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Application Overview and Model Development

CS22.1.1

Radiation therapy is a common treatment for cancer. During radiation therapy, beams of
radiation pass through a patient, killing both cancerous and normal cells. Therefore, the
radiation therapy must be carefully planned so that a clinically prescribed dose is delivered
to tumors (or targets) containing cancerous cells, while nearby organs and tissues are
spared. Currently, a technique called intensity modulated radiation therapy (IMRT) is
considered to be the most effective radiation therapy for many forms of cancer. In IMRT,
the patient is irradiated from several beams, each of which is decomposed into hundreds
of small beamlets, the intensities of which can be controlled individually. Typically, the
physician wants to irradiate several tumor regions, and there are several nearby organs,
called organs-at-risk, that must be spared. If we were to treat a patient with a single beam
of radiation, it might be possible to kill all the cells in the tumor; however, it would also risk
damaging normal cells in organs-at-risk located along the path of the beam. To avoid this,
beams are delivered from a number of different orientations spaced around the patient so
that the intersection of these beams includes the targets, which therefore receive the
highest radiation dose, whereas the organs-at-risk receive radiation from some, but not all,
the beams and can so be spared. (See Figure CS22.1.)

Figure CS22.1  IMRT beam intersections.

Designing an optimal radiation density profile in the patient can be approached through
linear programming. The objective of this problem is to design a radiation therapy
treatment plan that delivers to the targets a specific level of radiation dose, or prescription
dose while sparing organs-at-risk by ensuring that the level of radiation does not exceed a
structure-specific tolerance dose.

Model Definition and Assumptions

The IMRT problem is a 3-dimensional problem. In this application, however, we study a 2-
dimensional approximation of it. We also only focus on the scenario in which the tumor, or
target, is located in the head/neck region of the patient's body. We consider the spinal
cord, saliva glands, and skin to be the nearby organs-at-risk. (See Figure CS22.2.)
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Figure CS22.2 A two-dimensional view of the tumor and the organs-at-risk in the
head/neck cancer scenario.

The targets and organs-at-risk (together simply referred to as the structures) are irradiated
with a predetermined set of beams, each corresponding to a particular beam angle. For
dose calculation purposes, the patient body is divided into small cubicles (squares in 2-
dimensions), referred to as voxels. (See the Excel sheet.)

j = avoxel
Jrumor = Set of voxels in tumor
Joar = set of voxels in OAR

In the treatment plan being studied here, the patient is irradiated from three equi-spaced
beams at angles of 0°, 120°, and 240°. Each beam consists of multiple beamlets, and the
intensities of the beamlets can be controlled individually to obtain a desired plan.
Therefore, the intensities of the beamlets are the decision variables in the linear program.

i = a beamlet
| = set of beamlets

dj = dose received by voxel j from beamlet i at unit intensity
D; = total dose received by voxel j.

The objective function is evaluated by a pre-defined function over the dose received by
the voxels. It is desirable to give a minimal dose to the organs-at-risk and to expose the
tumor to the dose prescribed.

PD; = prescription dose for any voxel j € Jrumor
TD; = tolerance dose of any voxel j € Joar

UB; = upper bound on dose received by voxel j
LB; = lower bound on dose received by voxel j € Jtumor

Certain penalty functions ensure that we are sending a maximum dose to the target and a
minimum dose to the organs-at-risk.

Pjo = penalty for overdosing a voxel j by unit amount

PjU = penalty for underdosing a voxel j € Jrumor by unit amount

With these notations, the formulation can be written as a linear programming problem:
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CS22.1.2

CS22.1.3

minimize Z Pw, + z POV, + Z POV,

€ 1umor jedonr i€donr

subject to
Dj = Zdijxi' J € ‘]OAR ' ‘]Tumor

iel
D, <UB,, j € Jou,J
D,>LB,, j € Jym
v, 2D,~TD,, jeJon
V;2D,~PD,, j € Iy
w,2PD,-D,, jeJ

x.>0,iel, VjZO,jeJOAR,JTumor, WjZO,jeJ

Tumor

Tumor
Tumor
We solve this problem with the Excel Solver and prepare the worksheet with decision

variable cells, constraint formulas, and objective function formulas, as modeled in the
formulation above.

