NA-MIC
National Alliance for Medical Image Computing
htto.//www.na-mic.org

Dose accumulation for
adaptive radiation therapy

Kevin Wang, Andras Lasso, Csaba Pinter
Princess Margaret Hospital,
Queen’s University

kevin.wang@rmp.uhn.on.ca

NA-MIC Tutorial Contest: Summer 2012

© 2011, All Rights Reserve



s Learning Objective

This tutorial
demonstrates
how to
perform dose
accumulation
for adaptive
radiation
therapy
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s Pre-requisite

This tutorial assumes that you have
completed the following tutorial:

Data Loading and 3D Visualization

Sonia Pujol

http://www.slicer.org/slicerWiki/index.php/Documetation/
4.1/Training#Slicer4 Data_lLoading_and_ 3D Visualiz
ation
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A3 Material

This tutorial requires the installation of the Slicer 4.1 with
RT extension 0.3 release and the tutorial dataset. They are
available at the following locations:

Slicerd.1 RT extension 0.3 download page:
https://www.assembla.com/spaces/slicerrt/wiki/Download

Tutorial dataset:

https://www.assembla.com/spaces/slicerrt/documents/bMu
waY TKur4yP-acwqgjQWU/download/bMuwgY TKur4yP-
acwqQWU
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f’? Platforms

Currently only tested
on Windows Platform

¢ ~ Work in progress ...
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f? Overview

» Part 1: Loading and visualization
« Part 2: Rigid registration

« Part 3: Bspline deformable
registration

 Part 4: Dose accumulation
« Part 5: DVH comparison
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f? Overview

« Part 1: Loading and visualization
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s Loading DICOM-RT data

3D Slicer 4.1.0 =l
File Edit View Help
Modules: i, | [B Welcome to Siicer )= QO QI P O = F < | £~ persistent Ga e -

- 2w [ 1
@ 30Slicer
Welcome
| Load DICOM Data | Load Data

@ Custofipize Slicer &) pownload Sample Data
a
C

b Mouse & Keyboard \

P Documentation & Tutorials

» Acknowledgment

2. Click “Load DICOM Data”
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s Loading DICOM-RT data

3D Slicer 4.1.0°

File Edit View Help

Ba [Modues: 1 | &picom s |t v persstent Sw e

ra 3DSlicer

| » Help & Acknowledgement

|~ servers etails =B8] 2
Start Listener r .
1 Export Query send Remove LocalDatabase: | C:fslicer /testdbnamic |
Start Listener when Slicer Starts — - J
| Mame * | Age Scan Date Subject ID Number Institution Referrer Fer

|+ DIcOM Database and Networking
% Import DICOM files from directory .. L2 |
Look in: | @ coslicer slicerrtitrunk \SlicerRt\datalecipse 8. 1. 20 phantom-ent| 3 | ) @) & =
Show DICOM Browser R wangk ™ Goonai

. enToRfScreen Shot.ig
% ENT Scrffen Shot.jpg
@ readmefct

Directory: [ Original

()

Files of type: | Directories

Cancel |

2. Select DICOM directory “Original”
from the tutorial data

| + DataProbe

6/11/2012
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& 3D slicer 4.1.0

File Edit View Help

3DSlicer

| » Help & Acknowledgement
E] DICOM Details
~ Servers
e T — || import Export Query Send  Remove
Start Listener when Slicer Starts Name * | Age Scan

| ™ DICOM Database and Networking

RTDOSE
CT: ENT IMRT

Show DICOM Erowser]

LocalDat=pase:

2011-09-22
2011-09-22

2011-09-20

I Loading DICOM-RT data

p— CT: ENT IMRT’

s

C:/slicer ftestdbnamic

Subject ID Number Institution Referrer

| 3: RTSTRUCT: ENT

| 4: RTPLAN: BRAI1

4

: RTDOSE

Ay
N

* ENT IMRT

RT

RT

RT

Generic DICOM

N

: ENT IMRT for ContentTime of 085845

W

: ENT IMRT for ContentTime of 085844

2: ENT IMRT for ContentTime of 085846

e

: ENT IMRT for ContentTime of 085833

nspect RT objects

o

| 2: ENT IMRT for ContentTime of 085843
4

Gt ia e et g mcie g e = e
spacings was detected). Slicer will load this series a2
Images are not equally spaced (a difference of 15in
spacings was detected). Slicer will load this series as
Images are not equally spaced (a difference of 17.5
spacings was detected). Slicer will load this series as

