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s Learning Objective

This tutorial
demonstrates how to
perform a radiation
therapy research
workflow using the
SlicerRT extension:

Evaluation of the
Isocenter shifting
adaptation method
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s Pre-requisite

* Pre-requisite tutorial:

— Data Loading and Visualization
— Sonia Pujol, Ph.D.
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http://www.slicer.org/slicerWiki/images/c/c7/DataLoadingAndVisualizationSlicer4.1_SoniaPujol.pdf
http://www.slicer.org/slicerWiki/images/c/c7/DataLoadingAndVisualizationSlicer4.1_SoniaPujol.pdf
http://www.slicer.org/slicerWiki/images/c/c7/DataLoadingAndVisualizationSlicer4.1_SoniaPujol.pdf

fv Material

This tutorial requires the installation of the most
recent Slicer nightly release and the tutorial
dataset. They are available at the following
locations:

Slicer download page

Tutorial dataset: SlicerRtTutorial Namic2013June
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http://www.slicer.org/pages/Downloads/
http://www.slicer.org/pages/Downloads/
http://slicer.kitware.com/midas3/download/folder/1345/SlicerRtTutorial_Namic2013June.zip
http://slicer.kitware.com/midas3/download/folder/1345/SlicerRtTutorial_Namic2013June.zip

f? Platforms

 All major desktop platforms are
supported
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http://wiki.na-mic.org/Wiki/index.php/Training:Summer_2011_Contest_Table
http://wiki.na-mic.org/Wiki/index.php/Training:Summer_2011_Contest_Table
http://wiki.na-mic.org/Wiki/index.php/Training:Summer_2011_Contest_Table
http://wiki.na-mic.org/Wiki/index.php/Training:Summer_2011_Contest_Table

f? Overview

© NO A DdhRE

Install SlicerRT extension

Load data from DICOM and nrrd
Create isodose lines and surfaces
Perform rigid registration on CT images
Resample day 2 dose volume
Compare dose distributions

. Accumulate dose distributions

Compute dose volume histogram
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f*@ 1/1. Install SlicerRT extension

B 3D slicer 4.20-2013-05-31 gl .

File Edit Help
@ python Interactor Ctrl+3  ome to Slicer :| — J

¥ Extension Manager Cirl+4

< Module Panel Ch'|+5

" Toolbars k
@ Layout k
—-—"

Errar Log Ctrl+0
| Load DICOM Data || Load Data |
| @ Customize Slicer | | @ Download Sample Data ‘
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f? 1/2. Install SlicerRT extension

=
3 Extensions Manager m
’%" Manage Extensions (0) --,!_\ Install Extensions
- = = = —
= Morphology (0) . =
) Repo
= 1GT (6) <\
= Informatics (3) » *
= Quantification (0) SlicerIGT
= Radiotherapy (1) =
. . iGynePy carma SlicerIGT Reporting
= Registration (U) Guilaume Pernelle, Xiaoj.. Alan Morris (CARMA), Sa.. Tamas Ungi, Andras Las... Andrey Fedorov (SPL), ...
= Remote (1) (0) (0)
= Segmentation (4) ]
= Surface Models (0)
M,
Il| = Tractography (0) LRINAL @ sl
= Utiities (0) _
= Vascular Modeling Toolkit (1) < ,/)
( - B
= Volume Rendering (0) W . H
Stabilizer Shcer“
= Wizards (1) i
TrackerStabilizer LongitudinalPETCT SlicerRT FacetedVisualizer FiberViewerLight
Laurent Chauvin (BWH)...  Paul Mercea (University ...  Csaba Pinter (PerkLab, Q.  Harini Veeraraghavan (G.. Francois Budin (UNC)
(0) (0) (0) (0) (0)
_ [ mtau
&Restart ‘ x Close ‘
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fv 2/1. Import planning data

