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1

Executive Summary

Summary
This deliverable could be divided in several distinct parts reflected in separate chapters with
related section.
The first chapter presents a short overview of DoctorEye platform with a general description
of its main functionalities and the available and implemented segmentation/annotation
techniques.
The second chapter is presenting briefly the last and state-of-art achievements in tumour
radiology with focus on Wilms’ tumour. It covers generally the most prominent scientific,
evidence-based research results.
The last chapters are focused exclusively on Wilms’ tumour segmentation/annotation
techniques where the achieved results are presented / reported in examples. Also, we are
presenting here the changes after chemotherapy in tumour volume estimated with DoctorEye
platform, and we are comparing the histopathological tumour type to these changes,
hypothesizing that the histograms of Wilms’ tumour images (MR) might have
prognostic and histopathological diagnostic information.
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2

Introduction

Purpose of this report
The main purpose of this deliverable is to present an overview of the main DoctorEye
platform’s functionalities and in special to report the applied segmentation technique to the
MRI of Wilms’ tumour with concrete and detailed examples of the achieved results.
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3

DoctorEye Platform Overview

Introduction
DoctorEye3 is an open access, flexible and easy to use platform, for intuitive annotation and
segmentation of tumour regions. Its clinically driven development followed an open modular
architecture focusing on plug-in components. DoctorEye’s main advantage is that the user
can quickly and accurately delineate complex areas in medical images in contrast with other
platforms that do not facilitate the delineation of areas with complicated shapes. Additionally,
multiple labels can be set to allow the user to annotate and manage many different areas of
interest in each selected slide. The close collaboration with clinicians in designing the
platform has ensured that it can be effectively used in the clinical setting.
Another reported4 feature that adds value to the platform is that it allows computational “insilico” models of cancer growth and simulation of therapy response to be easily plugged in, in
order to provide a future integrated platform for modelling assisted therapy decision making.
Currently, DoctorEye’s development team is working towards incorporating such models in
the platform and the new, stable version will also be available. In this context, the platform
could also serve as a validation environment where the simulation predictions could be
compared with the actual therapy outcome in order to achieve a global optimization of the
modeling modules. DoctorEye platform has been actively developed in the frames of Contra
Cancrum5 European Commission ICT research project and at the moment it serves as an
intuitive 3D annotation system.

3.1.1 Platform design
DoctorEye platform is based on the .NET framework architecture and can be used in any
Windows-based computer with the .NET framework ver. 2.0. The .NET Framework is
Microsoft's comprehensive and consistent programming model for building applications
that have visually stunning user experiences, seamless and secure communication, and
more.6
The graphical interface is based on well-known Microsoft Office applications to ensure a
user-friendly environment. This implementation interface gives the end-users the option to
change the appearance of the interface by choosing one of the “skins” located between
the “view” and the “tools” groups of buttons (Fig. 1).
We have been using DoctorEye over a large amount of datasets and found the platform’s
environment simple, intuitive and user friendly. Only some basic knowledge and
experience of annotation/simulation processes are required to use the system (Fig. 2).

3

DoctorEye software, (January 2012) http://www.ics.forth.gr/bmi/bioimaging.html
Skounakis E, Sakkalis V, Marias K, Banitsas K, Graf N. DoctorEye: A multifunctional open platform
for fast annotation and visualization of tumors in medical images. Conf Proc IEEE Eng Med Biol Soc.
2009;2009:3759-62.
5
The Contra Cancrum project aims at developing a composite multilevel platform for simulating
malignant tumour development and tumour and normal tissue response to therapeutic modalities and
treatment schedules in order to optimise the disease treatment procedure in the patient's
individualized context, (January 2012) http://www.contracancrum.eu
6
http://msdn.microsoft.com/en-us/netframework/default.aspx , June 2012.
4
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Fig. 1 The main window of the Doctor Eye platform

Fig. 2 The main window of the Doctor Eye platform with a MRI data set and annotations

3.1.2 Slide Selection and Presentation Context
End-user can select any number of DICOM images from a group of thumbnails to
process. These thumbnails will appear in a resizable area at the bottom of the screen as
shown in Fig. 2. At this location, the user can also adjust the level and width values by
using a system of axes. Here, the first option allows the user to zoom in or out (“Zoom In”
and “Zoom Out” buttons) and the second option is to shift the position of the selected
Page 8 of 50
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image (“Move” button) on the screen in order to have a better view of the regions of
interest.

3.1.3 Annotation tools and Segmentation algorithms
By clicking the “Image Annotations” toolbar, two sections appear at the top of the main
window: “Tools” and “Algorithms” (Fig. 3). Here at the “Available Annotations” panel we
can see the list of annotations for the current DICOM image in display.

Fig. 3 “Image Annotations” toolbar with related elements.

To start the processing, the user must first press the “Add” button in the annotations panel
to create a new label. This label can be added to a single slide or to a group of slides
automatically.
The segmentation process starts with the first image of the selected group of images and
at this point the user has to choose a segmentation algorithm. The user can then define a
“working area” where the segmentation method will be applied (Fig. 4). At the end of this
process the above mentioned label will correspond to the area which will be identified by
the algorithm. The user may also specify the colour of the selected region in order to
define two or more areas in the same region of the image.

