PATHOLOGY INFORMATICS IN 2022:
THE FUTURE IS NOW!
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BOARD EXAM FOR CLINICAL INFORMATICS?

® American Board of Preventive Health created a credentialing exam

® This is jointly sponsored by American Board of Pathology and includes

pathology informatics
® First exam was offered in 2013
® Qualification requirements: fellowship vs. by experience route

r

inical Informatics Fellowships by the ACGME has been €

eated a fellowship in puk



PATHOLOGY INFORMATICS

WHAT IS IT?

® The study of information technology and its application to the

problems of pathology and laboratory medicine

®* What are information needs of pathology and laboratory

medicine?

®* What are the information needs of pathology and laborator
medicine customers?

- ® How can these needs be met?

entation of solutions (sy:
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OPERATIONAL INFORMATICS




ABOUT PATHOLOGY AND LABORATORY MEDICINE

HENRY FORD HEALTH SYSTEM

® 14 million billable clinical laboratory tests

200, 000 Anatomic Pathology Reports

12" largest hospital based laboratory in the U.S.

Operates as a single product line across:
® 6 hospitals

® 34 medical centers

Laboratory grouped into divisions
® Anatomic Pathology divisions

® Cytology, Surgical Pathology, Autopsy

divisions
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PATHOLOGY INFORMATICS RELATIONSHIP TO IT

Pathology Informatics



PREREQUISITES FOR ANATOMIC PATHOLOGY
AUTOMATION

® Bar code labeled assets within the laboratory

® This is most essential early prerequisite to achieve automation within the
laboratory

® Bar coding of assets allows for:

® Bar code driven workflow

® |dentification error reduction due to mislabeling
~ ® Improved efficiency by reducing manual labeling 4
\utomation of subsequent activities
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IMPROVEMENT

®* We replaced linear barcodes with 2D bar codes as part of an
upgrade of our LIS

® This included replacement of the old labeling subsystem with 'real-time
labeling*

®* Native Sunquest CoPath solution ( They got itl)
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Slide Label Print

Scan Next Block,
Cursor will
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Block ID. Previous
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Set Block Status Activity.
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OUTCOME

® With 'real-time labeling' the batch printing process has now been eliminated
® Specimen misidentification rates have been further reduced

®* Workflow efficacy in the histology lab has increased as cassette r:
defects have been eliminated

Barcode reading defects required the histotechnologist to manual
) leading to increased risk of patient misidentific
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SPECIMEN TRACKING
TECHNOLOGY

AP-LIS: CoPath Plus v7.1

(Sunquest Information Systems, Tucson, AZ)

—— CoPath Specimen

Management Routing and
Tracking (SMART) module

InNfoMaker reports were created

using PowerBuilder software
(Sybase, Dublin, CA).



DESIGN

®* We defined specimen points of tracking (SPOTs) in the AP-LIS
dictionary

" Each SPOT is linked to a specific workstation as defined on the health
system’s internal network

® As each asset is scanned and processed

® location, scan time, status, and associated user data are
automatically recorded

ools allowed v
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Histology Lab

bists e,
Blank ﬁ Microt0o1 Microt02 Microt03

o storage Balder Cavarsipper e SPOT SPOT SPOT
ile room | spoT istology

i

MicrotO4 Microt0s Microt06
SPOT SPOT SPOT

Pathos

Microto? Microtos Microt0g
SPOT SPOT SPOT

HE&E

Pathos Autostainer

Microt10 Microt11 Microt1 2
SPOT SPOT SPOT

° ®e
Embed1 Embedding | Ermbedding | | rEE'Z-ss|
SPOT | .. statipne’ | station I Ip I

Microtl1 3 Microtl 4 Microt15
SPOT SPOT SPOT

00 00000000000000000002000000000000

ViIP ViIP
Daily Daily
batch batch

Histology Manager
Office

Artisan Artisan
Special Special
stains stains

1!
Currently 145 SPOTs have been defined Grossing room




Tracking Activities

Asset Location Report
Parts/Blocks/Slides at a SPOT

Parts/Blocks/Slides Aging

Scan History L

Specimen Ir

®* Some functions are workflow specific while others can be utilized at multiple

/ points in the process



HFHS Slide Count by Microtomy Person | paie/Time Printed: 5/19/18 14:51

Tracking Date: Status Date: 5/18/2018 00:00 To 5/19/2018 14:50
SPOT Name: SPOT: (15) HFH-ER-6117-Microt01 ; HFH-ER-6117-Microt02 ; HFH-ER-6117-

TechID  Tech Name # Tracking Instances
Angel
Asil S
Berne
Clarie
Ellen |
Kelly
Latun

