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Lenu NMpumeHeHnsa MHdopmMmaLMOHHbIX TeXHONOrmun

* YMEHbLUUTb BEPOATHOCTb NPUYMUHEHUA BPpeaa NALUNEHTY
* [loMOYb NALMEHTY U YIYYLLUTL KaYyeCcTBO yX0Aaa

* YMEeHbLNTb pacxoabl

* YBEINYNTDL A0X0AbI

* ONTMMKM3MpPOBaATb paboune npouecchl

* Hay4yHble OTKPbITUA, NPUMEHUMbIE B 340aBOOXPaHEHUM
* YIYYLWIKUTL BNeYyaTAneHna n ynobcTso ANA naumeHTa

* O6nerynTb AOCTYN K MeAULIMHCKOMN MOMOLLM

= WashingtonUniversity in St.Louis
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MoTtuBupyrwwme daktopbl gnsa peanusauum U

* BagoxHoBAAKOWME AOCTUKEHMA B 0ONACTU NCKYCCTBEHHOIO
MHTennekTa (“obyyeHune 6e3 yuntena”, nepegaya obyyeHmsa)

* [loBbIWEeHME CNOXKHOCTU CTaHAAPTA YX04a 33 NaLUUeHTOM

* YBenmyeHune Konmyectsa A0CTYNHON UMPPOBOU
MeaANLMNHCKON MHPOopMaL UK

* CHUXeHue onnaTtbl 32 mMeguUMUHCKUe YCNYTrn CTPpaxoBbiMKH
KOMMNaHUAMMW

* CHU»KeHue ueH Ha obopyaoBaHme U UMppoBble XPaHUNULLA

* [ToBbILLEHNE CKOPOCTU NPOLLECCOPOB, XECTKUX AUCKOB U
cetTu

= WashingtonUniversity in St.Louis
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KoHKpeTHble TeMbl NO BHeapeHuto MU B meguumnHe

* [loaaep*Ka NPUHATUA KAMHUYECKUX pPeLleHUnr
* Mpu 8bIBoOpe NabopaTopHbIX M PAANONOTMYECKMX 3aKa30B, Tepanmu

. clgpnana HeXKenaTe/bHbIX ABEHUN U BbIABAEHME NPOrHOCTUYECKUX
aKTOPOB

. HDBTDDHDE noctynaeHUe B ﬁﬂﬂbHHLW, cencMc 1 1. A.

* MIHTepnpeTauna meguumHCKUX 30bparKeHnn, Kapgmorpamm, AaHHbIX
reHOMHOrO CEKBEHMPOBAHMUA...

. ,B,.HH DGBEHTHBHDETH, COPTUPOBKK M obecneyeHMAa KayecTBa
* Pacno3sHaBaHWe peyun Ana AMKTOBKMU 3anuUcei
* ONTMMM3aUUA KOAUPOBAHMA N BbICTaB/IEHUE ONTUMM3UPOBAHHbIX CYETOB
* [ToUCK HOBbIX NEKApPCTB
* CMHTE3 MeAULUMHCKUX 3HAaHUW M3 Hay4YHbIX TPYA0B U MEeANLUHCKUX KapT
* YcoBepLUEeHCTBOBAHUE XUPYPIrnuyeckmx poboTos

* HabnoaeHue 3a nayMeHTOM C NOMOLLbIO BUAEO, 3BYKa NN HOCUMbIX
YCTPOWUCTB

= WashingtonUniversity in St.Louis
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[Tpumep: lNpeanckasaHMe paka 3a 5 neT 40 CUMNTOMOB

e 2019 - Mammography: Predicting breast cancerup to 5
years in advance

* Results: The test set included 3937 women, aged 56.20
vears = 10.04. Hybrid DL and image-only DL showed AUCs
of 0.70 (95% confidence interval FCI]: 0.66, 0.75) and 0.68
(95% CI: 0.64, 0.73), respectively. RF-LR and TC showed
AUCs of 0.67 (95% CI: 0.62, 0.72) and 0.62 (95% ClI: 0.57,
0.66) resopective_lly. Hybrid DL showed a significantly higher
%lﬁ: (0.7 ) than TC (0.62; P <.001) and RF-LR (0.67; P =

* When the new hybrid DL model was compared with breast
density, we found that patients with non-dense breasts and
model-assessed high risk had 3.9 times the cancer
incidence of patients with dense breasts and model-
assessed low risk.