Fig. 4 The “working area” where the segmentation method has been applied.
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3.1.4 Segmentation Methods Applied
Segmentation is the process dividing an image into regions with similar properties such as
gray level, color, texture, brightness, and contrast. The role of segmentation is to
subdivide the objects in an image; in case of medical image segmentation the aim is to7:
• Study anatomical structure
• Identify Region of Interest i.e. locate tumor, lesion and other abnormalities
• Measure tissue volume to measure growth of tumor (also decrease in size of
tumor with treatment)
• Help in treatment planning prior to radiation therapy; in radiation dose calculation
Automatic segmentation of medical images is a difficult task as medical images are
complex in nature and rarely have any simple linear feature.
Medical image segmentation has been a subject of the advanced research activities in the
in the past years. Both the automatic and semiautomatic detection and delineation of
tumours, generally involve different types of tissue and fuzzy boundaries rendering them
difficult to segment. At this phase of the development, we focus mostly on MR imaging
modality since MRI has been mostly used by the clinicians in the Wilms’ tumour cases.
Two different, in terms of underlying theoretical concepts, segmentation algorithms are
currently available in the Doctor Eye platform: namely the “Magic Wand” and “Spatially
Adaptive Active Contours”, additionally, due to program flexibility any other algorithm can
be easily plugged-in. The first is based on image intensity, whereas the “active contours”
are model-based.
3.1.4.1 Magic Wand Algorithm
According to Marias K et al. (2010)8 the function of the Magic Wand Algorithm is based on
finding and selecting all the pixels around a pre-specified user-selected initial point that
are similar in gray intensity. A tolerance value can also be set by the user to determine
how closely to match colors (higher tolerance ends up in a larger selection).
All the points selected by the algorithm are automatically stored in an image mask of the
same size as the original image. Each pixel in the image mask represents the position of
the selected pixels in the original image and is used to label the delineated tumours.
To enhance its effectiveness, authors have implemented a faster version of this algorithm
which excludes all the pixels that have already been examined ensuring that the algorithm
does not check them again.
Apart from being able to work with the original image(s), another integrated option allows
the user to work with the image displayed on the screen after the level and the width
values have been adjusted by the user, in order to facilitate the image processing task.
3.1.4.2 Active Contours Algorithm
The Spatially Adaptive Active Contour technique reported in the frames of the World
Congress on Medical Physics and Biomedical Engineering9, is an extension on the
7

Sharma N, Aggarwal LM. Automated medical image segmentation techniques. J Med Phys. 2010
Jan-Mar; 35(1): 3–14. doi: 10.4103/0971-6203.58777
8
Skounakis E, Farmaki C, Sakkalis V, Roniotis A, Banitsas K, Graf N, Marias K. DoctorEye: A
Clinically Driven Multifunctional Platform, for Accurate Processing of Tumors in Medical Images. Open
Med Inform J. 2010;4:105-15.
9
Farmaki C, Marias K, Sakkalis V, Graf N. A spatially adaptive active contour method for improving
semi-automatic medical image annotation. In: Proceedings of the World Congress on Medical Physics
and Biomedical Engineering 2009; pp. 1878-81.
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traditional active contours, or snakes, which have been widely used in image processing
for segmenting image entities and delineate object boundaries. The snake algorithm, first
introduced by Kass et al.10, is a semiautomatic method, based on the deformation of an
initial contour towards the boundary of the desired object, which is accomplished by trying
to minimize energy functional, and designed so that its minimum is obtained at the desired
boundary. The snake evolution can be driven by adjusting four constant and global
parameters, which control the curve’s smoothness and continuity, and the force that
pushes the snake to expand.
In the platform described in this paper we integrated an improved version of the traditional
active contours, which Marias K. et al. (2010) call the Spatially Adaptive Active Contours.
This algorithm is based on the discrimination of image regions according to underlying
characteristics, such as gradient magnitude and corner strength, and the assignation to
each region with a different “localized” set of parameters, one corresponding to a very
flexible snake, and the other corresponding to a very rigid one, according to the local
image features. Therefore, the snake exhibits different behaviour within image regions
with diverse characteristics, thus, providing more accurate boundary delineation.
This segmentation technique is semi-automatic, which means that the user only needs to
place an initial contour inside the desired object (tumour area or organ) and let it evolve
towards its boundaries. It has been extensively tested on real data of Wims’ tumour cases
and seems to follow very satisfyingly the clinical expert’s intuition, concerning the true
tumour boundaries. A general theoretical background on the traditional snakes, examples
and the details of the approach used are presented in the Section “Snake Segmentation
Algorithm”.

10

Kass M, Witkin A, Terzopoulos D. Snakes: Active contour models. Int J Comput Vis 1987; 1: 321-31.
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4

Radiology of Wilms’ Tumour

Introduction
Radiology in Wilms’ Tumour Chapter is presenting briefly the last and state-of-art
achievements in tumour radiology with focus on Wilms tumour. It covers generally some of
the most prominent scientific, and research projects/initiatives.

4.1.1 Reference Radiology
Schenk JP, Schrader C, Zieger B, Furtwängler R, Leuschner I, Ley S, Graf N, and
Troeger J reported that reference radiological evaluation improves the diagnostic
accuracy with therapeutic relevance.11 Researches carried out a reference radiologic
diagnosis for the purpose of quality control and in order to achieve high diagnostic
accuracy in the on-going trial and study SIOP 2001/GPOH for renal tumours during
childhood. The aim of their study was to evaluate the value of diagnostic imaging and the
benefit of reference evaluation and one of the main achievements is that the results of the
reference radiology were significantly better.

