimization options for selected optimizatgorithm

_ et | start the optimization
Interrupt current loop in optimization

Decizian

Show after optimization results and decision-mudotg)for the selection of a single solution
and for the analysis of the tradeoff between fleetoles.

WinOpt-HDR offers a true multi-objective inversemptimization method for template based
implants. In this method the optimization algoridetermines an optimal minimal subset of
catheters that should be used without a signiisanin optimization quality.

This optimization is very complex and determimigtarithms are very slow or are trapped in
local minima due to the very complex objectivei@undependence on the dwell-position
weights and the catheter configuration.

Since the combinatorial complexity is extremgly dasupported evolutionary multiobjective

optimization algorithm is used which can handiesény complex optimization problem due to
its so-called implicit parallelism.

The user is supposed to supply a range of numtatheters to be used in the optimization.
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The Evolutionary Optimization Dialog

Multiohjective Evolutionary Post-Plan Dose Optimization

Blgorithm Settings |

r Organz at Rizk [0AR]
Fectum I I Lrethra i E'E'ﬁ%id_ET'D-‘f"'-H

[ Objective as

i)crlt |1_5EIIZIEIZ Drref. I1.5IZIEIEI k. I1.5IZIEIEI Drret, Constraint

iConventional |
iManances] |

— Conentionial

|[| 200000 HaErtolaiEnte |'| [ R ]
- [%H bazed Dbectives

b baseg || PV Low  PTV Hich ':E'ES“E"_’“S i
N T e u;adcé';g;age 030000

Cancel | 0k

This dialog is used to select the parametersentjdctives for a true multiobjective dose ogtiiniz
method without the use of importance factors:

Two methods are supported:

PTV based using variances on the PTV surface and in the volume.

DVH based which is based on DVH-based objectiveshis method additional a constraint can be set
to select only solutions with a fraction above@tescription dose less than a specified value.thgé
critical structures can be considered. The cdtisalvalue in fractions of the reference dose waist

be supplied.

Conventianal

[Vaniances) Apply a PTV variance based dose optimization using \&riance

DWH based Apply a DVH based dose optimization

Consider C5 -~ . : . , :
Objective az | CS objectives are included only as constraints. Only a single canstrapdrted. All the CSs are

Conztraint included in one single constraint.

- Conseentional

! Max Surf Yar 4 IIEI.EEIEIEIEI Mé:-:"u"ul"»?"a:riani:::él I'I.DDDDD_

Settings for the PTV variance based multiobjective dose omiimizati

 D%H bazed Obectives
PT% Low PTY High Canstraints

prout [FEuf [1.50 FT4 Low < |[0.40000
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Settings for the DVH based multiobjective dose optimization

Parameter I

Population Size [< 300] [150 [100 | Gererations

Crozzover b utation

Probability {10..1] IW Peababiity ( 0.1] W
e W frgish W

Tupe alpha m Tipe

I.i'-.r_laptiv-:— __I | j

[ritializatiory of |4 |rdisadisalz [« Population zize ]

I4 # Objechves |E|4 #Dec. Vars

Dizplay Temporary [renerate Bannlation
Pareta Set Aiden
Cancel | K E

Settings for the DVH based multiobjective dosenggattion.

- Crogzzover
Prooability [ 1151] Im
[lai=hs W
Tope alpha Im
I.-'l'«daptive _1_-|

Parameters for crossover operator

— hutation

Frobability [10:,7] ||:|_|_'||'_|[-:!'_|
Index [T-0000
TVpe

I -

Parameters for mutation
Population Size (< 300 |1_EIEI Specify population size
100 Generations Specify number of generations

Initialization of #iMembers  Specify number of solutions to be initialised deterministic algorithm.
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The Simulated Annealing Optimization Dialog

Simulated Annealing Parameter I

Conventional [Yanances) [wH based |

I Ce : Fandam |
fulb-Objective ! : Weighls
;5 #0bjective  Number afSDIutil:uns'?l llu Solutionz
Single Dbjective |

Weights: 1 [1.0000 2 [1.00000 3{1.0000 4[1 00000 5{1.0000 & |1 00000 7{1.0000

Jze 0AR I urethra rechumm | E] I

Dcat - |1.250 0 Drgf. |1.500 Deef. [1.500 [Cief,

~ Corventional
l'l. Surface Yarahce :_l

~ D%H bazed

| 1. PTV Frachioe with Do Dief =

ol PTY Low [F501 FTY High |50

More Settingz... |

| Ok ] Cancel

This dialog is for the multiobjective weighted sptimization method based on the fast-simulated
annealing algorithm. Two methods are supported:

PTV based and DVHSs based.

For both methods either a single optimization amnbe used, i.e. a set of importance factorsdor ea
objective must be supplied.

For multiobjective optimization runs using the weighted sisnpdtssible to generate many solutions
from successive runs. The importance factors lofreacare calculated from the number of intervals
parameter set by the user. This parameter défnesrhber of points each importance factor has to b
sampled for each objective.

If we divide the range of each importance factoriimervals then for k 2 objectives the number of
combinations is of the orderin

an+tk-20_ (n+k-2)! _nxn+1) >(n+k-2)»nk_l
k-1 5 (k-Di(n-1! (k- 1!

(7)

For three objectives this means that the follosghgf importance factors will be used:

W1 W2 W3

oO|0| o

0 1
05| 0.5
1 0
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0.5 0 0.5
05| 05 0
1 0 0

57
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Example of the importance factors used for k=3 objectives divide8 Bteps. For all six cases we
have w+wy+ws=1.

Cotwentional
[ariances] Apply a PTV variance based dose optimization using variances.
DvH b o

et Apply a DVH based dose optimization

Single Objective | Only a single run with importance factors setédoyghr.

Multi-Ohijective | Multiple runs with importance factors determinethéyumber of intervals for each
importance factor.

Uniform Weights

With uniform distributed importance factors (oghis) the Pareto set is sampled uniformly (if
it is convex and the algorithm is not trappeddal lainima).

IIriform
M_I Uniformly distributed importance factomsigis) are generated

15 /Objective

Please consider that number of final solutions increases expential with number of objectives
(Eq. 7) and only maximal 500 solutions are currentsupported!!!

< Specify number of importance factors/objective

Number of Solutions ? ‘
Reports the total number of solutions.

WinOpt.HDR V2.00 1

—
'\y 21 pozsible combinations

Example of the output for 3 Objectives and 5 stepshpestive
Random Weights

With random distributed importance factors (or wsigihe Pareto set is sampled randomly (if it
is convex and the algorithm is not trapped byruoaha).

Handom
M_I Random distributed importance factors are generated.

|‘| ] Solutions

Specify number of solutions if random weightsedeeted.
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Conventional
’7 |'I. Surface Yarance :I

Displays for the PTV variance based single dosmizgpion method the objective and the
corresponding importance factor.

r B%H based
[1. PTY Fraction with D¢ Dref -]

i[+§urf' FTY Low [E5Gd PTY High |'|:5|:_|

Displays for the DVH based single dose optimizatiethod the objective and the corresponding
importance factor.
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FSA Setting ]

iEDD Dptimization terationz |D-D':“:| |mitial Temperature
|2|:":| Heating Iterations lD-DED Temperature reduction step

|2EI E quilibration Iterationz lEI.EIEEI Temperature increase step [heating)

!3 Objectives iEh} Warg
Ahbrechen |

This dialog is used for the setting of the parasnefethe fast simulated annealing optimization
algorithm.
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The Deterministic Optimization Dialog

Deterministic Post-Plan Dose Optimization

I Conventional Binguanalieles
Sing!é Objective bulbi-Objective
wSurf |1 000
| Uritarm
widal (1000 ‘wigights
wdaRT [1 000 11 /Objective
WDARZ. (1000 Number of Solutiorss 7 |
wOARS [ 000
Random
Wifeights
20 Siolutions
- [rgans at Rigk T
M ame I urethra rectum | | I
Deit [1.2500 Dref. [1.5000 Dret  [1.5000 Dref

# of Objectives
|3

Settirgs |

oK

This dialog is used for the optimization of the surfacechnmdevvariance. A single solution can
be obtained. The user must supply the importaot far the volume variance. The two-
dimensional Pareto trade-off surface can be salplése multiobjective weighted sum
approach. In this case the user has to supplyuthieen of intervals to be sampled for each
importance factor.

Single Dbjective

Single optimization run, either surface variangeoonf volume variance should be included
then the user must supply the corresponding vampogtance factor.

tulti-Objective

Multiple optimization runs, the volume varianceoitapce factor is sampled in n steps,
specified by the user. There are two methods seg@pait using uniform and b) random
distributed importance factors.
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Uniform Weights

With uniform distributed importance factors (oghis) the Pareto set is sampled uniformly (if
it is convex and the algorithm is not trappeddal lainima).