Input

This application has two types of input: fixed input and variable input. The fixed input is:

u Number of beams = 3

u Number of beamlets = 30, and number of beamlets per beam
- Number of structures = 4

u Number of voxels = 91, and number of voxels per structure

u Dose unit intensity from each beamlet to each voxel

The variable input for the application, which is entered by the user, is:

u Overdose penalty per structure

u Underdose penalty per structure (which only applies to the tumor)

u Tolerance dose per structure (which only applies to the organs at risk)
u Prescription dose per structure (which only applies to the tumor)

u Lower bound per structure (which only applies to the tumor)

u Upper bound per structure

Output

The output for this application is the following:

u Voxel doses for each structure

u Dose-volume histogram of all structures

Worksheets

This application requires six worksheets: the welcome sheet, a model description sheet,
the input sheet, a detailed input sheet, the model sheet, and the output sheet. The
welcome sheet contains the title, the description of the application, and the “Start” button.
(See Figure CS22.3.) The welcome sheet also contains a “View Model Description” button
that takes the user to the model description sheet. (See Figure CS22.4.) The model
description sheet simply describes the model to the user. The “Start” button on the
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welcome sheet shows the user an options form and then navigates him or her to other
sheets. (We will describe this form, referred to as the main menu form, in the next
section.)

©2004 Hanna, Ahuja, and Winston

Intensity Modulated Radiation Therapy

Atechnigue called intensity modulated radiation therapy (IMRT) is
considered to be the most effective radiation therapy for many
forms of cancer. In IMRT, the patientis irradiated from several
beams, each of which is decomposed into hundreds of small
beamlets, the intensities of which can be controlled individually. r
Beams are delivered from a number of different orientations
spaced around the patient so thatthe intersection of these beams
includes the targets, which thus receive the highest radiation
dose, whereas the organs-at-risk receive dose from some, but
not all, beams and can thus be spared

The problem of designing an optimal radiation density profile in
the patient can be approached using linear programming. The
ohjective of this problem is to deliver a specific level of radiation
dose to the tumor while on the other hand sparing organs-at-risk
by ensuring that the level of radiation dose received by these
structures does not exceed some structure-specific tolerance

dose
([ viewmodel Descrpton || [ \ N

Figure CS22.3  The welcome sheet.

Model Description _

The IMRT problem iz a 3-dimensional problem. In thiz application, however, we study a 2-dimensional approximation of thiz
problem. We alzo focus only on the scenarie in which the tumor, or target, is located in the head/neck region of the patient's
body. We consider the spinal cord, =aliva glands, and =kin to be the nearby organs-at-rizk.

The targetz and organs-at-rizk (together simply referred to as structures) are irradiated using a predetermined =t of beams,
each correzponding to a particular beam angle. For do=se calculation purposes, the patient body is divided into small cubicles (in 2
dimension, a square), referred to as voxels (see the excel sheet).

j=a voxel

J_Tumor = et of voxels in tumor

J_OAR = zet of voxelz in OAR

In the treatment plan being studied here, the patient is irradiated from three equi-spaced beams at angle 00, 1200, and 2400.

Each beam consists of multiple and the i itiez of the can be controlled individually to obtain a desired plan.
Thus, the intensitiez of the beamlets are the decision variables in the linear program.

i= a beamiet

|= zet of beamiets

d_ij = do=e received by voxel j from beamiet i at unit intensity
D_j = total dose received by voxel j

The objective function iz evaluated by a pre-defined function over the dose received by the voxelz. It is desirable to give minimal
dose to the organs-at-rizk and to expose the tumor to the dose prescribed.

