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Merck Research LaboratoriesMerck Research Laboratories
Global Safety AssessmentGlobal Safety Assessment
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Pharmaceutical Discovery and Pharmaceutical Discovery and 
DevelopmentDevelopment

DiscoveryDiscovery
InternalInternal

Basic ResearchBasic Research
External (InExternal (In--license)license)

DevelopmentDevelopment
PrePre--clinicalclinical

Drug metabolismDrug metabolism
Drug formulation & manufacturing for testingDrug formulation & manufacturing for testing
Safety assessmentSafety assessment

ClinicalClinical
Clinical trialsClinical trials

Statistics, Regulatory Affairs, Manufacturing, Marketing Statistics, Regulatory Affairs, Manufacturing, Marketing 
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10-12 yr

Safety Assessment in Drug Safety Assessment in Drug 
Discovery and DevelopmentDiscovery and Development

BasicBasic

PhIa/b PhIIa PhIIb PhIII

PCC POC NDA

Reg Rev. 

Lead 
identified

Development

FIHTarget

• Toxicity Screens/ Lead 
optimization activities

• Backup compounds testing
• Investigative Toxicology

• GLP Toxicity Testing
• PK/ metabolism
• Mechanistic Toxicology
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Study TypesStudy Types

Exploratory (nonExploratory (non--GLP)GLP)
Investigative, doseInvestigative, dose--ranging, and certain ranging, and certain 
preliminary studiespreliminary studies

GLP (Good Laboratory Practice)GLP (Good Laboratory Practice)
According to FDA 21 CFR Part 58 (GLP) & Part According to FDA 21 CFR Part 58 (GLP) & Part 
11 (Electronic Signature, Audit Trail)11 (Electronic Signature, Audit Trail)
Required for Required for ““pivotalpivotal”” nonnon--clinical safety clinical safety 
studies to support safe conduct of clinical studies to support safe conduct of clinical 
studies and registrationstudies and registration
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Study DesignStudy Design

PrePre--clinical Safety Study for New Drug clinical Safety Study for New Drug 
SubmissionsSubmissions

Species: Rats, Mice, Dogs, MonkeysSpecies: Rats, Mice, Dogs, Monkeys
Typical Study Duration Typical Study Duration 

Acute/subAcute/sub--chronic: chronic: ≤≤ 3 months3 months
Chronic: 6Chronic: 6--12 months12 months
Carcinogenicity:Carcinogenicity:

2 years (rats, mice)2 years (rats, mice)
6 months (mouse transgenic)6 months (mouse transgenic)
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HistopathologyHistopathology EvaluationEvaluation
Unique RequirementsUnique Requirements

Multiple dose groups: 1Multiple dose groups: 1--1010
Numerous animals (both sexes): 2Numerous animals (both sexes): 2--500500
Numerous tissues/slides: 4Numerous tissues/slides: 4--25000/1025000/10--50005000
Interim, end of dosing and recovery evaluationsInterim, end of dosing and recovery evaluations
Target tissues: 0Target tissues: 0--2020
Evaluation & report cycle time: 1 dayEvaluation & report cycle time: 1 day--3 months3 months
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Example Histopathology TableExample Histopathology Table
SexSex FemaleFemale MaleMale

GroupGroup ControlControl 5 5 mkdmkd 10 10 mkdmkd 20 20 mkdmkd ControlControl 5 5 mkdmkd 10 10 mkdmkd 20 20 mkdmkd

AnimalAnimal 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 51 2 3 4 5
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DxDx 11
DxDx 22
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1 1 -- 1 1 -- --
-- 1 1 -- -- --
-- -- -- -- 11