U nifarry |
sieighs | yniformly distributed Weights are generated

1 JObject , ' jecti
== Specify number of weights per objective.

Please consider that number of final solutions ineases exponential with number of
objectives (Eg. 7) and only maximal 500 solutions are currently suppexu!!!

| Mumber of S alutions ?I

Reports the total number of solutions.

WinOpt.HDR ¥2.00

—
'\y 76 pozsible combinations
0],2 |

Example of the output for 4 Objectives and 11 stepdeative

Random Weights
With random distributed importance factors (or wsighe Pareto set is sampled randomly (if it

is convex and the algorithm is not trapped byrdoaha).

R andam ]
Weights Random distributed weights are generated

|2|:| Fareto Paints

Specify number of solutions if random weightsedeeted.
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Optimization Parameters I

[ phirization tethod

Fazt bdam. Iterations |§E||:|

- Ref. D 000000
ey Slow B ER I‘I_
Gradient free

Abbrechen |

This dialog is used for the settings of the detetinialgorithm that uses dose variance based
objectives.
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Analysis of solutions and decision making tools

Temporary Pareto Set

Fbi
<D _HTizsue®*?: | FT¥(D<D_HIGH] ]
1 IBE___ & iz
i P | <D _MTissue2> ]
4 .. s Generation
0.889 i ¥ B
T o"" ..................................................
_ ort Shaw drchived
4 . @ e Solutions
0.593 o Aichived Solutions
1 i 290
4 ity
’ L]
- R Set |Point Size [2
0299 ‘,/
4 | Showe Al Solutions
| |
0. 41 0 82 o
FTV(D<D_HIGH)

Bi-objective — Temporary Window for the display of the so-callmbsd map. Displays the
distribution of the population of the evolutionamyltiobjective optimization algorithm as it
evolves towards the Pareto front and as it saatfles end non-dominated solutions.
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The Analysis of solutions Dialog

Analysis of Solutions

Show Results of ALL S olutions

~ Selact Salution:

Hi !D vi Select zolution

and presz the
accept buttan!

tizcept Single Solution

Statistics for Selected Salution

lzo-Dose of Selected Salution

Imelude OAR s in COIM |

ok, I Cahcel l

This dialog is used for the calculation of DVHss#attbtical parameters of the dose distribution
in the VOIS and on the PTV surface. It is usedf@sbe calculation of a selected solution. In
case of many solutions obtained from various a@ption runs or from a multiobjective
optimization algorithm solutions can be save andared. A decision tool is used to select a
solution that satisfies the objectives of the ptaaditional it helps the planner to understand
the trade-off between the objectives for the p&tianplant.

Accept Single Solutioh .
Accept the selected number. This is necessannfioncthat the

selected Nr in the following dialog element shodékd be selected.

!D 3 Number of solution to be selected

Show Rezults of ALL Solutions

Displays the Filter dialog for the selection otisols from a set of
non-dominated solutions.

Include D4Rz it COIN I

Includes critical structures in the calculatiatheo€OIN presented in the list of solutions.

Statistics for Selected Solution
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After selection and acceptance of this solutiessphis to generate output with statistics
(DVHs, dwell times etc.). Additional it calculates the isodose surfaces.
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- Nt | coinpoon [ ovH PTV.000) | DvH_PTVi1.500) | DVH{1.500) wethes | DVH 500 rectum =]
S | v 18 | 06EE835 B6,885000 47.870000 0.075000 1.120000
W17 DE55352 86.600000 42,365000 0.020000 0.995000
v 12 055276 86535000 42355000 0.020000 0.535000
constiarte 1 v 3 0.642545 86 335000 48 B05000 0.030000 0.855000
— l|vie | 0sn20 B6.245000 48.840000 0.125000 0.825000
Histoqame ] |¥ 4 0520383 | 85730000 48.890000 0.120000 0.805000
—— | P 0.620393 £5.405000 42 415000 0.295000 0.565000
Puetotet | |¥ 15 | 0613667 85 355000 48345000 0.305000 0.555000
10 009008 85.180000 48 225000 0.375000 0.525000
14 0599971 £5.100000 42.135000 0.340000 0.515000
5 0.597298 £1.535000 44.000000 4.350000 0.165000
0596103 82 025000 44. 675000 3535000 0.175000
3 0595885 82.010000 44.BE0000 3620000 0.175000
1 0.595748 84.800000 47.905000 0.430000 0.445000
7 0.534077 832015000 46125000 1.870000 0.235000

19 0533349 &1.265000 43540000 4965000 0.140000 |
8 0583725 &1 535000 44.070000 4 285000 0.185000
11 | 0588031 50.900000 42.555000 5620000 0.130000

d A TRRR7AL R4 NIERO00 A7 A00nn 1 RARNAN 1340000 j _"—TJ

0K | abbrechen I

This dialog displays all non-dominated solutioss aptimization run. The list includes the
values of all objectives used in the optimizatidhe values of the DVHs of all solutions.

The whole list can be sorted for each item. Swutemn be selected out of this list and marked.
The cumulative and differential DVHs of all VOIS of all solutions can be shostmai@ts can

be applied to the values of the objectives ard\this to filter only solutions that satisfy these
constraints.

pani Save the current list in a file
Canstraints . . i
Show constraints setting dialog
Hiztograms ) . . .
Display dialog with histograms
Pareto Set . . . . ..
__| Display dialog with Pareto set (bi-objective)plot
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This dialog shows two histograms, cumulative or differéortimlselected VOI. The histograms
of marked solutions are shown with a blue colale &t other histograms are in red. Only
solutions that satisfy the criteria set in thet€omis dialog are shown.

Display all histograms (selected and not sBletfe only selected.

Display limits (critical dose values and reference dase val

Saves corresponding image as a TIFF file

Select histogram to be shown.

.f‘_l Set color for not selected solutions

.5_| Set color for selected solution
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This dialog is used to set constraints which mustdfeedéeor all non-dominated solutions of a
multiobjective optimization run.

Set constraints set by the DVH and objectivassv&rom the set of all
solutions.

Removes all constraints applied.
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This dialog is used to display two-dimensiona&agpian)s of the Pareto set.
In blue color is shown the population of solutitmgireen the accumulated population of non
dominated solutions. In red the population memfdgich are selected in the Filter Dialog.

Save image of Pareto window as a TIFF file.

Display distribution of archived solutions iref®awindow

Display of all solutions

_Set | pintsize 2 Size of solution in the Pareto window.
_5et | Eursies 695 Reduce external archived population to a given size. (Useshachierar

cluster reduttiechnique

Archived Salutions
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Template based inverse Plan Optimization

Dialog for the template based inverse plan optiomza

Objectives for the PTV and the range of numbeatbkters that should be used in the search.

Objectives for the organs at risk.
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The Dose distribution Dialog

This dialog is used to select the two and three-dimelsioiusles to be displayed with the VOIS in the
Anatomy Window.

_2D|

Switches on/off all the checked 2D-isodoses #attose calculation has been completed.

3D |

Switches on/off all the checked 3D-isodoses if an isodlzsgation has been completed.

Salid I

Switches to a solid rendering of the 3D isodofaeesr

Set color mapping for 2D and 3D isodose linesuafates

Show in Anatomy Window color mapping spectrum
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Set Min and Maximum isodose values. Presolseit &ctual values

ﬂl Update isodose graph for values set in

Example of 2D isodose lines.

73
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Example of 3D isodose surfaces

Example of 3D isodose surfaces in solid mode amsparent.

74
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The Volumetry Dialog

This Dialog displays information about the volurdesarface of the
PTV, body and organs at risk.
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The 3D View Dialog

The 3D View dialog controls the display paranatére Anatomy Window. VOIS, bounding boxes,
Catheters, sources and sampling points can deesvatcor off.

_Box Orig | Display original not oriented bounding box of VOI

_Box Opt. | Display of optimal oriented bounding box of VOI

BouwSTR| Display strata if a stratified sampling method is used

_DuelsBn_| pisplay of activated source dwells positions

__Catheters | pisplay catheters

_Duels 8| pisplay of not activated source dwell positions

_Duwell Tang. | pisplay tangents at dwells, which shows theialiredtthe cylindrical source
_Templste | pisplays the Template

_ seM | Display of sampling points on the triangulated $RiFface

_ Fonts | Select font for text display that uses the stafmiardialog
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.5..! Show sampling points in corresponding VOI

2 select color uses the standard windows colcticseldialog.