Images are not equally spaced (a difference of 15in
spacings was detected). Slicer will load this series as

Images are not equally spaced (a difference of 15in"

Generic DICOM

Generic DICOM

Generic DICOM

Generic DICOM

Generic DICOM

I Load Selection to Slicer
TOWSET DETSISTENT

I Close

to be loaded

| ¥ Data Probe

3:47 PM
6/14/2012
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Loading DICOM-RT data

2. Select “CT: ENT IMRT”, Right click “Rename”
Change name to “Day1_CT”,
Select “5: RTDOSE”, Right click “Rename”,
Change name to “Day1_dose”
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f? Visualization of DICOM RT data

2. Select “Day1_CT” first,
“Day1_dose” next

4. Select “Day1_CT” as backg‘ro‘und
“Day1_dose” as foreground,
Chage Day1 dose opac:lty to 0.5
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f? Visualization of DICOM-RT data

2. Right C|ICk “3 RTSTRUCT: ENT
all structures” then click “Edit property ...”

> 12:34 PM al
6/14/2012
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3. Visualize
Inner ROls

1. Select “Body”

to edit property

2. Click on the opacity number,
Use slider to change opacity
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Jv Loading Day2 data

[Fle Jedit  view Help

NG B [votes A [Bom 2™ QO D P D w B o (@] t =0 rersotent

B osicer . . ;
e 1.Select “Add volume

(o s from “File” menu

Nodes
=l Scene

View
Default Scene Camera

a5 Do LN - 7 ”
BODY
3: RTSTRUCT: ENT - al structures =i
= Look in: [ C:\ywangk\project\SlicerRTna..merprojectweekient-data-0611 | = ] [« N> N1 ) O
BRSTEM
cTv R‘ wangk BODY.vtk MaskVolume.nrrd
Dese 5200[cGy]
GTV BRAIN.vtk PTV1. vtk
Lens - left
Lens - right BRSTEM.vik RD.nrrd
Optic Chiasm
Optic Nerve - Rt CTv.vtk
Optic Nerve-Lt
Orbit - left
Grbit - right
PTV1
optBRAIN Day 2pdose.nrrd
optoptic
DaysfcTnrd
Day3 Hose.nrrd
GTvv
File name: | Day2_CT.nrrd = Open ‘
Files of type: [ Al (".hdr *.nhdr =.nrr§ =.mhd *.mha *.vti *.nii *.gz *.mgz =.img ~.pic *.dem =.ima *
X concel |
Daya_cT Centered | | Ignere Orientation | | LabelMap
Options: =
| single Fil=

Scene Model: | Transform

Display MRML ID's
Show Hidden nodes
Filter:
¥ MRML Node Inspector

[ » Load & add scenes or Individuzl Datasets

[~ Data Probe
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Jv Visualizing deformation

|
= I i) -~ ]

= 1.Select “Volume” module

| » Help & Adinowledgement

|

_— = 2. Select “Day1_CT” first

11 b))
—
LonkuDTab\e:[ B - = I I( E
mmmmmmmmm . = ——
Window Level = sets: ==

r — TR A, — . —

B e p @ . 8

LSS LB ;____Jl w i | |

[w: 1020 [3] [Manual wi

j i c7 =) —- = -
S== I 3. Change color map
- and window/level

(3 [ — —
o ® < |ma  [t|EE % @ 5 W

4. Select “Day1_CT” as background
“Day2_ CT” as foreground, change its opacity t0 0.5 e e me
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Jv Loading Mask volume

