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Objectives of my talks:

Provide an overview of the evolution of digital ' "

pathology and Al and its current state for
clinical diagnostics, research and education

Provide an understanding of the challenges
and opportunities for implementing digital
pathology and Al in the clinical areas using
OSU as an example

Explore the future directions of Digital
Pathology /Artificial Intelligence technology’s '
role in advanced diagnostics
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NEW TOOLS FOR HIGH VALUE CLINICAL DIAGNOSTICS

Rapid innovations.

More variety and complexities
of available tests and
services.

New molecular tests,
advanced equipment and
testing techniques.

More automation

Digital and Computational
pathology

Artificial Intelligence




Synoptic Diagnosis Worksheek for PH505-182
rlsheet # 1 of

PATHOLOGY REPORTS
ARE BECOMING MORE
COMPLEX

c

Pege1oid

Non-Hodgkins L Biopsy/Resection Synoptic Template
B-cell Lymphoma
. - - MACROSCOPIC - - | ca  Becell ymphoma, subtype cannot be determined
SPECIMEN TYPE* 4 B-cell ymphoma with high grade features
Lymphadenectomy (speciy sites) s PrecursorB i
Other {spexify) 6 Chronic lymphocyic leukemiatsmall ymphocyiic
Not specified riphotna
Splenectorny 7 B-cell prolymphocyiic leukemia
Other extranodal (specity): [TTEIEIRNTTNE ] | 8 Lymphaplasmacyic lymphoma
ca  splenic marginal zone ympnoma
TUMOR SITE (check all that apply)™ €10 Hairy cell leukemia
Lymph node(s), ste unknown c11 Plasma cell myeloma) Plasmacyorna
Lymph node(s) - Specify site(s), c12  Extranodal marginal zone B-cell ymphoma of
musasa-assosiated lymphoid issue (MALT lymphoma)
Other tissuefs) - Specify site(s): 13 Estranadal marginal zane E-cell hmphoma of
Mediasti mucasa-associated lymphold issue (MALT lymphoma)
Not specified with plasmacylc difierentiation
Only one site biopsied, see above 14 Nodal marginal zone B-cell ymphorma
15 Nodal marginal zone B-cell ymphoma with plasracytic
. - - MICROSCOPIC - - diflerentiation
HISTOLOGIC TYPE (WHO CLASSIFICATION)™ 16 Marginal zone B-cell ymphorna, not further specified
Note: This is NOT the final diagnosis. Use final diagnosts | C17  Warginal zone B-cel ymphorna with plasmacytic
fcomment for therapeutic decisions. diflerentiation, not further specifed
18 Follicular lymphoms, orade 1, follicular
Histologic tyne cannot be assessed €18 Follicular ymphoma, grade 1, follicular & difiuse
Nor-Hodghin lymphoma vs Hodgkin ymphoma =

Follicular yrnphorna, arade 1, minirmally ollic ular
~Histalogic Types Continued on Next Page—
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Path. No.: $91-210
Hame: Sally Sacaueski Reg, Mo 000038
AGe: 66 Sex: Female Race: White Lecation: ___ Date: 02/11/91

Address Occupation

HISTORY OF CAS|
multiple tumars

CUINICAL DIAGNOSIS: biadder; /O scalene
POST-OPERATIVE DIAGNOSIS: Carcinoma of bladder

11TCE with miceainvasion:

- Multiphe TURE for Gra

Surgeon: 5o Long. MO Operation: Bx of bladder & L scalene node

Gross DESCRIPTION:

© labeled #1, biopsy
A7 Part 01 consists of multiple

ar Slightly hemor hagic. They
a0 '#2 consists of multipie

ha spaciman is received in two pa

h reactive germinal contars

laddar, biopsy.

flary transitional cell carcinoma. grade i,

2 Acute and chronic Inflammation, most consistent with recent biopsy.
procedure.

2. Scalene lymph node, left, no pathalogic dlagnosis.

ke O'SeenMD
Pathotogist
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590
pages
The explosion of medical information
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Oncocytic renal tumors and some of their differential diagnoses
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Athanazio, D.A., Amorim, L.S., da Cunha, |.W. et al. Classification of renal cell tumors — current concepts and use of ancillary tests: recommendations of the Brazilian
Society of Pathology. Surg Exp Pathol 4, 4 (2021).
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H&E SLIDE = THE GOLD STANDARD

THE H&E SLIDE FOR THE PATHOLOGIST IS EQUIVALENT TO A GOOD H&P

Accurate interpretation of the hematoxylin and eosin (H&E) slide has
remained the foundation of pathological analysis and diagnostic medicine for
over a century
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Powerful microscope = Whole Slide Imaging (WSI)

COMPUTATIO
PATHOLOGY/A 2

., . & 1 R
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Digital Pathology Subsystem

Hardware
=\Whole slide scanner
=Robotic Scanners
=Monitors
=Input devices

Software
=\WSI viewer
»Applications
=Algorithms

7

Slide scanning

\
7

Robotics/slide handling

\
7

Optics/Lighting Slide Scanner

Y4

Tissue detection

Software

(U

WSI acquisition

WSI viewer

WSI repository

File format _ _
hole slide image

Compression

Image analysis




scanners

WSI
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STATE OF THE WSI INDUSTRY

«Automated, high-speed,
high resolution whole slide
imaging systems

) 1‘:.‘& /i
%\lv

«Scan 1 to 1000 slides, even L B
reading barcodes on slides.