4.1.2 Quantitative and Descriptive Imaging Data
Quantitative and descriptive imaging data are considered as a vital component of the
radiology reports but the currently available methods of recording these data are
inefficient and error prone. In addition, the free-text, unstructured format of a radiology
report makes aggregate analysis of data from multiple reports difficult or even impossible
without manual intervention. A structured reporting work-flow has been developed and
proposed by Zimmerman SL, Kim W, Boonn WW 12, it allows quantitative data created at
an advanced imaging workstation to be seamlessly integrated into the radiology report
with minimal radiologist intervention. As an intermediary step between the workstation and
the reporting software, quantitative and descriptive data could be converted into an
extensible markup language (XML) file in a standardized format specified by the
Annotation and Image Markup (AIM) project of the National Cancer Institute’s Cancer
Biomedical Informatics Grid (caBIG®)13.
4.1.2.1 The caBIG Annotation and Image Markup project
The goal of the Annotation and Image Markup (AIM)14 project is to develop a
mechanism, for modelling, capturing, and serializing image annotation and markup
data that can be adopted as a standard by the medical imaging community. AIM project
proposes/creates a “standard” means of adding information/knowledge to an image in
a clinical environment in order to create a future in which image content can be easily
and automatically searched. AIM provides a solution to the following challenges:
11

Schenk JP, Schrader C, Zieger B, Furtwängler R, Leuschner I, Ley S, Graf N, Troeger J. Reference
radiology in nephroblastoma: accuracy and relevance for preoperative chemotherapy. Rofo. 2006
Jan;178(1):38-45.
12
Zimmerman SL, Kim W, Boonn WW. Informatics in radiology: automated structured reporting of
imaging findings using the AIM standard and XML. Radiographics. 2011 May-Jun;31(3):881-7.
13
Cancer Biomedical Informatics Grid (caBIG®), (January 2012) https://cabig.nci.nih.gov/
14
Annotation and Image Markup (AIM) project, (January 2012) https://cabig.nci.nih.gov/tools/AIM
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-

No agreed upon syntax for annotation and markup.
No agreed upon semantics to describe annotations.
No standard format (DICOM, XML, HL7, etc.) for annotations and markup.

Selecting a single standard format to store image annotations will streamline software
development and enable the work to focus on providing rich annotation features and
functionality. Designing the tools to be compatible with other standards will enable a
high degree of interoperability and allow the incorporation of the annotation standard
into commercial, clinical, information systems. Such interoperability has the potential to
open many existing resources and databases of cancer-related image data and
metadata for exploitation by the broader research and clinical radiology community.15
Currently the AIM project includes development of:
- The AIM model, which captures the descriptive information for an image with
user-generated graphical symbols placed on the image into a single common
information source
- AIM Template Manager, which allows you to generate a set of well-defined
questions and answer choices to facilitate collecting information for a study
- AIM on ClearCanvas Workstation, which is a referenced implementation of the
AIM 3.0 Model. AIM on ClearCanvas Workstation demonstrates how the AIM
model and the AIM library can be applied in a real imaging diagnostic
workstation.

15

Channin DS, Mongkolwat P, Kleper V, Sepukar K, Rubin DL. The caBIG annotation and image
Markup project. J Digit Imaging. 2010 Apr;23(2):217-25.
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5

Segmentation of Wilms’ Tumour

Introduction
Tumour images segmentation activities in general are very complex due to high variability of
tumour structures. Since manual segmentation is time-consuming, and, on the other side, a
fully automatic technique is not applicable because the enrolment of the clinician’s
expertise/supervision is required, the best choice seems to be the semi-automatic technique.
In order to assure a knowledge-based background for further research activities related to
semi-automatic technique, in the frames of p-medicine project the manual
segmentation/annotation of the Wilms’ tumour have been performed.
This chapter could be divided in two conventional parts where the part one describes the
segmentation/annotation of Wilms’ tumour by using the semi-automatic technique, and the
part two describes the segmentation/annotation of Wilms’ tumour performed by using the
manual technique.

5.1.1 Segmentation of Wilms’ Tumour (semi-automatic technique)
Segmentation of Wilms’ Tumour by using a semi-automatic snake-based approach for
tumour segmentation, based on the use of locally adaptable parameters has been in details
described by Farmaki C, Marias K, Sakkalis V, Graf N6 . Their method exploits gradient and
curvature characteristics to compute adaptive sets of parameters which guarantee that the
evolving snake is rigid and forceful inside the desired boundary, in order to overcome small
inhomogeneities, and very flexible near the tumour borders, in order to accurately adjust to
boundary details.
It clearly improved tumour segmentation results comparing to previous methods, since the
average overlap, produced by the described method’s application on several medical
volumes, was 89%, while the corresponding overlap for traditional snakes and region
growing was 82.5 and 59.2%, respectively.
The bellow figures (Fig. 5, 6, 7) present the results of the application of the descried method
on three MR scans. In each figure, (a) shows the clinician’s annotation of the tumour, (b)
shows the traditional active contour’s result, and (c) depicts the result obtained, using the
spatially adaptive active contours.
As apparent, the traditional snakes tend to include small undesirable regions and exclude
features that are part of the true tumour surface, due to the co-existence of very diverse
image features, in the vicinity of the tumour area. On the other hand, the method’s results
follow the true annotated tumour boundaries of the expert clinician very satisfyingly, and
delineate the tumour accurately, even in difficult cases, where tumours are highly
heterogeneous and their boundaries are not very distinct.
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Fig. 5 Tumour segmentation on MR abdominal images: (a) clinician’s annotation, (b) result using traditional
snakes, (c) result using spatially adaptive active contours.
Source: Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumor
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.
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Fig. 6 Tumour segmentation on MR abdominal images: (a) clinician’s annotation, (b) result using traditional
snakes, (c) result using spatially adaptive active contours.
Source: Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumor
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.
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Fig. 7 Tumour segmentation on MR abdominal images: (a) clinician’s annotation, (b) result using traditional
snakes, (c) result using spatially adaptive active contours.
Source: Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumor
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.