1 1 -- -- 1 1 --
-- -- 2 2 -- --
-- -- -- -- --

-- -- -- 1 1 --
-- -- -- -- --
-- -- 1 1 -- --

1 1 -- 2 1 32 1 3
-- -- -- -- --
2  2  -- -- 1 1 --

-- -- -- 1  1  --
-- -- -- -- --
1  1  -- -- -- --

1 1 -- -- 1 1 --
-- -- 1 1 -- --
-- -- -- -- --

1 1 -- -- 1 1 --
-- -- -- -- --
-- -- -- 2  2  --

1 2 2 1 1 2 2 1 --
-- -- -- -- --
-- -- -- -- --

HeartHeart
DxDx 11
DxDx 22
DxDx 33

1 1 -- -- 1 1 --
-- -- -- -- --
-- -- 2 2 -- --

-- -- -- -- --
-- -- -- -- --
-- 3 3 -- -- --

-- 2 2 -- -- --
1 1 -- 1 1 -- 22
-- -- -- -- 22

1 1 -- -- -- --
2 2 -- 3 2 23 2 2
-- -- 1 1 -- --

-- -- -- -- --
-- -- 1 1 -- --
3  3  -- -- -- --

1 1 -- -- 1 1 --
-- 1 1 -- -- --
-- -- -- 1  1  --

-- -- -- -- --
-- -- 1 1 11 1 1
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KidneyKidney
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-- -- -- 1 1 --
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-- -- -- -- --
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-- -- -- -- --

4 3 3 4 44 3 3 4 4
2 1 1 2 2 1 1 2 --
-- -- -- -- --
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Use of Digital Histological Tissue Use of Digital Histological Tissue 
ImagesImages--Why?Why?

Worldwide shortage of qualified, experienced veterinary Worldwide shortage of qualified, experienced veterinary 
pathologistspathologists
Efficient use of pathologist resourceEfficient use of pathologist resource

Global (remote) access for training, consultation, study Global (remote) access for training, consultation, study 
evaluation, peer reviewevaluation, peer review--without microscopewithout microscope
Reduce report cycle timeReduce report cycle time
Interactions with CRO partnerInteractions with CRO partner

Glass slides not distributed Glass slides not distributed (less chance of breakage/loss)(less chance of breakage/loss)
Digital image not so susceptible to quality deteriorationDigital image not so susceptible to quality deterioration
Organ changes and size can be compared (tiling) & Organ changes and size can be compared (tiling) & 
measured easilymeasured easily
Digital images are ideal medium for computer analysisDigital images are ideal medium for computer analysis
Digital image database for historical controls, unusual Digital image database for historical controls, unusual 
lesions & test articlelesions & test article--related changesrelated changes
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Use of Digital Histological Tissue Use of Digital Histological Tissue 
ImagesImages--How?How?

Infrastructure/System ArchitectureInfrastructure/System Architecture
Discovery/Basic ResearchDiscovery/Basic Research
PrePre--Clinical DevelopmentClinical Development

Work FlowWork Flow
Consultation/educationalConsultation/educational
Global Interesting Slide SeminarGlobal Interesting Slide Seminar
Selective Organ Comparison (Tiling)Selective Organ Comparison (Tiling)
Study EvaluationStudy Evaluation

User Acceptance TestUser Acceptance Test
Computer analysisComputer analysis

InvestigativeInvestigative
Computer Assisted PathologyComputer Assisted Pathology
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Site 1

Local Image ServerScanner

Pathologist Workstation

Site 2

Site 3Global Data Server

Images

System ArchitectureSystem Architecture

MetaData
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Necropsy
(Animal Dissection)

Tissue
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Slides to 
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Report Generation

Pathology 
Database

Current Pathology Work FlowCurrent Pathology Work Flow

Biologist 
screens 
slides for 
quality

Pathologist
Reviews 

Slides

Re-cut poor quality tissue sections

Slides to 
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Necropsy
(Animal Dissection)

Tissue
Histology

Tissue
Staining

Digital Scanner

Global 
Image 

Database 
System

Image Quality
Check

“Heatmap”
Sex F F F F F F F F F F

Group 1 1 1 1 1 1 1 1 1 1
Dose (mg/kg/day) 0 0 0 0 0 0 0 0 0 0

Slide # TISSUE Animal Number 41 42 43 44 45 46 47 48 49 50
1 BRAIN
2 PITUITARY GLAND
3 NERVE, SCIATIC
4 SPINAL CORD
5 EYE

