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The MAGIC-5 Project*

Main research activities

Developing models and algorithms for the analysis of biomedical images:

@ To support the medical diagnosis with Computer-Aided Detection (CAD) system:s;

o To allow large-scale image analyses.

Analysis of Medical Images

@ Mammographic images for the early diagnosis of breast cancer (2001-2005)

8 Computed Tomography images for the early diagnosis of lung cancer (2004-

present)

& Brain MRI for the early diagnosis of the Alzheimer’s disease (2006-present)

i)

i

Medical Application on a Grid Infrastracture Connection
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Institute of Nuclear Physics in close collaboration with

italian hospitals and the academic world.
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Lung Cancer

Leading Sites of New Cancer Cases and Deaths - 2009 Estimates

Estimnated MNenw Cases® Estimated Deaths
Female

=11
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LUNG SCREENING PROGRAMMES

International Early Lung Cancer Action Program (I-ELCAP)
5 @ 31000 individuals, mortality reduction: 8% (14%) in 5 (10) years of screening.
Henschke et al., N Engl ] Med (2006)

Bach
@ 3210 individuals, no mortality reduction

Bach et al., JAMA (2007)

Mayo Clinic Experience
@ 1520 individuals, mortality reduction: 28% (15%) in 6 (15) years of screening.
McMahon et al., Radiology (2009)

National Lung Screening Trial (NLST)

@ about 50.000 current or former smokers, results expected in 2010-11
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@

9]

CT in screening programmes

Each low-dose helical multi-slice CT = 300 2-D

images with slice-thickness < 1.25 mm

Each annotation by 1 or more radiologists (up to 4)
Nodules of diameter > 3 to 5 mm, according to the
different protocols

Agreement sometimes ~ 60% between radiologists
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3-D image processing [

- -

" General approach Lung CAD system

/)’ @ Definition of the lung volume

\ @ Region of interest list

Feature Extraction

\\’@ Characterization of the candidate

Q

Segmentation

@

& Classification nodules

‘\N\a

# o True/false positive classification
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The MAGIC-5 CADs (=

@ Parallel approach: three ditferent lung CADs are

implemented in the same software framework;

@ Some algorithms/procedures in common;

@ The data analysis is performed in cross validation (i.e.
blinded);
@ The CAD systems were validated with three different

databases.
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MAGIC-5 overall approach

X
i

Region Growi

Voxel Based
Gaussian Filter | Analysis
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MAGIC-5 lung segmentation

@ Simple-threshold 3D Region Growing
is applied to the CT in order to
segment air inside lung;

@ Region Growing Wavefront simulation
algorithm is applied in order to
segment and remove trachea and
external bronchi;

Morphological 3D closing is applied in

@

order to refine lung volume and

include pleural nodules.
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® Feature Extraction

Geometrical and Statistical

chararacteristics

@& Nodule classification:

Rule-based filter +
Neural Network or SVM

V.=4/3mr,2
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Maximum distance, d_
Volume, V=N, -V,
Sfericity, S=V / Vg

Ellipticity, E=V / V,
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Shannon’s Entropy
e (L) - log(p(L)]

p = probability, I = intensity

5T

T e — 1

-



TRASPARENZA 12: REGION GROWING CAD


@ Lung segmentation

® (Candidate nodule identification

A virtual Ant Colony detects the vascular

tree and the candidate nodules

® Feature Extraction

Geometrical and Statistical chararacteristics °

Q

Rule-based filter + Neural Network

Nodule classification:

AR

Y
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Bae Lung segmentation

Voxel-based Neural CAD

& (Candidate nodule identification

3D Multiscale Gaussian Filter + Detection

of Inward Pleura Surface Normal i,
Intersections S —
i Y
@ Feature Extraction
Rolled Down 3D Neighbors Intensity + !
Eigenvalues of Hessian and Gradient 2

matrix for each voxel of nodules ("
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@ Nodule classification: I~

Neural Network
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The data sets

LIDC

ant Nmber: ULCADS
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~ 100 CT scans (rapidly increasing), with annotations
by 1, 2, 3, 4, radiologists;
Nodules with diameter >3 mm

ANODEQ9 anode09.isi.ut.nl  pr—r——

Computer-aided detection (CAD) of nodules in chest computed tomography (CT) scans has
attracted massive interest in the last eight years. There are now multiple commercial systems on
the market and a large number of papers have been published that describe systems developed in
academia. ANODEO is an initiative to compare systems that perform automatic detection of
pulmonary nodules in chest CT scans on a single common database, with 2 single evaluztion
protocol. Data is provided by the Nelson study, the largest CT lung cancer screening trial in
Europe. Any team, whether from academia or industry, can join the study.

(50) scans with (blind) annotation; I

5 O On this website, teams can register to participate in the study. After registration, an example
dataset of 5 annotated scans and a test set of 50 scans without annotations can be
downloaded. Results of CAD systems on those test scans, consisting of a list of locations in the
scans and a degree of suspicion that this location is a nodule, can be submitted on this site.
After submitting results, taams receive a score, based on FROC analysis. Teams should submit a
paper describing their system to the CAD Conference of SPIE Medical Imaging 2009. The results
will be presented as regular conference contributions and in a special workshop included in that
meeting, held in Disney’s Coronado Springs Resort in Kissimmee, Florida, 7-12 February 2009.
Moreover, during the workshop teams can participate in a live contest in which the systems will be
compared on a second test set of scans. An overview paper describing the results of the
competition, jointly authored by all teams, will be submitted to a high-ranking journal.