PD_j = prescription doze for any voxel jin J_Tumor

TD_j = tolerance dose of any voxeljin J_DAR

UB_j = upper bound on dose received by voxel

LB_j= lower bound on dose received by voxel jin J_Tumor

We u=e =ome penalty functions to ensure that we are =ending a maximum dose to the target and a minimum dose to the organs-
at-risk.

P_i O = penalty for overdosing a voxel j by unit amount

P i U= penalty for underdosing a voxel jin J Tumor by unit amount

We can now formulate the linear programming problem az follows:

mininize Z P__L'ui_+ Z )?_C"v__+ Z PD'»

S e

subject to ‘
D =%dx jed..J. .

Figure CS22.4  The model description sheet.

The input sheet shows the user the fixed input and allows him or her to change the
variable input. (See Figure CS22.5.) The first two tables on the sheet contain the fixed
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values, and the cells in these tables are locked so the user cannot change the values. The
fixed values for the dose unit intensity from each beamlet to each voxel are so large that
they are stored on a separate sheet. (See Figure CS22.6.) The user can view this sheet
by pressing the “View Bixel-Voxel Effect” button. The variable input values, or parameters,
are shown in a table at the bottom of the input sheet. These values are also locked on the
worksheet so the user modifies them with a form. The user can view this form by pressing
the “Modify Values” button. We ensure that the user provides the input with a form so that
bounds are placed on the possible input values. (We will discuss these input forms in the
next section.)

Return to Men
Fixed Values

lNlumber of beams 3 l
Beam { Beam 2 Beam 3
Humber of beamlets per beam m m 7 Ialilililﬂlll
Humber of tofal beamlets 3
[EEEELN S%j Legend
LR EERE Skin
Humber of structures 4 HEEBEEERE Saliva Glands
- Skin \ Saliva Glands 4| 3% 4 4L 4114 3] 4 Spinal Cord
R R | % § i : y E}{ T
Number of total voxels Ll | | 51) 5 o] 85| o
() | 16| 7
LER AEE
Dose unit intensity from each beamlet to each voxel {Press the button below to view this dats) ] e EEE 365138
8

1[a[a]a]2

View Bixel-Voxel Effect

Parameters (modifiable)

. Overdose Penalty | Underdose Penalty | Tolerance |Prescriptio| Lower
Penafesper tucire Coefficient Coefficient Dose n Dose Bound Upper bound
Skin 1 - 5 - - il
Saliva Glands ! - 3% - - 5
3 - 3 - - 4
1 ] - i L] 1]
Modify Values

Figure CS22.5  The input sheet.

The model sheet is the most complex sheet of the application as it contains all of the
components of the IMRT linear programming model. (See Figure CS22.7.) At the top of
the page, there are two sets of decision variable cells: bixel intensities and voxel doses.
The voxel dose decision variables are actually calculated variables; in other words, they
are defined in terms of the bixel intensity variables. The bixel-voxel fixed input values and
the SUMPRODUCT function create this definition.

The constraint formulas are contained in several cells on the worksheet. With the variable
input provided by the user, the application calculates the overdose penalties, the
tolerance/prescription dose penalties, the upper bound and lower bound penalties, and the
dose deviations for each structure. The objective function cell sums the total penalties per
structure, a value that we seek to minimize. Even though this model seems large and
slightly complex in its constraints, it is still a linear programming problem and can easily be
solved by the Excel Solver.
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Summary
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Figure CS22.6

The Bixel-Voxel data sheet.

The output sheet shows the voxel dose per structure as well as a dose-volume histogram.
(See Figure CS22.8.) The voxel doses are displayed in a grid that maps the voxels to their
structures, and a legend is provided for the structures. The dose-volume histogram
presents the cumulative percentage of the dose per volume of each structure; here, the
volume is measured by number of voxels. For example, in Figure CS22.8, 36.6 percent of
the tumor voxels are receiving a dose of 70 or higher.

Welcome sheet

Model description
sheet

Input sheet

Detailed input sheet

Model sheet

Output sheet

Contains the application description and the “View Model
Description” and “Start” buttons.

