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Un but commun : augmenter la sensibilité de la cytologie urinaire
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Accuracy and Reproducibility of Nuclear/Cytoplasmic Ratio
Assessments in Urinary Cytology Specimens

v Deux approches différentes
* le point de vue du pathologiste : aide a la lecture
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Cytologie urinaire : excellent modeéle d’application d’lA
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- quantitatifs : RNP

- qualitatifs: hyperchromatisme, contours
nucléaires, chromatine mottée

Démarche intellectuelle tres
« algorithmée »

Et pourtant .......... peu de publications
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Performance of an Artificial Intelligence Algorithm
for Reporting Urine Cytopathology

Adit B. Sanghwi, MISM'; Erastus 2. Allen, MBA'; Keith M. Callenberg, Pao W and
Liron Pentancwitz, MO
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‘mmsed uree cybalogy slides. METHODS: A Ratal of 2408 archival ThinPrep glass slides, includi idad and insbrumantad
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TABLE 1. Baseline Characteristics of the Develop-
ment and Validation Data Sets

Development Validation
Data Set Data Set
Characteristic N =1615 N =790

Female, no. (%) 500 (31.0%) 175 (22.2%)

Median age (SD), y 72.7 (13.6) 73.3(10.2)
Negative for high grade, no. (%) 848 (52.5%) 599 (75.8%)
AUG, no. (%) 229 (14.2%) 141 (17.8%)
LGUN, no. (%) 17 (1.1%) 0(0.0%)
Suspicious for HGUC, no. (%) 243 (15.0%) 30 (3.8%)
HGUC, no. (%) 248 (15.4%) 14 (1.8%)
Nondiagnostic specimen, no. (%) 30 (1.9%) 6 (0.8%)
Instrumented samples, no. (%) 263 (16.3%) 40 (5.1%)

Abbreviations: AUC, atypical urothelial cells; HGUC, high-grade urothelial
carcinoma; LGUN, low-grade urothelial neoplasm.

TABLE 2. Cases Excluded From the Study Because
of Insufficient Scan Quality

Development  Validation
Data Set Data Set
Reason for Exclusion N=1615 N =790
All case exclusions, no. (%) 179 (11.1%) 48 (6.1%)
Virtually acellular sample, no. (%) 116 (7.2%) 25 (3.2%)
Scan error, no. (%) 26 (1.6%) 13 (1.6%)
Problematic image focus, no. (%) 37 (2.3%) 10 (1.3%)
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Figure 1. Computational pipeline for whole slide image classification of urine cytology shdes. AUC indicates atypical urothebal
cols: Dx, diagnosis; HGUC, high-grade urothelial carcinoma; LGUN, low-grade urcthelial neoplasm: HHGUC, megative tor high-
grade urcthelial carcinoma: FARIS, The Paris System for Reporting Urinary Cytology, SHGUC, suspiciowus for high-grade urothebal
carcinoma.
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Figure 2. Wisualization of cells detected in 3 whole shde
image. Only apprommately & one-guarter section wiew of a
Thinfrep cell spot is shoam with all detected oslls for a case
of high-grage wurothelis! carcinoma, Suspected malgnant
urathelial cells are shown in red, normal urcthelial cells are
!:U’Ifﬁ in crange, and all ather cellz detected are shown in
el

TABLE 3. Performance

Humbser of Unsihelinl Cells

T

Eytalogy Diagnonin
Figure 3. Number of urathelisl cells detected per dagnosis.
AUC indicates atypical urathelis! cells HGULC, high-grade

wrothelal carcinoma; LGUN. low-grade urcthellal neaplasm;
SHEUC, suspicious fer high-grade urothelial carcinema,

8 Minutes en moyenne par cas
of the Algorithm at the

Optimal Operating Point in the Validation Data Set

Algorithm
Negative
Cytology Megative 590
Cytology Positive ]
NPV, 88.5%

Algarithim
Fositive
108 Specificity, B4,5%
35 Sensitivity, 79,6%

PPV, 24.5%  Accuracy, B4.2%

Abbreviations: NPV, negatve predictive value; PPV, positive predictive

walue.