LONI

Mary

Muthz
Natali

Paula




ASSET RECONCILIATION

® Allows the user to reconcile the assets in hand with the assets assigned to a

case

® Can be use iteratively
®* Gross

® Accession



Matching / Reconcile |_

Unique ID: |

|/ | Set Slide Status to Verified when Reconciling

Unigue ID: H318-100031_1_1 is already reconciled

Filter by:

| Parts  |vBlocks | Slides

| Dthers Filtered Reconciled Count: 2/2 Reconciled Count: 4/18

Type
v Block: 1 UID: HS18-100031_1_1

Block: 1 UID: H518-100031_2_2

Status SPOT
Ordered HFH-ER-6117-Embed1
Ordered HFH-ER-6117-Embed1

(@No Action

( Set Case Status to Case Assembled/Send to Assembled Worklist

Save/Next Specimen /




Matching / Reconcile L

Unique 1D: |

Unique ID: H518-100031_2 8 1 is reconciled and verified

EBet Slide Status to Verified when Reconciling

Filter by:
| Parts | Blocks [/Slides | Dthers Filtered Reconciled Count: 14/14 _
Type Status SPOT
- Slide” 1 xxH&E, Initial UID- HS18-100031_1_1_1 Werified HFH-ER-6117-Callate1
- Slide: 2 Blanks-for protocol UID: HS18-100031_1_2 1 Verified HFH-ER-6117-Collate
- Slide: 3 Blanks-for protocol UID: H518-100031_1_3_1 Verified HFH-ER-6117-Collate1
- Slide: 4 Blanks-for protocol UID: HS18-100031_1_4 1 Verified HFH-ER-6117-Collate
- Slide” 5 Blanks-for protocol UID- H518-100031_1_5 1 Werified HFH-ER-6117-Callate1
- Slide: 6 Blanks-for protocol UID: HS18-100031_1 6 1 Verified HFH-ER-6117-Collate
- Slide: 7 Blanks-for protocol UID: HS18-100031_1_7_1 Verified HFH-ER-6117-Collate1
v Slide: 1 xxH&E, Initial UID: H518-100031_2_8 1 Verified HFH-ER-6117-Collate1
Slide: 2 Blanks-for protocol UID: H518-100031_2_9 1 Werified HFH-ER-6117-Collate1
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- Slide: 7 Blanks-for protocol UID: H518-100031_2 14 1 Verified HFH-ER-6117-Collate

(@No Action

( Set Case Status to Case Assembled/Send to Assembled Worklist

Save/Next Specimen




AUTOMATED STAINING PLATFORMS

® Perhaps the most automated process in the current AP lab
® Included automated cover slipping
® This saves hundreds of man hours per year

® Has more consistent results versus manual staining and cover slipp

® Interfaces with AP LIS will further enhance productivity and de

munostaining and special staining platforms

e
| 1 QU

r



COPATH — DAKO NEW WORKFLOW

1. Stains are ordered in CoPathPlus.

2. Stain orders are released to the interface on demand or
scheduled.

3. Interface creates an HL7 message and delivers to Dako

4. Message is routed to instrument. Slide labels print from
CoPath.

5. Slides are cut in the laboratory and Slide labels print from
CoPath and labels are applied to slides.

6. Slides are placed into the instrument. Label is s

ent which indicates the reagen




NEW WORKFLOW AFTER DEPLOYMENT OF THE
AUTOMATED STAINER INTERFACE




FROM COPATH PRINTER TO SLIDES TO DAKO
BYPASSING DAKO RELABELING

wl‘lwm



RESULTS

®* With elimination of relabeling the slides and dual order entry

through automation markedly decreases assay run time

® This saves upward of ~1000 hours of manual effort per year
while eliminating errors, and improving laboratory throughput

® Increases order accuracy by reducing keystroke errors.

® Enhances operational efficiency by automating processes.

® Enforces safe, consistent, efficient handling of specimen.




MOLECULAR INFORMATICS

* Applying the principles and practices of pathology informatics to the molecular diagnostic

laboratory

® Secure data management

® Network solutions

® Interfaces for ADT and Results
® Lab operations management

* QA, QC, Label generation, worklists /logs

®* Why is this a challenge?

ecular testing platforms have come out of a research “mi



PRECISION MEDICINE BIOINFORMATICS PIPELINE

®* The process whereby genetic sequence information is translated into actionable

information with clinical importance

® The comparison of DNA sequence information in a given sample to a variety of

referential databases for the assay of interest
®* Analyzers provide sequences using sophisticated computer technology
® Sequences are sent to a computers that provide of referential analysis

® Both of these activities are referred to as “bioinformatics”

Bioinformatics can be managed both as an in house as well as ai

10odel: we currently leverage sophisticate bi



ANOTHER WAY TO LOOK AT IT...

r




MOLECULAR LABORATORY INFORMATICS INITIAL NGS DATA FLOW

VCEF file transmitted
Via Secure
Internet

VCEF file
Written to
Network drive

A
1
|
1
1
1
1
1

Manual
Processes




3RP PARTY DATA FEEDS

®* Working with Agilent (formerly Cartegenia) we designed a process whereby the

finalization of a variant report would
® Generate a JSON file that posts to 3™ party systems

® Data includes machine readable structured molecular pathology data

® Structured pathology staging data is also created at time that cases are s
the LIS

yped to 3™ party systems for consumption

(e

AT Prog e



HFHC
Network
Share

Work in progress
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DIGITAL PATHOLOGY AND IMAGE ANALYSIS




WHAT IS DIGITAL PATHOLOGY?

