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Motivation behind SlicerRT

Existing research tools
CERR, PLUNC, dicompyler, etc.

Inconvenient Limited
feature set

Commercial treatment
planning systems (TPS)

Expensive
Closed Insufficient user and

developer support  Open-source?

Cover only routine
clinical procedures

Poor documentation

Well

Free
documented

Not extensible

Large, non-modular

Extensible
code base

User-friendly

Not flexible
Flexible

Stable Unstable

Open-source

Platform-independent
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DICOM-RT import/export

* Import integrated into
core DICOM import
plugin mechanism

e Supported data types:

— RT structure sets
— Contours
— Fiducial point

— RT dose map
— RT image
— RT plan
isocenter, beams
— Planning CT, MR, etc.

* Basic DICOM-RT export
is implemented
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Contour analysis

Ribbon model

Rasterized volume

Multiple representations
(automatic conversion)

— Ribbon model

— Rasterized volume

— Closed surface model
Contour comparison

Closed surface

— Dice coefficient
— Hausdorff distance

(@ Expand B

Contour morphology .

() Shrink B

e o

— Combine using o
logical operators o

— Expand, shrink

A-B
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Dose analysis

Intensity Volume Histogram

Dose volume histogram
(plot visualization + metrics)

Dose accumulation

Dose comparison (gamma)
Isodose contours / surfaces

External beam planning
(photon, proton)

Registration
— BSpline registration

— Landwarp registration
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External beam planning

This module provide basic framework for RT planning
and dose calculation for photon and proton

ey & 5: 0.950mm 1

E 3DSlicer

Parameter Set: | ExternalBeamPlanning > IA‘
[ ¥ RTPEn 7 H
Reference Volume: | 1: Unknown s ‘
RT Plan: | RTPlan 20
Beam# Name Type Radiation
:
Add Beam ] ‘ARemove Beam‘

¥ Beam Parameters
Beam Name: RTBeam

Radiation Type: | Proton =

Photon Rx i ProtonRx | Geometry | Beam Model

Beam Type: Static s

Rx Dose (Gy): 50

Nominal Energy (kVp): "30 3

Beam On Time (S): 0

Nominal mA: 1

MLC Position DoubleArray: | mlcnew2 =] !

X Jaw Positions: 7_494:7, % & ] 4273 | A IN ‘\

Y Jaw Positions: 54 : —————f = [ 100 :, - — !) \ LE ‘L‘ TR
Status information here ‘.Calculate WED ‘ .Calculate Dose- f:‘ . “ 1"‘;

Photon MLC beam created in external beam planning module
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External beam planning - proton

!i: 3DSlicer
-

Aperture

0

Remove Beam

¥ Beam Parameters

Beam Mame: RTBeam

Radiation Type: [F‘rob:nn

Photon Rx ] Proton Rx ] Geometry

Beam Model |

Dose calculation algorithm : [Ray Tracer

Pencil Beam Resolution :

Energy resolution (MeV]) :

Energy spread :

o
ii :

Fl

.
4[] <]}

Maximal depth (mm) : o0 E
Detail : Law =

Status information here

Range compensator

[Calculate WED ”Calculate Dose

External beam planning module Ul
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Subject hier

Modes
- Scene

archy

New concept for organizing data S & RANDOAPROSTATE

=1 ] Mo description

* Nice and intuitive way of

organizing and handling data
Bring basic features in a data-
centered tree view, such as