Show the settings dialog for more settings dfawd display parameters

_5..! Show corresponding VOI
PointSize  Set points size

Lineidth  Set line width
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Examples of using WinOpt-HDR

PTV based optimization method.

We consider here an example of the dose optimizdite prostate implant where no critical
structures except the surrounding normal tissuettéeeconsidered. We use the PTV based

algorithm (Conventional). We select a multiolgeciptimization with 21 solutions i.e. the
importance factors are varied in steps of 0.G5ftomt O to 1.

We see the list of all solutions in the Filter dialog.
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We observe that the there is a trade-off betweepaith of the urethra that receives a dose
above the critical dose value and the PTV covivageee as expected that the best conformity
index is achieved for the solution that consideystlee variance on the PTV surface. For this

solution although 50% of the urethra receiveseaalms/e the critical dose. The coverage for
the PTV is 95.4%. The dose distribution is shown foltbeing figure.

Dose distribution for Solution Nr. 0 in the Filtealdg (smallest PTV surface dose variance).
We select solution 6. We see that less than 18é afdthra receives a dose larger than the

critical dose value. Now we have to pay thisdguation of the coverage of the PTV with the
prescription dose. It is now 90.9%.
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Dose distribution for Solution Nr. 6 in the Filéalog.

The dose distribution shows that the dose vaiimatice volume has been reduced therefore
also high dose values inside the PTV. Of coursgtingzation does not consider critical
structures but this method can be used to somalextt® for critical structures.

We finally look at the Histograms. The solutioasd)6 are marked. For solution O there are
considerably high dose values in the PTV and mrébi@a. This is reduced significantly for

solution Nr. 6.
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DVH based multiobjective optimization method.

We consider here an example of the dose optimipdtibe prostate implant used previously
where we now consider two additional criticaltatesc rectum and urethra. We use the
evolutionary true multiobjective optimization élgorand use the DVH based objectives. We
set the critical dose values for the rectum atitaiges fractions of the prescription dose value.

We require 300 non-dominated solutions. As the etuwib objectives is now five it is
recommended to increase the number of individu#iteswe have a representative set of the
Pareto surface. We could impose a constraint diltieoverage (PTY,) that would select
solutions that satisfy this constraint. Here we twasee the entire Pareto surface. If we set
PTV,,, < 0.3 then with a high probability we acceptmotydominated solutions for which the
coverage of the PTV with the prescription doseger than 70%.

After the optimization run we use the filter diatogelect a solution from the non-dominated

set. We set constraints for the solutions: fourdthra and the rectum we allow a maximum of
3% of the volume to exceed the critical dose. IAcifuae set both constraints equal to 0% we
see that the maximum the possible coverage of Yhis P4%. For the conformity index we set

the constraint that it should be larger than Ov@5select solutions with coverage of the PTV
larger than 85%. We obtain 11 non-dominated solutions.
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We sort the list of the 11 solutions accordingegwalue of the coverage of the PTV with the
prescription dose. We find that the largest coverag% for solution 151.
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The isodose distribution is shown with the isodb#iee prescription dose and the isodose of
the critical dose for the urethra.

We have now a solution that satisfies to a gteat &xe OAR constraint. The coverage of the
PTV is larger than with the conventional methods T a consequence that the critical
structures are considered in the optimization gg@sel the dose normalization is absolute and

not normalized to dose points on the PTV surfacentipatsies constraints on the obtained dose
distributions.
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Example of template based manual Inverse Planning

First we load VOIs and the template coordinategasgiene that the VOIS are given in a right handed
coordinate system. Before importing the necedsarnigr@a files we have to specify the coordinate
system using the following dialog which appearshaftereplan with template is called in the FILEIO
dialog.

Parameters have to be specified such as the ¢teggulatetry. We assume that these are given lity defau

The afterloader should be selected and the logglimginimum and maximum number of dwells per
catheter. The Autoactivation parameters shoukt.be s
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This dialog specifies the autoactivation parameters, i.e. miistancedf all dwells to each VOI.

After this the catheters which satisfy these aimstare selected and inserted automaticaléythmesid
PTV.
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In the template view the selected catheters ave.sFioe plane along the template normal can beimove
with the z slider. The intersection of the VO&h@mwn in the template view. We move it at a height
where the PTV cross-section is maximal.

We reduce the number of catheters by selectinghosl/ which are inside every second template grid
point.
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By using the left mouse button (double-click) wenzanually switch catheters on and off. For example
we select catheters which are on the periphegoara around the PTV center. Finally we press the
ACCEPT button in the template view.
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The selected catheters are shown in the anatodoywvin

Some other selection criteria can be realizetibig hot a true inverse planning. An automaimalp
selection of catheters can be realized by usitegrthlate based multiobjective evolutionary ingkse
algorithm but this method is not available in tB®D version.
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Our manual selection results in the following distribution of source dwell positions. We assume
that the catheters are optimal distributed and weertan use the post-plan optimization
algorithms. In the true multiobjective optimiza#ilso a optimization of dwell times is included.

We use the deterministic algorithms and spegifical close of 1.5times the prescription dose.

We consider 40 runs with random distributed impaetéactors in order to cover a part of the
Pareto front. We sort the solutions accordinget@tbIN value without OARs. We see that the
maximum conformity still requires that 50% of théhta exceeds the critical dose The coverage

of the PTV is 92%. If we reduce it to 88% only 5% @furethra receives a dose larger than

D This is the price we have to pay. Some histogfaatissolutions and the marked two
solutions are shown. We accept solution Nr 3ladruate the isodose distribution.
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Here are the two marked solutions Nr. 17 and 31.

Here we se the isodose distribution for solutiofi® isodose for the prescription dose and 1.5
times the prescription dose is shown. The dosstibuted such that it avoids the region
around the urethra. The PTV is shown solid in red.
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WinOpt-HDR Errors and Warnings

Optimization does not run! Set the source para{stenrce strength and prescription dose)

VOI contours which are not simple polygons (crgssare reported. As a result the ends, firs and last
contour is left open (no triangulation). l.e. mapdiag points are generated at the ends and theesof
these contours is not considered in the calcutdtaneas.

Points in VOI contours that are less than 0.01 ndnfeas than the minimum distance allowed in the
ROIS file is found. As a result the ends, firs ahddatour is left open (no triangulation). l.e. no
sampling points are generated at the ends anafdee ©f these contours is not considered in the

calculation of areas.
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Collision or contact warning between VOIS! Idilia&VinOpt_Log.txt see the list of triangles anat
in contact or intersect.

Collision Detection Test between rectum and Rahgtes!!!

Number of triangles in Object Nr 1: 536
Number of triangles in Object Nr 2: 190

All contacts between overlapping triangles:
Number of box intersection tests: 5343
Number of contact pairs: 130

contact O:tri 383 and tri 117
contact 1:tri 384 andtri 116
contact 2:tri 383 andtri 116
contact 3:tri 476 and tri 147
contact 4:tri 476 and tri 177
contact b5:tri 384 andtri 115

contact 127:tri 451 and tri 159
contact 128:tri 45 and tri 186
contact 129: tri 359 and tri 159



WinOpt-HDR User Manual 96

General References

[1] D. Baltas, C. Kolotas, K. Geramani, R. F. M@&ldoannidis, M. Keckidi and N. Zamboglou, "A
Conformal Index@OIN) to evaluate implant quality and dose specifigdtiobrachytherapy”, Int. J.
Radiation Oncology Biol. Phys, \dl. No. 2, 512-524, 1998.

[2] Baltas D., Milickovic N., Giannouli S., Lahdtalstils, C., Zamboglpi&Ww Tools of Three-
Dimensional Imaging Based Brachytherapy, in thédfsoof Radiation Therapy and Oncology
Series, 59-70,. 2000

Abstract

[3] I. Das and J. Dennis, “A Closer Look at Drak#at Minimizing Weighted Sums of Objectives for
Pareto Set Generation in Multicriteria Optimiza&iablem”,Structural OptimizatigrNo. 1, 1997.

[4] G. K. Edmundson, “Geometry based optimizatostEpping source implants”, in:
Brachytherapy HDR and LDR, A. A. Martinez, C. @orCand R. F. Mould eds., Nucletron: Columbia,
184-192, 1990.

[5] S. Giannouli, D. Baltas, N. Milickovic, M. Labartéslotas, N.Zamboglou,N. Uzunoglu
Autoactivation of Source Dwell Positions for HDRcBytherapy Treatment Planning, Med.
Phys27, 2517-2520, (2000).

Abstract, Preprint in pdf format

[6] C. Kolotas, D. Baltas, N. Zamboglou, “CT-Bdeeatstitial HDR Brachytherapy”, Strahlenther.
Onkol.9, 175, 419-427, 1999.