® Not just whole slide imaging! (WSI)

® Distributed microscopic images
® Distributed EM

®* Gross images

® Scanned documents
®* Image analysis
® Clinical lab images: gels, plates, hematology analyzers

>genetics and cytopathology analysis



APOLLO ARCC

® Apollo ARCC Image management provides:
®* Expandable EMC SAN based storage
® Thin-client, web services based deployment
®* Management for all existing image-generating devices
® Disk and network monitoring
® Security management for users
® Permission-based logon, very nuanced
® Thick-client and Thin-client access
® LIS integration
® Interfaces for ADT and images 7
® Images to be send to the EMR via AP-LIS (CoPath
ophisticated device integration including ir




FINAL WORKFLOW

® Cases accessioned into CoPath

®* ADT sent to Apollo

® Images acquired for case automatically stored in Apollo

® Images “links” are sent back to LIS (or not) as “results”
®* Those returned are configurable:
® Associated with the case

® Attaached into the report

iewable in Apollo or LIS



WSI DRIVERS FOR HFHS PATHOLOGY
2013-2021

®* Maturity of the WSI technology platforms

® Improved performance

® Decreasing costs
® FDA approval/acceptance for primary diagnosis

®* The need for a distributed digital pathology workflow to support

diagnostic studies

®* Move images not glass!



DECISIONS AND GOALS

® Stand up technology to replace robotic telepathology

® Selected Mikroscan as a vendor
® Selected Ventana Roche as WSI partner for cISH analysis and distributed
diagnostic imaging
® Implement iScan Coreo and Coreo HT platforms, and recently DP20C
® Interface these platforms with Sunquest CoPath
® Validate the Ventana Ultra cISH platform

monize bar code labeling symbologies so



PREREQUISITES FOR INTERFACING WSI

® Requisite hardware and software for WSI capable of using HLZ messaging

®* Network attached storage solution
®* Network bandwidth
®* We had WSI in place since January 2016

® An LIS capable of communicating with WSI systems via HL7

istology orders used for all histology g

[



/ Ventana iScan Coreo with Al Ventana HT



TECHNOLOGY

File mover services
leveraged

| Grossing
stations

Specimen Document

X-rays

Scanners

Whole Slide Imaging



LIS INTEGRATION

® All gross images and images captured from cameras mounted on microscopes
go into Apollo EPMM and can be sent directly via HL7 interfaces to pathology
reports, then onto the EMR embedded in PDF’s

® The include Scanned documents, EM, and X-ray (Faxitron) images

®* WSl is a completely different imaging stream

®* WSI for a pathology cases can be launched from
® CoPath LIS
®* WSI image viewer (Roche Virtuoso)

Apollo Enterprise Viewer (soon to come)
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Accession #:

Patient Name:

Patient ID:

Birth Date:

Age:

External case ID:
Hospital/medical facility:
Treating physician:

Summary of findings

Estrogen
Receptor
(ER)
(SP1)

Progesterone
Receptor
(PR)

(1E2)

HER2
(4B5)

HS 15-12016
91, VAL
2505747

Henry Ford Health Systems

Sex:

Referring physician:
Date collected:
Time collected:
Date received:
Time received:
Report Date:

BREAST SPECIMEN REPORT
Test name Type
ER % positive

PR
HER2

00-1 Individual assay findings

.

0

50

100

0.35

50

100

K

2+
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% positive

Score

Computer-assisted pathologist score

==1 Favorable %5 positi\.re
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<2 Negative

=3 Positive

Female

06/21/2017
8:30 AM
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10/02/2019
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BUSINESS ANALYTICS




DEFINE BUSINESS ANALYTICS

* Using data to drive and manage business

* Skills, technologies, practices for continuous iterative exploration anc
Investigation of past business performance to gain insight and dri
business planning

XWikipedia



DEFINE BUSINESS ANALYTICS

®* Types of Analytics
® Descriptive
® Static
® Presentation of data in a non interactive format
® Typically “yesterdays' data”
® Dynamic

~ ® Real time up to the minute



DEFINITIONS

®* Formative Data ®* Summative Data
® Real time ®* Cumulative, static data
® Informs moment to moment decisions ® Informs long term decisions
® Front line staff ® Leadership
® Predictive ® Predictive

® Should be electronic ® Can be paper base

® TAT's

‘volume dashboard



PREDICTIVE ANALYTICS

®* “The practice of extracting information from existing data sets in order to

determine patterns and predict future outcomes and trends.