5.1.1.1 Snake Segmentation Algorithm
Snakes are flexible curves, based on the parameter-controlled deformation of an initial userdefined contour toward the boundary of the desired object, through the minimization of a
suitable energy function. Although parameter-adjustment can yield fairly good results in
homogeneous regions, traditional snakes often fail to provide an accurate segmentation
result when both rigid and very elastic behaviour is needed simultaneously to delineate the
true outline of the tumour. Farmaki C, Marias K, Sakkalis V, Graf N16 developed and tested a
spatially adaptive active contour technique by introducing local snake bending, to improve
traditional snakes performance for segmenting tumours. The key point of the presented
16

Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumor
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.
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method is the use of adaptable snake parameters, instead of constant ones, to adjust the
bending of the curve according to the local edge characteristics. The proposed algorithm
discriminates image regions according to underlying image features, such as gradient
magnitude and corner strength. More specifically, it assigns each region a different
"localized" set of parameters, one corresponding to a very flexible snake, and the other
corresponding to a very rigid one, according to the local image characteristics (Fig. 8 and
Fig. 9).

Fig. 8 Application of the result of a traditional snake on a simple object: (a) initial contour, (b) result using
parameters α = β = 0.4, k = 1.0, f = 0.5, (c) result using parameters α = β = 1.0, k = 0.9, f = 0.6, (d) result using
parameters α = β = 0.4, k = 1.0, f = 0.8.
Source: Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumor
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.
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Fig. 9 (a - e) Snake deformation in progress, using the spatially adaptive active contour algorithm, (f) final result.
Source: Farmaki C, Marias K, Sakkalis V, Graf N. Spatially adaptive active contours: a semi-automatic tumour
segmentation framework. Int J Comput Assist Radiol Surg. 2010 Jul;5(4):369-84.

5.1.2 Segmentation of Wilms’ Tumour (manual technique)
The manual segmentation of the Wilms’ tumour technique has been performed to annotate
precisely and with minimum errors the tissue of Wilms’ tumour. This approach, at first stage,
allowed us to benchmark the manual and semi-automatic techniques. Also, it allowed us to
assess the output of the DoctorEye’ segmentations tools: Pencil, Magic Wand, Active
Contours (Greedy & Snake).
DoctorEye platform has advanced segmentation/annotation tools which allow the end-user to
select with high accuracy the Wilms’ tumour tissue but according to our preliminary results
the most precise seems to be the “Pencil” interface. The only disadvantages are the time
related restrictions; segmentation/annotation of the areas of interest with the “Pencil” tool
requires much more time comparing to Magic Wand and Active Contours (Greedy & Snake)
tools. Nevertheless, the results of “Pencil” tool annotation/segmentation are precise and with
minimal possible errors. The figures bellow are presenting one example output of the:
•
•
•
•
•

All segmentation/annotation tools - Pencil, Magic Wand, Active Contours (Greedy &
Snake) (Fig. 10)
Pencil segmentation/annotation tool (Fig. 11)
Magic Wand segmentation/annotation tool (Fig. 12)
Active Contours (Greedy) segmentation/annotation tool (Fig. 13)
Active Contours (Snake) segmentation/annotation tool (Fig. 14)
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Fig. 10 All segmentation/annotation tools
- Pencil, Magic Wand, Active Contours
(Greedy & Snake)

Fig. 11 Pencil segmentation/annotation
tool

Fig. 12 Magic Wand
segmentation/annotation tool (Tolerance:
15)

Fig. 13 Active Contours (Greedy)
segmentation/annotation tool (Continuity:
100)
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Fig. 14 Active Contours (Snake)
segmentation/annotation tool (Force:
0,20)

Close to the advanced segmentation/annotation tools DoctorEye platform has the interfaces
to compare the annotations to the selected “Ground Truth”.
5.1.2.1 Compare annotations/segmentations
In the examples bellow we are presenting the data generated by DoctorEye’ “Compare
annotations” interface. As a “Ground Truth” has been selected “Pencil”
annotation/segmentation - refined image by the expert (Fig. 15, Fig. 16, Fig. 17).

Fig. 15 Ground Truth and Magic Wand
segmentation/annotation tool
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Fig. 16 Ground Truth and Active
Contours (Greedy)
segmentation/annotation tool

Fig. 17 Ground Truth and Active
Contours (Snake)
segmentation/annotation tool

Compare annotations/segmentations tool of the DoctorEye platform is one important
functionality able to assess the different annotation/segmentation techniques. The table
below (Table 1) is a numerical representation of the above images, it is one of the additional
features of DoctorEye platform successfully implanted by developers and widely used in our
Wilms’ tumour annotation/segmentations activities.
Table 1 Compare annotation/segmentation data generated by DoctorEye platform
Data

Magic Wand

Active Contours (Greedy)

Active Contours (Snake)

True Positives (TP)

33122

31596

30307

False Positives (FP)

2664

1736

401

True Negatives (TN)

39395 / 163486

40921 / 165012

42210 / 166301
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False Negatives (FN)

971

2497

3786

False Positive Rate (a)

