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Earlier validation studies

e simulation * experiment

Planar image

Planar image

100 150 200
Distange, pixels

Tomosynthesis slice

Tomosynthesis slice

Bliznakova, Russo, et al In-line phase-contrast breast
tomosynthesis: a phantom feasibility study at a
synchrotron radiation facility, PMB, 61(16):6243-63




Earlier validations




? Anthropomorphic breast phantoms ?



Creation of a Breast Model

&) Breast Modelling

Breast Design

4 TOOl for Creat|0n Of breast Component: |§Duct System v| | T |
Duct Syst
mOdeIS. HEE BYSEEm Major ducts : Lactiferous ducts :
0 -14.50 mm pumber: S number: o
yO: 0.000 ‘mm height: 1.000 mm max height: 6.000 mm
Z0: -2.000 mm radius: 2.000 mm limit height: 2.200 mm

/ Shape ohit -10.00 color: (] radius: 0.120 mm

/ S. thita; -10.00 att_coeff: 0,060 mm lobule radius: 0,500 mm

v’ Glandular tissues
\/ Ad'pose tlssue N | &Genermeﬂreagtmudm

/ S k. Duct trees: 1300 Initial duct radius: 0720 mm
I n Elipsoids: 4 Initial lenght radius: .000 mm
Total objects: 4526 IWin/Max texture values: 0.010 y D.050

/ Abnormalities Min/Max matrix value: 0 ; 0.8

Breast Parameter Evaluation
Breast volume: 1.428380E+0005 mm3 Glandular: Fatty
Breast mass: 1.356989E40002 gIm ] . 100

BreastSimulator




Anthropomorphic phantom




Development of physical breast phantoms for phase contrast imaging

Breast models Tissue to be printed

Processing of the
model

STL format

3D printing Additional processing
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Development of physical breast phantoms for phase contrast imaging

Breast models Tissue to be printed

Processing of the
model

STL format

3D printing Additional processing




o) BreastSimulator - D:\BreastSimulator\Win64 \Debug




> Breast shape — Clear resin; Anthropomorphic phantoms

» Glandular tree — Clear resin;

» Animal fat;
» Thickness — 31 mm;
» Wall thickness — 1.7 mm.




Development of physical breast phantoms for phase contrast imaging

Physical phantoms

-

Courtesy Danail Ivanov et al, FOCHOS, 2016



? Realistic in shape,

size and absorption
properties tumors
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The Maxima objective

* The main objective of the project is to increase the
research and innovation capacit
organisation in the field of computational modelling of
breast tumours and their use in studies of advanced x-
ray breast imaging techniques such as breast
tomosynthesis and phase contrast imaging.




3D image Database
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Alm

To develop

the MaXIMA Breast Tumours Models’ Database,
which is intended to provide researchers with computer-
based breast tumours models, both:

* Segmented from Patient data
* Mathematically modelled realistic in shape
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Methods

Segmented lesions Modelled lesions

* Sources
e Algorithms
* Evaluation
* Storage



Segmented lesions

ﬁg # Micro CT q-- -q

e d
: . . Reconstructed Segmented 3D model of
Biopsy specimen Tube containing images from images microcalcification
tissue in CH,0 micro CT

Courtesy of Prof Hilde Bosmans, KU Leuven



For each slice

e o e e
- ~ - ~
-~ SS, -~ Ss

Input Data
_ | Region Growing within the slice
Non contrast abdominal CT i v
scans v l
> Verify the segmented area
Defining the slide where the : y ° v |

liver appears initially l

Click in the region of the liver

Post-processing the segmented
region
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-
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Liver volume




Outlining the tumor by the algorithm

example

Slice number 1 out of 156

Slice number 12 out of 156
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Outlining the tumor by a doctor




Comparison

Bliznakova et al :Computer-aided pre-operative evaluation of the residual liver volume using Computed Tomography images J Digit Imaging. 2015



Tomograms from Breast
tomosynthesis/CT

Filtering the images to reduce the
tomographic noise

Segmentation of
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patient data
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Segmentation of
lesions from
patient data

Tomograms from Breast
tomosynthesis/CT

Filtering the images to reduce the
tomographic noise

Select the lesion region
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Sources of data

