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Imaging Phenotypes

Imaging phenotypes describe features of
disease that can be detected through medical
imaging combined with feature detection,
machine learning and statistical analysis, and
correlated with other indicators of disease.
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Clinical Case: Meningioma

 Meningiomas are slow-growing
extra axial brain tumor arising
from arachnoidal cells

* Treatment options include
observation, surgery and
radiation therapy

* |mage-based predictors of tumor
grades have the potential to
enhance clinical decision-making
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RADIOMICS

Kurtosis

Mean

GraylLevelVariance
HighGrayLevelEmphasis
DependenceEntropy
DependenceNonUniformity
GrayLevelNonUniformity

SmallDependenceEmphasis

SmallDependenceHighGrayLe...

DependenceNonUniformityNor...

LargeDependenceEmphasis

LargeDependenceLowGrayLev...

DependenceVariance

12.4315749384
179.297568367
1.00567651545
45.873151021
6.16459662954
548.562883325
4972.61959737
0.0389261318031
1.92568883112
0.0395817074338
237.650263367
5.58612453125

51.1747739691

Overall Goal

This tutorial is an introduction
to the basics of image
phenotyping for tumor
characterization using the 3D
Slicer platform.
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Imaging Features

Quantitative features derived
from imaging data have the
potential to provide clinically
relevant information for
predicting tumor grade and
evaluating response treatment
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Tutorial materials

e 3D Slicer release version 4.10.1

3DSﬁ;er
* Slicer Radiomics Extension

* Meningioma dataset
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3D Slicer installation

* Toinstall and start the 3D Slicer software on your
computer, follow the instructions of the Quick Start
Guide tutorial available at

https://www.slicer.org/wiki/Documentation/4.10/
Training

Windows Mac OS X Linux
Stable Release k1 o ek
older releases built 2019-01-16 built 2019-01-18 built 2019-01-16

Nightly Build
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Disclaimer

e 3D Sliceris a free open source software for medical
image computing research distributed under a BDS
style license.

* The software is not FDA approved or CE-Marked, and
is for research use only.



Workflow Overiew

Kurtosis 12.4315749384
Mean 179.297568367
GraylevelVariance 1.00567651545
HighGrayLevelEmphasis 45.873151021

DependenceEntropy 6.16459662954
DependenceNonUniformity 548.562883325
GrayLevelNonUniformity 4972.61959737

SmallDependenceEmphasis 0.0389261318031
SmallDependenceHighGrayle... 1.92568883112
DependenceNonUniformityNor... 0.0395817074338

LargeD: nasi 237.65026336

LargeDependenceLowGrayLev... 558612453125

DependenceVariance 51.1747739691

Step 1: Data Step 2: Tumor Step 3: Tumor  Step 4: Imaging Features
Loading Segmentation Volume Calculation Extraction
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Part 1: Data
Loading and tumor

diameter
measurements
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~Data Loading

@ Modules: i Data - i j=* $ ~ fa Fa
.@ Slicer %)

» Help & Acknowledgement

Subject hierarchy  Transform hierarchy ~ All nodes

Node

Name

R Meningioma.nrrd

S R: 0.000mm

v Show transforms Show MRML ID's . K .
Drag and drop the file Meningioma.nrrd

» Subject hierarchy item information

Filter: |nto the Sllcer

» MRML node information
~ Data Probe

Green (R 28.8,A0.0,5117.7) Coronal Sp: 0.9

L None
F None
B None




Data Loading

&3 Modules: [ Data v | - a t- B R - @
2 B
DX S
“5 Slicer S |
» Help & Acknowledgement ‘
Subject hierarchy  Transform hierarchy ~ All nodes
Node e B G .
Choose Directory to Add Choose File(s) to Add Show Options
v File Description
v /Users/spujol/data/MeningiomaDataset/Meningioma.nrrd Volume v
L3

Reset
v Show transforms Show MRML ID's
» Subject hierarchy item information
Filter:
» MRML node information

~ Data Probe

Show Zoomed Slice

o

Cancel

Click on OK to load
the files in Slicer




@ @ Modules: % Data

r‘\ Slicer

» Help & Acknowledgement

Subject hierarchy  Transform hierarchy ~ All nodes

Node
& Meningioma

v Show transforms Show MRML ID's
» Subject hierarchy item information
Filter:

» MRML node information

~ Data Probe

| Red (L11.1,P70.1,50.7) Axial Sp: 1.4

L None
F None
B Meningioma (139, 202, 56) 92

-

_ Data

| Y9

3% |

1

t

Loading

- E =) .tb.