Contains a detailed description of the IMRT linear
programming model.

Contains the fixed and variable input values and the “View
Bixel-Voxel Effect” and “Modify Values” buttons.

Contains the detailed input for the bixel-voxel unit intensities.

Contains the decision variable cells, the constraint formulas,
and the objective function formula for the IMRT linear
programming model.

Contains the grid of the voxel dosage for all the structures and
the dose-volume histogram.
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Figure CS22.7  The model sheet.

Results: Voxel Dose and Dose-Volume Histogram
Voxel Dose
| | | Legend
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Figure CS22.8  The results sheet.
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CS22.3

User Interface

For this application’s user interface, we use navigational buttons and several user forms.
The first user form, the main menu form, allows the user to navigate to the input sheet to
view or modify input values, the model sheet to visualize the model, and the output sheet
to solve the problem and see the results. (See Figure CS22.9.) This form requires a frame
with three option buttons.

Main Menu

Please select one of the following options.

“ View and Modify Input Values:

" view Model Design

" Solve Current Model and View Results

0K Cancel

Figure CS22.9  The main menu user form.

Several forms allow the user to enter or modify the input values. The first form is the main
input form shown in Figure CS22.10. In this form, the user chooses whether to modify the
input for the organs-at-risk (OAR) or the tumor. The main input form requries a frame and
two option buttons.

InputfForm x|

Please select one of the following
categories of input values.

* DAR Parameters:

" Tumor Parameters

(1] 4 Cancel

Figure CS22.10 The input form.

The OAR structure input and the tumor input each have a separate form. Figure CS22.11
presents the form for the OAR structures. This form uses a tab structure to allow the user
to change the penalty coefficient, the tolerance dose, and the upper bound for any of the
OAR structures. The values and bounds for the scroll bar and text box controls on the tabs
vary per structure. [See Figures CS25.11(a), (b), and (c).]
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OAR Input
Please modify the following input values.

Use the tabs to select the OAR Structure.
Use the scroll bars to select a value for each input type.

skin | safiva Glands | Spinal Cord |

Penalty Coefficient [ 1 Al o

Tolerance Dose s0 el I o
Upper Bound [ 79 | [l il

Cancel

Figure CS22.11 (a)

OAR Input
Please modify the following input values.

Use the tabs to select the OAR Structure.
Use the scroll bars to select a value for each input type.

skin Saliva Glands ]sp'maICord |

Penalty Coeffient [ 4| _| il

Tolerance Dose 35 el T o
Upper Bound [ 5 | B il

0K ‘ Cancel

Figure CS22.11 (b)

OAR Input
Please modify the following input values.

Use the tabs to select the OAR Structure.
Use the scroll bars to select a value for each input type.

Skin | Saliva Glands SpiuaICord]

Penalty Coefficient I3|—

il
Tolerance Dose I:J,:;— il I 2l
Upper Bound 145— il al il

bl i

0K ‘ Cancel

Figure CS22.11 (c)

Figure CS22.11 The OAR input form.

The input form for the tumor uses one set of scroll bars and text boxes to receive the
values for the overdose and underdose penalty coefficients, the prescription dose, and the
lower and upper bounds of the tumor dosage. (See Figure CS22.12).
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Tumor Input

Please modify the following input values.

Use the scroll bars to select a value for each input type.

— Tumor

Overdose Penalty Coefficient | 4
Underdose Penalty Coefficient | o Al

Prescription Dose | g Al
Lower Bound | gg Al |

=

Upper Bound ]3“—‘ Al =

E B

E B &

Figure CS22.12 The tumor input form.

@ Where the user can navigate to the input sheet to view or
Main menu form modify input values, the model sheet to visualize the model,
E? and the output sheet to solve the problem and see the results.
- Where the user can choose to enter/modify the input for the
Summary Main input form

OAR input form
Tumor input form
Navigational buttons

Functional buttons

Procedures

OAR structures or tumor.