[71K. Karouzakis, M. Lahanas, N. Milickovic, D. Balt@aarubdldbtratified sampling,
submitted for publication in Med. Phys. 2000.
Abstract, Preprint in pdf format

[8] T. Kemmerer, M. Lahanas, D. Baltas and N. Zamidagimputation comparisons using
conventional methods and optimized FFT algoritamsrachytherapy, Med. Ph¥8.2343-
2356, 2000.

Abstract, Preprint in pdf format

[9] M. Lahanas, D. Baltas, N. Milickovic, S. Giandohli,Zambogl@eneration of uniformly
distributed dose points for anatomy-based- threeslonal dose optimization in
brachytherapy, Med. Phg8.1034-1046, 2000

Abstract, Preprint in pdf format

[10]M. Lahanas, T. Kemmerer, N. Milickovic, D. Baltas, N. @atrhagldupounding boxes for
three-dimensional treatment planning in braclayheved. Phy27, 2333-2342, 2000.
Abstract, Preprint in pdf format

[11] M. Lahanas, D. Baltas, and M. Papagiannopoululatitan of Dose Distributions in
Brachytherapy using Monte-Carlo Generated Dosimetk-Up Tables, MITTUG Report, 2000.

[12]M. Lahanas, D. Baltas and N. ZamBogitmmy-based three-dimensional dose optimization
in brachytherapy using multiobjective genetidthtger Med. Phy26 1904-1918, 1999
Abstract, Preprint in pdf format




WinOpt-HDR User Manual 97

[13] M. Lahanas, N. Milickovic, M. Papagiannop#&amyzikis, D. Baltas and N. Zamboglou
Application of a Hybrid NSGA-II Multiobjective Alglom for Anatomy based Dose
Optimization in Brachytherapy, "EUROGEN 2001 - Bwamhary Methods for Design,
Optimisation and Control with Applications to Irtdak Problems" Athens, Greece 19-21
September 2001.

Abstract, Preprint in pdf format

[14] R. Van der Larsen, T. P. E. Prins, “Intréoludb HDR brachytherapy optimization”, In: R. F.
Mould, J. J. Batterman, A. A. Martinez and B. peis& eds. Brachytherapy from Radium to
Optimization. Veenendaal, The Netherlands: Nutlgiternational, pp. 331-351, 1994.

[15] N. Milickovic, M. Lahanas, M. Papagiannop#domyzKkis, D. Baltas and N. Zamboglou
Application of a Multiobjective Genetic Algorithm#Anatomy based Dose Optimization in
Brachytherapy and its Comparison with Determinddgiorithms, "EUROGEN 2001 -
Evolutionary Methods for Design, Optimisation andt®| with Applications to Industrial
Problems" Athens, Greece 19-21 September 2001.

Abstract, Preprint in pdf format

[16] N. Milickovic, S. Giannouli, D. Baltas, M. Lata@. Kolotas, N. Zamboglou and N. Uzunoglou,
“Catheter autoreconstruction in computed tomogrbpkgd brachytherapy treatment planning, “ Med.
Phys27, 1047-1059, 2000.

[17] N. Milickovic, D. Baltas, S. Giannouli, M. Lahanas Nan@amboglou, “Algorithm for
autoreconstruction of catheters in computer torpbgfaased brachytherapy treatment planning”,
IEEE, Transactions on Biomedical EngineedigNo. 3, 372-383, 2001.

[18] H. Szu and R. Hartley, Fast simulated an)Palys. Leth 122 157-162, 1987.
[19] A. Tsalpatouros, D. Baltas, et al.: CT-badfeda®& for 3-D Localization and Reconstruction in

Stepping Source Brachytherapy. IEEE, Transactiom®imation Technology in BiomedicihéNo. 4,
229-242,1998.



WinOpt-HDR User Manual 98

WinOpt-HDR References

M. Lahanas, D. Baltas and N. ZambBogltomy-based three-dimensional dose optimization
brachytherapy using multiobjective genetic algsritied. Phy26 1904-1918, 1999
Abstract, Preprint in pdf format

M. Lahanas, D. Baltas, N. Milickovic, S. Giamdo®i, Zambogl@eneration of uniformly
distributed dose points for anatomy-based- threeslonal dose optimization in
brachytherapy, Med. Ph¥8.1034-1046, 2000

Abstract, Preprint in pdf format

S. Giannouli, D. Baltas, N. Milickovic, M. Lahanas,a&. NKoldamboglou, N. Uzynoglu
Autoactivation of Source Dwell Positions for HDRacBytherapy Treatment Planning,
Med.Phys27, 2517-2520, (2000).

Abstract, Preprint in pdf format

M. Lahanas, T. Kemmerer, N. Milickovic, D. Baltas, N. Datinagdubounding boxes for
three-dimensional treatment planning in braclaytheved. Phy87, 2333-2342, 2000.
Abstract, Preprint in pdf format

T. Kemmerer, M. Lahanas, D. Baltas and N. ZaWiHagimputation comparisons using
conventional methods and optimized FFT algoritbmsrachytherapy, Med. Ph¥38.2343-
2356, 2000.

Abstract, Preprint in pdf format

Baltas D., Milickovic N., Giannouli S., Lahakakfds, C., ZambogloiN&lv Tools of Three-
Dimensional Imaging Based Brachytherapy, in th&édfsoof Radiation Therapy and Oncology
Series, 59-70,. 2000

Abstract

K. Karouzakis, M. Lahanas, N. Milickovic, D. BaltZaarmbfldbiratified sampling, submitted
for publication in Med. Phys. 2000.
Abstract, Preprint in pdf format

M. Lahanas, N. Milickovic, D. Baltas and N.aatApptitation of Multiobjective Evolutionary
Algorithms for Dose Optimization Problems in Brawrapy” in Proceedings of the first
international conference, EMO 2001, Zurich, Svetmkredited by E. Zitzler, K. Deb, L.
Thiele, C. A. Coello Coello, D. Corne, Lecture Niot€€omputer Science Vol. 1993, Springer,
574-587, 2001

Abstract

N. Milickovic, M. Lahanas, D. Baltas and N. darfbogiparison of Evolutionary and
Deterministic Multiobjective Algorithms for Dose ti@gation in Brachytherapy”, in
Proceedings of the first international conferdfid&€) 2001, Zurich, Switzerland, edited by E.
Zitzler, K. Deb, L. Thiele, C. A. Coello CoelloCDrne, Lecture Notes in Computer Science
Vol. 1993, Springer, 167-180, 2001

Abstract



WinOpt-HDR User Manual 99

M. Lahanas, N. Milickovic, M. Papagiannopokfvouzékis, D. Baltas and N. Zamboglou
Application of a Hybrid NSGA-II Multiobjective Alglom for Anatomy based Dose
Optimization in Brachytherapy, "EUROGEN 2001 - Bwwmhary Methods for Design,
Optimisation and Control with Applications to Iridak Problems" Athens, Greece 19-21
September 2001.

Abstract, Preprint in pdf format

N. Milickovic, M. Lahanas, M. Papagiannopokirouz@kis, D. Baltas and N. Zamboglou
Application of a Multiobjective Genetic Algorithm#Anatomy based Dose Optimization in
Brachytherapy and its Comparison with Determimrddgorithms, "EUROGEN 2001 -
Evolutionary Methods for Design, Optimisation aondt©l with Applications to Industrial
Problems" Athens, Greece 19-21 September 2001.

Abstract, Preprint in pdf format




WinOpt-HDR User Manual 100

APPENDIX

1. Template Coordinate System

Templates are accessories being used in braghytbefexing helping positioning and guiding
of catheters/needles that have to be inserteth@tmmour volume in the human body.
Following figure shows the coordinate systemrfgpléges in WinOpt.

The definition of the Template coordinate systemoian in the following two Figures.
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2. The VOI Charisma File

Here is an example of the VOI file that contafiesrimation about the VOIS, such as the PTV and
OARs. The part that is not necessary for the agtiion is marked.
The Charisma File formats have been specifieceandlbveloped by Prof. Dimos Baltas.

The VOI Type must be one of the following types:

1)Cs for a organ at risk (critical stretu
2) BODY for a body, which is assumed to incluel®TV and the critical structures.
3) PTV  for the Target.