*1.5 x1.5 cm tissue section
in approximately 1-4
minutes with spatial 3
sampling periods of
between 0.25 t0 0.5
microns/pixel.

§ Images 206 & 207
Image 204

Image 202

Up to 100 slides per hour, 2000 slides per day (at 40x
resolution, 0.25 ym/pixel, single layer).



Magnitude of whole slide image dataset

=

In terms of total pixel-normalized display in the same field of view, a 2k x 2k pixel digital
radiographic chest X-ray image (A) is dwarfed when compared to a 40x scan of a typical 2.5 x
2.0 cm biopsy (654Mb with 20:1 loss compression).
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COMBINING MORPHOLOGY WITH PATIENT INFORMATION:
AP-LIS INTEGRATION IS KEY

008 10M13/1939 (Age:

Patiern: SYNOPTEST,STMARGAF MRN: 186380303 Spes. Class: SWISG, Routine  Clienc: St Margaret, LPMCS
B5)M  mil#: OOD1165380303 oo Date: OTHS2005 Gase status: Gross Complete
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MULTIPLE AREAS OF THE PATHOLOGY LAB HAVE
MANUAL STEPS, AND LACK STANDARDIZATION
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FACTORS TO CONSIDER WHEN SELECTING

AN WSI

* Type of lab and application
» Reference/research/public health
e Clinical
* Hybrid
* Volume of specimens
* Types and number of slides
 Size of staff/users
» Existing system
« Determine which areas will be affected
* Requirements and expectations

* Be realistic
* Adoption issues



Some WSI Imaging Devices




NEWER TECHNOLOGIES: COST
DECREASING

MICROSCOPE WITH WHOLE SLIDE ROBOTIC
DIGITAL CAMERA SCANNERS MICROSCOPES

IMAGE AMNALYSIS
SYSTEMS




WHOLE SLIDE IMAGING: Decade of
Evolution COST ADOPTION
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Favorable Regulatory Environment for Al/Digital Pathology

The Food and Drug Administration (FDA) has approved a number of digital

pathology solutions for use in the United States

PHILIPS
:
’

"/

April 13,
2017

Philips receives FDA
clearance to market Philips
Intellisite Pathology
Solution for primary
diagnostic use in the US

Jeica

BIOSYSTEMS

May 29,
2019

Leica Biosystems receives
FDA clearance for Aperio
AT2 DX digital pathology
system for primary
diagnosis

Paige

Sept 21,
2021

(FDA) has granted de novo
marketing authorization for
Paige Prostate, a clinical-
grade Al solution for
prostate cancer detection



Favorable Regulatory Environment for Al/Digital Pathology

The Food and Drug Administration (FDA) has approved a number of digital
patholoqy solutions for use in the United States

Hamamatsu Photonics Announces U.S. FDA clearance for the
NanoZoomer S360MD Slide scanner system for Surgical Pathology
Diagnostics

2022/10/04




Digital slides will introduce new

costs!
New capital equipment
Scanners
Servers

Storage (terabytes per week! But
storage is cheap)

BARCODES are a MUST

The James

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER




o * Standardization

» Objective Dx

.+, * Automated process
.. * Accurate Dx

" » Faster Dx

2s; * More time to do other
tasks

2 » Keep up with the
knowledge

» Lack of standardization

» Subjective diagnosis

* Manual process

« Shortage of pathologists
worldwide

* Over-worked

» Explosion of medical
knowledge

* Time-cosuming tasks
such as counting cells

The James

D THE OHIO STATE UNIVERSITY
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DIGITIZING PATHOLOGY: OPPORTUNITY TO IMPROVE ALL
ASPECTS OF PATHOLOGY WORKFLOW
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PATHOLOGY INFORMATICS DRIVEN WORKFLOWS
INTEGRATION OF EMR, LIS, WSI

LI I 1 J\JI I IeS
D THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER




Integration: LIS, Scanner,
Workstations

Interfaces

between WSI systems, laboratory
information systems and the
electronic medical record




The Solution for Enterprise Digital Transformation

Any Scanner.
Any LIS. Image Analysis and

Scanners .
Any Image Analysis. Al Tools

Creating an OPEN platform for Digital Pathology and Al tools

Slide courtesy of Inspirata
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TOP 5 REASONS FOR IMPLEMENTING DIGITAL
PATHOLOGY and AI FOR DIAGNOSTICS