Predictive analytics does not tell you what will happen in the future.”
® How do we use this in the laboratory?

® It depends on who you are....

® Can leverage Static or Dynamic data sets



ANALYTIC ENVIRONMENT AT HFHS
PATHOLOGY AND LABORATORY MEDICINE

® Descriptive Analytics

® Static analytics
®* Dynamic “ePending log” monitors: electronic “Andon Boards”

® Development of real time analytics
® Vision of predicative analytics and Al

® LEAN culture going back to the founding of Henry Ford Hospit

Ford Production System



ENVIRONMENT AT HFHS

®* Beckman Automation Line Implemented November 8, 2016

® Remisol, Cennexus
® Elimination of defects

® Goal for “one touch” workflow

LIS
® Sunquest Laboratory ™ with SMART



VALUE OF ANALYTICS

®* Operations

® Efficiency of operations
® Cost accounting

® Deviation management
® Customer Satisfaction

® Leadership Engagement



VALUE OF ANALYTICS

® Regulatory Requirements
® Performance
® Volumes, Turn around times
® Conformance
® Critical Value reporting
Justification of services

are testing versus centrc



FUTURE STATE

®* Create a real-time metrics driven core laboratory leveraging real time, predictive

analytics

® Focus on our core lab
® Avoid scope creep, but also share gains that are of value
® Process
® Kaizen teams, Sprints, deployment of solutions
® Prioritization of development by people doing the work

® Collaborative partnership with Sunquest Informatior

ime development using rapic



PRIORITIZE BUSINESS ANALYTICS EFFORTS

® Where is your laboratory in deployment of such tools?
® Culture
® Top down

* LEAN

® Commitment



PRIORITIZE BUSINESS ANALYTICS EFFORTS

® Where is your laboratory in deployment of such tools?
® Applications
® Lab specific analytics
® Hospital Analytics
®* EDW integration

- ® Governance of analytic efforts
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Henry Ford Health System

HEALTH'SYSTEM TOTAL HFHS POPULATION FOR 1/18/2022

HFHS Daily Overall PCR Positive Rate
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Daily Positivity Rates by Curated Groups Tested
1M7/2022  Total tested: 1175 POS 345 NEG 830

POS 27 15.34%
NEG 149

POS 88 35.20%
NEG 162

Employee™

POS 4 16.67%
NEG 20

POS 35 38.89%
NEG 55

—
(23]

POS3
NEG

16.84%

~
w

)

POS
NEG

Labor & Delivery”

33.33%

ez

POS 1 8.33%
NEG 11
POS 1 50.00%
NEG 1

Qutpatient
POS 19 27 54%
NEG 50
POS 114 43.02%
NEG 151

* Symptomatic and Asymptomatic totals are displayed.
Discrete unknown condition counts are not displayed but
are included in the total for every location type



No of Patients

Resulted for 1/9/2022 to 1/16/2022
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VALUE OF COURIER AND SAMPLE TRACKING

® Decrease missing samples

® Decrease time to detect missing samples

® Enforce standard work: accountability through visibility
® Understand the volume of samples arriving and en route

imize courier efficiency



DESCRIBE THE DESIGN BEHIND THE LABTRACKS PROGRAM

® Leverages the Sunquest SMART system; similar features exist in other LIS -

® CIDs into batches

® Batches into master batches
®* Master batches include a variety of assets:

® Coolers, bags, satchels
® Each of this is labeled with a SMART Batch ID

® Couriers ping all master batch bar codes into their tracking system as they
drop off assets '

includes both AP and CP specimens as well as supplie
ites such as AP slides and contc



ANALYTICS TOOLS USED TO VISUALIZE SAMPLE
FLOW IN THE LABTRACKS PROGRAM

®* Two information systems are used:

® Courier sample management system that provides GPS tracking, sample pickup and
drops offs, time stamps, management reports

® Sunquest SMART

® Produces bar codes

®* Management reports
® Inquiry Functionality
Based off SMART “Master Batch ePending log

yoard with a visualization for samples t




ANALYTICS TOOLS USED TO VISUALIZE SAMPLE
FLOW IN THE LABTRACKS PROGRAM

® LIS integration provides for:

® Crystal Reports data extraction with MS Access Visualizations
®* Base Sunquest functionality
® Allows for real time, filterable views of data
® Refresh is hourly
* The ability to visualize, and anticipate work volume