Image size 512 x 512 pixels, 1.17mm x 1.17mm
v'CT patient data from

radiotherapy department

Slice thickness —5 mm
188 slices of the whole body
Philips GEMINI TF TOF 16

Courtesy: Nikolay Dukov, Fochos 2016



Sources of data

v Tomosynthesis —  Alexandrovska Hospital, Sofia v'CT - mastectomy University
University Hospital, Leuven Hospital of Varna



Tomograms from Breast
tomosynthesis/CT

v

Segmentation of
lesions from
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Post-processing the segmented
lesion

v

Lesion volume




Segmenting the tumour area

Choosing ROI Obtaining binary Artefact Tumor
image reduction segmentation

Dukov et al , RAD, 2017



Tomograms from Breast
tomosynthesis/CT

Filtering the images to reduce the
tomographic noise

Segmentation of
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Manual post-processing

Pixel info: (X, Y) Pixel Value

Image #14
Without segmentation

SLICES

|

Image #14
With segmentation

Add Mask

Remove Mask

Copy Selected
Mask

Copy Whole
Mask

Paste Mask

Dukov et al , RAD, 2017




Tomograms from Breast
tomosynthesis/CT

Filtering the images to reduce the
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Example

Unprocessed Images Segmented images Combined Images




Segmented tumors

v' More than sixty different 3D models of lesions with irregular shapes were created.

v Evaluated by experienced radiologists.




Segmentations

ZUELEEL

Dukov et al Models of breast abnormalities based on three-dimensional medical x-ray breast images, under revision in Physica Medica




Comparison of segmented slices obtained by using the algorithm and outlined by three radiologists
and the corresponding volumes

Dukov et al Models of breast abnormalities based on three-dimensional medical x-ray breast images, under revision in Physica Medica



A comparison of segmented
(on tomographic slices) shapes
obtained with the algorithm (in
red) and the three radiologists
(green) who participated in
the study

Dukov et al Models of breast abnormalities based on three-dimensional medical x-ray breast images, under revision in Physica Medica



Future work

e Correct the shape in z direction
* Classification and full characterization of segmented abnormalities
e Generation of more spiculated in shape abnormalities

e Radiomics with the use of deep learning combined with machine
learning

* Generation of new abnormality types from the existing models
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Mathematically modelled lesions - irregular masses

M - tumor size
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3D averaging
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At each step, the walk goes randomly a unit
distance along one of the neighbor pixels.
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Mathematically modelled lesions - irregular masses
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Mathematically modelled lesions - irregular masses

M - tumor size
\

Nbrownian_runs
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3D random walk
3D averaging

3D dilation
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Under development

Objective evaluation

B -ray Validator _

_:ur_sHHe R --.“.r‘v'u @ ?

MLO view CCView = === L.
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_ A 50% region overiap?

Gospodinova, 2018, ACT2018, Ohrid '-.....,p..- 1 mmmmj@ o0 w0 awo

The created Images are stored in a database Su bjective evaluation

and will be used in the further assessment, 4 AEC
research and educational activities.



Database organisation

MAXIMA Project Database

Insert records Settings

MAXIMA Project Database

The common shared database, contains 3D images of breast cancers with irregular shapes, which will be used further to boost the research activities at project
universities as well as in the educational field.

© Technical University of Varna 2017 Aboutus Links




Database web-based interface

MaXIMA Imaging Database | v

MaXIMA Imaging Database

View Records Insert Records Browse Images Settings
List of available images . ’
g View Records Insert Records Browse Images Settings
All records
Records found: 82 Search
Record title ¢ = Target of Imaging 4 Imaging Modality ¢ Data source 4  Data location + Record title: Target of imaging: Added by:
Patients Breast FFDM University Hospital - Leuven, BE 195401 7884 d or part of the name d name or par 1e name
Patients Breast FFDM University Hospital - Leuven, BE 195207 88sS 2 e.g.. Patientimages from hospital e.g.: Breast gland e.g.. John Doe
Patients Breast FFDM University Hospital - Leuven, BE 194902 8748 2 . sosee
1y i = Imaging modality: Data source: Date of acquisition
Patients Breast FFDM University Hospital - Leuven, BE 194801 7284 2 )
) Older than
Patients Breast FFDM University Hospital - Leuven, BE 194810 3806 2 _
~) Newer than
Patients Breast FFDM University Hospital - Leuven, BE 194810 7070 2
Patients Breast FFDM University Hospital - Leuven, BE 194803 7443 2
Patients Breast FFDM University Hospital - Leuven, BE 194801 8983 2
Patients Breast FFDM University Hospital - Leuven, BE 194708 7085 2
Patients Breast DBT University Hospital - Leuven, BE UZL 196401 7884 2
Patients Breast FFDM University Hospital - Leuven, BE 195308 8753 2 © Technical University of Vama 2017 Aboutus  Links
Patients Breast FFDM University Hospital - Leuven, BE 195408 6069 20-Mar-2017




