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Executive summary
The first set of cured publicly available data was supposed to include at least 500 images and related
text extracted from scientific literature and the web, while the final set of cured publicly available data
was supposed to include at least 5000 images and related text. The images and the related text include
content that is relevant for histopathology diagnosis and that can be used to train machine learning
algorithms.
In the first data release described in this deliverable already over 8000 images from the medical
literature are made available for the project including associated text in English. In addition, 635
Whole Slide Images (WSIs) and 240 Tissue MicroArrays (TMA) with associated text are made
available. This makes sure that the project has a head start and all tools from image analysis to text
processing can start work on real data.
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List of abbreviations
DNN
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WP
TMA
WSI
H&E
CSV
GDCV
TCGA
FFPE

Deep Neural Networks
Giga bytes
Work package
Tissue Micro Array
Whole Slide Image
Hematoxylin and Eosin
Comma Separated Values
Genomic Data Commons
The GDC Cancer Genome Atlas
Formalin-Fixed Paraffin-Embedded
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1 1st Examode dataset overview
Background: Healthcare data are an outstanding case of heterogeneous multimodal exascale data.
Several limits prevent extracting knowledge and value from medical data. First, training machine
learning algorithms requires data annotations from medical doctors that are difficult to obtain. Second,
data heterogeneity in Deep Neural Networks (DNN) is often approached by augmenting the datasets
50 or more times: this cannot be done easily in healthcare data because the files are often very large
(for instance performing data augmentation on digital pathology images could easily require the
analysis of 100 GB just for one image, since each image can easily be 2-3 GB). Medical ontologies are
only based on text and usually do not include the underlying visual patterns; thus, they are not helpful
to provide a structure to visual content.
ExaMode solves the mentioned problems by developing a weakly supervised knowledge discovery
system to extract, link and retrieve multimodal information from highly heterogeneous and
unstructured exascale data. The extracted multimodal information is comprised of entities and
relations between them. Entities can be either textual concepts (e.g. the term “Gleason pattern”) or
visual patterns (e.g. the region of interest within a medical image representing the Gleason pattern),
while relations are the semantic relations that occur between two entities (e.g. Gleason pattern –
occurs in – prostate), independently of their modal nature. Text concepts such as diagnoses can be
extracted from medical reports and from the text in the scientific literature. Visual patterns are on the
other hand extracted from diagnostic images and images from the scientific literature that are highly
heterogeneous (for instance, in the acquisition procedures, influencing also the colour, and in the
magnification). By developing new methods to approach heterogeneity and to link textual concepts
and visual pattern, ExaMode bypasses almost entirely the interaction with experts in order to extract
knowledge (previously required in the form of data annotations), leading to knowledge application and
exploitation possibilities (Figure 1).
Motivation: Multimodal and multimedia data are thus fundamental to reach the ExaMode objectives
(Figure 1). They are required to develop and test the weakly supervised ExaMode knowledge
discovery tools (WP2, 3), to apply the extracted knowledge to digital pathology tasks (WP4) and to
develop and test products that can exploit the extracted knowledge in the biomedical domain (WP5,
WP7).
Objectives: The first set of curated available data has three main objectives:
1. To test the data transfer procedure between partners.
2. To verify that the image and text data are complete and easy to use by the partners.
3. To allow all partners to start working on the project tasks.
Methods: The first set of data was selected in order to match the ExaMode requirements in terms of
tissues & cancer types, size, included knowledge, heterogeneity in terms of centres providing the data
and homogeneity in number of diagnoses (to guarantee that, for each disease all the diagnoses are
represented in a similar number). The dataset corresponds to the use case described in the priority list
of tissue & cancer types (Deliverable 5.1), thus include: 1. Colon cancer; 2. Uterine cervix cancer; 3.
Lung cancer; 4. Celiac disease. Each image includes related knowledge in terms of text (that can be
unstructured, such as for diagnostic reports, or structured). Data heterogeneity has been granted by
including for each use case images scanned in different centres and three different languages.
Results: In total, the first set of ExaMode data includes over 9’000 images and related text. Clinical
pathology data include a total of 635 whole slide images and diagnostic reports and 240 Tissue Micro
Array (TMA) images of colon cancer including diagnostic reports or structured text. The dataset also
includes over 8000 images extracted from the scientific literature with the related text.
Conclusion: In conclusion, the first ExaMode dataset was released internally in June 2019 and it is
currently available to all the partners. The dataset exceeds the original deliverable requirement of 500
images in terms of size, thus allowing the ExaMode partners to start working on the project tasks.
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Moreover, the database internal release allowed to test the data sharing pipeline and to start testing the
data heterogeneity management algorithms.