[=} 3D Slicer 1.0

e E iew  Help

EmSgguies: 1, [ 4 pata S b Fa || 4+ -

B elect “Add volume”
rom “File” menu

| » Help & Adinowledgement

~ Display & Modify Scene

Nodes
=l Scene
View
Default Scene Camera

BODY
3: RTSTRUCT: ENT - all structures
BRAIN

ERSTEM

B Open

cTv Lockin: [
Dose 5200[cGy] |
GTV

Lens - left B wangk BODY.vtk
Lens - right

Optic Chiasm BRAIN. vtk
Optic Nerve - Rt

Optic Nerve-Lt BRSTEM.vtk
Orbit - left CTv.vtk
Orbit - right
FTV1 Day1_CTnrrd
OptBRAIN

optOptic Day2_CT.nrrd
Day2_CT

Day?2_rigid_xfm Day2_dose .nrrd
Day2_CT_rigid Day3_CTnrrd

Day3_dose.nrrd
GTv.vte

File name: Maskvolume.nrrd

Files of type: | All (*.hdr *.nhdr *.nrrd = ,mhd ‘.mh4 vl *.nii *.gz *.mgz *.img *.pic *.dcm *.ima *

Maskvolumne Centered| Ignore Orientation LabelMap

Options:
| single File

Scene Model: | Transform

Display MRML ID's

Show Hidden nodes
- elect
» MRML Node Inspector L)

| » Load & add Scenes or Individual Datasets

| * Data Probe

-
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s Loading Mask Volume

File Edit View Help

B@ | modules:

e ! =, 3DSlicer
o

[ » Help & Acknowledgement |

fhem T QOIN® O w@ - (B t - Coresee | W Bm Bl 4 -

[ ~ Display & Modify Scene ]

Nodes
=l Scene

View
Default Scene Camera

Day1_CT

Day1_dose

BODY

3: RTSTRUCT: ENT - all structures
BRAIN

BRSTEM

cTv

Dose 5200[cGy]
GTV

Lens - left

Lens - right
Optic Chiasm
Optic Nerve - Rt
Optic Nerve-Lt
Orbit - left
Orbit - right
FTV1

OptBRAIN
optOptic
Day2 CT

Day2_CT_rigid

1. Right click “MaskVolume”

Delets

and select “Edit property ...”

Scene Model: | Transform

Display MRML ID's
Show Hidden nodes
Filter:
¥ MRML Node Inspector

[ » Load & add scenes or Individuzl Datasets

[~ Data Probe
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s Visualizing Mask Volume

E 3D Slicer 410 fo

File Edit view

Help
BR [Modules: i [ 9 volumes 3] - ev Q- D e O = B - & b v eemsent | @ Gm Bay | 4 -
i =y

E 3DSlicer
o

[ » Help & Acknowledgement

Active volume | Maskvolume

ors: | S S
[21s Bz |%][2.su

[ M

FETEEREReT pr ojectweek fent-data-0611Maskvolume..nrrd

R:0.88 |G

2. Select “MaskVolume”
as LabelMap layer,
Change opacity to 0.5

~ Dats Probe

National Alliance for Medical Image Computing
http://www.na-mic.org



f? Overview

» Part2: Rigid registration
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f? Rigid registration

1.Select “General Registration

/& 3D Slicer41.0

Fle Edit View Hel

@ vatier: 2 [erere negeranen Gy | | @it
(BRAINS)” module

‘r‘j 3DSlicer

[ » Help & Acknowledgement

& 2. Set Fixed and Moving images
Tg :‘Day1 CT” and “Day2_CT”

& 3. Set Linear Transform to “Day2_rigid_xfm

and Output Image to “Day2 CT rigid”
I r 4:0.88
4. Select “Rigid(6 DOF)” option |

5. Select “MaskVolume” as Masks

(RODMasking input fixed | Maskvolume
(RODMasking input maving | Maskvolume
(ROIAUTO) Output fixed mask one