Database organisation

MAXIMA Project Database

Insert records Settings

Search

Record title: Target of imaging: Added by:
Imaging modality: Data source: Date of acquisition
CT ¢ ¢ Older than

Newer than

© Technical University of Varna 2017 About us



Database organisations

\

MAXIMA Project Database

Insert records Settings

List of available images

Records found: 1

Record title $ Target of Imaging ¢ Imaging Modality ¢ Data source ¢ Data location # Date of acquisition =
pat1 dog CT St. Anna baubau 11/25/2014 ]*_;.'z
New search

© Technical University of Varna 2017 Aboutus Links



Database organisation

MAXIMA Project Database MAXIMA Project Database

Search Insert records Insert records Settings

DB Records DB Records

Edit record Insert record
Record title: Record title:
pat1
Target of imaging: Target of imaging:
dog
Imaging modality: Imaging modality:
St. Anna < <

Data source: Data source:

CcT < <
Image location (Click to change): Image location (Click to change):
baubau
Date of acquisition: Date of acquisition:
11/25/2014 06/23/2017
Additional details: Additional details:

% W
Submit Submit




Irregular masses - description

B 5 files D Refresh g7 Settings [ J/Maximize @ About

[ 2016-05-11_PHANTOMS_UHV_Saint_M
= (-] 2016-07-14_MODELS_ALEXANDROVSK/
[ vopEL Al Food] | |

| MODEL_AL_P002 ‘ . ‘ .

[~/ MODEL_AL_P003

[/ MODEL_AL_P004

| MODEL_AL_P011

| MODEL_AL_P015

[/ MODEL_AL_P019

| MODEL_AL_P023

| MODEL_AL_P024

(2] 2016-07-14_PATIENTS_ALEXANDROVS MaXimMA Shared Database
| 2016-08-23_PHANTOMS_UZ_Leuven_BH
| 2016-12-01_PHANTOMS_City_Clinic_Va
[ 2016-12-15_PHANTOMS_City_Clinic_Va

5]

¥ Download
MaSDh™ oo

AL_P0O0O1_TMO1 AL _POO1_TMO1

B B

DATASET: AL_PO01_TMO1

[+

[ 2017-01-12_ANIMALS_MammaryGland | The dataset contains a tumour mass, segmented from 26 images. The complete set contains
[ 2017-03-20_MODELS_UZ_Leuven_Belg 41 images from digital breast tomosynthesis. The images were taken in Aleksandrovska
[C] 2017-03-20_PATIENTS_UZ_Leuven_Bel University Hospital, Sofia, Bulgaria (Figure 1).

=]

(3 2017-05-11_ANIMALS_Turtle_Veterinar]
| 2017-12-20_MODELS Al EXANDROVSKA
| 2017-12-20_MODELS_UZ_Leuven_Belg

B B

FIGURE 1. THREE-DIMENSIONAL VISUALIZATION OF THE SEGMENTED TUMOUR MASS.

The tumour is classified by the physicians as malignant. The size of the tumour is
36,440,126 mm. The size of the 3D matrix containing it is 414x455x36 voxels.

The dataset consists of the following files:

* Readme.txt — general information, to facilitate the data handling.
e Al _P001_TMO1.bin —raw data as real values, represented using double precision (64-bit),
following the sequence plane-by-plane, column-by-column (i.e. x-index of the pixels is fastest
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Exploitation of results

* Research

e Fdiication

eFi1In



Research

To study novel breast imaging technigues




Creation of breast model

®» Simulation of the
compression procedure

Dukov et al, IUPESM, 2018



Compressed breast model

3D view slice

Dukov et al, IUPESM, 2018
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Images obtained with the software phantom

(a) (b) (c)

Dukov et al, IUPESM, 2018



Phantoms for the study

» Breast shape — Clear resin;
» Glandular tree — Clear resin;

» Container — Clear resin;
» Glandular tree — Clear resin;

| » Water;
>An-|mal fat; > Thickness — 49 mm:
» Thickness — 31 mm; > Wall thickness — 2.4 mm.