Figure 1 ExaMode decision support pipeline.
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Table 1 First set of cured ExaMode multimodal and multimedia data, including over 9000 images.
PROPRIETARY CLIINCAL PATHOLOGY DATA
TASK

Adenocarcinoma. Detection of
cancer in polyps (in screening
population); Detection of
COLON
lymphatic invasion and
perineural invasion in
resected tumors.

Whole Slide
Images

TMA Images

50
50
40

Squamous cell carcinoma

LUNG

Classification/detection of
growth patterns
related to cancer
aggressiveness, prognosis

CELIAC
DISEASE

80

50

Celiac disease detection in
duodenal biopsies

Source

Whole Slide
Images

Text

Source

Image

Text

Source

Diagnostic
report,
structured
(table)

AOEC

50

Structured
(table)

TCGA

2488

Image
caption and
article text

PMC Central

45

Structured
(table)

TCGA

827

Image
caption and
article text

PMC Central

Structured
(table)
Diagnostic
reports,
structured
(table)

Bern
University
AOEC

50

Diagnostic
report,
structured
(table)

AOEC

50

Structured
(table)

TCGA

3576

Image
caption and
article text

PMC Central

50

Diagnostic
report,
structured
(table)

AOEC

50

Structured
(table)

TCGA

102

Image
caption and
article text

PMC Central

50

Structured
(table)

TCGA

1736

Image
caption and
article text

PMC Central

Synoptic report Radboudumc

Gleason grading
TOTAL

Text

Synoptic report Radboudumc

50
PROSTATE

DATA FROM SCIENTIFIC LITERATURE

Synoptic report Radboudumc

50
UTERINE
CERVIX

PUBLICLY AVAILABLE CLINICAL DATA

390
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80

245

8729

2 Proprietary clinical pathology data
The first ExaMode dataset includes in total 470 proprietary clinical images (390 WSIs, 80 TMAs) and
related structured or unstructured text. They correspond to the use cases described in the priority list of
tissue & cancer types (Deliverable 5.1) and they take in total over 200 Gb. The data are from three
centres in order to guarantee high heterogeneity and thus generalizability of the outcomes: AOEC,
Radboud University Medical Centre and Bern University.

2.1 Cannizzaro hospital (AOEC) data
The AOEC data are the main resource for histopathology data in the ExaMode project. Their release
within the first ExaMode dataset allowed us to test the data sharing pipeline, that will be improved
within the next months and particularly in deliverable 7.4 “Secure data transfer module”.
The AOEC data are collected as described in detail in the article by Fraggetta et al. [1] and correspond
to the description performed in D7.3 “Instructions to understand the clinical reports”.
The AOEC data include 200 H&E whole slide images and the corresponding diagnostic reports in
Italian. The data were collected in the clinical workflow and fully anonymized afterwards as requested
by the ethics committee.
The whole slide images are saved in Aperio (.svs) format, while the reports are currently saved in a
CSV (comma separated values) file.
The data are subdivided as follows:





50 WSIs of colon cancer
50 WSIs of uterine cervix cancer
50 WSIs of lung cancer cancer
50 WSIs of celiac disease (25 H&E and 25 immunostaining from 25 subjects)

For each tissue type, the data span the possible diagnostic outcomes, including different gradings of
cancer. A detailed description of the data is provided in the annex “Dataset summary tables”.