148 cas avec contrdle histologique

3 LGUC : algo +:

TABLE 4. Validation Data Set Performance by

Sample Collaction

Type Sensitivity, % Specificity, %
Instrumentad (M = 35) 100 T0.5
Voided (N = 557} a0e 873
Mot otherwise specified 7.4 716

(N = 150

ALIC

Z stacking

2Net1AUC

o Cohorte de population générale

.72

Abbrevigtion: ALC, area under the curve,

Validation clinique en cours
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Large-scale validation study of an improved semiautonomous Abstract
) . i : : ) Automating the Paris System for Urine Cytopathology—
urine cytology assessment tool: AutoParis-X e L e i A Hybrid Elgcp-Learnhm oo Norphemmetri Agpronen
cytology specimens has the patential to improve the efficlency, accuracy, and rell-
ability af bladder cancer screening which has beretofore relied on semisubjective TSR P T SRR S, P e e s s L

Joshua J. Levy PRD™23# | Natt Chan M5* | Jonathan D. Marotti MD & |

manual assessment methods. As rigorous. quantitative oriteria and guidelines have

Darcy A. Kerr MDY @ | Edward J. Gutmann MD, AM* @ | Ryan E. Glass MD*© |
Caroline P. Dodge’ | Arief A. Suriawinata MD™® | Brock C. Christensen PRD*®* |
¥iaoying Liu MD'® | Louis L. Vaickus MD, PhD'®

been introduced for improving screening practices {e.g. The Paris System for Qniginal Astick Cancwr Crivpatology sy e
Reporting Urinary Cytologyl, algorithms to emulate semiautonomows diagnostic
decksion-making have lagged behind, In part because of the complex and nuanced

Uncovering additional predictors of urothelial carcinoma

nature of urire cytolagy reporting from woided urothelial cell clusters through a deep
Methods: In this study, the authors report on the development and large-scale learning-based image preprocessing technique
validation of a deep-learning tool, AutoParis-}, which can fadlitate rapid, semi- Janhan 1 Ly PO % Hiaaying L D

Eddward | Sulrann, MB, H&'™, Ryen E e,

autonamous sxamination of urine cytology specimens

Resialts: The resiilts of this large-scale, retrospective validation study indicate that

Mise au pOint manue”e AutoParis-X can accurately determine urathelial o=l atypia and aggregate a wide
variety of cell-related and cluster-related nformation acress a slide to vield an

.t @ atypia burden score, which correlates closely with overall specdmen atypia ard is
‘i " predictive of Pars system diagnostic categories. Importantly, this approach ac-
SR counts Tor challenges sssociated with the sssessment of overlapping cell cluster
] o . B . . A B [ GPBoast X Random Forest )
3 barders, which improve the ability to predict specgmen atypia and acourately esti- = e
o fu mats the nuclear-to-cytoplasm ratic for cells in these clusters. £
. A - Conclusions: The authors developed a publicly available, apen-source, interactive ] |
B 1
< . web application that features a simple, asy-to-use display for sxamining wrine . E
oy = cytelogy whole-slide images and determining the level of atypia in specific cells, g ] — =
agging the most abrormal cells for pathologist review, The sccurscy of AutoParis- " Legend ] | 1 T
E . . - LI, B7 20,01} = f—
% ¥ (and ather semiautomated digital pathology systems) indicates that thess tech- ;Iﬁﬁjx‘w“ (’&,‘ Py J_. ;7 ﬁr_“r 7
5 m rialogies are approaching clinical readiness and necessitates full evaluation of thess EUAT [ALJC=0 BA0.0H) Ll o A
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FIGURE 1 AuboParis-X specimen processing workfios. [A] Connected component analysis isolates candidate cells and cell clusbers. P o——— —_ g 5‘“"0
(8] Individual cells and cytoplasmic borders are isolated from csll clusters using cell border detection (BorderDet]. () The urothelial o sssifer - - -
(hrohded] isclates specihic ool bypes across the slide On order; [1] urothelisl cells, [2] polyomandrus-infected cells, [3] orpstals, debris, ard red FIGURE 5 AES clissifior peefarmance. (4] Recaiver cparsting <haragberistic curves ilusbrating the perormancs of ARS dassifiers
blood cells, [4] leukacytes, (5] leoopte custers, amd (6] souamss celis). (D) Alyhet ostimates the atypia score Tor each urathalial cell. B Bcceploit of raw ABS scores predicted by GPBoost and RF by UC class. |C] Foint estimates and 5% credible inbervals for predichors were
{E) UrnSeg calculates the NC ratio for each urcthelial cell after it is (solated using the conmected component analysks or Border Det uncovered from the final muitivariable Bayesian hieranchical model B4 Density plot of MC ratios and abypla scores oross-tabulated across =6
{F} Exampbe-rich infarmation frame cell-level and choster-level soores, which cross-tatulate statistics across the slide (G) Mised-effects million (ell.; from the retrospective tohort. divided by UC dasses, denu'_vs‘.rming progression of _(rlh o Eake on higher NC rabios and atypis
Mmaschineg- earming meathod prodicts the ABS, which corvalabes with tha reportad diagneis. (H] Cytapathalegists can rapidly ssess th speciman SCOTEs ot higher UC classes. Mote m:tm._lc refers I_uar\ca under the recsiver operating characteristic curve CAURDD) 1o reduce Bgune chutter
and dozs not represent ahpical urothela’ colis. ABS Indicates atypla burden score: Aty. atbypical: BART, Bavesian acditive regression trees;
using the ButoParis-X web application. AES indicates atypla burden score; Aty. atypical MC ratio, nudear-to-cytopdasm ratho: Meg, negative; GLMM, generafived finear sised-effects modek; GLMM-int. generalived finear mised-effects modsl with interactions; GPBoost, Gaussian
P, posithve; Sus. suspicious., process braw Buosting: NC ralis, nuclisr-te-cyboplasm ratia: RF, raedem farest; UG, wring cylalkgy,