& 3D Slicer 4.2.0-2013-05-31
File Edit Wiew Help

% @ Modules;
@ 3DSlicer

N\ A

P

5| DICOM Details

I t  Export

Query

Ma

A Age

] Import DICOM files from directory ... |5 IS

L-1:]0 00 I[HE

i EdipseEntComputedDay2Data

EdipseEntPhantomRtData

Look in:

Directory: [EdipseEnﬂi‘hantomRﬁ]aE ]

Files of type: [Directories

Copy onimport

] DICOM Directory Im... [ERESS

@l Directory import completed.
== 1 New Patients

1 Mew Studies

4 Mew Series

142 New Instances

National Alliance for Medical Image Computing

http://www.na-mic.org

© 2013, All Rights Reserved



53 51> Load

planning data

5| DICOM Details

P

Import Ewxport Query Send Remove

2011-09-20
2011-09-20
" Mo description RTDOSE
Mo description RTPLAN
- Mo description RTSTRUCT

W phor

LocalDatabase:

Name ~  Age Scan Date Subject ID

j C:/slicer_ctkDICOM-Database ]

Mumber

TEST PHYS ENT

=== T

Institution Referrer Performer

I D)

DICOM Data

Reader

Warnings

5: RTDOSE: BRAI1

4: RTPLAN: BRAI1

3 RTSTRUCT: ENT

4 4 A &

2: ENT IMRT

20 ENT IMRT for cof

2: ENT IMRT for contentTime of 085345

2: ENT IMRT for contentTime of 085346

2: ENT IMRT for contentTime of 085847

RT

RT

RT

sl 3 Click ‘Load Selection to Slicer’

Scalar Volume

Scalar Volume

Scalar Volume

spacngs was detected). Slicer will load this series a:

Images are not equally spaced (a difference of 10
spacings was detected). Slicer will load this series a:

Images are not equally spaced (a difference of 17.5
spacings was detected). Slicer will load this series a:

Images are not equally spaced (a difference of 15
. P ALl d o

(4]

v

a ||»][ Uncheck All i

Make DICOM Browser Persistent

@ .

r-'\l
Load Selection to Slicer LG‘F%H Close l
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& 23, Loa day 2 data

5. Add data into the scena |2 |-

[Chuose Directory to Add ] [Chuose File(s) to .ﬁ.dd] Show Options

E 3D Slicer 4.2.0-2013-05-3
File Edit Wiew Help

n @ Modules:
i File Description
+| _.ic2013lune EdipseEntComputedDay 2Data/2 | Volume :l
v . ic2013June EdipseEntComputedDay 2Data/s ['u'ulume :l

3DSlicer

o Reset ‘[@ﬂ XCancel |
|
—
/ #.] Find Directory J ke

1] Add data into the scene m Lock in: O O 0 L @

Choose LI ry to Add [Chuuse File(s) to .ﬁ.dd] Show Options B rowse g dats

File Description | Slicer Scen.. | | EdipseEntPhantomRtData

-y "

Directory: [EdipseEnU:umputedDayZ]aE ]

4 Reset | ‘DK || XCanceI |

Files of type:
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laa 2/4. Add day 2 non-DICOM
data to patient hierarchy

:] — 0 o g Hodes

-} & DefaultStructureSet

Al todules ' kE ® B DefaultStructureSet ¢ 1 . R I g ht'CI ICk
@ Annotations = '=' _R-"!"NDD - *_‘
oot = 01 o desr the patient ji
- @ 5:RTDCVERAIL &
&) prcom [+ 4; RTPLAN: BRAI1_Isocenters O
— ~ Editor j 4 RTP -
&) Models =% 3 2 Choose -
MHa Scene Views j : : : w
e Transforms C t h Id d
: ! View Controllers -y - -
slicer Starts @ volume Rendering -] W
—_— ] . q - - *
1 Metworking a Volumes -] 3 - R I g t- C I C t e -
[ .h:\ Welcome to Slicer
Show DICO D D i
- | Plastimatch * R n eW n O d e -
ty Radiotherapy 2 Contour Comparison h : o
' - Optic Nerve-Lt_Contour -
ase in the past he Wizards " Contour Marphology -] i _
Informatics * Contours q
Regstat » 4 4. Rename to ‘D 2
=gistration Dose Accumulation B e n a e O a
Segmentation * q
Quantification . Dose Comparison : OPIOrR AL _ oo
Diffusi . Dose Volume Histogram B optOptic_Contour *
iffusion o - B 3: RTSTRUCT: ENT_ColorTable
16T H g 2o0sE - @ ENTIMRT &
Filtering r Patient Hierarchy
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laa 2/5. Add day 2 non-DICOM

