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Pharmaceutical Discovery: and
Development

[DISCOVENY/
s [nternal
Basic Research
s External (In-license)

Development

a Pre-clinical
Ditig metanolism
Drrtig fiermulation; & manufacturing for testing
Salety assessment
s Clinical
Clinical trials

Statistics, Regulatory: Affairs, Manufacturing, Marketing




Safety Assessment in Drug
Discovery: and [Development

10-12 yr

B
/Lead \

Target jdentified PCG FIH

Phla/b Phlla Philb Phill Reg Rev.

____—— Development

* GLP Toxicity Testing
* PK/ metabolism
* Mechanistic Toxicology




Study Types

Explerateny (nen-GItk)

s lnvestigatve, dese-ranging, and certain
preliminany; studies

GLP (Goed [Laboraton/ Practice)

s Accoerding tor EDA 21 CER:Part 56 (GILR) & Part
11 (Electronic Signature, Audit Tirail)

x Reguired fier pivetal™ nen=clinical safety
studies; te support sale conduct eif clinical
studies; and registration




Study Design

Pre-clinicall Safety: Study. fierr New: Drug
SUBMISSIGNS

= Species; Rats, Mice, Degs, Monkeys
pical Study: Duration
s Acute/sub-chrenic: £ 3 montis
s Chronic: 612" months
s CarcinoeeniIcity:
2 years (rats, mice)
6 moenths (Mouse tIransgenic)




Histopathoelogy: Evaluation
Unigue Reguirements

Multiple dese greups: 1-10

Numereus animals (laothrsexes): 2-500
NUmerous tissues/slides: 4-25000/10-5000
Intering, end ef-desing and recovery evaluations
Trarget tissues: 0-20

EValuation & report cycle time: 1 day-3 moentias




Example Histepathology: Tanle




Use ofi Digital Histolegical Tissue
Images-\Why?

Woerdwide shortage ofi gualified, experenced Veterinany.
pathelegists

Efficient Use ofi pathelogist reseurce

= Global (remote) access for training, consultation, study
evaluatien, peer review-witheut micrescope

s Reduce report cycle time
s Interactions withr CRO partner

Glass slides not distributed’ (less chance of breakage/loss)
Digitaliimage net se susceptible terguality, deterioration

Organ changes and Size can e companead (tling) &
measured easily

Digital images ane ideal mediun for computer analysis

Digitall image: database: for historicalicontrols, unusual
lesions & test article-related changes




Use ofi Digital Histolegical Tissue
Images-How?

Infirastructure/System: Architecture
[DIscovery/Basic Research

Pre-Clinicall Development
Werk Elow
Consultation/educational
Glohal lnteresting Slide: Seminar
Selective Organ'Comparisen (Tiling)

Study’Evaluation
Userr Acceptance liest

Computer analysis
s Investigative
s Computer Assisted Pathology.




System Architecture

Scanner Local Image Server

MetaData

Global Data Server @




Current Pathology Work Elow.

Necropsy
(Animal Dissection)

g ’

Tissue
Histology

Slides to
Archives

Data Interpretation

Report Generation

Tissue
Staining

Pathologist
Reviews
Slides 1l

0

\

Slides to
Pathologist

Pathology
Database

Biologist
screens
slides for
quality




Work Elow: Using Digitall Images

Necropsy Tissue Tissue Digital Scanner
(Animal Dissection) Histology Staining

" = (3] | ot

e Archives

Global
Image

) Database
/Pﬂlogwt Non-Normal System

Reviews Tissues “Heatmap”
Non-Normal
Tissues

Image Quality
Check

Data Interpretation

Pathology
Database

Report Generation




Consultative Use

Standardize Trerminelogy and Severity: Grade of
Eindings Amoeng Studies

» |mpoertant: for

Comprenensive patholegy’ data package fol sulmissien of
compeunds

Building a relbust histercall data

Educatien/iiraining
n EXpand pathelegist’'s expernence
x Utilize digital images as atias, ofi toxicelogic patholegy.




Consultation

What's your diagnosis? "

o oS ;

. Collect ideas and experiences from
- - other pathologists for rare or difficult’
- .cases in routine studies e
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Global Interesting Slide Seminar
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Selective Organ Comparisen
(Hling)

Controlivs. Treated lissue Viorphelogy,
s Liver

Contrelivs. Treated Organ/lissue: Size
x Spleen
u Ovany
x Uterus

Macre: View.