1s to instrument level data for workflc
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3/30/2021 WDH 45833 T330081 1339712619 UDSC 3/30/2021 12:32:36 PM 14589 WDH
3/30/2021 WDH 45833 T330081 1339712621 WUCTHC 3/30/2021 12:32:36 PM 14589 WDH
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Last Upda
0/2021 4:0 » > DO ePendc o B

eODB ParentB Ba A e 0 erinde Ba oQe Ba edDate e Re POTCoaqe abDep

021/:2:3) 45213 1692271 WDNAS 3/29/2021 5:32:43 PM 12776 HBTCP SO
3/29/2021|HBT 45213 1692271 WFANA 3/29/2021 5:32:43 PM 12776 HBTCP SO
3/29/2021|HFCIOL 45227 1690775 WQFERB 3/29/2021 5:44:54 PM 15353 HFCICP SO
3/29/2021|HFCIOL 45227 1690776 WQFERB 3/29/2021 5:44:54 PM 15353 HFCICP SO
3/29/2021|HFCIOL 45227 690777 WQFERB 3/29/2021 5:44:54 PM 15353 HFCICP SO
3/29/2021|HFCIOL 45227 690778 WQFERB 3/29/2021 5:44:54 PM 15353 HFCICP SO
3/29/2021|HFCIOL 45230 690770 WCHRMA 3/29/2021 5:46:21 PM 15353 HFCICP SO
3/29/2021|STH 45247 45229 1684929 WHBEV 3/29/2021 6:08:16 PM 4394 STHCP SO
3/29/2021|LIV 45337 45323 1694728 WHBEV 3/29/2021 7:33:49 PM 22 LIVCP SO 21
3/29/2021|BLMT 45661 45460 1686785 WVITB6 3/30/2021 8:38:51 AM 4565 BLMTCP SO 8
3/29/2021|HCP5 45661 45460 690393 WDNAS 3/30/2021 8:38:51 AM 4565 BLMTCP SO 8
3/30/2021|WDH 45935 1704713 RNACT 3/30/2021 8:56:51 AM 14589 WDH IS 8
3/30/2021|WDH 45935 1704713 RNAGC 3/30/2021 8:56:51 AM 14589 WDH IS 8
3/30/2021|APF 46086 45466 1703817 CBC 3/30/2021 8:40:18 AM 922 APFCP H 8
3/30/2021|APF 46086 45466 1704044 CBC 3/30/2021 8:40:18 AM 922 APFCP H 8
3/30/2021|APF 46086 45469 1703814 A1C 3/30/2021 8:41:07 AM 922 APFCP C 8
3/30/2021|APF 46086 45488 1703815 B12 3/30/2021 8:57:33 AM 922 APFCP cS 8
3/30/2021|APF 46086 45488 1703815 HCAB 3/30/2021 8:57:33 AM 922 APFCP IS 8
3/30/2021|APF 46086 45488 1703815 TSH 3/30/2021 8:57:33 AM 922 APFCP CcS 8
3/30/2021|APF 46086 45488 1703815 VITD 3/30/2021 8:57:33 AM 922 APFCP CcS 8
3/30/2021|APF 46086 45488 1703816 BCPRO 3/30/2021 8:57:33 AM 922 APFCP @ 8
3/30/2021|APF 46086 45488 1703816 LIPOP 3/30/2021 8:57:33 AM 922 APFCP C 8
3/30/2021|APF 46086 45488 1323 1704042 B12 3/30/2021 8:57:33 AM 922 APFCP cS 8
3/30/2021|APF 46086 45488 13237 1704043 BCPRO 3/30/2021 8:57:33 AM 922 APFCP C 8
3/30/2021|APF 46086 45488 1323 1704043 FETIBC 3/30/2021 8:57:33 AM 922 APFCP € 8
3/30/2021|APF 46086 45488 13237 1704043 LIPOP 3/30/2021 8:57:33 AM 922 APFCP C 8
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Last Update

SEARCH
RECORD

5/8/2021 4:02:32 PM

BATCH TRANSPORT ePENDING

(Batch Not Disbanded)

- Batched SPOT
MILcP.