— Show/hide
— Transform branch

* Extendable through plugins
Broad API allowing many
customizations, such as

ﬁ PELVIS CURATIVE

-1 %& 3: RTSTRUCT: PROS_AlIStructures
9 EODY_Contour

9 Bladder_Contour

P Femoral Head Lt_Contour
) Femoral Head RT_Contour
9 PTV_Contour

5 Rectum_Contour

B 3:RTSTRUCT: PROS_ColorTable
5: RTDOSE: PROS

o: RTIMAGE: AP PROS-DRR

&; RTIMAGE: BT LAT PROS-DRR
o: RTIMAGE: PA PROS-DRR

o: RTIMAGE: LT LAT PROS-DRR
4: RTPLAN: PROS_Isocenters
& APPROS

& RTLATPROS

4 PAPROS

@& LT LATPROS

& CBCT

: RTPLAN: PROS_BeamModels
7 BeamModel_AP PROS

7% BeamModel RT LAT PROS
% BeamModel PA PROS

Blé o466

]
Sy

— D I CO M expo rt Display MRML ID's

F MRML

Mode Inspector

=
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— Registration

Testl

¥ Potential subject hierarchy nodes

=== Subject hierarchy module widge

@ Test2
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Subject hierarchy - plugins

r‘\ iDSlicer
Default e

P Help & Acknowledgement =
DICOM

Modes Vis |~

—Lacene
- & subjizx_201 Create new patient

Volumes IO e o s drecor svcure

& warped| Create new subject
-l ] CleanedDenoEearFSEamertaaons T
. . ' allLabels_seq.nii.gz
Reg I St ra t I O n @ snapShot49240712%_20130819_30.png
=[] TissueClassify
fixed_brainlabels_seg.nii.qz
' fixed_headlabels_seg.nii.qz

Pa rS e I O Ca I @ tl_average_BRAINSABC.nii.gz

t2_average_BRAIMSABC.nii.gz
d at a - :..“subjllx'_ZI:IlZI:lS 16_30
-l [] AntsLabelWarpedToSubject
warped_hncma_atas_seqg.nii.gz
-1 [] CleanedDencisedRFSegmentations
CO nto u rS o allLabels_seqg.nii.gz
@ snapShot49240712%_20120816_30.png
= 7] TissueClassify
. fixed_brainlabels_seg.nii.gz
RT O bJ e CtS ’ fixed_headlabels_seg.nii.qz
@ t1_average_BRAIMSABC.nii.gz
t2_average_BRAINSABC.nii.gz
- & subjl2¥_20110620_30

IVI a ny m O re = ;]o.ﬂ.ntsLabEI'u'u'arpedTu:uSubject

warped_hncma_atlas_seq.nii.gz

Been e

CREER BER ®

€

-1 [7] CleanedDenocisedRFSegmentations
tO CO m e see ' allLabels_seg.nii.gz

@ snapShot49240712%_20110620_30.png

= [7] TizsueClassify L .

S ParseLocalData plugin in action
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Non-linear transform support

Transforms are applicable in “real-time” to
— Volumes (slice views, slice view in 3D)
— Models (3D view, slice intersection)
— Markup points, ruler

Transform types
— Linear
— B-spline: arbitrary grid orientation, optional bulk transform
— Grid (displacement field): arbitrary grid orientation

Operations
— Display
— Invert
— Combine

Limitations
— Volume rendering, processing in CLI modules: not real-time, need to harden transform
— Composite transform cannot be saved
— Annotation ROl transform is limited
— Not possible to define a “reference” volume when hardening a transform
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Transform info

/5 3D Slicer 4.31-2014-06-22
File Edit View Help

Modules: ‘4, | 4 Transforms

4

@ 3DSlicer

: » Help & Acknowledgement

Active Transform: | GridTransformSmall_1

¥ _Information
e LU

Transform to parent: \

Computed by inverting transform from parent.