/\—/@
. INCREASED PRODUCTIVITY

 IMPROVED INFORMATION MANAGEMENT, WORKFLOW DISTRIBUTION,
INTEGRATION OF DATA

. IMPROVED QUALITY/BETTER MEDICINE

«  QUALITY ASSURANCE, RAPID SECOND REVIEWS, EASIER ACCESS TO SUB-
SPECIALIST

. INCREASE REVENUES

* INSOURICING (Digital Consults), PULL-THROUGH REVENUES, BRAND
RECOGNITION

. CONSOLIDATION, REDUCED COSTS WITH MOVING SLIDES AROUND
ARTIFICIAL INTELLIGENCE

. IMAGE ANALYSIS/WORK FLOW ALGORITHMS, COMPUTER AIDED DIAGNOSIS
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Department of Pathology OSUWMC

85 faculty
AP, CP, MP
Outreach
Experimental
Nationwide Children’s Hospital (NCH)

Sites
OSUWMC/James CCC
Molecular lab
OSU East

3 outreach hospitals
NCH
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Clinical Volumes Increasinc

Surgical Pathology cases —
90,000

Approximately 600,000 slides
including H&E, IHCs and
special stains

Approximately 3,000 slides/day

E] THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER




OSU Digital Pathology Timeline

January 2017 May 2017 July 2017

Digital pathology lab Digital pathology Full scale digital pathology
space secured on the scanners installed WIS services are launched
18t floor of the
James l

- July 2019

EPIC Beaker goes live. This allows
for a list of scanned slides, easily

S - . accessible link to click through
December 2019 November 2019 slides, and the ability to sort slides
A large portion of digital Telepathology scanner by Part ID, B|°Ck. ID, _Slide ID,
pathology services are moved installed at Adena Regional Image creation time.
to a larger centralized lab Medical Center

space
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Thousands of Patient Slides in Archives
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GLASS SLIDES IN RACKS
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TRAINING THE NEXT GENERATION OF HISTOTECHS
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OSU Digital Pathology Clinical Workflow System

Review Workstation and Philips UFS Philips UFS Philips UFS Philips UFS

barcode printers

HTTPS
1Gb/s |
1Gb/s ;
OSU network ‘ W
Minimum: 100
b OSU Data Center Mb/s External
10 Gb/s Network Optimal 300 Network
Best: 1 Gb/s (VPN)
Philips IMS /7

Server  {ifi i (A

Online NAS (network attached
Storage ) storage)

IHIS Beaker

Workstations (n=55)

Remote
Support




Whole Slide Imaging (WSI) Workflow

A=t - S

Automated case

Quality
assurance

Slides are Slides are assembly;
prepped and digitized barcodes added
stained
P Tttt oo T oIITIETTTETETTTTTTTTY
i Distribution |

Pathologist Pathologist
Workstation Workstation
Pathologist .

Workstation

0%




BETTER QUALITY: DIGITAL TUMOR
BOARDS- REVIEWING PRIORS

T Tl







Impact on pathology workflows
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Fully Integrated Digital Pathology Workflow For Improved Patient Care: Digital Pathology for

Primary Diagnosis
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The OSUWMC Pathology Consult Services
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CONSULT PHYSICIANS BROCHURE

indows Security - No action: de




pathpresenter public * + = X

& c O 8 consult.pathpresenterdx.com/home L vV O * \. H

i Apps

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER # Dashboard Tenant~ 2

© Completed

(¢ Draft Cases [(# New Cases =p

1 0 out of 19 cases 3 out of 19 cases 1 out of 19 cases

Q T Al v & Upload Cases

Status
case-59 abc def RAJENDRA SINGH = MALE m | & Assign | ‘ [ Edit |
case-58 WS-005 Tara jacob Tyre 06/06/1970 FEMALE W Lung WS-005-B , WS-D05-A
case-57 WS-004 Amy sd Hardy 05/04/1985 FEMALE Assigned Lung WS-004
case-56 WS-003 Patrick Ks Hennessy 12/05/1965 MALE Assigned Lung WS-003
case-55 WS-002 Jason Arndt 04/05/1978 MALE Assigned Lung WSs-002
case-54 Ws-001 Olivia st Whisman 041971001 FEMALE Assigned Skin WSs-001
case-53 abc def RAJENDRA SINGH = MALE = | ign H @ Edit |
case-52 abc def RAJENDRA SINGH 03/02/2021 MALE m | 1 | ‘ Edit |
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Solution for F
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Hybrid robotic microscope/WSI scanners

MikroScan SL5S Grandium OCUS40

The James

E] THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER
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GRUNDIIUM

UPMC Pathology 2013
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FROZEN SECTI.‘O‘N LABORATORY — LEARNING IN A DIGITAL

WORLD
$

THE OHI0 STATE UNIVERSITY
WEXNER MEDICAL CENTER
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e GREAT EDUCATIONAL OPPORTUNITIES FOR TRAINEES T0
~  LEARN AND PREVIEW CASES DURING FNAs and Frozen Sections
3 T \/

()
(¥

Pathologist fully controls the computer which connects to the instrument remotely, can switch
between slides, change magnification, move the slide and adjust the fine focus.
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Pathologists slow to adopt this technology

Altl tant
toc
EARLY LATE
Do MAJORITY | MAJORITY
EARLY
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-
Digital slides has IMPROVED my workflow by...