TABLE 2 The rumber of ool types used to trandvalidate UroNet and Atyidet.
Bmign Apypica Pobpomarair imfectid Lirvhieyte  Sepoareus . . .
Lrotheta ol _ et el _ ace e Db lewbseper_chatr_ col https://github.com/jlevy44/AutoParisX
Training ¥ I3 204 1.1y zZo 3317 BOarT MI5 11357

vandaton _sh0 49 ™ w0 s wew we  me  amw Etude de validation multicentrique en cours
b TR e Validation de I’algorithme pour différentes techniques, Z stacking, différents scanners
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Artificial intelligence to improve cytology performances
in bladder carcinoma detection: results of the VisioCyt
test
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Patients enrolled in the validation phase of the
VISIOCYT] trial (n=391)

|

Group 1: Patients with bladder

cancer (n=197)

l

Group 2: Patients without bladder
cancer (n=194)

.

Patients excluded (n = 27):
Quality of slide for VisioCyt®

insufficient (n = 15)
Included by error (n= §)
Quality of urine sample
insufficient (n = 3)

Patients excluded (n = 45):

*  Quality of slide for VisioCyt®
insufficient (n=41)

+  Included by error (n=2)

¢+ Quality of urine sample
msufficient (n=2)

World Journal of Urclogy
https:/doi.omg/ 10,1007 /500345-023-04519-4
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Artificial intelligence to improve cytology performance in urothelial
carcinoma diagnosis: results from validation phase of the French,
multicenter, prospective VISIOCYT1 trial

Thierry Lebret® - Xavier Paoletti® - Geraldine Pignot® - Mathieu Roumiguié® - Marc Colombel® - Laurent Savareux” -
Grégory Verhoest® - Laurent Guy” - Jérome Rigaud'” - Stéphane De Vergie'® - Grégoire Poinas'' -
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Nathalie Rioux-Leclercq'” - Christine Kandel-Aznar'® . Karine Renaudin'®? . Béatrix Cochand-Priollet’ -

Withdrawal of consent (n = 1)

| Patients analyzed (n = 319) |

! }

Group 1: Patients analyzed (n = 170)
Patient without results:

16 not evaluable by cytology

* 12 not evaluable by VisioCyt®
6 histology not evaluable

Group 2: Patients analyzed (n = 149)
Patients without results :
+ 13 not evaluable by VisioCyt®

Classification binaire de la représentation statistique :
v Score > 0.55 : test positif : cystoscopie
v' Score < 0.45 : test négatif : pas de cystoscopie

VPN : non encore connue

Test associé a

Lame négative : Cyto — ou AUC et endoscopie négative
Lame positive : Tumeur urothéliale histologique
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la lecture de la lame de cytologie urinaire
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Etude de validation clinique et médico-économique en cours




UNE SYNTHESE COMPARATIVE

v’ Validation des performances de I'algorithme
« cytologie en milieu liquide ThinPrep, coloration papanicolaou
« scanners différents : mise au point manuelle a 3 Z-stacking

« annotations par cytotechniciens et/ou cytopathologistes TPS version 1 et 2
* Fluorescence (brevet Vita DX)

« Stratégies différentes

o large série de lames issues d'un seul centre spécialisé : galerie d'images+++ AutoParis-X
o seérie multicentrique, prélevement dissocié

v’ Validation clinique
* Aide a la lecture : études de validation clinique en cours avec poursuite de validation des
performances de l'algorithme sur différentes techniques
* Réponse binaire : étude de validation clinique montre une sensibilité supérieure de I’algorithme a la
cytologie pour les Iésions de haut grade et de bas grade

VPN non encore connue ne permettant pas d’appliquer la stratégie initiale de lecture de la lame

uniguement en cas de test positif et trier les patients vers la cystoscopie
Etudes en cours
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