0,063

0,041

0,009

False Negative Rate (b)

0,028

0,073

0,111

Sensitivity

0,972

0,927

0,889

Specificity

0,937

0,959

0,991

Leikehood Ratio Positive

15,338

22,772

94,462

Likehood Ration Negative

0,030

0,076

0,112

5.1.3 Addressing pre/post chemotherapy changes
The next level of the conducted Wilms’ tumour annotation/segmentation activities was an
ambitious research task and in special to address the pre/post chemotherapy changes in MR
images of Wilms’ tumour with DoctorEye platform.
The aim of this research was to report changes after chemotherapy in tumour volume
estimated with DoctorEye platfrom, and to compare the histopathological class to
these changes, hypothesizing that the histograms of Wilms’ tumour images (MR)
might have prognostic and histopathological diagnostic information.
DoctorEye platform allows the end-users to generate the histograms of the
segmented/annotated region(s). A histogram could be generated for one image or for all
images in the available data set. An image histogram is a graphical representation of the
tonal distribution in a digital image. The horizontal axis of the graph represents the tonal
variations, while the vertical axis represents the number of pixels in that particular tone. The
left side of the horizontal axis represents the black and dark areas, the middle represents
medium grey and the right hand side represents light and pure white areas.
Wilms’ tumour regions in MR pre/post chemotherapy images of 20 cases/patients have been
segmented/annotated and the 16 cases are reported bellow, the following minimum selection
criteria have been applied:
•

confirmed unilateral Wilms’ tumour (post-surgery histopathology results)

•

presence of pre/post chemotherapy DICOM images (MRI)

•

enrolment in SIOP 2001 trial (signed informed consent)

•

availability of Wilms’ tumour’s histopathology type data

Close to annotated/segmented MR images, DoctorEye platform has been used as well to
identify the pre/post chemotherapy tumour volume change. The generated histograms of the
annotated/segmented MR images have been divided in pre/post chemotherapy charts.
Wilms’ tumour presents as a large, solid tumour of renal origin. The tumour may be
homogeneous, but typically appears heterogeneous with intermediate signal intensity on T1weighted images and high signal intensity on T2-weighted images17. In our cases we decided
to annotate/segment only T2-weighted images due to increased signal intensity specifically in
17

Schenk JP, Graf N, Günther P, Ley S, Göppl M, Kulozik A, Rohrschneider WK, Tröger J. Role of
MRI in the management of patients with nephroblastoma. Eur Radiol (2008) 18: 683–691, DOI
10.1007/s00330-007-0826-4
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T2 images18. Size and extent of tumour regions have been precisely identified and
annotated/segmented.
The results of Wilms’ tumour segmentation/annotation (16 cases) are presented in the
sections and table (Table 2) below.
Table 2 The results of Wilms’ tumour segmentation/annotation (16 cases)

Cases

Necrosis/Regression

C1

80%

Histopathological type
70% Blastema
30% Epithelia

Post chemotherapy histogram
Left shift

0% Stroma
C2

80%

C3

20%

C4

5%

C5

2%

C6

50%

C7

10%

C8

10%

C9

30%

C10

5%

C11

95%

C12

30%

C13

90%

C14

70%

80% Blastema
20% Epithelia
0% Stroma
50% Blastema
25% Epithelia
25% Stroma
0% Blastema
100% Epithelia
0% Stroma
4% Blastema
2% Epithelia
94% Stroma
10% Blastema
60% Epithelia
30% Stroma
20% Blastema
30% Epithelia
50% Stroma
0% Blastema
50% Epithelia
50% Stroma
40% Blastema
30% Epithelia
30% Stroma
50% Blastema
45% Epithelia
5% Stroma
90% Blastema
10% Epithelia
0% Stroma
2% Blastema
8% Epithelia
90% Stroma
50% Blastema
50% Epithelia
0% Stroma
90% Blastema
0% Epithelia
10% Stroma

18

Left shift

Left shift

Median

Slight left shift

Slight left shift

Left shift

Almost median

Right shift

Right shift

Left shift

Almost median

Slight left shift

Right shift

Rieden K, Weirich A, Tröger J, Gamroth AH, Raschke K, Ludwig R. Accuracy of diagnostic imaging
in nephroblastoma before preoperative chemotherapy. Eur. Radiol. 3,115-122, 1993.
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C15

25%

C16

30%

10% Blastema
60% Epithelia
30% Stroma
15% Blastema
25% Epithelia
60% Stroma
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5.1.3.1 Case 1
C1
3000

2500

2000

1500

1000

500

0
8
16
24
32
40
48
56
64
72
80
88
96
104
112
120
128
136
144
152
160
168
176
184
192
200
208
216
224
232
240
248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

80% Necrosis/Regression
Vital tumour subtypes:
70% Blastema; 30% Epithelia; 0% Stroma
Tumour Volume (ml)

90
80

76,514

70
60
50
40
30
20
10

7,025

0
pre-chemotherapy

post-chemotherapy
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5.1.3.2 Case 2
C2
600

500

400

300

200

100

0
8
16
24
32
40
48
56
64
72
80
88
96
104
112
120
128
136
144
152
160
168
176
184
192
200
208
216
224
232
240
248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

80% Necrosis/Regression
Vital tumour subtypes:
80% Blastema; 20% Epithelia; 0% Stroma
Tumour Volume (ml)

90
80

76,514

70
60
50
40
30
20
10

7,025

0
pre-chemotherapy

post-chemotherapy
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5.1.3.3 Case 3
C3
600