=

Slicer displays the axial, sagittal and coronal
images of the meningioma dataset.

R: 0.469mm



@ @ @ Modules: i Data

. DSlicer

» Help & Acknowledgement

Subject hierarchy = Transform hierarchy ~ All nodes

Node
& Meningioma

v Show transforms Show MRML ID's
» Subject hierarchy item information
Filter:

» MRML node information

~ Data Probe

| Red (L11.1,P70.1,50.7

Biffonse Select the Red Slicer Only

F None

8 meningioma 139, 202, 5. LayOUT from the Layout Menu

B !

Data Loadmg

% Conventional

H Conventional Widescreen
@ Conventional Quantitative
Four-Up

Four-Up Table

[ Four-Up Quantitative
Dual 3D

@ Triple 3D

3D only

3D Table

il One-Up Quantitative 3
[C] Red slice only

] Yellow slice only

[C] Green slice only
Tabbed 3D
[ Tabbed slice

= Compare 3
[T] Compare Widescreen 3
B Compare Grid 3
[ Three over three

[ff] Three over three Quantitative 3

[ Four over four

B Two over two
[T] Side by side

[l Four by three slice
¥ [ Four by two slice
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.- B e .

Persistent

@ @ Modules: % Data v

Data Loadmg

“ B Slicer
» Help & Acknowledgement

Subject hierarchy ~ Transform hierarchy  All nodes Se | ect th e R u |e r‘ tool | n

Node

& Meningioma the maln menu

v All Annotations
Ruler List

Find the slice that you

want to use to

measure the largest

diameter

Position two fiducials

using the Ruler tool to
o measure the largest
» Subject hierarchy ftem inormation diameter on an axial

Filter:

» MRML node information Image

~ Data Probe

Show Zoomed Slice

L
F
B



@ @ @ Modules: i Data

r‘\ DSlicer

» Help & Acknowledgement

Subject hierarchy ~ Transform hierarchy

Node
& Meningioma
v All Annotations
v Ruler List
=M

v Show transforms Show MRML ID's
» Subject hierarchy item information
Filter:

» MRML node information

~ Data Probe

| Red (R63.6, A 26.4,531.5)

L None
F None
B Meningioma ( 60, 99, 78) 214

Data Loading

= QO s A H L B

S: 31.500mm

Slicer displays the
value of the tumor
diameter as
measured on an axial
slice
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Part 2: Tumor
Segmentation
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Image Segmentation

* Image Segmentation is the process of
identifying the contours of structures of
interest in imaging data

* Image Segmentation can be performed by
manual contouring or by using automated
segmentation algorithms



Image Segmentation

 The Segment Editor module of 3D Slicer

provides powerful tools for manual and semi-
automated segmentation

 The module takes a reference image (Master
Volume) as input and produces a segmented
image (Segmentation) in output



Terminology

Master Volume Segmentation Master Volume
&
Segmentation

In this tutorial,
- The Master Volume Meningioma is the initial brain MRI dataset

- The Segmentation Volume Segmentation is a segmentation
object with the same dimensions and origin as the Master
Volume
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Segment Editor Module
fa 28 g wowes - Eom =00 A& B (L] Smn +- @