Where the user can use tabs to enter/modify the input for any
of the OAR structures.

Where the user enters/modifies the input for the tumor.
“Start,” “View Model Description,” “View Bixel-Voxel Effect,”
“Return to Menu,” “Return to Input,” “End.”

“Modify Values,” “Re-solve.”

We will now outline the procedures for this application beginning with the initial sub
procedures. (See Figure CS22.13.) The Main procedure, which is called from the “Start”
button, shows the main menu form. The “Modify Values” button on the input sheet calls

the Modifylnput procedure, which displays the main input form.

Cption Explicit

Sub MAIN ()
Worksheets ("Welcome™) .Visible = True
Worksheets ("Input™) .Viaible = False
Worksheets ("Model™) .Visikle = False

froMainMenu . Show
End Sub

'called from Start button and Return to Menu buttons

Subk ModifyInputi()
frmInput . Show
End Sub

'called from Modify Input button on input sheet

Figure CS22.13 The Main procedure and the Modifylnput procedure.
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The procedures for the main menu form simply navigate the user to the sheet that
corresponds to the selected option button choice. (See Figure CS22.14.) If the user
chooses to solve the model and see the results, then the SolveModel procedure is also
called.

'main menu navigations

Frivate Sub cmdCancel Click()
Tnload He
End Sub

Frivate Sub cmdOE_Click()
If optWiewModifyInput Then
Worksheets ("Input"™) .Visible = True
Worksheets |"Welcome™) .Visible = False
Elself optWViewModel Then
Worksheets ("Model"™) .Visible = True
Worksheets |"Welcome™) .Visible = False
Elself opt3olveResults Then
Call SolveModel
Worksheets ("DVH") .Visible = True
Worksheets | "Welcome™) . Visible = False
End If

Tnload M=
End Zuk

Figure CS22.14 The procedures for the main menu form.

The procedures for the main input form simply show the user the corresponding input form
for his or her option button choice. (See Figure CS22.15.)

'main input form

Priwvate Sub cmdCancel Clicki)
Tnload Me
End Sub

Private Jub cmdOE Click()
If optoAR Then
Unload Me
TrmlAR. Show
Elzelf optTumor Then
Tnload Me
frmTumor . 3how
End If

End Sub

Figure CS22.15 The procedures for the main input form.

There are several procedures for the OAR input form. (See Figures CS25.16, CS25.17,
and CS25.18.) Figure CS22.16 presents the procedures that record the input values after
the user has clicked the “OK” button on the form. Figure CS22.17 presents the procedures
that coordinate the scroll bars and text boxes for all of the input values on all of the tabs.
Figure CS22.18 presents the initialization procedure that sets the default values for the
text boxes and scroll bars on all the tabs.
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"OLR input

Private Jub cwdCancel Click(]
Unload Ne
frulnput. Show

End Sub

Private Jub cmdCE Click(]
"check hound values
If txt3kinUB.Value ¢ txt3kinTD.Value Or
txt3allB.Value < txedallD.Value Or _
txtipinlE.Value < txt3pinTD.Value Then
MagBox "ill Upper Bounds must be greater than or equal to the Tolerance Doses.™
Exit Sub
End If

"copy new values to Input sheed

With Bange ("Skin3tart™)
JOffzet (0, 1).Value = serSkinPen.Value
Vooffset (0, 2).Valug = serdkinPow.Value
JOffzet (0, 3).Value = scrSkinTD.Value
JOffzet (0, 6).Value = scrSkinlB.Value

End With

With Range ("3alStart”)
JOffzet (0, 1).Value = scr3alPen.Value
Vo0ffset (0, 2).Value = scrialPow.Value
Jffzet (0, 3).Value = scrlalTD. Value
JOffzet (0, 6).Value = scriallB.Value
End With

With Bange ("Spindtart™)
JOffzet (0, 1).Value = serSpinPen.Value
VoOffzec (0, 2).Value = scripinPow.Value
JOffzet (0, 3).Value = scrSpinTD.Value
JOffzet (0, 6).Value = scripinlB.Value
End With

Unload He
End Sub

Figure CS22.16 The first part of the procedures for the OAR input form.