500

400

300

200

100

0
8
16
24
32
40
48
56
64
72
80
88
96
104
112
120
128
136
144
152
160
168
176
184
192
200
208
216
224
232
240
248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

20% Necrosis/Regression
Vital tumour subtypes:
50% Blastema; 25% Epithelia; 25% Stroma
Tumour Volume (ml)

160
140

143,629

120
100
80
60
40

19,385

20
0
pre-chemotherapy

post-chemotherapy
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5.1.3.4 Case 4
C4
3500
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144
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160
168
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184
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208
216
224
232
240
248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

5% Necrosis/Regression
Vital tumour subtypes:
0% Blastema; 100% Epithelia; 0% Stroma
Tumour Volume (ml)

350
300

288,629

250
200
150
100

86,017

50
0
pre-chemotherapy

post-chemotherapy
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5.1.3.5 Case 5
C5
1400
1200
1000
800
600
400
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88
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128
136
144
152
160
168
176
184
192
200
208
216
224
232
240
248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

2% Necrosis/Regression
Vital tumour subtypes:
4% Blastema; 2% Epithelia; 94% Stroma
Tumour Volume (ml)

600

592,262

580
560
540
520
500

497,733

480
460
440
pre-chemotherapy

post-chemotherapy
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5.1.3.6 Case 6
C6
12000

10000

8000
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224
232
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248

0

Pre-Chemotherapy

Histopathological type

Post-Chemotherapy

50% Necrosis/Regression
Vital tumour subtypes:
10% Blastema; 60% Epithelia; 30% Stroma
Tumour Volume (ml)

1200

1000

967,886

800

600

400

200

97,465
0
pre-chemotherapy

post-chemotherapy
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5.1.3.7 Case 7
C7
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1800
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0
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Histopathological type

Post-Chemotherapy

10% Necrosis/Regression
Vital tumour subtypes:
20% Blastema; 30% Epithelia; 50% Stroma
Tumour Volume (ml)

1200

1000

1041,203

800

600

390,448

400

200

0
pre-chemotherapy

post-chemotherapy
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5.1.3.8 Case 8
C8
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Post-Chemotherapy

10% Necrosis/Regression
Vital tumour subtypes:
0% Blastema; 50% Epithelia; 50% Stroma
Tumour Volume (ml)

350
300

319,142

250
200
150

144,28

100
50
0
pre-chemotherapy

post-chemotherapy
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5.1.3.9 Case 9
C9
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Histopathological type
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30% Necrosis/Regression
Vital tumour subtypes:
40% Blastema; 30% Epithelia; 30% Stroma
Tumour Volume (ml)

1350
1300

1292,07

1250
1200
1150
1100

1117,213

1050
1000
pre-chemotherapy

post-chemotherapy
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5.1.3.10 Case 10
C10
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50% Blastema; 45% Epithelia; 5% Stroma
Tumour Volume (ml)

810
800

804,95
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756,57
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740
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pre-chemotherapy

post-chemotherapy
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5.1.3.11 Case 11
C11
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300
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100
0
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post-chemotherapy
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5.1.3.12 Case 12
C12
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5.1.3.13 Case 13
C13
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5.1.3.14 Case 14
C14
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5.1.3.15 Case 15
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5.1.3.16 Case 16
C16
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6

Future Work

Introduction
Future work section covers in general terms the topics related to further development of the
DoctorEye software as result of the elaborated report, conducted research activities and as
result of the proposed for implementation p-medicine use cases and scenarios19. The first
chapter presents a short overview of the proposed for implementation functional
segmentation of contrast-enhanced MRI, and the last chapter presents DoctorEye platfrom’s
scenario and workflow within p-medicine project.

6.1.1 Functional segmentation of Contrast-Enhanced MRI
In this section we describe shortly an extension proposal of the DoctorEye platform’s
functionality by including an Angiomap-based enhancement classification algorithm that
automatically categorizes the enhancement of each voxel in the three types that are widely
accepted. The preliminary results presented here are for an analysis on infiltrative ductal
carcinoma pre- and post-chemotherapy (Wilms’ tumour MR images analyses are expected at
latter stages).
Figure 18 reflects a significant transformation in the terms of contrast enhancement curve
types from Type II (Plateau) to Type I (Persistent) in the post therapeutic Angiomap that is
compatible with tumour response. Perfusion analysis revealed a significant increase (95.5%)
in the number of tumour pixels that presented with persistent enhancement curve (type I) that
is mostly indicative of benign tissues. The same analysis showed a significant reduction in
the tumour pixels exhibiting plateau enhancement (type II) and complete elimination of areas
with wash out effects (type III).

Fig. 18 Angio-map of three
representative slides depicting Pretherapy (left side) and Post-therapy maps
(right side). There is a significant
transformation in terms of contrast
enhancement curve types from Type II to
Type I in the post therapeutic angiomap
that is compatible with tumor response.
(Type I is shown with blue color, type II
with green and type III with red color.)
19

Deliverable No. 2.2. Definition on scenarios and use cases and report on scenario based user
needs and requirements. p-medicine project, 2012.
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All these findings support the conclusion of diffusion analysis that the tumour is responding to
the chemotherapy scheme applied in this particular case. Table 3 summarizes the
quantitative changes separately for the three types. This would be an important further
functionality in DoctorEye platform that could give the clinician an advanced viewpoint
concerning the individual (personalised) therapy response.
Table 3 Pre/Post Treatment tumour assessment (Absolute/Relative Volume Change WRT total volume)
Pre-Therapy
Type