All Modules ’ - _— > —————— RS
£ Annotations

“‘ )Slicer F= Data

B - DataStore

&% DICOM
Markups
Models

i Soem Vi Left Click on Data in the

@ eringons e o Modules menu and select

i v N the Segment Editor module
—— in the list of Modules

£ Welcome to Slicer

» Help & Acknowledgement

Subject hierarchy ~ Transform hi€
Node

Wizards 4
Informatics »
Registration 4
Segmentation »
Quantification ’
Diffusion 4
Filtering 4
Surface Models 4
Converters »
Endoscopy 4
Utilities L4
Developer Tools »
Legacy 4|
v Show transforms Show MRM Test!ng y
MultiVolume Support 4

» Subject hierarchy item informatiorr

Filter:
» MRML node information
~ Data Probe

Show Zoomed Slice

o




Segment Edltor I\/Iodu\e

t.- B W R -

@ @ @ Modules: 4 Segment Editor

r‘\ DSlicer

4

» Help & Acknowledgement -

73}

~ Reload & Test
Reload Reload and Test Edit Restart Slicer

Segmentation: = Segmentation -
Master volume: Meningioma -
&l Add == & o Segmentations...  ~

Empty segmentation
. Color

The Master Volume is the Meningioma dataset
The Segmentation volume is the segmentation
object created by Slicer with the same
dimensions and origin as the Master Volume

Effects
None
B -
Undo Redo

~ Data Probe

Show Zoomed Slice

L
F
B
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Segment Editor Module

@ @ @ Modules: 4 Segment Editor ) & X | fa S, .
@ T L ] 5t 31.500mm
{0 DSlicer
L4

» Help & Acknowledgement

~ Reload & Test

Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation -
Master volume: Meningioma v
o Add == Remove @ Show3D '~ O Segmentations...  ~
- Color lame 1
P —— s [ CliCk ON Add to add
N a segment to the
Segmentation and
rename it Tumor

Effects
R z || 4 || % s
None Paint Draw Erase Leveltracing Grow from seeds
fE & @ | % ] AN &
Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

Logical operators
Undo

~ Data Probe

Show Zoomed Slice

o
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Segment Editor Module

@ @ @ Modules: 4 Segment Editor ) & X | fa S, .
@6 ——————————————————————————————————————————{——————————————————————————— 5:238.700mm
{0 DSlicer
L4

» Help & Acknowledgement

~ Reload & Test

Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation -
Master volume: Meningioma -
o Add == Remove @ Show3D '~ O Segmentations...  ~
- Color Name H
P —— s [ O€/6CT the Paint
tool and draw a
small mark inside
the tumor on 2-3
consecutive slices
Effects
R s | 4 || B e
None Paint Draw Erase Leveltracing Grow from seeds
Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands
ty

Logical operators
Paint
~ Data Probe

| Red (L6.5,A24.3,528.7) Axial Sp: 1.4

L None

F None

B Meningioma (134, 102, 76) 173
S Segmentation: « Tumor
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Segment Edltor I\/Iodu\e

t.- R Fa "

@ @ @ Modules: 4 Segment Editor )

. DSlicer

» Help & Acknowledgement

~ Reload & Test

Reload Reload and Test Edit Restart Slicer

Segmentation: = Segmentation

Master volume: Meningioma
@ show3D |~ O Segmentations... |~

Name

o Add == Remove

Click on Add to add a

. Color

Tumor
HEI— new segment and

rename it Background

Effects
R s 4 || B s
None Paint Draw Erase Leveltracing Grow from seeds
fE & @ | % ] AN &
Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

B

Logical operators

Paint
Paint with a round brush... Show details.
~ Data Probe

| Red (R114.6,A35.2,528.7) Axial Sp: 1.4

L None
F None
B Meningioma ( 5, 90, 76) 0
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Segment Editor Module

@ @ @ Modules: 4 Segment Editor =) X | fa S, .
[ DSlicer
» Help & Acknowledgement

~ Reload & Test

Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation -
Master volume: Meningioma -
o Add == Remove @ Show3D '~ O Segmentations...  ~
- Color Name 1
o Select the Paint

HEI— Tool and draw a

circle around the
tumor

Effects
R s 4 || B s
None Paint Draw Erase Leveltracing Grow from seeds
fE & @ | % ] AN &
Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