Normal
Tissues

Non-Normal
Tissues

Pathologist
Reviews 

Non-Normal
Tissues

Data Interpretation

Report Generation

Pathology 
Database

Work Flow Using Digital ImagesWork Flow Using Digital Images
Re-cut poor quality tissue sections

Pathologist accesses images
Pathologist trains system

Slides to 
Archives
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Consultative UseConsultative Use

Standardize Terminology and Severity Grade of Standardize Terminology and Severity Grade of 
Findings Among StudiesFindings Among Studies

Important for Important for 
Comprehensive pathology data package for submission of Comprehensive pathology data package for submission of 
compoundscompounds
Building a robust historical dataBuilding a robust historical data

Education/TrainingEducation/Training
Expand pathologistExpand pathologist’’s experiences experience
Utilize digital images as atlas of Utilize digital images as atlas of toxicologictoxicologic pathologypathology
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ConsultationConsultation

Collect ideas and experiences from 
other pathologists for rare or difficult 
cases in routine studies

What’s your diagnosis?
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Tool:Tool: AperioAperio ScanScopeScanScope XTXT--SS, , digital image Conferencedigital image Conference
and Teleconference / Video conferenceand Teleconference / Video conference

3 interesting slides are discussed in one hour seminar3 interesting slides are discussed in one hour seminar

Global Interesting Slide SeminarGlobal Interesting Slide Seminar
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Selective Organ Comparison Selective Organ Comparison 
(Tiling)(Tiling)

Control vs. Treated Tissue MorphologyControl vs. Treated Tissue Morphology
LiverLiver

Control vs. Treated Organ/Tissue SizeControl vs. Treated Organ/Tissue Size
SpleenSpleen
OvaryOvary
UterusUterus

Macro ViewMacro View
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Image Tiling: Liver

ControlClofibrate
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Image Tiling: Spleen

Control Treated
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Image Tiling: Spleen

Control Treated



2222

Image Tiling: Uterus/Ovary

Control Treated
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Macro View: Dog Macro View: Dog ProstateProstate

Actual 
Relative Size

Apparent Relative 
Size based on 

Scan Area
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Study pathologist conducts evaluation using glass Study pathologist conducts evaluation using glass 
slides/microscopeslides/microscope
Study pathologist confirms findings using digital Study pathologist confirms findings using digital 
imagesimages
Group of reviewing pathologists evaluate digital Group of reviewing pathologists evaluate digital 
images w/o knowledge of findings (images w/o knowledge of findings (““blinded readblinded read””))
Study and reviewing pathologists complete Study and reviewing pathologists complete 
questionnairequestionnaire

Compare results between glass slide/microscope and Compare results between glass slide/microscope and 
digital image evaluationdigital image evaluation
Ergonomic feedbackErgonomic feedback--image management, quality, etc.image management, quality, etc.

Digital Images for Study EvaluationDigital Images for Study Evaluation
User Acceptance TestUser Acceptance Test
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Computer Analysis of Digital Computer Analysis of Digital 
ImagesImages

Investigative StudiesInvestigative Studies
Pancreatic Islet Area Pancreatic Islet Area 
Aortic Root AnalysisAortic Root Analysis

Computer Assisted PathologyComputer Assisted Pathology
Histology QualityHistology Quality
HistopathologyHistopathology
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Percent Area of Islets in Rat 
Pancreas Containing Insulin

IHC staining of rat pancreas with monoclonal antibody to insulinIHC staining of rat pancreas with monoclonal antibody to insulin

Area ofArea of insulin containing cells in pancreatic isletsinsulin containing cells in pancreatic islets was determined was determined 
manually on glass slides using a grid system.manually on glass slides using a grid system.