Image Tiling: Liver
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Image Tiling: Spleen
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Image Tiling: Spleen
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Fle Image ‘iew Tools ‘Window Help

Image Tiling: Uterus/Ovary
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Macro: View: Dog Prostate

= Specimen Digital Slides

View Images | Open Data | Analyze | BEemove | Delete | Move Images | Copy Images | Export | Add Hew Slide | Add Existing Slide
| Thumbnails

: I

il

\
\ Apparent Relative
! Size based on
II Scan Area

Relative Size




Digital Images for Stuady Evaluation
User Acceptance. Test

Study’ pathoelogist cenducts: evaluatuen: Using glass
slides/microscepe

Study: pathelegist confirms findIngs using digital
Images

Group: eff reviewing pathelegists evaltiate digital
Images W/er knowledge ofi findings (“hlinded read”)
Study: andl reviewing pathelogists complete

guestiennaire

s Compare: results betweenrglass slide/micrescope and
digitall image evaluation

s Ergonomic feedback-image management, quality, ete.

24




Computer Analysis ofi Digital
Images

Investigative Studies

s Pancreatic Islet Area

s Aortic Reot Analysis
Compuiter Assisted Patholegy.

n [Histelogy Quality
x Histopathoelegy.




Percent Area of Islets In Rat
Pancreas Containing Insulin

IHC staining of rat pamcreas with menecienal antihedy te imsulin

Area of Insulin containing| cells In pancreatici islets was determined
manually: eni glass slides usingl a grial system.

Digital Images; of the stainedl pancreas Were prepared and analyzed
withr analytical seftware.

Islets were segmented manuallysand aute-threshoelding was Used
When apprepriate (semi-autemated).

The analytical’ seftware results were within' 10%) efi the manual
counts for % Insulin area.




Quantitation of Insulin Preducing Area

4 ]

Digital Image Analytical Thresholded Image

Total # of islets: 32

Mean islet area (microns?): Manual (6692) vs Software (7974)

Insulin positive area (microns?): Manual (4937) vs Software (5499)

% Insulin area: Manual (73%) vs Software (69%) 94% of manual method
Amount of time to perform analysis was reduced by 33%

21




Aortic Root Analysis: Atherosclerosis
In Mice

Heart and Aorta Removed Gross Appearance




Aortic Root Analysis :
Microtomy Method

Superior vena cava
Aortic arz

Pulmonary artery
Left and right atria

Left and right ventricles

Aorta
Inferior vena cava

Fig. 1. Anatomy of a mouse heart and aorta. The area evaluated
is an approximately 125 um section between C and D. The
figure is redrawn from Biology of the Laboratory Mouse, E.
Green (ed.), 1966, with permission.




Aortic Root Analysis :

Microtomy Method

——— Superior vena cava

Aortic arc

Pulmonary artery
Left and right atria

\ Left and right ventricles

Aorta
Inferior vena cava

- WY Y

@.\“l\ml ’

éig. 1. Anatomy of a mouse heart and aorta. The area evaluated

/ is an approximately 125 pm section between C and D. The
figure is redrawn from Biology of the Laboratory Mouse, E.
Green (ed.), 1966, with permission.

Atheromatous Change: Elastin staining, slide selection, scanning. Images saved at 3X
as TIFF files with addition of 500 and 1000 micron standardization bars.



. Plaque area
. . Aortic wall area (Black elastin staining in the section)
e Green: Aortic lumen
* Plague area/Plaque area + Vessel Wall Area normalizes for vessel size variation.

31
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Tissue Recognition
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Anatomy. Verification
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Incemplete Sectien-Tears
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Al Gaps & Bubbles
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Tissue Folds

-Extraneous Tissue
-Floaters




Tissue Cracks
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Computer Assisted Pathelogy.