Logical operators
Paint

Paint with a round brush... Show details.
~ Data Probe

| Red (L19.2,A58.1,528.7) Axial Sp: 1.4

L None
F None
B Meningioma (148, 65, 76) 95
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Segment Editor Module

£ Segment Editor

@ @ @ Modules: F X

. DSlicer

» Help & Acknowledgement

~ Reload & Test

Reload Reload and Test

slice layout

Segmentation: = Segmentation

Master volume: Meningioma

ol Add

. Color
Tumor

== Remove @ show3D |~

Name

HEI—

Effects
R s 4 || B s
None Paint Draw Erase Leveltracing Grow from seeds
B 2 & | % i
Fill between slices = Threshold = Margin | Hollow Smoothing | Scissors
Logical operators
Paint
Paint with a round brush... Show details.
~ Data Probe
| Red (L19.2,A58.1,528.7) Axial Sp: 1.4
L None
F None

B Meningioma (148, 65, 76) 95

/s

Select the Four-Up

O Segmentations...

B

Islands
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e D t:'

] Conventional
Conventional Widescreen

[ Conventional Quantitative »
Four-Up

Four-Up Table

[ Four-Up Quantitative »
[ Dual 3D

Triple 3D

3D only

3D Table

[t One-Up Quantitative »
[T Red slice only

[ Yellow slice only

[ Green slice only

Tabbed 3D

[ Tabbed slice

= Compare »
[I| Compare Widescreen »
FR Compare Grid »
[ Three over three

Eﬂ Three over three Quantitative »
[ Four over four

[ Two over two

[T] Side by side

[l Four by three slice
[ Four by two slice
Three by three slice

R e -




Segment Editor Module

@ @ @ Modules: 4 Segment Editor =) =2 t.v B A o, -
a® iy e —_— ] 28.700mm [ 1 B
[ DSlicer
Reload Reload and Test Edit Restart Slicer -

Segmentation: ' Segmentation -
Master volume: Meningioma v

s Add =m Remove @ show3D |~ O Segmentations...  ~
- Color Name

Tumor

-Ll

Effects

w » 2+ wn Selectthe Paint Tool and
None Paint Draw Erase

_ draw a circle around the

- =
j om

Fillbetw;nslices Threshold tumor In the Saglttal and

& .
I Y coronal slices

Paint

R: -6.953mm B G —— e A: 27.207MM

Paint with a round brush... Show details.

Diameter: 3% 3 5 1020 40| %

O
-

~ Data Probe

Show Zoomed Slice

o
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Segment Editor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor X B t.- @ e 2y .
2® _— S.28.700mm 1

IVIGSIG! YUILIIG,  viSiiingivina v
ofls Add == Remove @ show3D |~ ) Segmentations... |~

Color Name
~ B Tumor

ot B HBAORIING e |

Select the Grow

Effects
from seeds tool
|| 4| ® &) e
None Paint Draw Erase Level tracing Grow from seeds

~— R: -8.953mm ! G e — A: 27.207mm
— e {é} P =
= om 1] #AV

Fill between slices  Threshold =~ Margin = Hollow = Smoothing | Scissors = Islands

|

Logical operators

Click on Initialize

>

Grow from seeds

Growing segments to create complefp#Segmentation... Show details. -
(4
v

‘.
Undo " Redo -

Preview: Initialize

Display: inputs «

v 'D.até -Probe

Show Zoomed Slice

o
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Segmen\t Editor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor A~ ™ e =) ‘;‘ E f - @ e R 4~
o e ———— m
#) 3osiicer

Slicer shows a preview of
— i the segmentation result
R[] 2| ® &
None Paint Draw Erase Level tracing Grow from seeds
E = L) o :r‘a a0 o)
Fill between slices = Threshold = Margin | Hollow = Smoothing | Scissors = Islands

.|

Logical operators

Grow from seeds

Growing segments to create complete segmentation
Preview: v Auto-update
Display: inputs

c {}———— R:-6.953mm
... Show details.
Update

results  Show 3D
Cancel Apply

Undo 7 Redo
~ Masking

Editable area: Everywhere

Editable intensity range:

Overwrite other segments: All segments

~ Data Probe

Show Zoomed Slice

B
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Segment Editor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor v | - Q =) et gz. E f"‘ - B R N 4~

‘5‘ 3DSlicer

@®

@.