data to patient hierarchy

'ﬂ optOptic_Contour
- B 3:RTSTRUCT: ENT_ColorTable
@ ENTIMRT

E Day?2

Display MRML ID's
P MRML Mode Inspector

-9 optOptic_Contour
-~ B 3:RTSTRUCT: ENT_ColorTable
@ enTIMRT
=) Day?
@ 2ENT IMRT Day2
@ 5RTDOSE Day2

Display MRML ID's

* Potential patient hierarchy nodes

F MRML Mode Inspector

Source_4 GA130
Source_KY AP Field
Source_KV RT Lat
2 ENT IMRT Day2
5 RTDOSE Day2

1. Drag&drop ‘ENT IMRT

Yy 9

¥ Potential patient hierarchy nodes

Source_2 GASO
Source_3 GA120
Source_4 GA180
Source_KV AP Field
Source_KV RT Lat

Day2’ on the study ‘Day 2’

2. Do the same with ‘5 RTDOSE Day2’
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f? Note: Automatic loading

Accumulate dose

Evaluate isocenter shifting

[ Perfarm workfiow
[ Load data

[ Generate isodose § EF

[ Register —

[ Resampl

[

[

[

]
]
Compare dose distributions ]
]
]

Compute DWH

Test data can be automatically downloaded, imported

and loaded using the self test module:
Testing / SlicerRT Tests / SlicerRT NA-MIC Tutorial
2013June Self Test
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f? 3/1. Create i1sodose lines

|Parameter set: [IsodnseParameterSet_E: RTDOSE: BRAIL S ]

¥ Input ] .
P—— 3l Wl 1. Choose Radiotherapy /
— S |Isodose module

= Label ;;:GW .

B o 2. Click Apply

310 15 0.20
[+8 20 0.20

‘@ s om 3. Choose ‘5 RTDOSE Day?2’
s M 30 0.20

volume as Dose volume

¥ Display options ]

| |+ Show isodose surfaces
+'| Show isodose lines

— { Wl 4 Click Apply

Show scalar bar in 3D viewer

Show scalar bar in 2D viewer
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f? 3/2. Visualize iIsodose lines

Modes

5% efaitstuchrese 1. Switch back to Patient Hierarchy

- @ DefaultStructureSet_ColorTable

= & RANDO~ENT
=t 7] Mo description

S@smmosmon 2. Turn on and off visualization
T of isodose line and surface
- Isodoselevel_15GY

v groups by clicking the eye icon
| - next to the parent node

Izodoselevel _30GY
[+ 4: RTPLAM: BRAI1 Isocenters

[+ 4: RTPLAM: BRAI1_BeamModels
[+ @ 3: ATSTRUCT: ENT_AllStructures
@ ENTIMRT
=[] Day2
@ 2ENT IMRT Day2
= & 5RTDOSE Day2
=} 5 RTDOSE Day2_IsodoseSurfaces

3. Display volumes in the 2D
viewers by clicking the hand
vt v 10 icon next to the volumes

- Isodoselevel _15

> Isodoselevel_20
- Isodoselevel _25
“ Isodoselevel_30
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fv 3/3. Relevant data showed
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A3 4 Register CT volumes

[ ¥ General Reqistration (BRAINS)

saameersetsGeneral Regaraton (RADS) 1. Go to module Registration /
7 ot inges General Registration (BRAINS)