AT | _ . . Yala, A., et al. "A Deep Learning
= WashingtonUniversity in St.Louis Mammography-based Model for Improved

1 Breast Cancer Risk Prediction." Radiology
SCHOOL OF MEDICINE 292.1 (2019): 60.




Mpumep: ToYHbIN AMArHO3 NMHEBMOHUW NO PEHTIEHY

e 2017 - Stanford algorithm can diagnose pneumonia
better than radiologists

* Results: Can distinguish 14 types of medical conditions
and is able to diagnose pneumonia better than expert
radiologists working alone

* Trained on 112,120 frontal-view labeled chest X-ray
images

=\ L | o : https://news.stanford.edu/2017/11/15
[E_-l?-ﬁ \"Vﬂfﬁhlngﬂjnunnerhlq' “] St* ].GU[S ’fa |g0rithlﬂ_0utpe rfﬂrma_radiﬂlﬂgists_

SCHOOL OF MEDICINE diagnosing-pneumonia/




Npumep: AnarHoctnka COVID ¢ noMOLLbIO KOMMNBIOTEPHOM
TOMOrpadum rpyaHoOn KIeTKu

* September 30t", 2020

* Artificial intelligence for the detection of COVID-19 pneumonia
on chest CT using multinational datasets

* Results: ...series of deep learning algorithms, trained in a diverse
multinational cohort of 1280 patients to localize parietal
pleura/lung parenchyma followed by classification of COVID-19
pneumonia, can achieve up to 90.8% accuracy, with 84%
sensitivity and 93% specificity, as evaluated in an independent
test set (not included in traininﬁ and validation) of 1337
patients. Normal controls included chest CTs from oncology,
emergency, and pneumonia-related indications. The false

ositive rate in 140 patients with laboratory confirmed other
non COVID-19) pneumonias was 10%. Al-based algorithms can
readil}( identify CT scans with COVID-19 associated pneumonia,
as well as distinguish non-COVID related pneumonias with high
specificity in diverse patient populations.

Harmon, 5.A., Sanford, T.H., Xu, 5. et al. Artificial intelligence

E_'f- o, . 1 TAarc it T i : for the detection of COVID-19 pneumonia on chest CT using
[E-'E-!E \‘Vﬂhhlngtﬂn UﬂlVﬁ'l’hlﬁ “] St ]_(}Ulq multinational datasets. Nat Commun 11, 4080 (2020).

: https://doi.org/10.1038/541467-020-17971-2
SCHOOL OF MEDICINE




KoHkpeTHblIe TeMbl No BHeapeHuto U B nabopatopum 1

. I'Io,ﬂ,ﬂ,ep}KHa MPUHATUA KIIMHUYECKUX PELLUEHNN

pw BbIbOpe nabopaTopHbLIX 3aKa30B, NPU BBOAE ANArHO3a
pU BbIBOpEe OKPaCKM NPeaMeTHbIX CTEKO/ C TKaHblo

TOMCK OTCYTCTBYIOLLMX AMArHO308 C NOMOLLbI PETPOCNEKTUBHOIO

NPOCMOTPA MeAMNLMHCKON KapTbl

* [IpOrHO3 HeXenaTes/bHbIX ABNEHUM
* Peagmunccus B 601bHULY, CENCUC U T. A,

* [lnarHo3 npeameTHbIX CTEKO

* nA 06BEKTUBHOCTU, COPTUPOBKU N 0becneyeHmna KauecTsa

* [1nA KonnvecTseHHOM oueHKM okpawmsaHua (ER/PR, HER2/neu, PD-
L1), KOnoKanmsaumm v reHepaLmnMmn OKpPacKu

* Nna audPepeHunanbHOM AUAarHOCTUKU, perucTtpaumm naobparkeHus,
MY/IbTUCNEKTPAIbHOro aHan3a

* BoiABneHue pPpaHee HePaCNO3HAHHDbIX MPOrHOCTUHECKUNX
XdPaKTEePUCTUK

* Hanpumep, aBnaeTca N1 xapaxktep ¢pnbposa BOKPYr onyxonu

Mn

DOMHO3UPYHOLWMM AN BbIXXUBAHUA ?