4

(ROIAUTGC) Cutput moving mash k | Nane

[ P Advanced Output Settings

[ » specil | Modes Parametsrs
=S
¥ Data Probe i )
- ]
_ | - e 4:07 PM
- > I = W p (m [ 5
" ¢ B ks oS = D DO B b A
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eeeeeeeeeeeeeeeee

f’$‘ Resample dose map

R =———mme 1.Select “Resample” module

@ 3pSlicer

::::::j:;‘::; 1 2. Set Image To Warp to “Day2_dose”
e - Reference Image “Day1_dose”
= Lt |

& Set Output Image to

“Day2_dose rigid”

4.Set Warp by Tran

sform

to “Day2_rigid xfm”
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f? Add dose attributes

B 30 slicera1.0 =T
File Edit View Hi

ep
R |[moduies: ~,/‘\i_¢_Daia (=] Pers

istent
i !U: 3DSlicer |e
>

[ » Help & Acknowledgement

[~ Display &Modify scene

4. Double click on the attributes and
Add “DoseUnitName: GY” and
“DoseUnitValue: 6.161e-5"

251PMm | |

= WL y
S WD
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f? Overview

» Part3: Bspline deformable
registration
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f? Deformable Registration

A =sp 1.Select “General Registration
(BRAINS)” module

» Help & Acknowledgement

&l 2. Set Fixed and Moving Images
1' to “Day1_CT" and “Day2_CT"

NEES BSlene Transfo mto ‘Day2_ bspline xfm”
and Output Image to “Day2 CT_bspline”
|

slicer BSpline Transforn]

rrrrrrrrrrrrrrrrrrrr

uuuuuuuuuuuuuuuuuuuuuuuu

4. Select “Rigid” and “BSpline” option

Masking Option ) NOMASK ROIAUTO @ ROL

aaaaaaaaaaaaaaaaa ; el 5. Select “MaskVolume”
= = . as Masks

DDDDDDDD
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Resample dose (BSpline)

[ 3D Slicer 4.1.0 (e
File Edit View Help

e [ocu] @ [Riesample Image BRAINS) | F | a
a Modules: ', N Resample Image (BRAINS) | 5 »

A\
bl ] > ) a ) . a . .

£ !b: 3DSlicer
e
| » Help & Acknowledgement ] ) ) . a
A U al P L0 c 010

|~ Resample Image (BRAINS) J
Parameter set: | Resample Image (BRAINS) ~

Status / Idie [ J B a a a . ) . . . . -
[~ mnputs / | C C

age To Warp | Day2_dose

= ference Image [Day 1_dose

( ,

L= = a . N NE
peel Type ® float short ushert ) int uint uchar binary s CA

| = warping Parameters ]

Displacement Field [None

l’arp By Transform [Dayz,bspnnefxfm

TEaT esampeInrlace
WindowedSinc Hamming
ch

Eares
BSpline
Cosine Lanczos

Blackman

Compute inverse transform of given transformation?®
Default Value [0.0 \

[ » Advanced Options

— 4.Set Warp by Transform
to “Day2_rigid_xfm”

Default Cancel

[ ~ Data Probe
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f’? Add dose attributes

B 30 slicera1.0 (=
File Edit View Hel
I 1 . ==
- a @ Modules »q\l.{‘.Daﬁa * ev \) m @ O k) ﬁ e
¢ !U: 3DSlicer
>
[» Help & Acknowledgement \

[~ Display &Modify scene

4. Double click on the attributes and

s Add “DoseUnitName: GY” and
“DoseUnitValue: 6.161e-5"

253PMm | |
6/15/2012

=W 3 s @ oa
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 Part4: Dose accumulation
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f? Dose Accumulation

& 3D Slicer 41.0

File Edit View Help

B [oies:s O [@womes 2™ Q QD P @ @ &

.
All Modules ®

Persistent

Annotations
DICOM

Data

Editor

Models
OpenlGTLinkIF

3DSlicer

P Help & Acknowledgement

4

Active Volume | Day2_dose_bspline

FHBNPBE

Scene Views

~ Volume Information Transforms

View Controllers

i

Image Dimensions: = = =
@ volume Rendering 2

Image Spacing: 2.5 @ volumes B =
BN Welcome to Slicer <1| -99.88254547 =

Image Origin: | 219.97159495

Scan Order: wiizards »
Informatics .