Effects
RI|IZ| & ® i
None Paint Draw Erase Level tracing Grow from seeds
& = £ L Y a%
Fill between slices = Threshold = Margin | Hollow = Smoothing | Scissors = Islands

.|

Logical operators

Grow from seeds

Growing segments to create complete segmentation.
Preview: v Auto-update

R: -8.953mm
.. Show details.

Display: inputs results  Show 3D
Cancel
Undo
~ Masking
Editable area: Everywhere

Editable intensity range:

Overwrite other segments: All segments

Click on Apply to

accept the result B’
Show Zoomed Slice .

‘ ,‘\- » -

~ Data Probe

B

-
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Segment Edltor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor v | w— O =) byl t.v B e :h’ . >

P® i Y —_—— S.28.700mm = 1
) soslicer
» Help & Acknowledgement -

~ Reload & Test

. . ' \ | Slicer shows the
Reload Reload and Test Edit Restart Slicer .
Segmentation: = Segmentation . ’, r "y S eg m e n ta tl O n re S U |t

Master volume: Meningioma

o Add == Remove @ Show p - o Segmentations...  ~ ‘ ‘

- Color Name
Tumor

nEI

R: -6.953mm I D e A 27.207mm
Effects
Rzl 2| ® i
None Paint Draw Erase Leveltracing Grow from seeds

= & & B ™ o i

Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

B

Logical operators
Grow from seeds

Growing segments to create complete segmentation... Show details. v
~ Data Probe

Show Zoomed Slice

o
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t Edltor I\/Iodu\e

.

Segmen

_ <’

4 Segment Editor

o t,:' G e 1
— g S.28.700mm

@ @ @ Modules:

:: 3DSlicer

» Help & Acknowledgement

~ Reload & Test
Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation -
Master volume: Meningioma v
o Add == Remove @ Show3D '~ ‘ Segmentations...  ~
. Color Name
| Tumor
ﬂEI
e —————— R: -6.953mm
Effects
RIL| 4| B s
None Paint Draw Erase Leveltracing Grow from seeds
= &= @ | G o
Threshold =~ Margin = Hollow = Smoothing | Scissors = Islands

Fill between slices

B

Logical operators

Grow from seeds
Growing segments to create complete segmentation... Show details.

~ Data Probe

Show Zoomed Slice

o

B
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Segment Edltor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor v | . O </

ex [EE
) soslicer
» Help & Acknowledgement -

~ Reload & Test

Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation -
Master volume: Meningioma v

o Add == Remove @ Show p - o Segmentations...  ~
- Color Name
Tumor

nEI

Effects
R & ® i 8
None Paint Draw Erase Leveltracing Grow from seeds

B & & B ™ o i

Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

B

Logical operators
Grow from seeds

Growing segments to create complete segmentation... Show details. v
~ Data Probe

Show Zoomed Slice

o

.- Baai 4-
: S.28.700mm - 1 g

|
Slicer shows the
segmentation result in 3D

R: -6.953mm e A 57 207mm
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Segment Editor I\/Iodu\e

@ @ @ Modules: 4 Segment Editor v | - 0 =) X B EE t.- B e Fa, _
[E] Conventional

Conventional Widescreen

Conventional Quantitative »
Four-Up

Four-Up Table

[ Four-Up Quantitative »

@®

. 3DSlicer

» Help & Acknowledgement

e Select the 3D only

[ Dual 3D
Reload Reload and Test | ay o Ut Triple 3D
Segmentation: = Segmentation 3D only
—— 3D Table
Master volume: Meningioma - m One-Up Quantitative ;
o Add == Remove @ show N - O Segmentations... |~ % Red slice only
Yellow slice only
- Color Name
s B Tumor [ Green slice only
| o W [Backgound | G