Fixed Image Volume | 2: ENT IMRT
Maving Image Volume [2 EMT IMRT Day2 @r! ;?% -
¥ Qutput Settings (At least one output must be specified.) S et u p param ete rS aS S h Own :
— 2. Choose planning CT as
Output Image Volume | pename current LinearTransform fixe d i m ag e
Create new LinearTransform 3 . C h Oose d ay 2 CT as
Intitialze Transform Mode @ Off ® useMumentsAJn m OVi n g i m a,g e

msndwadiianiaindl 4. Create transform and rename it
¥ Registration Phases (Check one or maore, executed in order listed) tO Tran Sfo rm_D ay2TO D ay 1_R i g i d
O @? 5. Choose ‘Rigid (6 DOF)

Rigid +5cale +Skew(10 DOF)
Affine(12 DOF) 2

BSpline (=27 DOF) o ¢ )
g?r'lnposjte {many DOF) 6' CIICk Apply

National Alliance for Medical Image Computing
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Create and rename new LinearTransform
Initiglization transform | Delete current LinearTransform
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f? 5. Resample day 2 dose

[ ¥ Resample Image (BRAINS)

A e 1. Go to module Registration /
~ it Resample Image (BRAINS)

Image To Warp [ 5 RTDOSE Day2 T~ THE

e ooe (3 o s @—)L@— 2. Set parameters as indicated
~ outputs ) : q h

Cutput I'T'EQE[E_RTDDSE_DE'?mEQiSterEd_Rjgid (@ (O Utp Ut Image nee S tO e

Pixel Type @"@ () shart () ushart () irgl_rr,) Cruint (O e Created and renamed)

I:-:-I

* \Warping Parameters 3. CIiCk ‘Apply’
Displacement Field (deprecated) [Nune - = ]
Transform file [Transform_DayZl’uDayl_Rjgid m = ]
Interpolation Mode ) Nearestheighbor U
@ Linear

National Alliance for Medical Image Computing © 2013, All Rights Reserved
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f? 6/1. Compare dose volumes

Parameter set: [DuseCumparisnn

* Input

1. Go to module Radiotherapy /
Dose Comparison
Compare dose volume: [E_RTDDSE_DaymEgistered_Rjgid TR

2. Set inpit volumes:

Reference dose volume: [ 5: RTDOSE: BRAIL

Selected compare v

OTA distance tolerance {mm): [ 3.00

Dose diference torance (%) 300 Reference: Planning dose
(@ Use maximum dose

Reference dose e COMpare: Registered day 2 dose

() Use custom value (Gy):

Maximum gamma: [ 2.00 |$]

~ ot | Wl 3. Create output

i (oo | (no rename necessary)
Z;.TT[EJ[;SSEE?;:jMEgisterEd_Rjgid 4 . Cl iCk ‘Ap p Iy,

Rename current Volume

Create new Volume

Create and rename new Volume

Delete current Yolume
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6/2. Verity registration

The ‘warmer’ the gamma
volume, the bigger the difference

Try comparing the planning dose
with the unregistered day 2 dose

e lﬁ

National Alliance for Medical Image Computing © 2013, All Rights Reserved
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I3 7/1. Accumulate doses
unreglstered = no adaptation

Reference dose valum [5 RTDOSE: BRAIL ({a} ,]
v 1. Go to module Radiotherapy /
— o Dose Accumulation
ENT_IVRT Dy 2. Uncheck ‘Show dose volumes
@jmmm only’ (dose attributes are not yet

automatically added to the nodes)

o 3. Choose reference, then
zewnar planning and day 2 dose volumes

* Data Probe 2_ENT_IMRT_Day2
5_RTDOSE_Day2
5_RTDOSE_Day2Reqistered_Rigid

4. Create output volume

L REname curren t Volume

5. Click ‘Apply’
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I3 7/2. Accumulate doses
registered = Isocenter shift