D Batched Date ~

5/4/2021

8:35:22AM
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*— BATCH TRANSPORT ePENDING o Ditanded 8
‘\—'j (Batch Not Disbanded) Fitst Appears

5/4/2021 4:02:32 PM Refresh

MasterBatch - BatchiD -~ Batched SPOT - Orderlab - CID Batched Date - Time » HRElapsed - Department -
72782 MiLCP MiL 5/4/2021 8:35:22 AM Corelab
SEARCH 73315 72774 APFCP APF 5/4/2021 8:16:39 AM Corelab
RECORD 73315 72851 APFCP APF S5/4/2021 9:32:15 AM Corelab
73315 72852 APFCP APF 5/4/2021 9:33:01 AM Corelab
73315 72850 APFCP APF 5/4/2021 9:31:21 AM Corelab
73315 72858 APFCP APF 5/4/2021 9:40:06 AM Corelab
72935 72931 SFWCP SFw 5/4/2021 10:43:18 AM Corelab
72919 FMTCP FMT 5/4/2021 10:36:14 AM Corelab
72929 FORCP FOR 5/4/2021 10:41:14 AM Corelab
72959 SFWCP SFW 5/4/2021 10:59:37 AM Corelab
72914 CANCP CAN 5/4/2021 10:28:12 AM Corelab
72925 SFWCp SFW 5/4/2021 10:40:40 AM Corelzb
72923 SFWCP SFwW 5/4/2021 10:40:04 AM Corelab
72904 DNWCP DNW 5/4/2021 10:22:38 AM Corelab
72890 SFWCP SFW 5/4/2021 10:02:51 AM Corelab
72949 FRLCP FRL 5/4/2021 10:54:42 AM Corelab
73043 BLMTCP BLMT 5/4/2021 11:50:34 AM Corelab
72901 FMTCP FMT 5/4/2021 11:13:24 AM CoreLab
73045 BLMTCP BLMT 5/4/2021 11:54:04 AM Corelab
73020 FRLCP FRL 5/4/2021 11:42:31 AM Corelab
73028 FRLCP FRL 5/4/2021 11:45:19 AM Corelab
73042 FRLCP FRL 5/4/2021 11:50:16 AM Corelab
73036 HFCICP HFCIOL 5/4/2021 11:46:59 AM Corelab
73056 CANCP CAN 5/4/2021 11:58:45 AM Corelab
73033 FRLCP FRL 5/4/2021 11:46:05 AM Corelab
73041 BLMTCP BLMT 5/4/2021 11:49:14 AM Corelab
73027 HFCICP HFCIOL 5/4/2021 11:45:14 AM
68146 NCiCP NCO 4/27/2021 3:20:27 PM
68721 FRLCP FRL 4/28/2021 11:06:58 AM
69029 STHCP STH 4/28/2021 2:23:24 PM
69383 MCTCP MCT 4/28/2021 6:17:56 PM
70233 NC1CP NCO 4/29/2021 4:43:32 PM
70202 BLMCP BLM 4/29/2021 4:24:04 PM
70405 MCTCP MCT 4/30/2021 L1111 AM
71013 MCTCP MCT 4/30/2021 2:57:55 PM
71140 71222 BLMTCP BLMT 4/30/2021 5:48:46 PM

Record: M 10075

an
w

o




@ ot Batch Not Disbanded Enter Batch
1‘;_“4 Find | | Reset

Go Back

BatchiD Created Batch Created Time MaxOIHR  Department
Spot Date Hapsed

12782 MILCP MiL 5/a/2021 s/aj2021 7 Corelab

727714 APFCP sfaf2021 5/4/2021

72850 APFCP S/a/2021 5/4/2021

72851 APFCP 5/4/2021 5/4/2021

72852 APFCP s/af2021 s/af2021

72858 APFCP S/4/2021 5/4/2021

72901 FMTCP 5/4/2021 5/af2021

72902 FMTCP 5/4/2021 S/af2021

72909 MILCP M 5/4/2021 s/aj2021

FMTCP FMT 5/4/2021 5/4f2021

FMTCP Fmr sfaj2021 s/aj2o

FORCP FOR sfaj2021 5/4/2021

MILCP 5/4/2021 s/aj2021

FMTCP Sfaf2021 5/a/2021

CONCP d S/a/2021 5/a/2021

72890 SFWCP 5/4/2021 5/4/2021

72904 DNWCP DNW 5/4/2021 sfaj2021

72923 SFWCP SEW 5/4/2021 5/4/2021

72925 SFWCP SFW 5/4/2021 5/a/2021

72931 SFWCP SFW S/a/2021 S/af2021

72959 SFWCP FAN 5/4/2021 s/a/2021

72949 FRLCP FRL 5/4/2021 5/af2021

72915 BLMCP s/aj2021 S/aj2o0n1

72914 CANCP Sfa/2021 5/4/2021

68146 NCI1CP 4/27/2021 4/27/2021

63721 FRLCP 4/28/2021 4/28/2021 Other

69057 69029 STHCP ST 4/28/2021 4/28/2021 Other
69406 69383 MCTCP 4/28/2021 4/28/2021 Other
70244 70202 BLMCP 4/29/2021 a/29/2021 Other

70260 70233 NCicP 4/29/2021 4/29/2021 Other
| Record: 4« 10065 » ¥ T Unitiltered | Seatch