Contours of VOIs are assumed to be simple polygtnaone of the points to be identical. The first
and last point of each contour are assumed tobedated, i.e. the polygons are closed. Not simple
polygons, i.e. without any intersection betweeof éisyedges are not allowed. Points with aetiffer
of less that 1/100 mm in each coordinate can ndisbeguished.
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++++++++++
VOI Contours Data File
CHARISMA (R) , Vs. 1.0.0.1
(C)opyrights Pi-Medical Ltd
All Rights protected
++++++++++
The Inner Surfaces or Contours of a Hole-Type VOI are referred
explicitly as INNER
If no explicit reference to Inner Surface or Contours is made
the OUTER surface and contours are meant.
++++++++
Wall Thickness:
If Volume Type = "compact”
then wall thickness = 0.0 mm
If Volume Type = "compact”
then Number of Inner Contours NIC =0
If Volume Type = "compact”
then Inner Surface = Surface

+++++++H+
All coordinates according to the World-DICOM-Coordinate-System
All dimensions are in mm
All surfaces are in cm?
All volumes are in cm3
Date is given in mm/dd/yyyy
Time is given in hh:mm:ss
++++++++
CHARISMA Software Version

XX XX XX. XX
Reconstruction File Version

XX XX XX. XX
File creation date and time
mm/dd/yyyy, hh:mm:ss

HHEHFHFHHFHHFHRHFHHFHEHEFEHEFEHEHEHHEHHFHR

Patient Name

SurName, GivenName
Patient ID

)00 0090000000004

Number of VOIS
NVOI

VOI Data
Begin
VOI 0
Begin
Name
BBBBBBBBBBBBBB
Type
CS, BODY or PTV
Volume Type
Compact or Hole
Wall Thickness
XXXX.XX
Extraction
Begin
Reference VOI
Begin
VOI No.
XXX
Name
ccccececececececececece
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End
Type
Type of Extraction: e.g.: 3D volume, 2D on CT-plane
Method
Begin
Type
Isotropic or Ellipsoid or ...
Margins
Begin
X+
XXX XX
X-
XXX XX
Y+
XXX XX
Y-
XXX XX
Z+
XXX XX
Z-
XXX XX
End
End
End
Connections
Begin
Here enter information for connection & connection type between two
Organs.....
End
BBOX
Begin
Origin
+123.25 +23.12 -12.34
Vector 1
+123.25 +23.12 -12.34
Vector 2
+123.25 +23.12 -12.34
Vector 3
+123.25 +23.12 -12.34
End
Volume
1234567890.123
Surface

1234567890.123
Inner Surface
1234567890.123
Number of Contours
NCO
Contour O
Begin
Type

XXXXXX (e.g. not on an Image or ...

Number of Points
NPCO00
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

)
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End

Point NPC00-1

Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End

.(:‘,.ontour NCO0-1

Begin
Type
XXXXXX (e.g. not on an Image or ...
Number of Points
NPCNCO00-1
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End
Point NPCNCO00-1-1
Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End
End
Number of Inner Contours
NICO
Contour O
Begin
Type

End

XXXXXX (e.g. not on an Image or ...

Number of Points
NPICO00
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

Point NPIC00-1

Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End

. 2727)

. 2227)
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.(.:.ontour NICO-1

Begin
Type
XXXXXX (e.g. not on an Image or .... ???7?)
Number of Points
NPICNICO0
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End
Point NPICNICO00-1-1
Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End
End
End
VOI NVOI-1
Begin
Name
BBBBBBBBBBBBBB
Type
AAAAAAAA
Volume Type

Compact or Hole
Wall Thickness

XXXX XXX
Extraction
Begin
Reference VOI
Begin
VOI No.
XXX
Name
ccccececececececcecce
End
Type
Type of Extraction: e.g.: 3D volume, 2D on CT-plane
Method
Begin
Type
Isotropic or Ellipsoid or ...
Margins
Begin
X+
XXX XX
X-
XXX XX
Y+
XXX XX

Y-
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XXX XX
Z+
XXX XX

XXX XX
End
End
End
Connections
Begin

106

Here enter information for connection & connection type between two

End
BBOX
Begin
Origin
+123.25 +23.12 -12.34
Vector 1
+123.25 +23.12 -12.34
Vector 2
+123.25 +23.12 -12.34
Vector 3
+123.25 +23.12 -12.34
End
Volume
1234567890.123
Surface
1234567890.123
Inner Surface
1234567890.123
Number of Contours
NCNVOI-1
Contour O
Begin
Type

XXXXXX (e.g. not on an Image or ...

Number of Points
NPCONVOI
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

Point NPCONVOI-1
Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End
End

.(.:.ontour NCNVOI-1
Begin
Type

XXXXXX (e.g. not on an Image or ...

. 7272)

. 2277)
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End

Number of Points
NPCNCNVOI-1
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

Point NPCNCNVOI-1-1
Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End

Number of Inner Contours

NICNVOI-1

Contour 0

Begin

End

Type

XXXXXX (e.g. not on an Image or ...

Number of Points
NPICONVOI-1
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

Point NPICONVOI-1-1
Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End

Contour NICNVOI-1

Begin

Type

XXXXXX (e.g. not on an Image or ...

Number of Points
NPICNICNVOI-1-1
Point 0
Begin
Coordinates
+123.25 +23.12 -12.34
Image
1
End

. 2227)

. 2227)
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Point NPICNICNVOI-1-1-1

Begin
Coordinates
+123.25 +23.12 -12.34
Image
34
End

End
End
End
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3. The Catheters Charisma File

Here is an example of the Catheters file whichinsnbhformation about the Catheter type and
geometry.

+4++++++H+
Reconstructed Catheters Data File
CHARISMA (R), Vs. 1.0.0.1
(C)opyrights Pi-Medical Ltd
All Rights protected
+++++++H
Catheter Describing Points:  X-, Y-, Z-
Image
Status
Image: The number of the Image [0, N-1]
with N the total number of Images
-1 if the Catheter Describing Point doesn't lie on a Image

All coordinates according to the World-DICOM-Coordinate-System
All dimensions are in mm
Density values are given in g/cm3
Date is given in mm/dd/yyyy
Time is given in hh:mm:ss
++++++++
CHARISMA Software Version
XX XX XX. XX
Reconstruction File Version
XX XX XX. XX
File creation date and time
mm/dd/yyyy, hh:mm:ss

HHEHIFHHHFHHFHHFHHFHFHHHETHR

Patient Name

SurName, GivenName
Patient ID

)0 0009000000004

Number of Catheters
N

Catheter Data
Begin
Catheter O
Begin
Name
aaaaaaa
Material
aaaaaaa
Density
XX XXX
Outer Diameter
XX XXX
Inner Diameter
XX XXX
Length
XXXX XXX
min Free Length
XXXX XXX
Distance Tip 1st Source Position
XX XXX
Channel Length
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XXXX XXX
Distance 1st Reconstructed Point Tip
XXXX XXX
Reconstructed Length
XXXX XXX
Free Length
XXXX XXX

Catheter N-1

Begin

End
End

Name

aaaaaaa
Material

aaaaaaa
Density

XX XXX
Outer Diameter

XX XXX
Inner Diameter

XX XXX
Length

XXXX XXX
min Free Length

XXXX XXX
Distance Tip 1st Source Position

XX XXX
Channel Length

XXXX XXX
Distance 1st Reconstructed Point Tip

XXXX XXX
Reconstructed Length

XXXX XXX
Free Length

XXXX XXX

Catheter Describing Points

Begin

Catheter 0

Begin

Number of Points
NPO
Point 0
Begin
Coordinates
+146.18 +234.14 -228.00
Image
0
End
Point 1
Begin
Coordinates
+145.15 +234.38 -223.00
Image
1

110



WinOpt-HDR User Manual 111

Point NPO-1
Begin
Coordinates
+127.67 +224.33 -83.00
Image
29

Catheter N-1
Begin
Number of Points
NPN-1
Point 0
Begin
Coordinates
+146.18 +234.14 -228.00
Image
0
End
Point 1
Begin
Coordinates
+145.15 +234.38 -223.00
Image
1

Point NPN-1-1
Begin
Coordinates
+127.67 +224.33 -83.00
Image
29
End
End
End
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4. The Loading Charisma File

Here is an example of the Loading file which centaiormation about the dwells which should ke use
and their corresponding dwell times.