Post-Therapy
3

3

Change
3

Absolute (cm )

Absolute (cm )

Absolute (cm )

Relative (%)

Relative (%)

Relative (%)

3

3

3

Persistent

2.610 cm

2.653 cm

↑ 0.043 cm

(Type I)

56.16 %

96.42 %

↑ 95.42 %

Plateau

1.969 cm

0.098 cm

↓ 1.871 cm

(Type II)

42.34 %

3.58 %

↓ 91.54 %

Wash-Out

0.069 cm

0.000 cm

↓ 0.069 cm

(Type III)

1.5 %

0%

↓ 100%

Total Volume

4.648 cm

2.751 cm

↓ 1.897 cm

100 %

100 %

↓ 40.813 %

3

3

3

3

3

3

3

3

3

6.1.2 DoctorEye Scenario and Workflow
According to the proposed for implementation Nephroblastoma scenario all imaging data
stored as DICOM files will be available via the p-medicine platform’s Data Warehouse in a
pseudonymized way. MRI (T1 with and without contrast enhancement, T2, T2 flair and
diffusion weighted imaging) at the time of diagnosis and after 4 weeks of preoperative
chemotherapy will serve as the input images. DICOM files will be pre-processed before being
accessed by DoctorEye software.
The imaging scenario will have two different features. DICOM data of patients with
nephroblastoma need to be stored in the data warehouse for further analysis and these
imaging data need to be post-processed for usages in the Oncosimulator. The detailed
description of DoctorEye related scenario with the related data workflow is presented in
Table 4.
Table 4 DoctorEye related Scenario proposed for implementation in the frames of p-medicine project

Item

Description

Identifier*

PSN_2

Version

1.0

Name

Imaging scenario for Nephroblastoma

Description of the use case

DICOM imaging data of a patient with nephroblastoma
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(end-user perspective)

need to be uploaded to the data warehouse for further
usage of the imaging data

Problem(s) to solve

Handling of DICOM data within a clinical trial

Challenges

To make the tool independent of the domain for usage in
other diseases

Risks

None

Expected benefits

Fast and safe diagnosis of nephroblastoma by involving
reference radiologists for second opinion
Post-processing of imaging studies for the Oncosimulator
is possible
This use case can be generalized for all other types of
cancer

Characterization

fundamental
general
specific

If specific, please give the
Domain

Acute lymphoblastic leukaemia
Breast Cancer
Nephroblastoma
other Cancer, please specify:
Non-Cancer Domain, please specify:

End-user

system
person
basic scientist
clinician
computer scientist
regulatory body, lawyer, ethicist
patient
other, please specify:

Pre-condition(s)/prerequisite(s)

Data warehouse needs to be established

Requisite(s)

Availability of DICOM data from the local hospital

Post-condition(s)/postrequisite(s)

Availability of tools for post-processing of the imaging
data, like DoctorEye

Constraints

Anonymization/pseudonymization of imaging data before
upload in the data warehouse

External
sources
needed
from outside p-medicine

data, please specify:
tools, please specify:
services, please specify:
models, please specify:
other, please specify:

Data used

personal
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only non-personal
target population, please specify:
patients enrolled in SIOP 2001
Input data

internal database, please specify:
the clinical data will be provided by ObTiMA
the imaging data will be handled in the data warehouse
external database, please specify:
online input

Output data

database, please specify:
post-processing imaging data for use in the
Oncosimulator stored in the data warehouse
variables for use, please specify:
structured document, please specify:
report from reference radiology generated by ObTiMA
after filling in a CRF for reference radiology
graphic, please specify:
Histogram of signal intensities of the tumour
3d tumour volume before and after preoperative
chemotherapy

Data volume

Large

Dataflow

DICOM data need to be exported from a local PACS to a
communication server with pseudonymization of the
DICOM files, then uploaded to the data warehouse to be
used for reference radiology and post-processing. Postprocessing data will be stored automatically in the data
warehouse with the annotation of what segmentations,
etc. done with DoctorEye. Post-processing data will be
uploaded into the Oncosimulator

Data storage

DICOM data will be stored in the data warehouse after
pseudonymization

Successful End Condition

DICOM files are reviewed by reference radiologists and
DICOM data are post-processed for further usage

Fail End Condition

DICOM data are not available for upload to the data
warehouse

Basic workflow

Actor Action

System response

Local DICOM data need
to be exported from the
local PACS on a local
communication server for
pseudonymization or the
local DICOM fields need
to be uploaded from a CD
to the local
communication server for
pseudonymization

As soon as DICOM files are
stored on the communication
server a notice is given to
the local user. After
pseudonymization a second
notice is send to the local
user.
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After pseudonymization
the DICOM files will be
automatically uploaded to
the data warehouse

After upload of the data to
the data warehouse the local
user is notified of the
successful uploading
process
After storage of the DICOM
files in the data warehouse
the reference radiologist is
notified that new DICOM
files are available for
reference diagnosis
The person responsible for
post-processing of the data
is notified that such DICOM
files are available

Reference radiology
The reference radiologist
is able to select the
DICOM files from the data
warehouse by listing him
all DICOM Files with no
reference radiology.