-~

Corelab
Corelab
Corelab
Corelab
Corelab
Coretab
Corelab
Corelab
Coretab
Corelab
Corelab
Corelab
Corelab
Corelab
Corelab
Corelab
Corelab
Coretab
Corelab
Corelab
Coretab

Corelab
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Corelab

2

Other




Acc
Number
T437428
T437906
T439212
T439869
T440737
T441549
T441549
T441549
T437428
T437428
T437306
T439212
T439869
1440737
T441549
T437306
T440737
T437906
T4339869
T439869
T440737
T435869
T440737
T441549

CID NOT YET DISBANDED

Collect
Date
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/a/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/a/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/4/2021
5/a/2021
5/4/2021

N N
w own

ol o BN o BN o NN o TN o B o B o Bl o ]

Container
Status
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

Enter CID

tched
DateTime
$/4/2021 8:35:22 AM
5/4/2021 8:35:22 AM
S/4/2021 9:26:08 AM
5/4/2021 9:53:53 AM
5/4/2021 10:26:50 AM
5/4/2021 10:57:10 AM
5/4/2021 10:57:10 AM
5/4/2021 10:57:10 AM
5/4/2021 8:35:22 AM
5/4/2021 8:35:22 AM
S/4/2021 8:35:22 AM
5/4/2021 9:26:08 AM
5/4/2021 9:53:53 AM
5/4/2021 10:26:50 AM
5/4/2021 10:57:10 AM
5/4/2021 8:35:22 AM
5/4/2021 10:26:50 AM
5/4/2021 8:35:22 AM
S/4/2021 9:53:53 AM
5/4/2021 9:53:53 AM
5/4/2021 10:26:50 AM
5/4/2021 9:53:53 AM
5/4/2021 10:26:50 AM
5/4/2021 10:57:10 AM

Order

Lab Elapsed

MIL
MiL
MiL
MiL
MiL
MiL
MIL
MiL
MIL
MiL
MiL
MiL
MiL
MiL
MIL
MiL
MiIL
MiL
MiIL
MiL
MIL
MiL
MIL
MiL

HR
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CID Details Go Back




DESCRIBE THE IMPACT OF THE LABTRACKS
PROGRAM

® Forced us to develop standard practices across all sending sites

® This alone has a positive impact on the reliability of sample movement

® Re-design receiving lab process

® Core lab and central receipt vs. Back end labs with longer life cycles or slower receipt pr '

® Accountability
® Lab staff

® Couriers

. with our courier

r



COMPUTATIONAL PATHOLOGY




COMPUTATIONAL BIOLOGY-WIKIPEDIA

®* Computational biology, which includes many aspects of bioinformatics, is the science
of using biological data to develop algorithms or models in order to understand
biological systems and relationships

®* Computational biology, bioinformatics and mathematical biology are all
interdisciplinary approaches to the life sciences that draw from quantitative
disciplines such as mathematics and information science

® The NIH describes computational /mathematical biology as the use of
omputational /mathematical approaches to address theoretical «



Editorial

Computational Pathology

An Emerging Definition

David N. Louis, MD; Georg K. Gerber, MD, PhD; Jason M. Baron, MD; Lyn Bry, MD, PhD; Anand S. Dighe, MD, PhD;
Gad Getz, PhD; John M. Higgins, MD; Frank C. Kuo, MD, PhD; William |. Lane, MD, PhD; James S. Michaelson, PhD;
long P. le, MD, PhD; Craig H. Mermel, MD, PhD; John R. Gilbertson, MD; Jeffrey A. Golden, MD

Arch Pathol Lab Med—Vol 138, September 2014 Editorial—Louis et al 1133

Computational Pathology:
A Path Ahead

Dr. David N. Louis, MD, Dr. Michael Feldman, MD, PhD, Dr. Alexis B. Carter, MD, Dr. Anand
S. Dighe, MD, PhD, Dr. John D. Pfeifer, MD, PhD, Dr. Lynn Bry, MD, PhD, Dr. Jonas S.
Almeida, PhD, Dr. Joel Saltz, MD, PhD, Dr. Jonathan Braun, MD, PhD, Dr. John E.
Tomaszewski, MD, Dr. John R. Gilbertson, MD, Dr. John H. Sinard, MD, PhD, Dr. Georg K.
Gerber, MD, PhD, MPH, Dr. Stephen J. Galli, MD, Dr. Jeffrey A. Golden, MD, and Dr. Michael

J. Becich, MD, PhD

Published in final edited form as:
Arch Pathol Lab Med 2016 January ; 140(1): 41-50. doi:10.5858/arpa.2015-0093-SA.




Laboratory Investigation (2021) 101:412-422 Eg U
https://doi.org/10.1038/541374-020-00514-0 SCAP

REVIEW ARTICLE —
)

Chack for
updates

Artificial intelligence and computational pathology

Miao Cui(®' - David Y. Zhang?