TN T TR

After February 2009, the results will be posted on this website, and the site will remain open to
register new teams and receive and post new results

. For more information, consult the section of this site that has all the details.

+ Bram van Ginneken (Image Sciences Institute,
op (Department of Radiology, University Medical Center Utrecht)
2 of Ci
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Lung Nodule Annotation tool developed
~ 163 CT scans in the DB
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Annotation by 2 to 4 radiologists

& Nodules with diameter > 5 mm
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MAGIC-5 lung CAD results

—h

Sensibility

— MAGIC - 5 CAD on LIDC Database [85 CTs]
——— MAGIC - 5 CAD on ltalung Database [20 CTs]
| ——MAGIC -5 CAD on ANODE 09 Database [5 CTs]|
v X Yeetal - IEEE 2009 [108 CTs]
J. Pu et al. - Med. Phys. 2008 [52 CTs]
* R. Opfer et al. — Proc. SPIE 2007 [16 LIDC CTs]
A B. Sahire et al. - Proc. SPIE 2007 [29 LIDC CTs]
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Conclusions

- - —

B5 MAGIC-5 CAD system: three parallel approaches to lung nodule

detection and classification:
@ validated using three different CT lung image databases

@ competitive with respect to the state-of-the-art systems

Future activities

i

@ Continuous testing on new CT data

@

Algorithm improvements and result merging

L)

Extensive testing as second opinion to the radiologist's judgement

()

Partecipation to the large-scale screening or clinical programmes
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Publications

S [1] Lung nodule detection in low-dose and thin-slice computed tomography, COMPUTERS IN
BIOLOGY AND MEDICINE;

[2] A CAD system for nodule detection in low-dose lung CTs based on region growing and a new
active contour model, MEDICAL PHYSICS

[3] Multi-scale analysis of lung computed tomography images, JOURNAL OF INSTRUMENTATION;

[4] Automatic lung segmentation in CT images with accurate handling of the hilar region, JOURNAL
OF DIGITAL IMAGING;

[5] 3-D Object Segmentation using Ant Colonies, PATTERN RECOGNITION;

[6] Pleural nodule identification in low-dose and thin-slice lung computed tomography,
COMPUTERS IN BIOLOGY AND MEDICINE;

[7] Performance of a CAD system for lung nodules identification in baseline CT examinations of a
lung cancer screening trial, INTERNATIONAL JOURNAL OF IMAGING;

[8] A novel multi-threshold surface-triangulation method for nodule detection in lung CT, MEDICAL
PHYSIES:
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Thank you for your attention!

Iam grateful to all the members of the
MAGIC-5 Collaboration for their
contribution

Contacts:
ROBERTO.BELLOTTI@BA.INEN.IT

PIERGIORGIO.CERELLO@TO.INEN.IT

#if UNIVERSITA
% ALDO MORO
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Region Growing CAD

INFN

Istituto Nazionale
di Fisica Nucleare
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Voxel-based Neural CAD




Voxel-based Neural CAD

From every voxels
in a ROI

INFN
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ANODEQ9 international competition
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dataset of 5 annotated scans and a test set of 50

' o Participants had to download an exampl

scans without annotations

@ Nodules reported in the database are classified
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http://anode(09.isi.uu.nl/

Bram van Ginneken et al.,, Comparing and

combining algorithms for computer-aided

detection of pulmonary nodules in computed
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i
calcified nodules.
@ Results submitted to SPIE Medical Imaging:
: tomography scans: the ANODEQ9 study,

accepted by Medical Image Analysis
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Irrelevant findings are nodules that are unlikely to be cancer, such as calcified nodules or very small nodules (< 4 mm diameter). The not relevant ones, if detected, are not counted neither as true positive nor as false positive


ANODEQ09: MAGIC-5 CADs
T eSS TE

; CAD participants (SCORE)
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| & RGVPMAGIC-5(0.29) 1]

| o V-ANTSMAGIC-5(0.25) !
N .3 g Results submitted to SPIE Medical Imaging:
F o  Philips Lung Nodule (0.23) i:l Bram van Ginneken et al., Comparing and combining
: o Fujitalab (0.21) _J; algorithms for computer-aided detection of pulmonary
; _!', nodules in computed tomography scans: the ANODE09

g study.
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RESULTS: ANODEO09 competition

(50 CT)
RG-VP V-ANTS VBNA
small Q3790 | < 0.251 .39
large 0.160 s
isolated 0.389 0.314 5
juxta-vascular 0.260
juxta-pleural | C0.231> 0.212 C0.223>
peri-fissural | C0.249 > 310 0.232
ALL 0.278 0.262 0.304

Results “ALL nodules” for the other systems:



ISI-CAD  ( 0.632 ) 



