
Chalmers University of Te
hnology MVE165University of Gothenburg MMG630Mathemati
al S
ien
es Applied OptimizationOptimization Assignment informationCaroline OlssonChristo�er CromvikAnn-Brith Strömberg May 4, 2010Assignment 3a: Radiation TherapyGiven below is the des
ription of the proje
t in Radiation Therapy. In short,the proje
t 
onsists of forming an optimization model (a nonlinear program),implementing the model, and solving it. It is important that you understandthe a

ompanying le
ture on Radiation Therapy, and that you have 
ompletedthe 
omputer exer
ise on nonlinear optimization.This do
ument and supplementary �les for the implementation 
an be foundon the 
ourse homepage:http://www.math.
halmers.se/Math/GrundUtb/CTH/mve165/0910/To pass the assignment you should (in groups of two persons) (i) write adetailed report on the answers and explanations to the exer
ise questions. Thereport should be e-mailed to anstr�
halmers.seat the latest on Friday 14 of May 2010 at 17.00.Your shall also (ii) present your proje
t orally at a seminaron Tuesday 18 of May 2010.We also ask you to estimate the number of hours you spent on this assignmentand note this in your report or presentation.Problem ba
kgroundYou will design and solve an optimization problem for an IMRT treatment ofa tumor situated in the head-and-ne
k region. The obje
tive is to eradi
atethe tumor, while sparing the organs at risk (OAR). An on
ologist has de�nedthe planned target volume (PTV), whi
h 
onsist of the tumor and a marginalaround it. The on
ologist has also de�ned the OAR:s to be the left and rightparotid glands, the spinal 
ord and the brain stem.There are mainly two approa
hes to model the problem: either with physi
al
riteria or with biologi
al obje
tives. You will use both in this assignment.Let d denote a ve
tor with the dis
retized dose (in voxels). An example of aphysi
al 
riterion is the quadrati
 deviation of d from an upper dose limit ufor an organ with the voxels J , de�ned as
f(d) =

∑

j∈J

max{dj − u, 0}2.The biologi
al 
riteria that we will use are the generalized Equivalent Uniform
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,where the parameter n 
ontrols the volume e�e
t, and the Normal TissueControl Probability (NTCP)
NTCP(d) =

1√
2π

∫ u(d)

−∞

exp−t2/2 dt,where
u(d) =

gEUD(d) − D50

mD50
,

D50 is the homogeneous dose 
orresponding to 50% risk of 
ompli
ation, and
m determines the slope of the risk.The PTV 
omprises 16274 voxels; the left parotid gland 1791 voxels; the rightparotid gland 1903 voxels; the spinal 
ord 1888 voxels and the brain stem 1075voxels.1 The treatment energy has been determined to 6 MeV, the numberof beams to �ve and the beam entry angles to 0, 72, 144, 216, and 288. Thepres
ription dose for the PTV is 68 Gy whi
h means that doses between 64.6Gy (-5%) and 72.8 Gy (+7%) are desirable.Exer
ises to performThe optimization of a treatment plan is a multi-obje
tive problem. Chooseone (or more) of the methods:� Weighted sum of obje
tives� ε-
onstrained method� Preemptive optimization� Soft 
onstraintsto solve the problems below. Model as a bi-obje
tives problem by either 
om-bining some of the fun
tions or put some of them as 
onstraints. You 
hoose,but motivate! Remember to s
ale all fun
tions appropriately.Sin
e the problem sizes are rather large, it is essential that you provideanalyti
 gradients and Hessians, where available, to all the fun
tionsinvolved.1. Optimize with quadrati
 deviations for the target, the spinal 
ord, andthe brain stem. See Table 1 for parameter values.1You may 
onstru
t a smaller, approximate data set by, e.g., ex
luding every se
ond voxelin the data stru
ture by de�ning (for the target) target2.ind = target.ind(2:2:end) (andlikewise for the OAR's). This operation will speed up the 
omputations, but the .maskstru
ture will not be retained. 2



Organ Upper dose limit (Gy) Dose-volume (DV)Spinal 
ord 45 �Brain stem 50 �Parotid gland � 30% of volume less than 25 GyTable 1: Parameters for physi
al 
riteria.Organ n m D50 gEUD0Spinal 
ord 0.05 0.175 66.5 45Brain stem 0.16 0.14 65 50Parotid gland 0.7 0.18 46 26Table 2: Parameters for biologi
al 
riteria. The parameter gEUD0 is the (pre-ferred) upper bound for gEUD. It 
orresponds to approximately 5% risk of
ompli
ation. Ex
ess dose to the spinal 
ord and the brain stem may lead toparalysis. Ex
ess dose to the parotid glands may lead to permanent loss ofsalivary produ
tion.2. Optimize with quadrati
 deviation for the target. Use gEUD for thespinal 
ord, the brain stem, and the parotid glands. Compute NTCP forthe organs-at-risk for your optimal solutions. See Table 2 for parametervalues.3. Optimize with quadrati
 deviation for the target and use NTCP for theorgans-at-risk. Compare your results to those of Exer
ise 2.4. Optimize with quadrati
 deviations for the target, the spinal 
ord, andthe brain stem. Use DV-fun
tions for the parotid glands.Pra
ti
al detailsGiven the beamlet intensities x, you 
an 
ompute the doses d for the voxels ina stru
ture by using an in�uen
e matrix K and the linear relations
d = Kx.The data for a head�and�ne
k test is found in imrtdata_hn.mat, whi
h 
on-tains the in�uen
e matrix K, and the two stru
tures target and oar. Thesestru
tures 
ontain the �eld ind of indi
es of d whi
h 
omprise the target/organ.They also 
ontain mask whi
h is a binary three-dimensional matrix whi
h indi-
ates the lo
ation. It 
an be used to make three-dimensional plots in Matlab.If D=d(target.ind),dose=zeros(256,256,73);, then you 
an set the dosesfor visualization with dose(target.mask)=D. The stru
ture oar also 
ontainsthe name of the organ.To 
reate a Dose-Volume Histograms (DVH) from your 
omputed (optimal)beamlet intensities x, use 3



>> pltdvh(x, K, target, oar)Use the newest installed version of matlab : matlab2008b> /
halmers/sw/sup/matlab-2008b/bin/matlabExperiment with options for fmin
on. Parti
ularly with Algorithm, andHessian.You may need to supply data to your obje
tive fun
tion (objfun
.m) besidesthe variable ve
tor x. You 
an either use global variables, or (better) writeyour objfun
.m with the headerfun
tion [f, g, H℄ = objfun
(x, data1, data2)and when you use fmin
on, usex = fmin
on(�(x) objfun
(x, data1, data2), ...The symbol �(x) transforms the fun
tion into a fun
tion handle whi
h onlydepends on x.Computational speed is essential for this appli
ation, so implement well. Ve
-torize your 
ode as mu
h as possible. Avoid reallo
ating sparse matri
es liked = ones(lengh(ind),1);g = K(ind,:)'*dInstead, used = zeros(size(K,1),1);d(ind) = ones(length(ind));g = K'*d;whi
h 
reates an equivalent result.To supply analyti
 gradients, you need some di�erentiability skill. Here is ahint: Assume y = Ax and f(y) = f̂(Ax). If you you want to express thegradient of f̂ with respe
t to x, use the equivalen
e ∇xf̂ = AT∇yf .
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