Received: 8 June 2020 / Revised: 8 November 2020 / Accepted: 10 November 2020 / Published online: 16 January 2021
© The Author(s), under exclusive licence to United States and Canadian Academy of Pathology 2021

Abstract

Data processing and learning has become a spearhead for the advancement of medicine, with pathology and laboratory
medicine has no exception. The incorporation of scientific research through clinical informatics, including genomics,
proteomics, bioinformatics, and biostatistics, into clinical practice unlocks innovative approaches for patient care.
Computational pathology is burgeoning subspecialty in pathology that promises a better-integrated solution to whole-slide
images, multi-omics data, and clinical informatics. However, computational pathology faces several challenges, including
the ability to integrate raw data from different sources, limitation of hardware processing capacity, and a lack of specific
training programs, as well as issues on ethics and larger societal acceptable practices that are still solidifying. The
establishment of the entire industry of computational pathology requires far-reaching changes of the three essential elements
connecting patients and doctors: the local laboratory, the scan center, and the central cloud hub/portal for data processing and
retrieval. Computational pathology, unlocked through information integration and advanced digital communication
networks, has the potential to improve clinical workflow efficiency, diagnostic quality, and ultimately create personalized
diagnosis and treatment plans for patients. This review describes clinical perspectives and discusses the statistical methods,
clinical applications, potential obstacles, and future directions of computational pathology.




DEFINITION: COMPUTATIONAL PATHOLOGY

An approach to diagnosis that incorporates multiple sources of raw data (eg,

clinical electronic medical records, laboratory data including “-omics,” and

imaging [both radiology and pathology imaging]); extracts biologically and
clinically relevant information from these data; uses mathematic models at the
molecular, individual, and population levels to generate diagnostic inferences
and predictions; and presents this clinically actionable knowledge to custo ‘

through dynamic and integrated reports and interfaces, enabling physi

~ patients, laboratory personnel, and other health care system stake

best possible medical decisions.

@
(;} Computational Pathology: A Path Ahead. Louis DN, et al. Arch Pathol Lab Med. 2016 Jan;140(1):41-50.



WHAT IS COMPUTATIONAL PATHOLOGY?

® Using artificial intelligence and mathematical models to arrive at pathologic diagnosis
and interpretations

® Can be applied to AP, CP, Molecular Pathology etc

®* Computational pathology is enabled by pathology informatics

®* How do computation algorithms get applied to patient cases?

® Don’t we do this already?

ecular pathology



WHAT IS COMPUTATIONAL PATHOLOGY?

® Much of the focus on what is referred to as computational pathology is focused

on image analysis
®* Quantitative analysis

® Counts and measures
d }Quali’ra’rive

sature abstraction



BRIEF OVERVIEW OF ARTIFICIAL INTELLIGENCE

® Artificial Intelligence is an over arching subject that includes

® Machine Learning: allows computers to make predictions from data without
being explicitly programmed
® Depends on training

® Deep Learning

® Depends less on training, and can learn indepenc

r



MACHINE LEARNING V. DEEP LEARNING

Featy Traditional
Input —» E:':?actr:r —» Features — ML —{ Output
Algorithm

Traditional Machine Learning Flow

Deep Learning Algorithm

Deep Learning Flow

http://adilmoujahid.com/posts /2016 /06 /introduction-deep-learning-python-caffe /



A DEEP LEARNING MODEL EXAMPLE




APPLYING COMPUTATION TO ANATOMIC
PATHOLOGY

® Artificial intelligence and Deep Learning for Stain normalization /standardization

RS anal Bathology ® Immunohistochemistry scoring

® Detection, classification and segmentation o Multiplexedistaiti

of tissue structures (cells, glands etc.)
® Unlabeled multiplexing

® Detection and discovery of predictive and

([ J H 4
prognostic tissue biomarkers Crowdsourcing for ground

and machine learnin
-slide image analysis _ i
> Ap|. 0

O
/ https://www.embs.org /jbhi /computational-pathology /







MAKING INFORMATICS OPERATIONAL
THE SECRET SAUCE

® Develop a clear vision and mission

® Commit resources
® Develop people
® Develop strategic relationships

® Have a plan and stick to it!



SUMMARY

®* Operational Informatics provide the substance and substrate for advanced

activities?

® Digital Pathology and Image Analysis are game changing for the practice

pathology

® Business Analytics drives and justifies laboratory activities and

Ilthcare enterprise

r



WHERE DOES THIS LEAVE US¢

® Perplexed? ® On the threshold of a new world
® Unprepared? ® Determine the path forward

® Energized! ® There’s so much to do

®* Engaged ® Lab has never been

® Can we imagine



PATHOLOGY INFORMATICS IN 2022:
THE FUTURE IS NOW!

Questions and Discussion?