HHFEHFFEHFFEHFHEHFHEHHHHHR

+4+++++
Catheters Source Loading Data File
CHARISMA (R) , Vs. 1.0.0.1
(C)opyrights Pi-Medical Ltd
All Rights protected
+4++++++H+H
Source Positions: X-, Y-, Z-, Usage Status, Weight
Usage Status: Inactive, Active
Weight:
Inactive: 0.000000
Active: X XXXXXX, if no optimization done -1.000000
If optimization done then Weight is in [0, 1]
All coordinates according to the World-DICOM-Coordinate-System
All dimensions are in mm
Date is given in mm/dd/yyyy
Time is given in hh:mm:ss
++++++

CHARISMA Software Version

XX XX XX XX

Loading File Version

XX XX XX XX

File creation date and time

mm/dd/yyyy, hh:mm:ss

Patient Name

SurName, GivenName

Patient ID

XXXXXXXXXXXXXXX

Number of Catheters

N

Source Step
Begin

Catheter 0
Begin

XX XXX
End
Catheter 1
Begin

XX XXX

Catheter N-1
Begin

XX XXX
End

End

Source Positions
Begin

Catheter 0
Begin
Number of Points
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NSO
Point 0
Begin
Coordinates
+145.15 +234.38 -223.00

Status
Inactive
Weight
0.000000
End
Point 1
Begin
Coordinates
+145.15 +234.38 -223.00
Status
Active
Weight
0.123456
End
Point NSO-1
Begin
Coordinates
+144.60 +234.46 -218.00
Status
Inactive
Weight
0.000000
End

Catheter N-1
Begin
Number of Points
NSN-1
Point 0
Begin
Coordinates
+145.15 +234.38 -223.00
Status
Inactive
Weight
0.000000
End
Point 1
Begin
Coordinates
+145.15 +234.38 -223.00
Status
Active
Weight
0.123456

Point NSN-1-1
Begin
Coordinates
+144.60 +234.46 -218.00
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Status
Inactive
Weight
0.000000
End
End
End
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The WinOpt-HDR Log File

A logdfile which stores information during the migrof WinOpt-HDR is created and can be found as
WinOpt_Log.txt in the working directory

Here is a example

WinOpt-HDR v. 2.00: Anatomy based HDR 3D Dose Optimization
©WinOpt-HDR by Michael Lahanas
Email: mlahanas@gmx.de
www: www.mlahanas.de
Developed by:
Michael Lahanas, Kostas Karouzakis, Stavroula Giannouli, Maria Papagiannopoulou and Natasa Milickovic
from Medical Physics and Engineering Department in Offenbach, Germany

under the supervision, help and support from Prof. Dimos Baltas
Monte Carlo Dosimetric Look-up Table from Pantelis Karaiskos et al, University of Athens

OS time: 11:40:04
OS date: 10/22/01
Monday: 22 October 2001

WinOpt Log-File

——————— Check Topology of PTV Contours
Polygon is not simple !!!!
crossing of edges 39.900002 241.300003 40.849998 231.800003 and Crossing is reported

38.950001 235.600006 40.849998 236.550003
Less than 0.01 mm between contour points ...!!! Points with distance less than 0.01 mm

Check if points are double or contour polygons are not simple

Check if there is any contact or intersection betwe en the VOIS
Collision Detection Test between PTV and BODY triangles!!!

Number of triangles in Object Nr 1: 2254
Number of triangles in Object Nr 2: 583

All contacts between overlapping triangles:

Number of box intersection tests: 179
Number of contact pairs: 0

Collision Detection Test between Rectum and PTV triangles!!!

Number of triangles in Object Nr 1: 2254
Number of triangles in Object Nr 2: 2124

All contacts between overlapping triangles:

Number of box intersection tests: 13

Number of contact pairs: 0

Here we have a contact between the urethra and PTV

Collision Detection Test between urethra and PTV triangles!!!

Number of triangles in Object Nr 1: 2254
Number of triangles in Object Nr 2: 528
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All contacts between overlapping triangles:
Number of box intersection tests: 1631
Number of contact pairs: 85
contact O:tri 261 andtri 39
contact 1:tri 261 andtri 38

contact 2:tri 261 andtri 37
contact 3:tri 261 andtri 25
contact 4:tri 260 and tri 39
contact 5:tri 260 and tri 41
contact 6:tri 260 and tri 40
contact 7:tri 260 and tri 25
contact 8:tri 260andtri 24 < <- List of all triangles in contact
9

contact 9:tri 258 and tri 41
contact 10:tri 259 and tri 41

contact 81:tri 2201 and tri 520
contact 82:tri 2201 and tri 508
contact 83: tri 2201 and tri 509
contact 84:tri 2201 and tri 510

Contours of all VOIS imported

Organ: BODY

Slice :0

Perimeter: 367.895706
Points in this slice: 9
anti - CCW order

59.6700 110.3100 0.0000
59.6700 10.2100 0.0000

139.1700 10.2100 0.0000
138.9700 110.3100 0.0000

102.4600 60.8500 104.0000

Active sources and their position in the catheters
Number of Active Sources found : 294

Act Dwell Nr 1 Catheter Nr 1 Dwell Nr 1 Pos 89.900166 60.218575 94.800000
Act Dwell Nr 2 Catheter Nr 1 Dwell Nr 3 Pos 89.900166 60.218575 84.800000
Act Dwell Nr 3 Catheter Nr 1 Dwell Nr 4 Pos 89.900166 60.218575 79.800000

Act Dwell Nr 293 Catheter Nr 46 Dwell Nr 1 Pos 114.770972 90.424905 78.550000
Act Dwell Nr 294 Catheter Nr 47 Dwell Nr 1 Pos 99.750094 95.300897 74.800000

List of all catheters and their geometry (defined by catheter desc ribing points)
Number of Catheters 47

Catheter 1
--- List of Describing points ---

Number of Describing points for this catheter 2
Point: 1 Pos 89.9002 60.2186 9.8000
Point: 2 Pos 89.9002 60.2186 100.8000

--- List of dwells ---

Number of dwells in this catheter 17

Act Dwell 1 Pos 89.9002 60.2186 94.8000 t: 0.00000 0.00000 1.00000
Inac Dwell 2 Pos 89.9002 60.2186 89.8000 t: 0.00000 0.00000 1.00000
Act Dwell 3 Pos 89.9002 60.2186 84.8000 t: 0.00000 0.00000 1.00000
Act Dwell 4 Pos 89.9002 60.2186 79.8000 t: 0.00000 0.00000 1.00000
Act Dwell 5 Pos 89.9002 60.2186 74.8000 t: 0.00000 0.00000 1.00000
Inac Dwell 6 Pos 89.9002 60.2186 69.8000 t: 0.00000 0.00000 1.00000
Inac Dwell 7 Pos 89.9002 60.2186 64.8000 t: 0.00000 0.00000 1.00000
Inac Dwell 8 Pos 89.9002 60.2186 59.8000 t: 0.00000 0.00000 1.00000
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i.nac Dwell 16 Pos 89.9002 60.2186 19.8000 t: 0.00000 0.00000 1.00000
Inac Dwell 17 Pos 89.9002 60.2186 14.8000 t: 0.00000 0.00000 1.00000

Catheter 2
--- List of Describing points ---

Number of Describing points for this catheter 2
Point: 1 Pos 94.9000 60.2599 9.8000
Point: 2 Pos 94.9000 60.2599 102.0500

Tot. Source Nr 0 in Catheter Nr 1 at dwell 1
Tot. Source Nr 1 in Catheter Nr 1 at dwell 3
Tot. Source Nr 2 in Catheter Nr 1 at dwell 4
Tot. Source Nr 3 in Catheter Nr 1 at dwell 5
Tot. Source Nr 4 in Catheter Nr 2 at dwell 1
Tot. Source Nr 5 in Catheter Nr 2 at dwell 2
Tot. Source Nr 6 in Catheter Nr 2 at dwell 3
Tot. Source Nr 7 in Catheter Nr 2 at dwell 5
Tot. Source Nr 8 in Catheter Nr 2 at dwell 6
Tot. Source Nr 9 in Catheter Nr 3 at dwell 1
Tot. Source Nr 10 in Catheter Nr 3 at dwell 2

Number of Active Sources found : 94

Act Dwell Nr 1 Catheter Nr 1 Dwell Nr 1 Pos 89.900166 60.218575 94.800000
Act Dwell Nr 2 Catheter Nr 1 Dwell Nr 3 Pos 89.900166 60.218575 84.800000
Act Dwell Nr 3 Catheter Nr 1 Dwell Nr4 Pos 89.900166 60.218575 79.800000
Act Dwell Nr 4 Catheter Nr 1 Dwell Nr5 Pos 89.900166 60.218575 74.800000
Act Dwell Nr 5 Catheter Nr 2 Dwell Nr 1 Pos 99.899825 60.301217 92.300000

Here log of optimization run
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WinOpt-HDR v. 2.00: New Optimization

Optimization at 10/22/01 11:45:48

Deterministic Optimization ...