= WashingtonUniversity in St.Louis
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Mpumep: iInarHocTUKa ypoTenmaabHOM KapLMUHOMDI

e 2019 - Pathologist-level interpretable whole-slide
cancer diagnosis with deep learning

* Results: ...using 913 collected examples of whole-slide
data representing patients with bladder cancer, we
show that our method matches the performance of 17
pathologists in the diagnosis of urothelial carcinoma.

Zhang, Z., Chen, P., McGough, M. et al. Pathologist-level

:E_":- A iy : X T it o . interpretable whole-slide cancer diagnosis with deep
= Washington University in St.Louis earrine. Nat Mach ntel - 236 s4e g0t " o

: https://doi.org/10.1038/542256-019-0052-1
SCHOOL OF MEDICINE




KoHkpeTHble TeMbl No BHeapeHuto U B nabopatopum 2

* Pacno3HaBaHue peyu
* Bo Bpems 0bpaboTku 06pa3uoB uam Ana AMarHOCTUYECKOro oT4yeTa

* ONTMMKM3auUMA KOOQUPOBAHUA U BbICTaB/IEHME
ONTUMM3UPOBAHHbIX CYETOB

* HabntoaeHne 3a OTKNIOHEHUAMM B UCNOb30BaAHUY
NnabopaTopHbIX TECTOB

* BbiABNEHUE KOPPENNPOBAHHbIX ANATHO30B Y POACTBEHHDbIX
NnauneHToB

* [I[pOorHo3unpoBaHne AUHAMUKU oﬁbgmos ANA WTaTHONO
PpaCncCaHnA COTPYAHUKOB U Bpayeu

* [eHepauma OTYETOB U UX KNAaCCUPUKaALUA

* ONNOPTYHUCTUYECKNIM CKPUHUHT: (Hanpumep, Hannyme
KapUMHOMA0B BO BCEX OTPOCTKAX, TybepKynesa BoO BCeX
buoncuax Nnerknx u T. Aa.)

= WashingtonUniversity in St.Louis

SCHOOL OF MEDICINE




[Mpumep: OTKPbITUE HOBbLIX CTPOMA/IbHbIX
ocobeHHOCTEeN BOKPYr paka MOJIOYHOM Kenesbl,
NO3BOIAKOLMX NPOrHO3MPOBATb BbIXXMBAEMOCTb

* 2011 - Systematic analysis of breast cancer morphology uncovers stromal
features associated with survival

* Results: ...C-Path (Computational Pathologist) system to measure a rich
guantitative feature set from the breast cancer epithelium and stroma (6642
features), including both standard morphometric descriptors of image
objects and higher-level contextual, relational, and global image features.
These measurements were used to construct a prognostic model. We applied
the C-Path system to microscopic images from two independent cohorts of
breast cancer patients [from the Netherlands Cancer Institute (NKI) cohort, n
= 248, and the Vancouver General Hospital (VGH) cohort, n = 328]. The
prognostic model score generated by our system was strongly associated
with overall survival in both the NKI and the VGH cohorts (both log-rank P <
0.001). This association was independent of clinical, pathological, and
molecular factors. Three stromal features were signifticantly associated with
survival, and this association was stronger than the association of survival
with epithelial characteristics in the model. These findings implicate stromal
morphologic structure as a previously unrecognized prognhostic determinant

for breast cancer.

Beck AH, Sangoi AR, Leung 5, Marinelli RJ, Nielsen TO, van de Vijver
MJ, West RB, van de Rijn M, Koller D. Systematic analysis of breast

E \R‘féS}]iI]gtDrl Uﬂi‘ferﬁ i_tsr il] St* ]_L":I'U is cancer morphology uncovers stromal features associated with

survival. Sci Transl Med. 2011 Nov 9;3(108):108rall3. doi:
10.1126/scitransimed.3002564. PMID: 22072638.
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npOGHEMbI pearindaulnn UCKYyCCTBEHHOIo UHTernJieKkTa

. OﬁbHHbLe MeTo/bl MaLMHHOTO obyyeHUA - 3TO HEOOBACHMUMBIN «YepPHbIN
awmk» (“Black Box”)

* VHTepnpeTupyemble HEMPOHHbIE CETU MOTYT MOMOYb

* HepasHomepHoe pacnpegeneHue B yyuebHom Habope NnpmusoaUT K
HeonTUmanbHoM paboTte