Figures CS25.19 and CS25.20 present the procedures for the tumor input form. The
procedures in Figure CS22.19 record the final tumor values once the user has clicked the
“OK” button. The procedures in Figure CS22.20 coordinate the scroll bars and text boxes
and initialize the form values.
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Priwvate Sub schalPen_Change(”
tHESalPen.vValuse = 2 ~ scr3alPen.value
End Suo

Priwvate Sub sScr3alTD Change ()
CLHESalTDh.Value = =scrSalTDh.Values
End Suk

Priwvate Sub sScr3alUB Change ()
CLHELSalUEBE.Value = =scrSalUB.Valus
End Suk

Priwvate Sub sScr3kinPen Change (]
tHEtSkKinPen.WValuse = 2 ~ scr3kinPen.Value
End Suk

FPriwvate Sub sScr3kinTD Change ()
CHESKinTD . Value = sScr3ikinTD.Value
End Suk

FPriwvate Sub sScr3kinUE_ Change ()
CHESKIinUE.Value = sScr3ikinUE.Value
End Suk

FPriwvate Sub sScripinPen Change ()
CxEcSpinPen.WValuse = 2 * scr3pinFen.vValue
End Suk

Friwvate Sub =Scr3pinTD Chandge ()
t=xtSpinTDh.Valuse = scrSpinTD.Value
End Suk

FPriwvate Sub =Scr3pinlUE Change ()
txEtSpinTE.Valuse = sScrSpinTUEBE.Valus
End Suk

Figure CS22.17 The second part of the procedures for the OAR input form.

FPriwvate Sub UserForm Initiaslize()
'initiali=ze formwm with current input wvalues
With Range ("SkinStartc')

scrikinPen.Value = .0Offset (0, 1) .Value
'scrikinFPow.Valuse = .(Offset (0, Z2) .VWalue
sSerSkinTDh. Value = (Offset (0, 31 .Values
Scr3ikinUE.Value = .(0Offset (0, 5] .WValue

Encd With

With Range ("SalStart™)

scrialPen.Value = Offset (0, 1) .Value
'scrialPow.Valuse = (Offset (0, Z) .Walue
scrSalTh. . Valuse = (Offsec (0, 3) .Valus
scr3allUB.Valuse = (Offsetc (0, §5) .Value

End With

With Range ("SpinStartc'™)

scripinfPen.Value = .0Offset (0, 1) .Value
'scripinPow.Valus = (Offsec (0, 2] .WValue
SerSpinTh. Value = (Offset (0, 31 .WValues
Scr3pinlUE.Value = .(0Offset (0, 5] .WValue

End With

cHtSkinFen.Value = scrikinFen.Values
'cHETIkKinPow. Value = scrikinPow.Value
EXESZRinTD.Value = scrikinTD.Value
CHESRInUE.Value = sScr3kinlUE.Value
txtSalFen.Value = scr3alFen.WValue
'LxtS3alPow. Value = scri3alPow.Value
CHELSalTDh . Value = scr3alTD.Value
LHtSalUE.Value = scrdalUb.Value
t=cSpinPen.Value = =scr3pinPen.Value
'cxCSpinPow.Value = scrSpinFPow.Value
EXCSpinTD . Value = scr3pinTDh.Value
E=ESpinTEBE.Value = scr3pinUB.Value
End Sub

Figure CS22.18 The third part of the procedures for the OAR input form.