» Direct interface to LIS

« Sharing cases with consultants, clinicians
« Tumor conferences

* Flagging cases

« Controls instantly available

Digital slides has IMPROVED my TAT by...
automatically distributing workload

Glass slides go directly from cover slipper to
scanner to proper pathologist

Cases are instantly available upon scanning

Previous cases are instantly available e sanies

W




THINGS THAT STILL ARE AN ISSUE

We still can’t use digital slides to perform some
necessary tasks!

Polarization to identify foreign material
New ways to teach residents?

3D imaging for cytopathology - - Z stacking-
Expensive

Oil for the hemepath guys — Messy and not a good
solution out there

The James

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER
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Those 2,900,000 slides and 307,000 cases include:

Clinical cases:

Sep 2011 to the
present day.

Tumor boards
Residents’ Slide Set
Teaching sets

Various research
collections

Special requests.




Digital Pathology Enhanced Resident Training

l research endeavors.

¥ System used regularly by 144 faculty,
re5|dents fellows and staff




Pathology Department Benefits: The Quality
Advantage

(1) Decrease the time to diagnosis

~ The digital pathology cockpit focuses
pathologists time on what they do best—
diagnose disease

~ Dlaﬁnostlc algorithm support make
pathologists even faster

Consult Instantly

@ ~ Telepathology to load balance in real time
~ Consult locally, regionally and globally
~ @Gain access to complex cases
~ Rapid second reviews

~ Improved and streamlined quality reviews

Al-Janabi, Shaimaa, André Huisman, and Paul J. Van Diest. "Digital Siide Scanting Lab Iepspalbaier Pelibwlepy Gacleit
athology: current status and future perspectives.” H/stolf?thology 61.1 WEXNER MEDICAL CENTER
y
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Creating a Cancer-free World. One Person, One Discovery at a Time.

Current and Future Applications of Artificial
The James Intelligence in Pathology: Are we ready for
THE OHIO STATE UNIVERSITY prime t|me’7

WEXNER MEDICAL CENTER Anil V ParWani, MD, PhD, MBA

The Oh|0 State University Comprehensive Cancer Center — Arthur G J'xm(\c Manrar Hacnital and Dirhard | Qalavua Dacanrnh Inctitita
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Pathologists today perform many complex manual tasks

shutterstock - 441451276

Al can automate many of the complex manual tasks — such as object quantification, tissue

classification based on morphology and rare target identification — that used to take hours or
days to perform.

Some of those tasks now only take minutes using image analysis and Al




e
Quantification of Biomarkers: MORE
OBJECIVE ACCURATE AND FASTER

Measuremen Count Count Count Count Total Cell Total Positive Ki-% Positive Ki- % Low Ki- % Medium Ki- % High Ki-
Study Unit t Low Medium High Negative Count 67 67 67 67 67
Demo 15.043499 8.6470403
Images Ki-67 01 22011 16710 12652 94943 146316 51373 35.11100006 9 11.4204998 7 Th e J ames
Demo 17.415300 6.0429801

Images Ki-67 02 6735 4662 2337 24939 38673 13734 35.51309967 4 12.05490017 9 . THE OHIO STATE UNIVERSITY

WEXNER MEDICAL CENTER
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GOING BEYOND THE GLASS SLIDE

Digital pathology/Al -
opens new doors | n. Algorlthms’

algorithms
|dentification
Quantification
Synthesis




What ELSE can we do now?

E= &2, = =
?-ﬂ—’ﬁ"fﬁlij—’ — - B

o Tissue delivered 6 Slide reviewed e Manual review and o Diagnosis delivered
to the pathologist under microscope diagnosis rendered to the oncologist



Interactive Multimedia Pathology Reporting

Gross {macroscopic) and whole slide images

ey

3 _ g
/ SRR o IS

W] ekt Tiatd
Lymipn Meade Fummination:
Fiwrnbe of Lymph Kodes irealved) | i —

Pbarribeat =t L'l-;h Kodas Examines 15
Baihologic ags ey Bcasion |p TR, AICC Bthi: Pl M s

Addmianal Pathodogic Fisdngil BTET R TILO FE o

Roth, Christopher J et al. “Multispecialty Enterprise Imaging Workgroup Consensus on Interactive
Multimedia Reporting Current State and Road to the Future: HIMSS-SIIM Collaborative White
Paper.” Journal of digital imaging vol. 34,3 (2021): 495-522. doi:10.1007/s10278-021-00450-5 >



Future State: Quantitative Immunohistochemistry Objective
Data Directly to Patient Chart and Integrated Reporting

Path. No.: 591-210
Name: Sally Sacqueski Reg. No.: 000038

NUCIeaf Staining cvtoplasmic Staining Membrane Staining Age: 66 Sex: Female Race: White Location: Date: 02/11/91
DR ey e '

Address: Nuclear Stalning Cytoplasmic Stall

Membrane Staini

g
HISTORY OF CASE: Multnpz‘{g é_g‘ﬁ;;‘&
) <

multiple tumors « e
g

g
POST-OPERATIVE mAcmf%f‘ e

; :
urgeon: 50 Long. - 8
LK o

GROSS DESCRIPTION:

e

s

CLINICAL DIAGNOSIS: Car;'_‘%_
0

The specimen is received in two parts. They are labeled #1, "biopsy
bladder tumor”, and #2, “scalene node, left”. Part #1 consists of multiple
fragments of gray-brown tissue which appear slightly hemorrhagic. They
are submitted in their entirety for processing. Part #2 consists of multiple
fragments of fatty yellow tissue which range in size from 0.2 to 1.0 cm in
di . They are b d in their entirety for processing.