Deterministic Multi-Objective Weighted Sum
Uniform distributed importance factors

Sets per objective: 11

Number of Objectives : 3

Optimization Objectives :
1: PTV Surface Variance
2: PTV Volume Variance
3: Volume Variance (D> Dcrit) of urethra

Using WinOpt-HDR Very Fast Deterministic Optimization Algorithm
Include OAR: urethra with 500 Sampling Points and Dcrit/Dref= 1.250000

--------- Implant Geometry --------------
Reconstruction File

Contour File

PTV

Volume (cm**3) 52.7220
Surface (cm**2) 70.2718

#Surface Dose Points 208
Dose Points 500

Body

Volume (cm**3) 1213.8017
Surface (cm**2)  638.8287
Dose Points 500

Rectum
Volume (cm**3)  73.8731
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Surface (cm**2)  105.6765
Dose Points 500

urethra

Volume (cm**3) 2.3627
Surface (cm**2)  13.1406
Dose Points 500

Surrounding Tissue

Dose Points 1000

Number of Catheters 16
Number of Dwells 270
Number of Active Dwells 94
Number of Surface Points 208

Sampling Points for CS or PTV Volumetry:50000
Sampling Points for Body Volumetry: 100000
Sampling points 0.950000 mm from Catheter center ignored

Here log of another optimization run
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WinOpt-HDR v. 2.00: New Optimization

Optimization at 10/22/01 11:50:37

Deterministic Optimization ...

Deterministic Multi-Objective Weighted Sum
Uniform distributed importance factors

Sets per objective: 11

Number of Objectives : 3

Optimization Objectives :
1: PTV Surface Variance
2: PTV Volume Variance
3: Volume Variance (D> Dcrit) of urethra

Using WinOpt-HDR Very Fast Deterministic Optimization Algorithm
Include OAR: urethra with 500 Sampling Points and Dcrit/Dref= 1.500000

--------- Implant Geometry --------------
Reconstruction File

Contour File

PTV

Volume (cm**3) 52.7220
Surface (cm**2) 70.2718

#Surface Dose Points 208
Dose Points 500

Body

Volume (cm**3) 1213.8017
Surface (cm**2)  638.8287
Dose Points 500

Rectum

Volume (cm**3)  73.8731
Surface (cm**2)  105.6765
Dose Points 500

urethra

Volume (cm**3) 2.3627
Surface (cm**2)  13.1406
Dose Points 500

Surrounding Tissue

Dose Points 1000

Number of Catheters 16
Number of Dwells 270
Number of Active Dwells 94
Number of Surface Points 208

Sampling Points for CS or PTV Volumetry:50000
Sampling Points for Body Volumetry: 100000
Sampling points 0.950000 mm from Catheter center ignored
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The WinOpt-HDR Solutions File

The result of the optimization by WinOpt-HDR carfdaend as WinOpt_Solution.txt in the working
directory. It contains the solution which was saubeé Filter Dialog. It is overwritten each tif@eriew
solution is selected. It contains information atimutcatheters, source dwell positions the dme ti
finally found relative and in absolute units. iklsantains dose distributions in terms of cumelaind
differential dose volume histograms obtained fnensampling points used in the optimization and for
comparison the corresponding histograms withearlargber (20000) of sampling points.

Here is a example

WinOpt-HDR v. 2.00: Anatomy based HDR 3D Dose Optimization
©WinOpt-HDR by Michael Lahanas
Email: mlahanas@gmx.de
www: www.mlahanas.de
Developed by:
Michael Lahanas, Kostas Karouzakis, Stavroula Giannouli, Maria Papagiannopoulou and Natasa Milickovic
from Medical Physics and Engineering Department in Offenbach, Germany

under the supervision, help and support from Prof. Dimos Baltas
Monte Carlo Dosimetric Look-up Table from Pantelis Karaiskos et al, University of Athens

OS time: 12:02:17
OS date: 10/22/01
Monday: 22 October 2001

Dose Statistics

Template Based Optimization
ACTIVE NEEDLE MAP

8.00 - - - - - - - - - - -
7.50 - - - - - - - - - - -
7.00 - - - - - - - - - - -
6.50 - - - - - - - - - - -
6.00 - - - - - - - - - - -
5.50 - - - - - - - - - - -
5.00 - - - - - - - - - - -
450 - -
4.00 - -
3.50 - -
3.00 - -
2.50 - - - -
2.00 - - X - - - - X - - -
1.50 - - - - - -

1.00 - - - - - X - - - - -
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ACTIVE DWELL MAP

A a B b C c D d E e F
8.00 0 0 0 0 0 0 0 0 0 0 0
7.50 0 0 0 0 0 0 0 0 0 0 0
7.00 0 0 0 0 0 0 0 0 0 0 0
6.50 0 0 0 0 0 0 0 0 0 0 0
6.00 0 0 0 0 0 0 0 0 0 0 0
5.50 0 0 0 0 0 0 0 0 0 0 0
5.00 0 0 0 0 0 0 0 0 0 0 0
4.50 0 0 0 4 0 6 0 0 4 0 0
4.00 0 0 4 0 0 0 0 0 0 0 0
3.50 0 0 0 0 10 0 6 0 0 4 0
3.00 0 0 7 0 0 0 0 10 0 0 0
2.50 0 0 0 0 10 0 0 0 0 4 0
2.00 0 0 6 0 0 0 0 9 0 0 0
1.50 0 0 0 5 0 0 0 0 3 0 0
1.00 0 0 0 0 0 2 0 0 0 0 0

FREE LENGTH (cm)

A a B b C c D d E e F
8.00 out out out out out out out out out out out
7.50 out out out out out out out out out out out
7.00 out out out out out out out out out out out
6.50 out out out out out out out out out out out
6.00 out out out out out out out out out out out
5.50 out out out out out out out out out out out
5.00 out out out out out out out out out out out
4.50 out out out 9.800 out 10.050 out out 10.050 out out
4.00 out out 9.925 out out out out out out out out
3.50 out out out out 8.800 out 11.175 out out 9.825 out
3.00 out out 9.425 out out out out 9.050 out out out
2.50 out out out out 8.925 out out out out 10.050 out
2.00 out out 10.050 out out out out 9.425 out out out
1.50 out out out 10.425 out out out out 11.425 out out

1.00 out out out out out 11.800 out out out out out
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Solution Nr: 31

Objective values:

Best Surface_Variance_PTV -Objective value = 0.029947
Best Volume_Variance_PTV -Objective value = 0.082574
Best (D-Dcrit)**2 for urethra -Objective value = 0.000025
Best -Objective value = 0.000000

————————— Implant Geometry --------------
Reconstruction File

Contour File

PTV

Volume (cm**3) 52.7220
Surface (cm**2) 70.2718

#Surface Dose Points 208
Dose Points 500

Body

Volume (cm**3) 1213.8017
Surface (cm**2)  638.8287
Dose Points 500

Rectum

Volume (cm**3)  73.8731
Surface (cm**2)  105.6765
Dose Points 500

urethra

Volume (cm**3) 2.3627
Surface (cm**2)  13.1406
Dose Points 500

Surrounding Tissue

Dose Points 1000

Number of Catheters 16

Number of Dwells 270

Number of Active Dwells 94

Number of Surface Points 208

Sampling Points for CS or PTV Volumetry:50000

Sampling Points for Body Volumetry: 100000

Sampling points 0.950000 mm from Catheter center ignored

Dosimetric Kernel from Monte Carlo Lookup Table

Source Strength : 370.000000 (GBq) = 40821.996772 (U)
Prescription Dose : 100.000000 (cGy)

Here are the dwell times in seconds

Dwell position weights in absolute units [s]

Nr: 1 Catheter: 1 Dwell: 1 Weight[s]: 0.285665 x =89.900 y = 60.219 z = 94.800
Nr: 2 Catheter: 1 Dwell: 3 Weight [s]: 0.196752 x = 89.900 y = 60.219 z = 84.800
Nr: 3 Catheter: 1 Dwell: 4 Weight [s]: 0.104952 x = 89.900 y = 60.219 z = 79.800
Nr: 4 Catheter: 1 Dwell: 5 Weight[s]: 0.160361 x = 89.900 y = 60.219 z = 74.800
Nr: 5 Catheter: 2 Dwell: 1 Weight[s]: 0.493317 x =99.900 y = 60.301 z = 92.300
Nr: 6 Catheter: 2 Dwell: 2 Weight [s]: 0.005404 x = 99.900 y = 60.301 z = 87.300

Nr: 92 Catheter: 15 Dwell: 3 Weight[s]:  0.606145 x = 114.771 y = 90.425 z = 68.550
Nr: 93 Catheter: 16 Dwell: 1 Weight[s]: 0.000310 x = 99.750 y = 95.301 z = 74.800
Nr: 94 Catheter: 16 Dwell: 2 Weight [s]:  0.740380 x = 99.750 y = 95.301 z = 69.800