14
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'tumor input form

Private Zub cmdCancel Click(
Tnload He
frmInput.Show

End Sub

Private Zub cmdOE Click(
'check hound wvalues
If txtLE.Value > LxtPD.Value Or txtUB.Value < txtPD.Value Then
MsgBox "The Lower Bound must be less than the Prescription Dose and " & _
"the Upper EBound must kbe greater than the Prescription Dose.™
Exit Sub
End If

'record walues to Input sheet

With Range ("TumStarc'
JO0ffsec (0, 1) .Value = scrPenCoeffd.Value
'Loffsec (0, Z2) .Value = scrPenPow.Value
.Offsec (0, 4).Value = scrPD.Value
JO0ffsec (0, 5).Valuse = scrLEBE.Value
\Dffsec (0, 6).Value = scrUB.Value

End With

Tnload He
End Subl

Figure CS22.19 The first part of the procedures for the tumor input form.

FPrivate Sub =sScrLE_ Change ()
LHXxtLE.Waluse = =scrLE.Value
End Suk

FPriwvate 3Zub sScrPD_ Change (]
LHXEtPD.VWalue = =sScrFPD.Value
End Suk

FPriwvace Sub sScrPencCoeffc Change ()
txtPenCoeffCver . Walue = 2 ~ scrPenCoeffO.WValue
End Sulk

FPriwvate 3Zub sScrPenCoeffll Change ()
tHtePenCoeffInder . Valuse = 2 * scrPenCoeffll.Valus
End Suk

FPriwvate 3Zub sScrUE_Change (]
LHXEUE.VWaluse = =sScrUB.Value
End Suk

FPriwvate 3Zub UserForm Initiali=zel)
With Range ("TUmSTarT ™)

socrPenCoeffO.Value = (Offsec (0, 1) .WValue
socrPenCoeffUI.Value = (Offsec (0, 2] .Walue
'scrPenPow.VWValus = (Offset (0, 2) .VWalue
socrPDh.VWValuse = (Offset (0, 4) . VWalus
scrLEB.Walu=s = (Offset (0, 5) .Walus
socrUB.Valuse = (Offset (0O, 6] .Walus

End With

LxtPenCoefflrrer . Walue = scrFPenCoeffO.Value
txtcPenCoefflnder . Value = scrPenCoefflU.Value
'txtPenPow.Waluse = sScrFPenPow.Value
LHXEtPD.VWalue = =sScrFPD.Value
LHXxtLE.Waluse = =scrLE.Value
LHXEUE.VWaluse = =sScrUB.Value

End Suk

Figure CS22.20 The second part of the procedures for the tumor input form.

The SolveModel procedure solves the model prepared in the model sheet. (See Figure
CS22.21.) The decision variables are entered as a large non-adjacent range; note how the
names of the ranges are provided. The constraints have been grouped together based on
their inequalities so there are only three SolverAdd commands. The result of the Solver
solution is stored in case the input yields an infeasible result.
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Sub SolveMndel()
Dim result As Integer

Zpplication.ScreenUpdating = True
Worksheets ("Model") .Visible = True
Worksheets ("Model") Activate

'"**note thet constrzints and objective function zre in terms of voxels

'voxels are caleulated verisbles from bixel dosage (DV) end pij metrix

Solverfeset

'objective function = totzl penalty, decision v bles = beam bixel do

Solver(E SetCell:=Range("ObjFunc"), MaxMinVal:=Z,

ge

ByChange:=Range ("DV_Bixels, SkinViclation, GlandViclation,CordViolation, TumorPositiveDeviation, TumorNegativeDeviation")

'0RRs: voxel dose less then or equel to OB

Solverkdd CellRef:=Rznge("AllVoxels"), Relztion:=l, FormulzText:=Rang,
'Bolverkdd CellRef:=Renge("SkinVoxels"), Relation:=l, FormuleText:
'Solverkdd CellRe ge("SzlVoxels"), Relstion:=l, FormulsText:
'Solverhdd CellRef:=Renge("SpinVoxels"], Relation:=1, FormulaText

110B")

nge | "SkinlB")
ge ("S21UB")
nge | *SpinlB")