@g\ .

o o= ',..;m;t‘!: ;
Y
e
o i o) /5

BS 90 Jorgte

o i

o
[ D) Py
% &v!‘l .
" Q‘ MICROSCOPIC:
" Section of bladder contains areas of transitional cell carcinoma. No
area of invasion can be identified. A marked acute and chronic
inflammatory reaction with eosinophils is noted together with some

necrosis. Sections are examined at six levels. Section of lymph node
contains normal node with reactive germinal centers.

INTEGRATED AI-DRIVEN SMART L Pahrmeibinsispdooms sl ooms
REPORTING SYSTEMS.MULTIMODALITY - m

DRIVEN WITH DATA ANALYTICS AND ——
VISUALIZATION

Hamilton PW, et al. Digital pathology and image analysis in tissue biomarker research. Methods. 2014 The James
Nov;70(1):59-73.
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FDA Grants Breakthrough Designation to Paige.Al

Designation expedites product development and provides priority regulatory review for
clinical-grade artificial intelligence in pathology
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Deep Learning in Breast Pathology

National Institutes of Health (NIH) grants-supported research

ARTIFICIAL INTELLIGENCE FOR COMPUTATIONAL PATHOLOGY THE NATIONAL
Image interpretation plays a central role in the pathologic diagnosis of cancer. Since the late 19" ARTI F I C IAL I N T E L L I G E N C E

century, the primary tool used by pathologists to make definitive cancer diagnoses is the RESEARCH AND DEVELOPMENT
microscope. Pathologists diagnose cancer by manually examining stained sections of cancer tissues STRATEGIC PLAN

to determine the cancer subtype. Pathologic diagnosis using conventional methods is labor-

. intensive with poor reproducibility and

Sk quality concerns. New opproaches use

fundamental Al research to build tools to

make pathologic onalysis more efficient,

accurate, and predictive. In the 2016 National Science and Technology Council
Camelyon Grand Challenge for metastatic

cancer detection,”” the top-performing

entry in the competition was an Al-based Networking and Information Technology
computational system that ochieved an Research and Development Subcommittee

0 3
error rate of 7.5%° A pathologist
reviewing the same set of evaluation
images ochieved on error rote of 3.5%.

Top=Al Fathologist Top=Al

System + Pathologist Combining the predictions of the Al system October 2016
with the pathologist lowered the error rate
Al significantly reduces pathologist error rate in to down to 0.5%, representing an 85%
the identification of metastatic breast cancer reduction in error (see image).” This
from sentinel lymph node biopsies. example illustrates how fundomental

research in Al can drive the development
of high performing computational systems that offer great potential for making pathological
diognoses more efficient and more accurate.




Automated Biomarker Analysis for Clinical Diagnostics

Regions of Interest Scoring Methods

Slide Scor_e: Multiple Highlighted Region
Regions Score(s)

\
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Future State: DP/QIA Standardized Diagnostic Tests



Al-powered tool that provides pathologists with valuable decision support when identifying
cancer in prostate biopsies

Ground truth

INIFY Prostate Screening
prediction

Immuno

Ground truth

The James
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IBEX: Suspicious Lesions in Prostate Biopsies

Notification in the Case List

Mathios, Audrey | =
6 results =

© ACCESSION # ACCESSION DATE” PATIENT PRIORS ORDERINGCLINICIAN  STATUS BENCH  OTHER PARTS PART DESCRIFTION SLIDES
8 511-0004 Apg 25, 2020 Bodiford, Morylou 4 Maddix, Allan L)) ™ - 1 Kidney Allograft. Needle Biopsy 6 ,
. 511-0002 ¥ Aug 25, 2020 Gattison, Javier 0 Burrowes, Lofmie GU - 3 Prostate, Right Apese, Needle Biopsy 26 s
My Folders o 511-0016 Aug 25, 2020 Koll, Guy ] Wilgus, Allan B GU - LB Testis and Prasimal Spermatic Cord, | 10
e o 511-0029 Aug 25. 2020 Dyess, Erik 0 Santini, Julionne GU - 1 Left Testicle, Rodicol Orchiectorny. 11 S5ees
e 0 511-0030 Aug 25, 2020 Burgo. Neva i} Cogswell, Tia & GU -e 1 Retroperitoneol Mass. Excision 27
Shored Folders © 510-1007 Aug 25, 2020 Flemmings. Harriett 7 £ GEN = 1 Allograft Liver, Needle Biopsy 2
Notifications in expanded case row
© ACCESSION # ALERTS ACCESSION DATE PATIENT PRIORS ORDERING CLINICIAN STATUS BENCH CTHER PARTS PART DESCRIPTION SLIDES 1’// \\)
© S11-0004 Aug 25, 2020 Bodiford, Marylou 4 Maddix, Allan ()] TX - 1 Kidney Allograft, Needle Biopsy 6 En V4 -
$11-0002 4 Aug 25, 2020 Gattison, Javier 0 Burrowes, Lorrie GU = 6 Prostate, RightAnex, Needle Biopsy 24 =2 " R 4
PATIENT ID BIRTH DATE {AGE AT CASH ORGANIZATION LABORATORY PAT ST 1 Neadle Bi... [T 3 =
MRN-1100050002 Nov 8, 1945 (74y) University Hospit.. UH Core L.. Mathias, Audrey Qodpp &« =