* Heobxoammo ocoboe BHMMaHMe, 4Tobbl obyyaowmm Habop AaHHbIX TOYHO
npeacTaBAan Lenesyro rpynny

* KoHdayHaepbl MOTYT NPUBECTU K CUCTEME HAYYMBLLEMNCA ONO3HOBATb
WMEHHO MO HUM, a He No BMonornyeckMm ocobeHHoOCTAM

* Ynanute Bce UCKaXKalowme AaHHble U HOPMANU3ynUTe AaHHbIe

* Anroputmbl, ogobpeHHble FDA, 3amopoXeHbl U HEe NPOAOAXKAOT
oby4yaTbcH

* MHoOrme akcnepTbl MOryT HE COMNaLLaTbCA, N HEACHO, A0NXEH NU
aNropuUTM NbiTaTbcA 6bITb 06BEKTUBHLIM WU CAeA0BaTb

I'IpE,EWﬁEH{ﬂ,EH MAM OaHHOIO NoJIb30BATE/IA-3KCNEPTAa.

* HeKkoTopble anroputmbl MHoroobeujarouime, HO B HaCTosILLEE BpemMs
HEeAO0CTAaTOYHO TOYHbI MU TPEBYIOT CAMWKOM BONbLLIOIO KOIMYECTBA
PYYHbIX onepaumu.

=71 h . . . . \ B
= Washington University in St.Louis Task allec

successfully.
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History of image analysis
~300,000BC First Homo Sapiens, Africa

1590 First microscope by Janssen, Netherlands

1826 First photo via camera obscura by Niepce, France

1920 First digital image, Bartlane cable image transmission systems, GB

1954 Distributional hypothesis by Zellig Harris

1957 First scanner for a computer: R. Kirsch, US

1963 Woody Bledsoe's “n-tuple” facial recognition project funded by CIA

1968 First microscopy photos digitally transmitted to MGH, US

1969 First image analysis textbook, A. Rosenfeld, US

1992 PAPNET for cytopathology QA; 1997 "on-Cyte”; Bankrupt in 1999

1997 First Whole Slide Image scanner, R. Ferreira, J. Salz, US

2008 TinEye search engine (Search by Image) launches, Canada

2012 Google Launches Goggles, FDA clears Chest X-Ray & Cardio Al

2013 Google launches Photo Search

2014 GaussianFace recognition algorithm outperforms humans
2017 First FDA-approved microscopic whole slide scanner
2020 First use of image analysis for primary AP (prostate) diagnosis in America, PR

[E__:. y y Images courtesy of Wikipedia

nj . \Rj "'} { Tt J U 1 ,.'T' o 'tv' i q h { Schlebusch, Carina M, et. al (2017). "Southern African ancient genomes

e ah ]Hlé\ Dl-l 1‘1“ erhl P “] - t "}U lc‘ estimate modern human divergence to 350,000 to 260,000 years ago".
Science, 358 (6363); 652-655.

-—HC'I I00L OF NI-EDICIEE https://www.wired.com/story/secret-history-facial-recognition/




Bawa “BepeteHoobpa3Has obnacte” nuua npotue anroputma GaussianFace:

E thhlngton Unlvergﬂ:&? in St LOUIC; C. Lu and X. Tang, "Surpassing Human-Level Face Verification

Performance on LFW with GaussianFace,” CoRR, vol. abs/1404.3840,
SCHOOL OF MEDICINE 2014.




TpeHNPOBOYHbIN HAOOP HE COAEPXKUT AOCTATOYHO
npeacTtaBUTENEN BCEX BAPUAHTOB:

PULSE: Self-Supervised Photo Upsampling via
Latent Space Exploration of Generative Models

Sachit Menon*, Alexandru Damian*, Shijia Hu, Nikhil Ravi, Cynthia Rudin
Duke University

Original Result

50 7m0 10pD0

= Washington University in St.Louis
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TpF}HHpOBO*—IHbIFi HaGOp HE COOEPXNT A0OCTATO4YHO
npeacraBuTenien BCEX BapMaHTOB:
Gender imbalance in medical imaging

datasets produces biased classifiers for
computer-aided diagnosis

Agostina J. Larrazabal, Nicolas Nieto, &9 Victoria Peterson, © Diego H. Milone, and
Enzo Ferrante