[ Tabbed slice

= Compare »
]I| Compare Widescreen »
B Compare Grid »
[ Three over three

ﬂ Three over three Quantitative

[ Four over four

A: 27.207mm

Effects [ Two over two
" Side by side
R s 4 % "ﬁ‘ % Four by three slice
None Paint Draw Erase Leveltracing Grow from seeds y

[l Four by two slice
Three by three slice

B & & B ™ o i

Fill between slices = Threshold = Margin = Hollow = Smoothing | Scissors = Islands

B

Logical operators

Grow from seeds

Growing segments to create complete segmentation... Show details. v
~ Data Probe

Show Zoomed Slice

-l

L -t a0
F —ad B %
B
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Segment Editor Module

@ B® Modules: . | 4 Segment Editor v | - Q () R B t- B ek - n.'

@ 3DSlicer

» Help & Acknowledgement

~ Reload & Test
Reload Reload and Test Edit Restart Slicer
Segmentation: = Segmentation ol
Master volume: Meningioma Select the Scissors
| Add == Remov ‘ I~
- *  tool and remove
the segmented
sections which are
not part of the
tumor
Effects
R || 4| ® %) & B 2
‘None | Paint | Draw | Erase | Leveltracing = Grow from seeds  Fill between slices | Threshold
@ | @ i .|

Margin  Hollow = Smoothing Sclssos | Logical operators
Scissors
Cut through the entire segment from the current viewpoint... Show details.
Operation: ‘@) Erase inside ' Erase outside | ' Fillinside | Fill outside
Shape: (e Free-form Circle ) Rectangle
~ Data Probe
Show Zoomed Slice

L
F
B
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Segment Editor Module

) B® Modules: . | 4 Segment Editor ~|-0 O fa B t- Bk - B°

@ 3DSlicer

» Help & Acknowledgement

~ Reload & Test
Reload Reload and Test Edit Restart Slicer
Segmentation:  Segmentation
Masir okt {HFOGITS - Select the Scissors
s =" tool and remove the
segmented sections
which are not part of
the tumor
Effects
Rz ® 4] T = 2

None ' Paint Draw Erase Leveltracing Grow fromseeds  Fill between slices = Threshold
@ | % i &
Margin  Hollow = Smoothing = Scissop slands  Logical operators
e
Scissors
Cut through the entire segment from the current viewpoint... Show details.
Operation: ‘@ Erase inside ' Erase outside ( ' Fill inside 1 Fill outside
Shape: (e Free-form Circle ) Rectangle
~ Data Probe

Show Zoomed Slice

L

: i j
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eeeeee Segment Editor Module

&a £a Modules: | £ Segment Editor N < > JRF - 8 w .- Bmnh 4+- B3

@®
e 3DSlicer

> Help & Acknowledgement j~

~ Reload & Test B N -

Reload | ReloadandTest || Edit |[ Restart Siicer
Segmentation: | Segmentation
Mastr vl Nenngiona ~ Select the Scissors
o G =mme ool and remove the
segmented sections

which are not part of

the tumor
Effects
Rl 2| ® a H B | =
' None ' Paint Draw Erase Leveltracing Grow fromseeds  Fill between slices | Threshold
@ | e | E & | E &
Margin  Hollow = Smoothing | Scissors | Islands ‘ Logical operators
Paint

Paint with a round brush... Show details.