=]
o

2. Prostate, Right Mid, Needle Bio... DDD # .@
se, Needle Bi. DDD 3
#, Needle Bio.. DDDDT D >

Mid. Needle Biopsy nnn =5

e, Left Base, Needle Bio.. nnnr? 3 7

b S T . S S S

Liikeely mallgrant

un@eisrmined

(1 ety brnilgg

Ol off [Focus




IBEX: Suspicious Lesions in Prostate Biopsies

511-0002

B Mathias, Audrey | =

$11.0002 # | CASEINFORMATION
IBEX RESULTS 190@ s
PATIENT NAME PATIENT ID GENDER BIffTH DATE (AGE AT CASE

Gattison, Javier MRN-1100050002 M Ndv 8,1945 74y}

ORDERING CUNICIAN STATUS BENCH ACCESSION DAFE OTHER ORGANIZATION LABORATORY PATHOLOGIST
=

Burrowes, Lorrie GU Aug 25, 2020 - UH UHCL Mathias, Audrey

CONSULTING PATHOLOGIST
Notes [2) Updated: Aug 25, 2020 2:06:03 PM

CLINICAL HISTORY

CHIEF COM

PROCEDURE

SPECIFIC CL eSU S n O

OUTSIDE Tisk

PRIOR MALIGNANCY: Not stated. B

CHEMORADIATION: Not stoted. a r

ORGAN TRANSPLANT: Not stated.
IMMUNOSUPPRESSION: Not stated.
OTHER DISEASES: Not stated.

GROSSING NOTES

The specimen is received in 6 parts.

Part 1 is received in formalin labeled with the patient's nome, initials JG and labeled "RA-2".
Cores: 2

Sizelsk: 1.6to 1.7 cm in length and each less than 0.1 cm in thickness

Cassetiefsk: 1A.

Part 2 is received in formalin labeled with the patient's name, initials JG and labeled "RM-2".
Cores: 2

Sizelsk: 1.8to 2.0 cmin length and each less than 0.1 cm in thickness

Cassettels): 2A.

Part 3 is received in formalin labeled with the patient's name, initials JG and labeled "RE-2".
Cores: 2

Sizelsk: 1.2to L4 cmin length and each less than 0.1 cm in thickness

Cassetiefs): 3A.

Part 4 is received in formalin labeled with the patient's name, initials JG and labeled *LA-2".
Cores: 2

Sizelsk: 1.6to 1.8 cm in length and each less than 0.1 cm in thickness

Cassettals]: 4A.

Part 5 is received in formalin labeled with the patient's name, initials JG and labeled *LM-2"

= 1 Prostate, Right Apex, Needle Biopsy

Case A03392 .

Click alert above
slide to launch
IBEX viewer

2. Prostate, Right Mid, Needle Biopsy

) ® ®
HSELL  60x HSEL3  60x HSELS  60x
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The algorithm achieved an AUC of 0-997 (95% CI 0-995 to 0-998) for cancer detection in the internal test set
and 0-991 (0-979 to 1-00) in the external validation set. The AUC for distinguishing between a low-grade
(Gleason score 6 or ASAP) and high-grade (Gleason score 7-10) cancer diagnosis was 0-941 (0-905 to 0-977)
and the AUC for detecting Gleason pattern 5 was 0-971 (0-943 to 0-998) in the external validation set.

Cancer percentage calculated by pathologists and the algorithm showed good agreement (r=0-882, 95% ClI
0-834 t0 0-915; p<0-0001) with a mean bias of —4-14% (-6-36 to -1-91)



Evaluation of 3 different scanners’ performance to create prostate biopsy images with suitable quality for accurate
INIFY Prostate predictions. Impact of preanalytical factors and user experience.

Case id Date Status
= Suspicious 20%
Basis- 11 20210616  In Review 0% e

©HE-PDS- 160980 21 4oca v

L]
Basis-12 20210616  Reviewed (2) o -
Basis-13 20210616  Reviewed (2) o

eHE-PDS- 1603 RS-hama ndpi

Basis-14 20210616  Reviewed (2) o
Basis-15 2021-06-17  Reviewed (2) 0% 1%

04
Basis 16 20210621 Reviewed (3 » -
Basis-17 20210621  Reviewed (2)

24 nap

Basis-18 20210621  Reviewed (2)

Basis-19 20210621  Reviewed (2)

05
Basis-20 20210621  Reviewing 0 I

CHE-BT12NB1.. A14-30H.mnxs
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Tumor _