Number of Scalars: | ==z .
Scalar Type: Segmentation .
) Quantification 0

Scalar Range: Min: i X
File Name: 16T .
LabelMap: Filtering ,
window/Level Presats: | surface Models ’
Converters g

Endoscopy 4

Utiities g

Developer Tools .

~ Display Legacy .
1 Testing .

Lookup Table: | Green

ShEEE work in Progress >
nterpolate:

Window Level editor presets:

k1

Threshold: Off

weez o | Auto WL

0.00

b Histogram

~ Data Probe

JuhluEaly= W] & : T
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'? Dose accumulation (rigid)

T
le Edit View Help
& o P — D - . — 2
@ Modules: . |  Dose Accumulation 3| == o SHEA W O @ & £ 0| £ ~ [ persistent =S = e v
o= [ -

1.Check “Day1_dose”. Check
“Day2_dose rigid” and

2.Set Output Volume to

“accumulated_dose rigid”
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I Dose accumulation (BSpline)

:—o‘) Q@Q%ﬁ/ -v[_|tvPslshentkh&v v

¥} 3DSlicer

1.Check “Day1_dose”
and “Day2_dose bspline”
SAETEE 9l eI 1o 0.5

2.Set Output Volume to -
“accumulated_dose bspline”

Aceumulated dose volume | accumulated_dose_bspline
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« Part5: DVH comparison
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43 DVH comparison

& 3D Slicer 4.1.0

File Edit View Help

@ Modules: 4, Dose Accumulation ) . ov QITMTYPe & = H <

@ £ ~ [ persistent =Y )hv o v

All Modules - = = i
[# Arnotations
{ l“ 3DSlicer 24 prcom
> A Data
IS . Editor )
| » Help & Adnowledgement
= 2 @ Models
3€ OpenlGTLinkIF —
Parameter set: | DoseAccumulation =
Fa Scene Views
| Input 45 Transforms ]
Show dose volumes enly B view Controllers
s Weigh @ volume Rendering
& volumes
Dayi cT 1.00
i N Welcome to Slicer
+| Dayt_dose 0.50

Radiotherapy

Day2_CT 1.00 Wizards
Informatics
Day2_dose 1.00 Registration
Maskiolume 1.00 Segmentation
Quantification
+|  Day2_dose_rigid 1.00 Diffusion
6T
Day2_dose_bspline 1.00
Filtering
accumulated_dose_rigid | 1.00 Surface Models
Converters
accumulated_dose_bspline | 1.00
Endoscopy
Utilities

Developer Tools

Legacy
Testing

Work in Progress S e | e Ct

“Dose Volume Histogram”
odule under “Radiotherapy”

¥ Output

Accumulated dose volume | accumulated_dose _rigid

| * DataProbe

-

12:10 PM

/13,2012
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1.Set Dose Volume to
“Day1_dose”, “accumulated_dose_rigid”,

11 . 7 .
accumulated _dose bspline” respectively, o Volume Histogram
120
11 b))
set Structure Set tO PTV1 e e — e
D[:m Toee.dloce bepiine § . u PT'-I1:D'-IH:3
Structure sef [T E! 60
DDDDDDDD T 40
% 20 \.
£ o
20
50 52 54 56 58 &0 62 64 66
Dose [Gy] =

3.Check boxes to

Display DVH curves 4. DVH curves displayed

In Chart Window
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Prescribed Dose DVH

B /\ccumulated DVH (BSpline)

Fractional wvolume [#]

Accumulated DVH (Rigid)

50 52 54 56 58
Dose [Gy]

60 LY 64
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f? Conclusion

In this tutorial, we have demonstrated:

1. DICOM-RT import

RT data visualization

Day to day CT/Dose volume registration
Dose accumulation

DVH computation and comparison

ok~ 0D
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