'"Tumor: voxel dose less then or equel to UB and grester than or equel to LB
Solverldd CellRef:=Range("TumorVomels"), Relation:=3, FormulaText:=Range("TumorLB")
'Solverhdd CellRef:=Range("TumorVoxels"), Relstion:=l, FormuleText:=Range|"TumorUB")

]

'vioplations should be »= dose deviztions
Solverkdd CellRef:=Range("AllViolations"), Relation:=3, FormuleText:=Renge("211Doseleviztions")

'decision verizbles should be grester than or equal to 0
Solverfptions AssumeNonWeg:=True

result = SolverSolve (UszerFinish:=True)
If result = 5 Then

MagBox "No feasible solution was found. Plesse modify your input values and RESOLVE."
End If

Worksheets("Model") .Visible = False
Rznge | "ResultsVorels") .Columns. AutoFit
Range ("R1") Select
Application.ScreenUpdating = True

End Sub

Figure CS22.21 The SolveModel procedure.

Figure CS22.22 presents the navigational procedures for the application’s buttons.

Sul EndButtoni)

Worksheets ("Welcome™) . Wisible = True
ZoetiveSheet . Visikle = False
End Suk

Sulk ViewBixelVoxel ()

Worksheets ("Bixel—-Voxel Effect™) .Wisikle = True
Horkasheets ("Input™) . Visikle = False
End Suk

Subk ReturnTolnput ()

Worksheets ("Input™) .Wisikble = True
Horksheets ("Bixel—-Voxel Effect™) .Visikle = False
End Suk

Sub ViewDescrip({l

Horkaheets ("Descrip™) .Wisikle = True
Worksheets ("Welcome™) . Wisikble = False
End Suk

Subk Returnapp ()

Worksheets ("Welcome™) . Wisikble = True
Horksheets ("Descrip™) .Visikle = False
End Suk

Figure CS22.22 The navigational procedures.
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main input form
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OAR input form
Procedures for the
tumor input form
SolveModel
Navigational
procedures
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Initializes the application and shows the user the main menu
form.

Shows the user the main input form.

Navigate the user to various sheets; also call the SolveModel
procedure when the user goes to the output sheet.

Show the user the OAR or the tumor input form.
Record the input for the OAR structures.

Record the input for the tumor.

Runs Solver to solve the IMRT model.

For “View Model Description,” “View Bixel-Voxel Effect,”
“Return to Menu,” “Return to Input,” and “End.”

oSy#msY Re-solve Options

The user can re-solve this application by pressing the “Re-solve” button on the output
sheet. This button is assigned to the Re-solve procedure, which displays the main input
form and then calls the SolveModel procedure. (See Figure CS22.23.) The user can then
modify input values for any OAR structure or for the tumor and view the updated results.

e

(&

Sulb Besoclwel)

______

frmInput . Show
Call SolweModel

End Sub

Figure CS22.23 The Re-solve procedure.

“Re-solve” button

Summary

RyyMsl Summary

u This application seeks to solve the IMRT problem by designing a radiation
therapy treatment plan that delivers a specific level of radiation dose, or
prescription dose, to the targets, while sparing organs-at-risk by ensuring that the
level of radiation they receive does not exceed a structure-specific tolerance

Re-displays the input forms to the user and re-solves the
model.

dose.

u This application requires six worksheets: the welcome sheet, a model description
sheet, the input sheet, a detailed input sheet, the model sheet, and the output

sheet.

u For this application’s user interface, we use navigational buttons and several

user forms.

u Several application procedures collect the input for the model and solve the
model with the Solver commands.
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u The user can re-solve the application by pressing the “Re-solve” button on the
output sheet. The user can then modify the input values for any OAR structure or
for the tumor and view the updated results.

oyyd Extensions

u Suggest an alternative way for the user to enter the variable input. Consider
designing one of the sheets to have controls on the worksheet.

" Allow the user to change some of the fixed input values.

u Create a grid on the output sheet that reflects the “hot” areas from the radiation.

In other words, create a color scheme that reflects high dosage areas on a voxel
grid for all the structures.