Digital images of the stained pancreas were prepared and analyzeDigital images of the stained pancreas were prepared and analyzed d 
with analytical software.with analytical software.

Islets were segmented manually and autoIslets were segmented manually and auto--thresholdingthresholding was used was used 
when appropriate (semiwhen appropriate (semi--automated).automated).

The analytical software results were within 10% of the manual The analytical software results were within 10% of the manual 
counts for % insulin area.  counts for % insulin area.  
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QuantitationQuantitation of Insulin Producing Areaof Insulin Producing Area

Digital Image Analytical Thresholded Image

Total # of islets: 32
Mean islet area (microns2): Manual (6692) vs Software (7974)
Insulin positive area (microns2): 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%
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Aortic Root Analysis: Atherosclerosis Aortic Root Analysis: Atherosclerosis 
in Micein Mice

Gross AppearanceHeart and Aorta Removed
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125

Aortic Root Analysis :
Microtomy Method

D
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Last Portion
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Valve
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4

5

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

Aortic Root Analysis :
Microtomy Method

125
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Image Analysis

• Purple: Plaque area
• Red: Aortic wall area (Black elastin staining in the section)
• Green: Aortic lumen
• Plaque area/Plaque area + Vessel Wall Area normalizes for vessel size variation.
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Computer Assisted PathologyComputer Assisted Pathology
Histology Histology HeatmapHeatmap
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Tissue RecognitionTissue Recognition
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Anatomy VerificationAnatomy Verification
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Incomplete SectionIncomplete Section--TearsTears
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Air Gaps & BubblesAir Gaps & Bubbles
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Tissue FoldsTissue Folds
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Tissue CracksTissue Cracks
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Computer Assisted PathologyComputer Assisted Pathology
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Liver ImageLiver Image
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Kidney Feature ChartKidney Feature Chart
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Kidney ImageKidney Image
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Lessons LearnedLessons Learned
IT RelatedIT Related

Scanner & Server locationScanner & Server location
High Speed (1Gbps) Network ConnectionHigh Speed (1Gbps) Network Connection
Image Backup & StorageImage Backup & Storage
Monitor Storage Capacity/utilizationMonitor Storage Capacity/utilization
Security IssuesSecurity Issues

Firewall could prevent remote accessFirewall could prevent remote access
Security patches/upgrades may affect systemSecurity patches/upgrades may affect system
Group assignment for access controlGroup assignment for access control

WorkstationsWorkstations
Sufficient RAM, hard drive space, network accessSufficient RAM, hard drive space, network access
PC/laptop must be able to support large, high resolution monitorPC/laptop must be able to support large, high resolution monitor
Ergonomic considerationsErgonomic considerations
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Lessons LearnedLessons Learned
Scanning RelatedScanning Related

Digital ScannerDigital Scanner
Format & compression qualityFormat & compression quality
Manual preview/adjust scan areaManual preview/adjust scan area
Determine run time based on production specimensDetermine run time based on production specimens
Tissue sections 2Tissue sections 2--3 mm from slide edge3 mm from slide edge
Clean/dry slidesClean/dry slides

Digital Slide Data BaseDigital Slide Data Base
Structure of data base fields are work flow dependentStructure of data base fields are work flow dependent
Permission architecture is work flow dependentPermission architecture is work flow dependent
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Lessons LearnedLessons Learned
Image Viewing/Evaluation RelatedImage Viewing/Evaluation Related
PC/laptopPC/laptop--addressed under IT relatedaddressed under IT related
Monitor type & configurationMonitor type & configuration

High resolution (1920 x 1200, 60 Hz)High resolution (1920 x 1200, 60 Hz)
Sufficient dimensions (24Sufficient dimensions (24”” diagonal)diagonal)

Digital Slide DatabaseDigital Slide Database
Efficient image accessibilityEfficient image accessibility
Efficient loading of images into viewing softwareEfficient loading of images into viewing software

Image Viewing SoftwareImage Viewing Software
TilingTiling
Adjust to new paradigm (image vs. slide)Adjust to new paradigm (image vs. slide)