List of all catheters and the total dwell time ine  ach catheter
Catheter Nr 1: Total Dwell Time : 0.747730 [s]

Catheter Nr 2: Total Dwell Time : 2.727544 [s]

Catheter Nr 3: Total Dwell Time : 1.322610 [s]

Catheter Nr 14: Total Dwell Time : 1.956138 [s]

Catheter Nr 15: Total Dwell Time : 0.872949 [s]

Catheter Nr 16: Total Dwell Time : 0.740690 [s]

Total Time for Treatment: 32.483522 [s]
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Here are the relative dwell times (normalized to un ity at the maximum dwell time)

Normalized to unity dwell position weights

Nr: 1 Catheter: 1 Dwell: 1 Weight: 0.179915 x = 89.900 y = 60.219 z = 94.800
Nr: 2 Catheter: 1 Dwell: 3 Weight: 0.123916 x = 89.900 y = 60.219 z = 84.800
Nr: 3 Catheter: 1 Dwell: 4 Weight: 0.066100 x = 89.900 y = 60.219 z = 79.800
Nr: 4 Catheter: 1 Dwell: 5 Weight: 0.100997 x = 89.900 y = 60.219 z = 74.800
Nr: 5 Catheter: 2 Dwell: 1 Weight: 0.310696 x = 99.900 y = 60.301 z = 92.300

Nr: 90 Catheter: 15 Dwell: 1 Weight: 0.168005 x = 114.771 y = 90.425 z = 78.550
Nr: 91 Catheter: 15 Dwell: 2 Weight: 0.000031 x = 114.771 y = 90.425 z = 73.550
Nr: 92 Catheter: 15 Dwell: 3 Weight: 0.381756 x = 114.771 y = 90.425 z = 68.550
Nr: 93 Catheter: 16 Dwell: 1 Weight: 0.000195 x = 99.750 y = 95.301 z = 74.800
Nr: 94 Catheter: 16 Dwell: 2 Weight: 0.466298 x = 99.750 y = 95.301 z = 69.800

The normalization is mean dose on the PTV surface d  efined by 208 dose points in this example

Number of Dose Points =208

Sum of relative weights = 20.458434

Average relative weight =0.217643

Reference dose value = Mean dose value on PTV surface
Normalization Factor = 1.000000

Dose Scaling Factor = 1.000000
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High Statistics with 20000 Sampling points
DDVH (Differential Dose-Volume Histogram) for the P TV
High Statistics of DDVH for the PTV

0.050000 0.000000
0.150000 0.000000
0.250000 0.000000
0.350000 0.000000
0.450000 0.000000
0.550000 0.000000
0.650000 0.394505
0.750000 8.758019
0.850000 20.540579
0.950000 33.559255
1.050000 44.342402
1.150000 53.968332
1.250000 56.940273
1.350000 56.072361
1.450000 54.047233
1.550000 51.390897
1.650000 34.900574
1.750000 24.012226
1.850000 16.174719
1.950000 13.123878
2.050000 8.731718
2.150000 6.548789
2.250000 5.996481
2.350000 4.602562

9.250000 0.026300
9.350000 0.052601
9.450000 0.105201
9.550000 0.026300
9.650000 0.052601
9.750000 0.026300
9.850000 0.026300
9.950000 0.000000

CDVH (Cumulative Dose-Volume Histogram)

High Statistics of CDVH for the PTV
0.000000 100.000000
0.100000 100.000000
0.200000 100.000000
0.300000 100.000000
0.400000 100.000000
0.500000 100.000000
0.600000 100.000000
0.700000 99.925000
0.800000 98.260000
0.900000 94.355000
1.000000 87.975000
1.100000 79.545000
1.200000 69.285000
1.300000 58.460000
1.400000 47.800000
1.500000 37.525000
1.600000 27.755000
1.700000 21.120000
1.800000 16.555000
1.900000 13.480000
2.000000 10.985000
2.100000 9.325000
2.200000 8.080000
2.300000 6.940000
2.400000 6.065000
2.500000 5.280000
2.600000 4.700000
2.700000 4.190000

§.700000 0.240000
9.800000 0.235000
9.900000 0.230000
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Statistical Parameters

Mean, ADEV (Average deviation), SDEV( Standard devi

High Statistics of Dose Distribution for the PTV
Mean ADEV SDEV VAR MIN MAX
1.542382 0.444308 1.370637 1.878645 0.622747 129.869449

High Statistics of Dose Distribution for the BODY
Mean ADEV SDEV VAR MIN MAX
0.230071 0.197105 0.370684 0.137407 0.031468 15.116395

High Statistics of Dose Distribution for the Surrounding Tissue
Mean ADEV SDEV VAR MIN MAX
0.447663 0.157729 0.221776 0.049185 0.140545 11.782692

High Statistics of Dose Distribution for the Rectum
Mean ADEV SDEV VAR MIN MAX
0.157791 0.067478 0.086317 0.007451 0.037300 0.532966

High Statistics of Dose Distribution for the urethra
Mean ADEV SDEV VAR MIN MAX
1.246166 0.198082 0.237210 0.056269 0.574726 1.860300

Here follows statistical information obtained by th

Statistics for Dose distribution of sampling points used in the optimization

Statistics for PTV Surface
# of Sampling points 208
Mean 1.0000
Average Deviation 0.1442
Standard Deviation 0.1759

Variance 0.0309
Skewness 0.1970
Kurtosis -0.5117
Minimum Index 4
Minimum 0.6707
Maximum Index 69
Maximum 1.5543

DDVH from sampling points used in optimization

Dose/D_ref counts

0.050000 0.000000
0.150000 0.000000
0.250000 0.000000
0.350000 0.000000
0.450000 0.000000
0.550000 0.000000
0.650000 20.270721
0.750000 87.839789
0.850000 114.867417
0.950000 121.624324
1.050000 148.651951
1.150000 118.245870
1.250000 64.190615
1.350000 23.649174
1.450000 0.000000
1.550000 3.378453
1.650000 0.000000
1.750000 0.000000
1.850000 0.000000
1.950000 0.000000
2.050000 0.000000
2.150000 0.000000

9.450000 0.000000
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ation), VAR (Variance), MIN, MAX values

e sampling points used in the Optimization
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9.550000
9.650000
9.750000
9.850000
9.950000

CDVH from sampling points used in optimization

Dose/D_ref

0.000000
0.100000
0.200000
0.300000
0.400000
0.500000
0.600000
0.700000
0.800000
0.900000
1.000000
1.100000
1.200000
1.300000
1.400000
1.500000
1.600000
1.700000

9.700000
9.800000
9.900000

0.000000
0.000000
0.000000
0.000000
0.000000

percent

100.000000
100.000000
100.000000
100.000000
100.000000
100.000000
100.000000
97.115385
84.615385
68.269231
50.961538
29.807692
12.980769
3.846154
0.480769
0.480769
0.000000
0.000000

0.000000
0.000000
0.000000

Statistics for PTV Volume

# of Sampling points 500
Mean 1.4490
Average Deviation 0.3173
Standard Deviation 0.4168
Variance 0.1737
Skewness 0.9043
Kurtosis 1.0601
Minimum Index 340
Minimum 0.6875
Maximum Index 161
Maximum 3.1165

DDVH from sampling points used in optimization

Dose/D_ref

0.050000
0.150000
0.250000
0.350000
0.450000
0.550000
0.650000
0.750000
0.850000
0.950000
1.050000
1.150000
1.250000
1.350000
1.450000
1.550000
1.650000

9.450000
9.550000
9.650000
9.750000

counts

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.054439
13.707713
22.143229
27.415427
40.068700
51.667535
49.558656
56.939732
55.885293
50.613095
50.613095

0.000000
0.000000
0.000000
0.000000

126



WinOpt-HDR User Manual 127

9.850000 0.000000
9.950000 0.000000

CDVH from sampling points used in optimization

Dose/D_ref percent

0.000000 100.000000
0.100000 100.000000
0.200000 100.000000
0.300000 100.000000
0.400000 100.000000
0.500000 100.000000
0.600000 100.000000
0.700000 99.800000
0.800000 97.200000
0.900000 93.000000
1.000000 87.800000
1.100000 80.200000
1.200000 70.400000
1.300000 61.000000
1.400000 50.200000
1.500000 39.600000
1.600000 30.000000
1.700000 20.400000
1.800000 15.800000
1.900000 13.600000

8.900000 0.000000
9.000000 0.000000
9.100000 0.000000
9.200000 0.000000
9.300000 0.000000
9.400000 0.000000
9.500000 0.000000
9.600000 0.000000
9.700000 0.000000
9.800000 0.000000
9.900000 0.000000