PATHOLOGY HEATMAP
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Liver Image




Kidney: Eeature Chant

nner Medulla Area -- Study: 398 -- Tissue: KIDNEY
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Kidney: Image




Lessons Learned
IT Related

SCANMEN & Server location

IHIgh Speead (1Glhps) Network Connection
Image: Backup & Storage

Moenitor Sterage: Capacity/utilizatien

Security’ Issues
x Eirewall could prevent remoete access
s Security patches/upgrades may affect system
s Group assignment fier access control

Werkstatiens
s Sufficient RAM; hard drive space, network acecess

s PC/laptep must be able to support large, high! reselution moenitor
s Ergenomic considerations




Lessons Learned
Scanning Relatead

Digital- Scanner:
Eermat & compression: guality.
Manual preview/adjust scan area
Determine run time hased 6n production SPeCImens
Tissue sectiens 2-3 mm frem slide edge
Clean/dry slides

Digital Slide: Datar Base
u Structure of data hase: fields are Work flow dependent
n Permission architecture: Isiwork flow dependent




Lessons Learned
Image Viewing/Evaltiation Related

PC/laptep-addressed tunder 11 related

Moenitor tyjpe & configuration
a High reselution (19201 x 1200, 60iHz)
s Sufficient dimensions (24 diagenal)

Digital Slide Datalbase

s Efficient Image acecessibility

a Efficient leading of Images inter viewing seftware
Image Viewing Software

x iling

a Adjust ter new: paradigm (Image vs. slide)




Efficiency Needs

Scan severall areas from a single digital slide, reducing
scan time: andi filersize. Uniguely. associate multiple
tISsUes per slide, and multiple diagneses per tissue: in
datanase; I.e., I tissue/scan; area.

Scan the entire 1*x3* slide with: uniform guality: te
capture tissues; close ter margin’s edge.

Place all data fields (Project, Specimen, and: Digital Slide)
0N a single page: fier data entry/review, IIimage: selection,
andl Beolean searches; eliminating the need for multiple
check hoxes and redundant header links.

Display user-adefined data fields withrfilnstrp; thumbnails:
Select filmstrp thumbnails ter order, place, size, and tile
Images In main Window. Repeatedly add/subiract
iImages In filmstrip from: database.




Multiple Scan Regions




Data Fields

= Project Information

Project ldentification:

Contact Hame:

Study Humber:

Compound:

Species:

Project Type:
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|
Comment: ‘

|

|

|

|

= Project Documents
e Document

Back to Project List  Mext Search Result =
= Project Specimens

View Images | 0pen Data | Bemove | Delete | Move Images | Copy Images | Export | Add Hew Specimen | Add Existing Specimen

Thumbnai TT Number Animal Number Sex Specimen Comment

[} ” = - = 5

View Images | Open Data
"] Thumbnails Brief Comment Scan Date Block #s Shide 1D Barcode ID Image 1D

2008-02-14 14:47

= Project Specimens

View lmages | Open Data | Femove | Delete | Move lmages | Copy Images | Export | Add Hew Specimen | Add Existing Specimen

Thumbnails TT Humber Animal Number Specimen Comment
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Image Tiling
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Efficiency Needs (cont.'d)

Create and save firequently: Used searches, e.d.,
a contrel/nigh-dese, males link. Place links infe-
malls for Specified pProjects, SpPecimens, or adigital
slides:

Save: and asseciate: projects, SpPecimens, ol
digital slides to digitall slide conferences using a

dii2g/drop teo).

Loegin systen Using Company: Username: and
password. Speciiied User(s) are: automatically,
notified off new: digital slidest Upenlegin:

Develop/retrofit new: featlres to existing
systems, e.9., larger capacity’ loader tray,
polarizingl and fluerescence modules, ete...




Use ofi Digital Histolegical Tissue
Images-Challenges

Acceptance: (Industry, Regulatoery Agencies)
Validation/GLRE, Electronic Signature, Audit Irail
Infirastructure/Network Architecture

ROI' (Return en lnvestment)

Scanning time
SCreen refiresh-remote: Viewing

Limited Image magnificaion




Conclusions

Use eff digital inages in the pharmaceutical
IRAUStR offers many: benefits

x Digital images withr analysis ane usea extensively: in
e discoven/hasic research anena

x Digitall images; alone: or Withranalysis, i the' GILP
regulated safety arena can alse) e utilized wiith
significant enefit.

IHoweVer, there are challenges areund user and regulatory.
acceptance and ROI (cost effectiveness, efficiency/, report
cycle time).
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