Tear/Fat_

Muscle

Classifying Treatment Changes: Precise diagnosis

Ieads to preC|se treatment for the rlght patlent




Renal Cell Carcinoma Whole-Slide Image
Classification and Search Using Deep Learning

#" \m

n‘l

" (“kn"i |

J Bt~

DenseNet-121

2.5x

Thumbnail

M <23

DenseNet-121

(a) Training phase

Feature Tensor

(b) Embedding phase

Masking

MLP
Classifier
x>0
200
O[]
h
2

Masked
Feature Tensor

Pooling

Feature
V ector

Figure 1: The outline
of the  proposed
algorithm for
encoding WSIs. (a)
shows the training
step in the algorithm.
In this step, a
DenseNet-121 [27] is
trained using 224 x
224 x 3 tiles extracted
from 2.5x WSIs in the
training subsets to
classify different RCC
subtypes



Renal Cell Carcinoma Whole-Slide Image
Classification and Search Using Deep Learning

The top three search
results  for  queries
related to different RCC
subtypes  from  the
TCGA search dataset.
The 1mages with a light
blue tag are the query
WSIs, while the correct
and the wrong retrievals
are shown in green and
red tags, respectively.




1. Kidney Whole slide images 2.Extracted Patches
after removing

background patches

Tabibu, S., Vinod, P.K. & Jawahar, C.V. Pan-Renal Cell
Carcinoma classification and survival prediction from
histopathology images using deep learning. Sci Rep 9, 10509
(2019). https://doi.org/10.1038/s41598-019-46718-3

cati =

3. Deep Model 1 4, Binary Classification 5 .High Probability
( Cancer vs Normal ) Patches

Cancer/
' /;ﬁ — Normal
4 Detection

Cancer Subtype
Detection

'—» DAGSVM  sep

6. Deep Model 2
(KICH vs KIRC vs KICH)
(Features extracted from
penultimate layer of trained model)

7. Three class Classification

[

Classification Pipeline ]

Cancer Classification Pipeline. (1) Kidney Whole slide images. (2) 512*512 patches extracted from images with 50% overlap and background removed using pixel thresholding.
(3) Patches from normal and cancerous slides fed to the deep network. (4) Patches classified as cancerous or non-cancerous. (5) High probability patches identified by the
trained network and binary mask is applied. (6) The patches from three subtypes used to train a similar deep architecture for a three-way classification. (7) Features extracted
from the penultimate layer of the network and fed to DAG-SVM and a three-way classification is performed by it.

_—i|




Al-BASED PATHOLOGY DIAGNOSTIC TOOLS ARE NOW AVAILABLE!! >

W Boehringer backs Al-powered anti-infective startup ArrePa commercial distribution agreement for Paige's comprehensive portfolio of diagnostic software solutions

£

FDA clears Al-powered prostate
cancer detection software

Phil Taylor
~TE
September 22, 2021 \ "\,'g
Vhe
Software that can help pathologists detect prostate cancer from slides of 0 ‘if,-,

biopsies more effectively has been approved by the FDA. g
I yatiico

D THE OHIO STATE UNIVERSITY
J WEXNER MEDICAL CENTER




Al-powered tool that provides pathologists with valuable decision support when identifying cancer
in prostate biopsies

Ground truth

INIFY Prostate Screening
prediction

Immuno

Ground truth

The James
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Artificial intelligence (Al) algorithms can be used as a tool to
augment diagnosis, grading and volume quantification of prostate
cancer (PCa) in prostate biopsy (PBx)

N

N

128 pm (A)

The James

D THE OHIO STATE UNIVERSITY
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End-to-end system example:
Bladder cancer diagnosis

Average nuclear size = 1198



Searching WSlIs: Image retrieval: Another Clinical Tool

Query Image Best Match
Brain — Subependymoma Brain — Subependymoma

e , Vkﬁ{gﬁ-‘ﬂ - - “‘1\
e S T |
Scan Index/label Search Match

Searching Is Intelligence. Image retrieval — the next revolution in
pathology. Hamid Tizhoosh | 10/11/2018. The Pathologist The James

D THE OHIO STATE UNIVERSITY
J WEXNER MEDICAL CENTER




Research, Clinical, Education, Innovations



Examples of Quantitative Image Analysis and Al
Algorithms Validated at OSU in the last 12 months

DETECTING AND GRADING PROSTATE CANCER

FINDING METASTATIC CANCER IN LYMPH NODES

s ATy gy 'sgt—-q.lf_-.l:.u. Tk % 'q tﬂ
[ i }‘;i‘“ e e «'f- % ‘& ‘;‘- AT g Lo o INIFY Prostate
P TR LI < i —
‘1"391%","‘.“.‘-’;2'}:;;,4‘3#' iy '“ 'y o ".:.g.&‘?"’.":.'f'f * Cases e @ @ ¢ Images
gl q-_d" d .l. '\\s."‘i" . Ccaseld o Date Status Suspicious
;

W 4 4
= :‘;.":@.‘:}.;{% '5""{2:'-:1? _.' T ) ‘: o ‘..‘ .J;- u_ ‘-_ . ’ Basis 11 20210616  In Review
L RERL baas” b
A . :;p ‘3 .(“_"‘? ¥ h -