Reference dose volume: [5: RTDOSE: BRAIL = ]I

Show dose volumes only

Dose Volume Weighting Factor

e gl 1. Uncheck day 2 dose volume
2_ENT_IMRT Day2 1.00 B
5 RTDOSE_Day2 "™ 2. Select registered day 2 dose
@i_RTDDSE_Daymegistered_ﬂjgid 1,00 -
comieted S KO T 3. Create output volume
5: RTDOSE: BRAIL —

2 ENT_IMRT Day2
- 1 )
o oo 4. Click ‘Appl
| ¥ Output . g .
5_RTDOSE_Day2Reqistered_Rigid

Accumulated dose volume | Accumulated_5_RTDOSE_Day25: RTDOSE: BRAIL

Rename current Yolume

* Data Probe gg
Create and rename new
Delete current Volume

National Alliance for Medical Image Computing © 2013, All Rights Reserved
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laa 8/1. Compute dose volume
histogram for unregistered

~ Tt 1. Go to module Radiotherapy /
Dose volume: | Accumulated_5 RTDOSE Day25: RTDOSE: BRAIL @:Hz -
Structure set: [3: RTSTRUCT: ENT_AJISh'ucthes_PaﬁE@rarmy\q\J Dose VO I u m e H IStOg ram
Show dose volumes only %D [ Compute .
2. Choose unregistered
accumulated dose

3. Uncheck ‘Show dose volumes only’

4. Choose
‘3: RTSTRUCT: ENT_AllStructures_PatientHierarchy’

5. Click ‘Compute DVH’
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laa 8/2. Compute dose volume
histogram for registered

¥ Input ]

Dose volume: [A::mmulated_ﬁ: RTDOSE: ERAI15_RTDDSE_Da@gistered_Rjgid = ] 1 . C h Oose reg ISte re d
Structure set: [3: RTSTRUCT: ENT_.ﬁ.JIStructhes_PaﬁenHierar:ﬁﬂ s ] aCC u m u I ate d d Ose

Show dose volumes only

| ¥ output

Chart: [Chart m?
- i, Dose Volum | am

National Alliance for Medical Image Computing © 2013, All Rights Reserved
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I Note: Structures have been
rasterized

Current contour(s): [3: RTSTRUCT: ENT_AllStructures_PatientHierarchy - ]

Active representation: Indexed labelmap

* Change active repr

Closed surface model

Convert to: | Indexed labelmap f

Reference volume: [

Structures are automatically rasterized during DVH

computation. In this state, they can be seen as labelmaps
over the volumes in the 2D viewers. To show the models
again, convert back in the Radiotherapy / Contours module.

National Alliance for Medical Image Computing
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fv 8/3. Quantify improvement

Chart: | Chart * | % Show/hide all Hﬂm

Structure ‘iolume name Volume (cc) | Mean deose (GY)  Min dose (GY)  Max dose (GY) | Va0 (32) | D99% (Gy) |~
1 |« BODY Accumulated_5 RTDOSE Day25: RTDOSE: BRAIL 3054 8.75107 0 124,52 5.04 0.0a
2 |+ BRAIN Accumulated_5 RTDOSE Day25: RTDOSE: BRAIL 1114.79 41,1543 1.27333 124,52 31.57 1.58 ]
3 |« BRSTEM Accumulated_5 RTDOSE Day25: RTDOSE: BRAIL 31.5742 30,5489 1.68507 113,385 23.69 1.79
4 |« CTv Accumulated_5 RTDOSE Day25: RTDOSE: BRAI1 70,1289 122,158 119,76 124,175 100.00 120.54
5 |« Dose 5200[cGy] Accumulated_5 RTDOSE Day25: RTDOSE: BRAI1 0.15625 104,27 93,2519 113,388 100.00 93,26
& | GTV Accumulated_5 RTDOSE Day25: RTDOSE: ERAIL 8.49219 122,051 121,083 123,294 100.00 121,26
7 ¥ Lens-left Accumulated_5 RTDOSE Day25: RTDOSE: BRAIL 0,123906 10,4457 9.387651 11,5707 0.0a 9.34 |
-

¥ Advanced Options

W metric for dose values: | 50 Gy - oc B

cC
D metric for volumes:
99 %o

] [ Export DYH metrics to file...