The DICOM files are sorted
according to pseudonyms of
patients, modality of the
DICOM files (MRI, CT,
ultrasound, PET, …) and
date of the study. The GUI
should be according to the
timeline view in
ContraCancrum20

After selection of the data
he is able to download
this pseudonymized data
on his PACS system for
reference radiology

At the same time ObTiMA
will open and display the
CRF for reference radiology
for the specific patient

Reference radiology will
have access to ObTiMA
and the CRF for reference
radiology for the selected
patient to input his data

After finalizing the input of
data in the CRF a
standardized report of the
reference radiologist is
created

The reference radiologists
gives approval to the
pseudonymized
standardized report

The report is automatically
send to trust centre for depseudonymization and then
automatically send to the
local physician treating the
patient.
The local physician can view
and print the reference
radiology report at any time
via ObTiMA

User responsible for Post-processing
The user selects the
20

A menu pops up showing

ContraCancrum: Clinically Oriented Translational Cancer Multilevel Modelling, FP7 project: 223979
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DICOM with right mouse
clicking

different tools for viewing or
post-processing of the
DICOM files, e.g. DoctorEye,
or a DICOM viewer, etc.

The user clicks on the tool DoctorEye will open the
he wants to work with
DICOM files automatically
The user has selected
DoctorEye

The DICOM files are
uploaded into DoctorEye for
post-processing
(segmentation of the tumour)

The user finishes the
post-processing with
DoctorEye

The DICOM files are stored
in the data warehouse with
the annotation of finishing
the segmentation and being
ready for upload in the
Oncosimulator. The user is
guided to the DICOM files of
another patient for postprocessing. If all DICOM files
from all patients are postprocessed DoctorEye quits

Viewing imaging files by the patient
The patient who wants to
view his imaging files gets
access to his DICOM files
stored in the data
warehouse after entering
the p-medicine platform
via the portal

The user needs to install a
DICOM Viewer on his
computer. The system asks
if a DICOM viewer is
installed

The patient answers that
he has not installed a
DICOM Viewer

The system does not show
any DICOM files in the
timeline of the GUI and asks
the user to install a DICOM
viewer (DicomWorks:
http://dicom.online.fr/ for
Windows and Osirix:
http://www.osirixviewer.com/ for Mac)

The patient answers that
he has installed a DICOM
Viewer

In case the patient has
credentials to view his
imaging files the graphical
interface with the timeline of
his data shows also his
DICOM files.

The patient selects his
DICOM files by right
mouse clicking

A menu appears where with
the item DICOM Viewer and
the item Download

The patient clicks on
DICOM Viewer

The DICOM files are opened
in the DICOM Viewer on the
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client side. After closing the
DICOM viewer the patient is
referred back to the GUI of
p-medicine
Downloading imaging files by the patient

Expected usage frequency

The patient who wants to
view his imaging files gets
access to his DICOM files
stored in the data
warehouse after entering
the p-medicine platform
via the portal

In case the patient has
credentials to download his
imaging files the graphical
interface with the timeline of
his data shows also his
DICOM files.

The patient selects his
DICOM files by right
mouse clicking

A menu appears where with
the item DICOM Viewer and
the item Download

The patient click son
Download

The patient is asked where
to store the files

The patient selects the
directory to store the files

The download starts. After
the end of the download the
patient is referred back to
the GUI of p-medicine

high

Needed for DSS

yes
no

Needs HPC

yes
no

Needs Grid

yes
no

Priority for development

high

Responsible for development

Will be decided by the IT group

Mock-up needed

yes
no

Responsible for Mock-up

Will be decided by the IT group

Who is building the tool

Will be decided by the IT group

Open Source tool

yes
no, please specify why
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7

Conclusion

We are concluding that DoctorEye’s manual and semi-automatic segmentation techniques
combined with integrated correction tools assist in the quick and refined delineation of Wilms’
tumours and different users are able to add different components such as tumour growth and
simulation algorithms for improving therapy planning. DoctorEye platform has been widely
tested and practically used over large number of Wilms’ tumour MRI datasets and it ensured
stability, usability, extensibility and robustness with promising results.
Our findings confirm the evidence of significant shrinkage or volume change of all tumours
following primary chemotherapy. Changes in Wilms’ tumour texture after chemotherapy have
been addressed for the first time (to our knowledge) by using the advanced
segmentation/annotation techniques and the histogram generation interfaces of DoctorEye
platform. This research was the first report to specifically present pre/post chemotherapy
changes of Wilms’ tumour histograms close to the related volume changes. The presented
results of the clinical cases are apart from the goal of this deliverable, but due to the
preformed novel approach (compare the histopathological tumour type to the tumour volume
changes) we will continue to explore this topic in the frames of further research activities.
As result, we are proud to conclude that close to the task to report the segmentation of
Wilms’ tumour using DoctorEye (which has been successfully implemented) we have
presented changes after chemotherapy in tumour volume estimated with DoctorEye platform,
and compared (via the presented clinical cases) the histopathological tumour type to these
changes.
The additional clinical related conclusion if the hypothesis that the histograms of Wilms’
tumour images (MR) might have prognostic and histopathological diagnostic
information with implications for the clinical assessment of response to
chemotherapy. More research activities are required in order to confirm our preliminary
hypothesis and we are expecting that the proposed for implementation p-medicine platform
will allow us to strengthen our initial findings.
And finally, this report described in general terms the future activities related to the next
development of DoctorEye platform and in special the implementation of the functional
segmentation of contrast-enhanced MRI functionality and the implementation of the pmedicine project’s (DoctorEye related) scenario/workflow.
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Appendix 1 - Abbreviations and acronyms
DICOM

Digital Imaging and Communications in Medicine

MRI

Magnetic Resonance Imaging

SOA

Service Oriented Architecture
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