» Wall thickness — 1.7 mm.




Phantoms for the study

> ~ 33000 PMMA spheres; » 27 spheres from Gray resin;

> radiuses [0.79 - 7.94] mm; » radiuses [6 - 13] mm;
» white resin container;

» PMMA container; » animal fat;
> water. » wall thickness 3 mm.

P~




Setup

%l v 60keV
v Planar images
v’ Tomosynthesis - 25 projection images



Exploitation of results
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e Education
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* Eutempe-

R

net training course, Varna 22-26/05/2017

* How to model x-ray
imaging chain;

e How to model breast;

e How to model breast
cancer;

e How to work in a
team;

* How to write
abstracts;

* How to present a
scientific work.



Virtual study to investigate the detectability of breast abnormalities on
2D mammography and digital breast tomosynthesis
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Abstract: This paper describes the use of virtual clinical trial software, as developed and improved in the
frame of the Horizon2020 MaXIMA project, to study particular aspects of 2D mammogr ’1p11v and digital
breast tomoswnhems A voxel-based breast phantom with mserted nntheulatlcql models of an irregular mass
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Phantom

Dimension of the phantom:
Width : 641 pixels

Length : 357 pixels

Height : 175 pixels

Voxel size:
0.27 mm [each side]

Kristina Tri Wigati, Hannah Manssens, Anthropomorphic phantoms, Eutempe-net training course, Varna 22-26/05/2017



Breast abnormalities

Irregular mass

« The voxelized of irregular mass matrix was placed about the
center of the normal breast phantom;

« Resolution: 0.27 mm/pixel

Kristina Tri Wigati, Hannah Manssens, Anthropomorphic phantoms, Eutempe-net training course, Varna 22-26/05/2017



Virtual clinical study

Table 4. Mean pixel value. signal ditference. SUNK and contrast of the irregular mass in the 2D mammography
and DBT reconstructed slice at Z = 0.

System Mean pixel value SD SDNR Contrast (%)
2D Mammography 2.25 0.05 1.66 247
DBT £9°. 10 proj 84.84 10.42 0.21 14.00
DBT £13°, 14 proj 83.49 9.65 0.21 13.07
DBT £15°, 16 proj 84.64 10.88 0.25 14.75
DBT £21°, 22 proj 86.24 10.95 0.25 14.54
DBT £25°, 26 proj 87.49 12.80 0.30 17.14

Table 5. Measurements of FWHM calculated using Gaussian internal-*

]

™ and contrast profiles of the -

Kristina Tri Wigati, Hannah Manssens, JMIPB, 5(1), p. 124-138, 2018



Addition of noise

Kristina Tri Wigati, Hannah Manssens, Anthropomorphic phantoms, Eutempe-net training course, Varna 22-26/05/2017



Qualitative comparison

Tomosynthesis with 26

Mammography IRy
projection images

Kristina Tri Wigati, Hannah Manssens, Anthropomorphic phantoms, Eutempe-net training course, Varna 22-26/05/2017
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Exploitation

Dukov et al, FOCHOS 2017



CT Scanning

Dukov et al, FOCHOS 2017



Segmenting a health part

binarization segmenting the health mirror image morphological
part corrections

Dukov et al, FOCHOS 2017



Models (double-dlick to edit)

3D printing

[] Turtle1.2.0.1
[] Turtle1.5.0.1
[ Turtle1.2.0.1(2)
Turtle1.5.0.1(2)

;i Import :' Remove

155 Center and Arrange

Processes (double-dlick to edit)

Name Type
Process1 FFF

P add S pelete

o
oa Edit Process Settings

v Prepare to Print!
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Dukov et al, FOCHOS 2017




Exploitation

Dukov et al, FOCHOS 2017



Conclusions

* The developed database will serve as an imaging data
source for researchers, working on breast imaging and
early breast cancer detection with the help of existing
or newly developed imaging modalities.
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