PHAS June 3, 2020 117 [23) 12592-125%4:; first published May 26, 2020 httpsydal.org 10,1073 pnas. 1919012117
Area under the curve (AUC) testing in Male patients Area under the curve (AUC) testing in Female patients
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CmyLwatowme pakTopbl NP NHEBMOTOPaKce: TPYOKu

PORTABLE

= WashingtonUniversity in St.Louis
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BapuaHTbl aHann3a n3obpaxxeHunm

JloKyNKa
YCAYT

NHCTPYMEHTHI C
rpapuuecKknm
MHTEPPENCOM

CoTpyaHWHECTBO
BubanorekulbyHKLNK

CrponmlcclynA)
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«C Hyna» — HosbIM cnocob

[Convolutional] DEEP NEURAL NETWORK
Irgut _Hidden . Hidden Hidden Cutput
layer layer .l = el 2 kaver 3 i layer
wis, v W, - Weight of a single connection (multiplier per dendrite)
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Of 16 categories, 111 1 = Cat

revralnetworksanddesiearning. com = Michasd Mielsen Yoihuc Bengio, lan Eooctellow, and Agron Courvilie, 2010,

-

= Washington University in St.Louis images courtesy of Wikipedia and

neuralnetworksanddeeplearning.com
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MCTODHH npasuma n CtaHAaApPTOB B BU3YyaJ/IN3aUWUUN NMATONNOTUN

2008
2013

2017
2018
2019
2020

= WashingtonUniversity in St.Louis

DICOM Supplement 122 (and 145 in 2009) added to PACS standard

”Validatin$ Whole Slide Imaging for Diagnostic Purposes in Pathology:
Guideline from the College of American Pathologists Pathology and
Laboratory Quality Center” published

Ventana gets ER image analysis software clearance (510k)
BioView Duet approved by FDA for Lung CA (FISH)
Philips WSI system approved by FDA for primary diagnosis marketing (510k)

“Best Practice recommendations for implementing digital pathology”
published by The Royal College of Pathologists

Leica / Aperio system approved by FDA for primary diagnosis marketing

Temporary FDA waiver for Philips to use of consumer monitors during
COVID

Sectra Pathology PACS module FDA approved
Paige.Al Viewer gets FDA clearance

L

Pubmed: [“whole slide” “image analysis”]: 371 results I
il

2006 20Z0

Publications
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Ncnonb3oBaHMe Ana NepBUYHOM ANATHOCTUKN

2015 Laboratorium Pathologie Oost-Nederland (LabPON),
First AP laboratory to transition to 100% digital
t(:llgahglnos)ls, Largest pathology laboratory in Netherlands

1lips

2016 University Hospital Utrecht (UMC Utrecht) in the
Netherlands (primary diagnosis, Philips)

2018 Ohio State University Wexner Medical Center live with
digital diagnosis for primary diagnosis after ~3 years of
preparatory work (Inspirata)

2018  UNIM First Digital Pathology Lab in Moscow, Russia
2020 Taipei Veterans General Hospital in Taiwan (Philips)
Singapore General Hospital
Scripps MD Anderson in San Diego

= WashingtonUniversity in St.Louis
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[lepBoe obHapyKeHMe paKa NPOCTaTbl C NOMOLLbIO
MCKYCCTBEHHOrO MHTENNeKTa B 1abopaTtopun CLUA

. DetectinF Prostate Cancer
using Galen Prostate by

bex (images scanned by 3D

Histech WSI scanners)

* In 2020 by CorePlus
Servicios Clinicos y
Patoldgicos, LLC in Carolina,
Puerto Rico

* Validation : 1,301 slides
* 96.9% Specificity
* 96.5% Sensitivity

* 0.994 Area Under the
Curve (AUC) score

prnewswire.com/il/news-releases/first-us-

= WashingtonUniversity in St.Louis lab-implements-ai-based-solution-for-

, cancer-detection-in-pathology-
SCHOOL OF MEDICINE 301121728.html




OpraHn4YecKkme HeEMPOHHbIE CEeTH

* B 2015 roay ronybu okaszanuco
npasbl HA 85% nNpwu
ANArHOCTUKeE paKa rpyamn Ha
NeBATHAALUATbLIN AEHb
TPEHUPOBOK.
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Images. PLoS One. 2015 Nov 18;10(11):e0141357. doi:
1 - : S 10.1371/journal.pone.0141357. PMID: 26581091: PMCID: PMC4651348.
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