L .-"N-‘!n- e :
':..'2“‘ g ..J-.‘af" 3

L i’ 4
gd 3 asis-12 20210616  Reviewed (2)

is-13 20210616  Reviewed (2)
HE-PDS- 1603 RS-hama.ndpi
20210616  Reviewed (2)
20210617 Reviewed (2)
20210621 Reviewed (3)
20210621 Reviewed (2)
20210621 Reviewed (2)
20210621 Reviewed (2)

20210621 Reviewing
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Original Investigation | Health InfTorimatics
Use of Deep Learning to Develop and Analyze Computational Hematoxylin and
Eosin Staining of Prostate Core Biopsy Images for Tumor Diagnosis

Row A, Deparaffinized native nonstained image
Aman Rana. MS: Alarice Lowe. MD: Marie Lithgow. MD: Katharine Horback. MD: Tyler Janovitz. MD: Annacarolina Da Silva. MD: Harrison Tsai. MD: .
A MD, Akram Bayat. PhiD, Pratik Shah, PhD patches entered into the neural network. Row B,

Ground truth H&E dye—stained patches. Row C,
Figure 2. Representative Image Patches Generated by the Computational Stalning Neural Network and

computationally H&E stained patches generated
Thelr Comparison With Corresponding Ground Truth Hematoxylin and Eosin (H&E) Dye-Stained Images by the neural network. Arrows in C-l indicate the 2

benign glands, all other glands represent tumors.
Row D, shows computationally H&E stained
patches overlaid with colors indicating
agreements and disagreements between
physician annotations on these images compared
with ground truth H&E dye—stained images.
Variation in labeling detail by annotators (arrows)
are shown in D-IIl. Green indicates true positive;
blue, falsenegative; and red, false positive.

The James
THE OHIO STATE UNIVERSITY

WEXNER MEDICAL CENTER
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Volume 82, Issue 2 CONVERGENCE AND TECHNOLOGIES | JANUARY 18 2022
15 January 2022 Prostate Cancer Risk Stratification via

Nondestructive 3D Pathology with Deep
Learning—Assisted Gland Analysis G

CANCER

Weisi Xie ; Nicholas P. Reder; Can Koyuncu ; Patrick Leo; Sarah Hawley; Hongyi Huang;

Chenyi Mao; Nadia Postupna : Soyoung Kang; Robert Serafin; Gan Gao; Qinghua Han;
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DIGITAL WORKFLOW: WHAT WORKS WELL
AND WHAT NEEDS TO BE FIXED?

« IMAGE QUALITY

WHAT - ANNOTATIONS

- MEASURING THINGS
WORKS . IMAGE ACCESSIBILITY
WELL! « SHARING IMAGES

» REVIEWING CASES

» CO-REGISTRATION

» COLLABORATION

» MANY NEWS TOOLS ON THE  The James
HORIZON

Tl
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DIGITAL WORKFLOW: WHAT WORKS WELL
AND WHAT NEEDS TO BE FIXED?

« ERGONOMICS

WHAT + INTEGATION WITH LIS — NEEDS TO BE
IMPROVED

WORKS . ANNOTATIONS TRANSFER TO REPORT

OK! + MEASUREMENTS — NO LINK TO LIS

* IMAGE ACCOUNTABILITY
« AUDIT SYSTEMS

The James

E] THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER
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DIGITAL WORKFLOW: WHAT WORKS WELL

AND WHAT NEEDS TO BE FIXED?

« MANY IMAGE FORMATS

WHAT - CLOSED SYSTEMS BY VENDORS
. Al TOOLS — STILL NOT WELL-
WE NEED INTEGRATED
TO FIX . IMAGE WORKFLOW AND STORAGE —
NOT STANDARDIZED

« COMPRESSION ISSUES
* MONITORS - IT ISAWILD WILD WEST

The James

E] THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER




Conclusions

* New tools such as digital pathology, pre—— -—
image analysis and deep learning are E— ™ pE——
here and transforming pathology and :
integration with LIS/EMR is vital to
this.

* The pandemic served as a catalyst to
pathologists adopting a digital
workflow.

 Our journey into digital pathology/Al
has allowed us to improve our
pathology practice, workflows, quality
of our diagnosis.

* The use of Al in pathology continues
to evolve and will likely be use in
mainstream pathology within this
decade




TR
Future Directions

» Cyto, Renal Pathology, Hematopathology digital signout

» Look at Compression algorithms to improve storage

» Continue to deploy more Al solutions for pathologists

« Work on integrating Al solutions within the LIS to perform
analysis and improve result reporting

» Create easier de-identification of Images and data for helping
with education and translational research

» Create additional revenue streams from digital pathology
program

» CPT codes for image analysis- CLIA tests- implement 2022

» CPT codes for WSI. Implement 2023

« Launch an online Masters Program in Digital and
Computational Pathology in 2023

The James

D THE OHIO STATE UNIVERSITY
J WEXNER MEDICAL CENTER
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Thank You to Our
Amazing Digital Pathology
Team

The James
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