4646

Scan several areas from a single digital slide, reducing Scan several areas from a single digital slide, reducing 
scan time and file size.  Uniquely associate multiple scan time and file size.  Uniquely associate multiple 
tissues per slide, and multiple diagnoses per tissue in tissues per slide, and multiple diagnoses per tissue in 
database, i.e., 1 tissue/scan area.database, i.e., 1 tissue/scan area.
Scan the entire 1Scan the entire 1””x3x3”” slide with uniform quality to slide with uniform quality to 
capture tissues close to margincapture tissues close to margin’’s edge.s edge.
Place all data fields (Project, Specimen, and Digital Slide) Place all data fields (Project, Specimen, and Digital Slide) 
on a single page for data entry/review, image selection, on a single page for data entry/review, image selection, 
and Boolean searches; eliminating the need for multiple and Boolean searches; eliminating the need for multiple 
check boxes and redundant header links.check boxes and redundant header links.
Display userDisplay user--defined data fields with filmstrip thumbnails.  defined data fields with filmstrip thumbnails.  
Select filmstrip thumbnails to order, place, size, and tile Select filmstrip thumbnails to order, place, size, and tile 
images in main window.  Repeatedly add/subtract images in main window.  Repeatedly add/subtract 
images in filmstrip from database.images in filmstrip from database.

Efficiency NeedsEfficiency Needs
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Current Limited Regions Unlimited Regions

Multiple Scan RegionsMultiple Scan Regions

Scan 
Area

Area of 
Interest 
(AOI)
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Data FieldsData Fields
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Image TilingImage Tiling
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Image TilingImage Tiling
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Create and save frequently used searches, e.g., Create and save frequently used searches, e.g., 
a control/higha control/high--dose, males link.  Place links in edose, males link.  Place links in e--
mails for specified projects, specimens, or digital mails for specified projects, specimens, or digital 
slides.slides.
Save and associate projects, specimens, or Save and associate projects, specimens, or 
digital slides to digital slide conferences using a digital slides to digital slide conferences using a 
drag/drop tool.drag/drop tool.
Login system using Company username and Login system using Company username and 
password.  Specified password.  Specified user(suser(s) are automatically ) are automatically 
notified of new digital slides upon login.notified of new digital slides upon login.
Develop/retrofit new features to existing Develop/retrofit new features to existing 
systems, e.g., larger capacity loader tray, systems, e.g., larger capacity loader tray, 
polarizing and fluorescence modules, etcpolarizing and fluorescence modules, etc……

Efficiency Needs (Efficiency Needs (cont.cont.’’dd))
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Use of Digital Histological Tissue Use of Digital Histological Tissue 
ImagesImages--ChallengesChallenges

Acceptance (Industry, Regulatory Agencies)Acceptance (Industry, Regulatory Agencies)
Validation/GLP, Electronic Signature, Audit TrailValidation/GLP, Electronic Signature, Audit Trail
Infrastructure/Network ArchitectureInfrastructure/Network Architecture
ROI (Return on Investment)ROI (Return on Investment)
Scanning timeScanning time
Screen refreshScreen refresh--remote viewingremote viewing
Limited image magnificationLimited image magnification
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ConclusionsConclusions

Use of digital images in the pharmaceutical Use of digital images in the pharmaceutical 
industry offers many benefitsindustry offers many benefits

Digital images with analysis are used extensively in Digital images with analysis are used extensively in 
the discovery/basic research arena the discovery/basic research arena 
Digital images alone or with analysis in the GLP Digital images alone or with analysis in the GLP 
regulated safety arena can also be utilized with regulated safety arena can also be utilized with 
significant benefit.significant benefit.

However, there are challenges around user and regulatory However, there are challenges around user and regulatory 
acceptance and ROI (cost effectiveness, efficiency, report acceptance and ROI (cost effectiveness, efficiency, report 
cycle time).cycle time).
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