2.2 Radboud University Medical Centre data
Radboudumc data are particularly important for the project since they introduce image heterogeneity
multilingual challenges into the data.
The Radboudumc data include 150 H&E stained whole slide images and the corresponding diagnostic
synoptic reports in Dutch. The data were originally collected in the clinical workflow and fully
anonymized afterwards as requested by the ethics committee.
The whole slide images are saved in Carl Zeiss MIRAX format (.mrxs) format, while the reports are
saved in a CSV (comma separated values) file.
The data are subdivided as follows:




50 WSIs of colon cancer
50 WSIs of uterine cervix cancer
50 WSIs of celiac disease

Also, in this case, the data span the possible diagnostic outcomes, including different gradings of
cancer for each tissue type. A detailed description of the data is provided in the annex “Dataset
summary tables”.
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2.3 Bern University TMA data
The ExaMode project started a collaboration with Prof. Inti Zlobec (from the Bern University
Hospital) targeting digitalized tissue micro array (TMA) data. TMA data can be particularly useful for
ExaMode because (as represented in Figure 2) they include images of tissue spots that were carefully
selected in order to well represent the cancer included in the whole slide images. Therefore, using
TMAs can increase the performance of the knowledge discovery tools and reduce the supervision
requirements. The collaboration was started from colon cancer, but we expect it to include in the next
months also uterine cervix, lung and celiac disease.
The Bern University data include 40 WSIs and 80 H&E tissue micro array images, the corresponding
diagnostic reports in German and structured data related to the tumour characteristics in English (e.g.
cancer grading and staging). The data were originally collected in the clinical workflow, processed to
create the TMAs and fully anonymized as requested by the local ethics committee.
The TMAs are saved in PNG image format, the diagnostic reports are saved in CSV (comma separated
values) file format and the structured data in 3DHISTEC .mrxs format.
A detailed description of the data is provided in the annex “Datasets summary tables”.

Figure 2 Diversity of TMA construction: A) Simple TMA construction using Pencil tips and only
macroscopic view of the block proposed by Shebl et al. 2011 [2] in comparison to B) the Bern
University TMA approach using digital pathology, selection of microscopic substructures for
composition, controlled merging of microscopy and FFPE (Formalin-Fixed Paraffin-Embedded)
block and robot assisted punching of the TMA cores, Zlobec et al. [3].
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3 ExaMode public clinical dataset
The ExaMode publicly available clinical pathology dataset is designed to train and test the tools
ExaMode in order to guarantee robustness even when data are highly heterogeneous. The dataset
currently includes four diseases. For each disease, the dataset includes up to 50 samples. The data are
selected from the public portal “National Cancer Datasets Genomic Data Commons” (GDC). The data
are highly heterogeneous in terms of acquisition center while they are well balanced in the diagnosis.
The ExaMode public clinical dataset is composed of whole slide images (WSIs) of the following
pathologies: colon cancer, lung cancer, uterine cervix cancer and prostate cancer. Celiac disease is also
included in the list of cases proposed in Deliverable 5.1. However, the GDC platform does not include
any sample of this pathology, so we could not include it in the current version of the ExaMode public
clinical dataset.
The ExaMode public clinical dataset is composed of 245 WSIs. In particular, 50 WSIs are from colon
cancer, 100 WSIs are from lung cancer (50 adenocarcinomas and 50 squamous cell carcinomas), 45
WSIs are from uterine cervix cancer and 50 WSIs are from prostate cancer.
The datasets that compose the ExaMode public clinical dataset are from The GDC Cancer Genome
Atlas (TCGA) program. The TCGA is a landmark cancer genomics program that molecularly
characterizes over 20,000 primary cancers and matched normal samples spanning 33 cancer types. As
well, it includes several types of medical images for every patient.
The datasets in TCGA are regulated by the National Institutes of Health Genomic Data Sharing
Policy1. The datasets selected for ExaMode project are open access and allow public redistribution for
scientific purposes.
The TCGA data include different biospecimens for every patient, each characterized by a barcode,
metadata and (in some cases) image annotations. The TCGA barcode is the primary identifier for
every biospecimen in TCGA and it is structured as follows: TCGA-02-0001-01C-01D-0182-01
The most important information to create the ExaMode public clinical dataset is included in the first
three blocks of the barcode. The first block identifies the TCGA project; the second one is the TSS
(Tissue Source Site), a code for the Medical Institute that provided data; the third is a code for the
individual patient in the specific TCGA project.
Only WSIs were selected for the ExaMode public clinical dataset. TCGA includes two types of WSIs:
flash frozen sections and Formalin-Fixed Paraffin-Embedded (FFPE). Flash frozen samples are
extracted during the surgery, helping surgeon to analyze the borders of the tumor. This process is fast;
however, it can easily damage the tissue. FFPEs are produced for medical analysis, using
formaldehyde. This is the gold standard for computer analysis and clinical diagnostic practice. Within
TCGA, these two types of histopathological images are differentiated in the filename that includes the
letter “DS” in the first case and DX in the latter. The ExaMode public dataset is composed only by
FFPE images.
Every tissue sample in TCGA is stored with metadata related to the patient condition.
The metadata considered to select the ExaMode public clinical dataset include the following:


gender (male or female)



histologic_diagnosis (diagnosis of a disease based on the type of tissue, where type is determined
based on the microscopic examination of tissue).