Transform from parent:
Displacement field:

Grid size: 6464 28

Grid origin: 119,531 119.531-77.7
Grid spacing: 3.75 3.75 5.6
Grid orientation:

-100

0-10
001
—

Displacement vector RAS: (12.1, -0.1, -2.5 ]

| ¥ Edit

Identity Invert

» Display

¥ Apply transform

| » Data Probe
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Transform display

930 Slicer 4.3.1-2014-06-22 |<:> | | =) || (=] "éﬁ.l
File Edit View Help

Modules: ‘| 4 Transforms s = Q O

@ 3DSlicer

aucriuey | aver e

¥ Display

Visible in slice view: v

Visible in 3D view: Region: | Select a Slice

2t
Shamedl
s

% Contour

» Colors

» Advanced

¥ Apply transform

Transformable: Transformed:
Default Scene Camera o MRBrainTumor 1
MRBrainTumor1_1 [ bone_1
bone {

F

Displacement to color

» Data Probe
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Transform display
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Gel dosimetry analysis @z

 “Slicelet” for gel dosimetry analysis workflow cemosimetry,
e Wizard-like simplified user interface

100- PDD wvs Calloration cioto

» Layout Selector — Calbrationdata (meanopticaldersity)
[ 1. Load planning data 90+ — PDD (percent depth dose)
» 2. Register OBI to PLANCT — Algnad callzration catg
» 3. Register MEASURED dose to OBI : IR
¥ 4, Apply dose calibration curve to MEASURED Dose E
[+ 4/a) Align CALIBRATION data to PDD data | é 704
Percent Depth Dose (PDD) data: [ Load file 1 E
PDD loaded successfully E a0
Load CALIBRATION dose volume: Load .vff File ...01_
CALIBRATION dose volume: i ﬁ 50
Averaging radius (mm): 5 =
Parse CALIBRATION dose volume E. 40
Cahl;rahon voLme parsed successfully 8

Optical dersity VS dose

Align curves: [ Align and show plots ‘ 2.6
Manually adjust alignment: X shift: | E7: Y scale: \ 1:9§67 :ﬁ Y shift: @;\
2,14
RDF: 0.989
Electron MU's: 240
;' '| .lﬁ T T
‘ Compute dose from percent depth dose ‘ 5] 10 12
Dose successfully calculated from PDD g‘
ﬁ 1.1
0.6
1’ '74/8) Fit polynomial and apply calibration ! D -| -1
» 5. Perform dose comparison and anglyfis J
0.4 T T T
| -20 0 20 40 60 80 100
Opflical density w
@? \\ 1
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SlicerRT extension for 3D Slicer

* Collection of RT-specific modules, includes PJastimatch

* Distributed as a 3D Slicer extension: can be downloaded, installed,
upgraded using the extension manager in Slicer

B3 Extensions Manager m
@ " Manage Extensions (0) ;!,\ Install Extensions ‘
= Morphology (0) . . == |
= IGT (6) (\ i
= Informatics (3) CARMA x : B
f 3slicer o I8 A8
= Quantification (0) SI i b I
icerlGT L vy g ==
= Radiotherapy (1) = 3
’ |GynePy carma SlicerIGT VMTKSlicerExtension
= Registration (0) Guilaume Pernelle, Xiaoj.. (CARMA), Sa.. Tamas Ungi, Andras Las. An edorov (SPL), ...  Daniel Haehn (Boston C...

= Remote (1) (0) (0) (0)

(0)
= Segmentation (4) INSTALL INSTALL INSTALL INSTALL INSTALL ‘
.

= Surface Models (0)
= Tractography (0) ITUDINAL @

= Utiities (0)

= Vascular Modeling Toolkkit (1) ; /,)
= Volume Rendering (0) : .
. [ sicpiizer SlicerRT
= Wizards (1)
TrackerStabilizer LongltudlnaIPETCT SlicerRT FacetedVlsuaIlzer FiberViewerLight
Laurent Chauvin (BWH)... Paul Mercea (University ...  Csaba Pinter (PerkLab, Q. Harini Veerar: sgra (G.. Francois Budin (UNC)

(0) 0)
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Next steps

Planned for the next 6 months:

DICOM-RT export
External beam planning

Contour mechanism — integration to 3D Slicer core

Digitally reconstructed radiograph (DRR)
Rasterization evaluation and improvements
Scripting examples

More testing and validation

More information: http://SlicerRT.org
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http://slicerrt.org/
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Thank you for your
attention!
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