~ Data Prove

Show Zoomed Slice

L
F
B
S Segmentation: »Tumor
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Part 3: Tumor Volume
Calculation
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3D Measurements

This section shows how to
compute the volume of the
segmented tumor using the
Segment Statistics module
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&a &R Modues: |

Tumor Measurements

B - @@

4 Segment Editor

e 3DSlicer

> Help & Acknowledgement

~ Reload & Test B
; ‘Reload || Rel
Segmentation: ‘Segmentaﬁon

Master volume:  Meningioma

[

All Modules
[£] Annotations
k- Data
- DataStore

| 22 picom

. Markups
€ Models
S Scene Views

- 4 Segment Editor
| ® Segmentations

4 Transforms

[ View Controllers
@ Volume Rendering
@ Volumes

£ Welcome to Slicer
Wizards
Informatics
Registration
Segmentation
Qua atio
Diffusion

Filtering

Surface Models
Converters
Endoscopy
Utilities
Developer Tools
Legacy

Testing

MultiVolume Support

v v v v

vy w v v v v w v v w

=00 4A H t-

B8®

~ Select the Segment
- Statistics module in
s the Quantification
category

+% DataProbe

11l Label Statistics

4% Label Statistics (BRAINS)

+% PET Standard Uptake Value Computation
Segment Staf stics

between slices | Threshold

i

Effects
‘ R ‘ | 4| ®
None ' Paint Draw Erase

& | & | [
Margin | Hollow = Smoothing |
~ Data Probe.

Show Zoomed Slice

L

F

B

S Segmentation: »Tumor
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Tumor Measurements

@ é Modules: | 11l Segment Statistics v -.’ Q. o' X e L - B 5= Eb_ $ n &

e®
e 3DSlicer

> Help & Acknowledgement

~ Reload & Test B B ) . .
 Reeas | PecadmiTe e Select the Segmentation Segmentation
Sesa Select the Scalar Volume Meningioma
Segmentaﬂon Segmentation -
Scalar volume: Meningioma |
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Part 4: Quantitative
Imaging features

computation
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RADIOMICS

PyRadiomics package

e Pyradiomics is an open source python package that enables the
automated extraction of over 1,500 quantitative features from
medical imaging data.

 The package includes tools for image pre-processing and filtering
based on SimplelTK

* Pyradiomics command line tools enable batchprocessing

https://pyradiomics.readthedocs.io

http://www.radiomics.io/

van Griethuysen, J. J. M., Fedorov, A., Parmar, C., Hosny, A., Aucoin, N., Narayan, V., Beets-Tan, R. G. H., Fillon-Robin, J.
C., Pieper, S., Aerts, H. J. W. L. (2017). Computational Radiomics System to Decode the Radiographic Phenotype. Cancer
Research, 77(21), e104—e107.
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RADIOMIC @
: S

3DSlicer

Slicer Radiomics

The Slicer Radiomics extension provides a graphical
user interface to the pyradiomics library



RADIOMICS @

Slicer Radiomics

B e rey

SR The Slicer Radiomics
——————— Extension enables interactive
S imaging features exploration
and configuration of
extraction parameters
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Radiomics I\/Iodu\e Instal\ahon
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eatures Computahon
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Slicer displays the result of the
features computation
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No Features
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1 Image type Fi Class Fi Name Seg ion_segment_Tu. Seg ion_seg
2 diagnostics Versions PyRadiomics 2.1.2.post58+g6d385a1 2.1.2.post58+g6d385a°
3 diagnostics Versions Numpy 1.131 1.131
¥ |4 diagnostics Versions SimplelTK 1.1.0 1.1.0
5 diagnostics Versions PyWavelet 1.0.0 1.00
6 diagnostics Versions Python 2713 2.7.13
" . y » ; {'distances": [1), ‘additionalinfo”:  {'distances': [1], ‘additic
7 |diagnostics Configuration  Settings True, 'force2D': False, 'interpol... True, force2D': False, '
8 diagnostics Configuration EnabledimageTypes {u'Original": {}} {u'Original": {}}
9 diagnostics Image-original Hash d96124aaa2dcfd45fa2b4b80f6... d96124aaa2dcfd4Sfazt ~
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Features Computation

Slicer displays the values of the 18
features for the FirstOrder class
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Conclusion

* This tutorial provides a basic introduction to
image phenotyping using the Slicer Radiomics
extension.

* The extension enables the computation of
feature classes implemented in pyradiomics

* The description of each class is available at
https://pyradiomics.readthedocs.io/
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