ethnicity (a socially defined category of people based on common ancestral, cultural, biological,
and social factors).

1https://www.genome.gov/about-nhgri/Policies-Guidance/Genomic-Data-Sharing
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race (a classification of humans characterized by certain heritable traits, common history,
nationality, or geographic distribution).



anatomic_organ_subdivision (the anatomical site where the primary tumor is located in the
organism)



ajcc_tumor_pathologic_pt (the TNM Staging System is based on the extent of the tumor, the
extent of spread to the lymph nodes, and the presence of metastasis. The T category describes the
original primary tumor).



ajcc_nodes_pathologic_pn (the TNM Staging System is based on the extent of the tumor, the
extent of spread to the lymph nodes, and the presence of metastasis. The N category describes the
extent of spread to the lymph nodes).



ajcc_metastasis_pathologic_pm (the TNM Staging System is based on the extent of the tumor,
the extent of spread to the lymph nodes, and the presence of metastasis. The M category tells
whether there are distant metastases).



ajcc_pathologic_tumor_stage (Different types of staging systems are used for different types of
cancer).



vital_status (The state of being living or deceased for cases that are part of the investigation).



tumor_status (The condition or state of the tumor at a particular time).



age_at_initial_pathologic_diagnosis (The age in years of the case at the initial pathological
diagnosis of disease or cancer).

Some images within TCGA datasets can include annotations that are manually drawn on the slide by
the pathologist with a marker pen. Their purpose is to highlight a suspect region and the presence of a
tumor. During the data curation phase, it is possible to easily removing such annotations using open
source software such as HistoQC2.
Three criteria were identified to select the data from TCGA: the heterogeneity of the source, the
homogeneous sampling of the diagnostic classes for each disease and the dimension of the sample.
First, heterogeneity is a fundamental factor for the ExaMode data because it allows us to develop and
test tools that can be used on data coming from different centers and sources. Heterogeneity can be
related to color or resolution and it is due to several causes, such as the staining procedure, the device
used to scan the image or the compression format. In order to guarantee high heterogeneity, each
dataset includes data from at least 9 medical centers.
Cancers are often classified according to staging or grading systems. Second, homogeneity in the
number of diagnostic classes is important to avoid class-related biases within the staging of each
disease. It is important to have a comparable number of samples for each staging (considering the
availability of data) in order to properly train machine learning algorithms. Considering that these
values are discrete, the ideal condition would be to have equal number of samples for each stage. This
is not always possible due to the availability of data in the TCGA datasets. In such cases the number of
elements per class is not the same, but as similar as possible. The last criterion is the file size. The file
size is linked to the quality of an image, in particular to magnification levels of the WSI. The
minimum file dimension accepted for the public clinical ExaMode dataset is 450 MB.
The colon dataset is composed of WSIs of adenocarcinoma colon cancer. In comparison to the other
datasets, it contains the largest number of regions from where tissues were extracted. Data are selected
from TCGA-COAD. The dataset is homogeneous in terms of included cases and patients and highly
heterogeneous considering the data acquisition centers. The selected WSIs include 23 samples from
male patients and 27 samples from female patients. They present four stages of the tumor: 12 for stage
i, 13 for stage ii, 13 for stage iii, 12 for stage iv. The average age of patients is 64.6 years with
standard deviation 12.79 years. Data are from 9 medical institutes.