Export DVH to file...
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fv 8/4. Visualize improvement

+| Showhide all

Dose Velume Histogram

1
) BdDY (1)

| BODY (17) [- -]

I BRAIN (18) [- -]

W BRAIN (2)

M BRSTEM (19) [- 1]

B BRSTEM (3)
cTvizo) [- 1
CTv4)

M Dose|5200[cGy] (21) [- -]

M Dose|5200[cGy] (5)

W GTV 132) [- -]

W GTV 6)

Lens|} left (23) [ -]
Lens|} left (7)

W Lensl right (24) [- -]

M Lensh right (8)

M Optid Chiasm (25) [- -]

M Optic|Chiasm (3)

M Optic|Nerve - Rt (10)

W Optic/Nerve - Rt (26) [- -]
OpticlNerve-Lt (11)
OpticiNerve-Lt (27) [- -]

W Orbit- left (12)

W Orbit/- left (26) [- ]
Orbit right (13)

Orbitk right (29) [- -]

W PTV1 (14)

120 [ PTVI (30} ] 124

B optBRAIN (15)

B optBRAIN {31) [- -]

N\

Dose Volume Histogram

100

2

m ooy (17 Iy

I ERAIN (18) [-

I BRAN (7)

. BRSTEM (19) - i

W BRSTEM (3)
oV o -4

©

114
Dose [GY]

Orpit - right 234141

- PTY 14 ]
PTrao T

N (15) 130

N (31) [ 1

Dose [GY]
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Conclusion

Creating and performing radiation therapy
research workflows are easy using the
BRAINS registration tools along with the
numerous SlicerRT modules
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f? Reference and webpage

— ———— e
£ 30 Slicer 420-2013-05-31 I Y . Y T | 6 )

Fie Edt View Hep

fa 8 ga [ [ s 5™ Q O 19 O & @ <
@

©

Dose Volume Histogram

pr— |
i BRAIN (%) [ -]
[ el 8 Adwowledgement I BRAN (2)
. BRSTEM (19) - ]
Parameter set: | DoselolumeHistogram Iz —— ®
[~ mput |
av |
Dose volume: | Accumulated_5: RTDOSE: BRAILS_RTDOSE_DayRegitered Rigd = b 5 @ mGTv @2
Structure set: | 3: RTSTRUCT: ENT_AlStructures_PatintHierarchy : =) 3 ] mGTV ()
Show dose volumes only Compute DVH ML ETV1.(14)
- meviao) |
[~ output | 3 M optOptic {16)
Chart: [ Chart ] ¥ shownice i [ [iggl ) o @ ) 1 optoptic (32) -1/ o
Structure Volume name. Volume (cc) | :an dose (G| 1dose (| Max4. = Dose [GY]
Accumuated_S RTDOSE
1 DY e At 805% 876107 0 124,
Accumuated_S RTDOSE
2 Y BRAIN e 147 4L1s8 127333 124!
Accumuated_S RTDOSE
3 BRSTEM e any JLSTZ .59 169507 113
Accumuated_S RTDOSE
4 W av o oy 701289 122158 1976 124
Dose  Acamuated_SRTDOSE
5 Tolccy] Doyon RTDCR paay 015625 10427 S32519 113
6 ¥ &V T s 122051 121093 123
7 Lens -left 0128906 10,4467 9.39761 115
s Lens -right 0.136719 182747 158457 2.25
Optic  Accumuated_5 RTDOSE
9 R D ey Ay 115625 276275 | 19,4199 412
0|1 Otc  Acamuated SRTDOSE oo oo oomi e
« O]

[ Advanced options

[» oataprabe

« Overview paper: Csaba Pinter, Andras Lasso, An Wang, David
Jaffray, and Gabor Fichtinger, “SlicerRT: Radiation therapy
research toolkit for 3D Slicer”, Med. Phys. 39 (10), October 2012

* Project homepage:
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