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Biomedical research heavily relies on
semantic annotation & quantification of samples

hindbrain

! forebrain midbrain

o

SIS olic'l
.MHBC vesicle

3, Z
LAmacrineCeII T

s,

Bipolar Cel| 2
| g Outer Plexiform
{#8 Photoreceptor (i
WW;I
Retinal Pigmented Epitheliu
vy ﬂ;ﬁ 5 ¢

(Source : Google Images)



Digital pathology studies

are multi- centrlc
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Digital pathology studies
are multi- centrlc

This talk : open-source tools to enable collaborative analysis + an application in nephrology



Tools



@icy

icy.bioimageanalysis.org
lcy combines:
v A user-friendly software for image acquisition, visualization, quantification
v An online database to share tools, methods & knowledge

Icy targets:
v The biology community

v The imaging community
v The computer vision community

Icy is:
v Free & Open source
v Stably Funded

de Chaumont et al., Nature Methods 2012



@icy

1. A powerful & user-friendly software 2. An online community platform
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Protocols (Graphical workflows)

Display

@icy

Anyone can contribute
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Figure 2: Examples of annotations created using Cytomine in images from various research fields:
(a) H&E mice lung cancer research [9] (D.Cataldo's lab, GIGA-Research). (b) IHC mice lung
cancer research (P. Martinive's lab, GIGA-Research). (c) Immunofluorescent mouse ear sponge
assays in tumor angiogenesis [14]. (d) H&E Chondrostoma nasus sexual maturation research
(Gennotte's lab, CEFRA). (e) in situ hybridization assays in human breast cancer research
(C.Josse's lab, GIGA-Research). (f) Human thyroid cytology (I.Salmon's lab, ULB Anatomical
Pathology Department). (g) Danio rerio embryo development [10] (M. Muller's lab, GIGA-
Research). (h) Danio rerio toxicology research [11] (M.Muller's lab, GIGA-Research). (i) [HC
renal ischemia/reperfusion research [12] (F.Jouret's lab, GIGA-Research). (j) IHC in melanoma
microenvironment research (P.Quatresooz's lab, GIGA-Research).(k)H&E in human breast cancer
research (R. Longuespée, GIGA-Research).
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Big data

Slide Scanner

@icy
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Glomeruli detection in human
nephrology whole tissue

Challenges :

- Large whole tissue images (e.g. 50K x 30K, 20X
objective, 0.45um/pixel)

- Glomeruli appearance variability (color, texture,
size, shape) due to preparation protocols, tissue
(pathological or not), image acquisition equipment



http://cytomine.web.pasteur.fr/#tabs-images-93

Glomeruli detection in human
nephrology whole tissue

Challenges :

- Large whole tissue images (e.g. 50K x 30K, 20X
objective, 0.45um/pixel)

- Glomeruli appearance variability (color, texture,
size, shape) due to preparation protocols, tissue
(pathological or not), image acquisition equipment

Proposed approach : Two-tier (segmentation + classification)

(Marée, Olivo-Marin, Meas-Yedid , GRETSI 2015)


http://cytomine.web.pasteur.fr/#tabs-images-93

Proposed approach :

1. Segmentation of candidates within whole slides using Icy algorithms

Otsu thresholding + Convex Hull on lumen region + Ellipse detection (Fitzgibbon, 1999)
Superpixel segmentation (Felzenszwalb, 2004)



http://demo.cytomine.be/?#tabs-image-609506-614103-788596

Proposed approach :

2. Supervised classification of candidates using Cytomine algorithms

Training set: candidates generated by Step 1 classified manually using Cytomine
on the subset of training images:
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Proposed approach :

2. Supervised classification of candidates using Cytomine algorithms

Learning algorithm (Marée et al., 2005-2014):

1000 random subwindows (5-50%) extracted in candidates
described by normalized pixel values, Extra-Trees learning for feature
construction, final linear SVM classifier

202

200

Prediction : Two-tier procedure applied on new images
Classifier applied on candidates generated by Step 1



Results on a preliminary dataset

9 sections (Trichrome Masson)

3 slide scanners :

Nanozoomer Hamamatsu (20X, NA=0.75, 0.46um/pixel)
MiraxScan 3Dhistech (20X, NA=0.8, 0.33um par pixel)
AxioScan.Z1 Zeiss (20X, NA=0.80,0.22um)

Protocol :
Leave-one-section-out

(Marée, Olivo-Marin, Meas-Yedid , GRETSI 2015)



Qualitative results
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Qualitative results




Qualitative results
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Quantitative results

TABLE 1 — Matrice de confusion cumulée pour I’ensemble des
imagettes des 9 sections selon le protocole “leave-one-section-
out”.

NONGLOM  GLOM
NONGLOM 55 14 79.7 %
GLOM 5 109 95.6 %

TABLE 2 — Nombre (NB) de glomérules détectées pour chaque sec-
tion par |'expert, |’étapes 1 seule, les étapes 1 et 2 combinées, vrais
positifs (TP), faux positifs (FP), vrais négatifs (TN), et faux négatifs
(FN).

Section  # Expert # Etape 1 # Etape 1+2
NB NB (TP/FP/TN/EN)  NB (TP/FP/TN/FN)

1 6 8 (6/2/0/0) 6 (6/0/2/0)
2 7 21 (7/14/0/0) 8 (7/1/13/0)
3 10 17 (10/7/0/0) 10 (10/0/7/0)
4 18 32 (18/14/0/0) 19 (18/1/13/0)
5 12 16 (12/4/0/0) 12 (11/1/3/1)
6 17 26 (17/9/0/0) 22 (16/6/3/1)
7 9 9 (9/0/0/0) 9 (9/0/0/0)
8 13 16 (13/3/0/0) 14 (13/1/2/0)
9 22 38 (22/16/0/0) 23 (19/4/12/3)




Ongoing and future work

Evaluation on a larger set (currently : > 600 whole slides) reveals lack of robustness:
* Section detection

* Glomeruli detection

* Glomeruli classification

Expert proofreading of classifications to refine training sets and models

®Explore M Storage » i QA ‘.

Glomerule

Other image analysis tasks and data mining for biomarker discovery
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