2https://github.com/choosehappy/HistoQC/
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For the lung cancer, two different datasets were created depending on the cancer type: the lung
adenocarcinoma and the squamous cell lung cancer. For both cases, 50 WSIs were selected. Therefore
lung cancer images are over twice the others. The lung adenocarcinoma data are selected from TCGALUAD dataset. The WSIs include 23 samples from male patients and 27 samples from female patients.
The WSIs include 23 samples from male patients and 27 samples from female patients. They present
four different stage for the tumor: 12 for stage i, 13 for stage ii, 12 for stage iii, 13 for stage iv. The
average age of patients is 61.87 years with standard deviation 11.31 years. Data come from 21
different medical institutes. The squamous cell lung cancer data are selected from TCGA-LUSC,
following the mentioned criteria. The dataset includes two WSIs from one patient ( TCGA-33-4586).
The WSIs include 40 samples from male patients and 10 samples from female patients. They present
four different stage for the tumor: 15 for stage i, 14 for stage ii, 15 for stage iii, 6 for stage iv. The
average age of patients is 66.34 years with standard deviation 8.76 years. Data come from 22 different
medical institutes.
Prostate cancer is evaluated with a metric called Gleason Score. It is different from the staging tumor
described for other tumors. Naturally, since prostate is a male organ, patients are only men. Data are
selected from TCGA-PRAD. The dataset includes images of prostate adenocarcinomas.
The dataset includes two WSIs from one patient ( TCGA-XQ-A8TA). They include six Gleason
scores for the tumor: 12 for Gleason score VI, 12 for Gleason score VII, 12 for Gleason score VIII, 11
for Gleason score IX, 3 for Gleason score X. The average age of patients is 62.06  5.49 years. Data
are from 19 medical institutes.
Uterine cervix cancer is the smallest dataset that composes the public clinical ExaMode dataset.
Uterine cervix is present only in females, so patients are only women. Data are selected from TCGACESC. The dataset contains images of uterine cervix squamous cell carcinoma. The dataset includes
two WSIs from one patient (TCGA-HM-A6W2). The WSIs include four stages of the tumor: 15 for
stage i, 12 for stage ii, 10 for stage iii, 8 for stage iv. The average age of patients is 48.75 13.17
years. Data come from 16 medical institutes.
A detailed description of the datasets is included in the annex “Dataset summary tables”.
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4 Data from scientific literature
A relevant part of the first ExaMode dataset includes pathology images extracted from the scientific
literature and the related text. This part of the ExaMode dataset currently includes over 8’000 images
and it is fundamental because it potentially enables ExaMode algorithms to benefit of the entire
scientific literature (including for instance knowledge related to rare diseases and the most recent
advancements in digital pathology).
The images and text from the scientific literature is a subset of images from the PubMed Central
(PMC) dataset of biomedical open access literature 3. Images of the dataset were automatically
classified as “light microscopy” (DMLI) images and subsequently classified according to the tissue
cases selected in deliverable 5.1. Currently, the scientific literature ExaMode dataset includes 2’488
images related to colon and colon cancer, 827 images related to uterine cervix and uterine cervix
cancer, 3’576 images related to lung and lung cancer, 102 images related to celiac disease and 1’736
images related to prostate and prostate cancer. For each case, a tab separated values (.tsv) file contains
the reference to the image name, the light microscopy confidence score, the caption and the PMC
identifier.
The scientific literature ExaMode dataset has very different characteristics from the datasets
previously described. It is not composed of WSIs (with patches extracted at various magnification
levels), but rather of figures extracted from articles contained in a variety of medical journals. The data
has the added benefit of including a caption for each figure and the reference to the corresponding
scientific paper, enabling knowledge extraction as well as text-based search and retrieval. This dataset
is expected to grow during the ExaMode project lifespan, since scientific articles are continuously
published.
The idea of including images from scientific literature to enhance the diagnostic process by
pathologists was originally proposed by HES-SO [4].
The potential of this part of the ExaMode data is large but it is also the most difficult to analyze and to
include in the knowledge discovery pipeline. In fact, the images within the data collection are
characterized by extremely high variability in scale, resolution and color (as highlighted by the
examples in Figure 3, including both H&E and immunohistochemical staining examples, in Figure
3g,h ), while the captions can also be characterized by high variability (particularly due to how
different authors and journals refer to sub-images in compound images separation.

3

https://www.ncbi.nlm.nih.gov/pubmed/
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Figure 3 Examples of images from the scientific literature ExaMode dataset.
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1.

1st set of multimodal and multimedia Examode data: dataset summary tables.
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