
The Ohio State University Comprehensive Cancer Center – Arthur G. James Cancer Hospital and Richard J. Solove Research Institute

Anil V Parwani, MD, PhD, MBA

Implementing Digital Pathology For Clinical, 
Educational and Research Applications –The Nuts 
and Bolts



2

The author has no relevant conflicts to 
disclose





4



Objectives of my talks:

Provide an overview of the evolution of digital 
pathology and AI and its current state for 
clinical diagnostics, research and education
Provide an understanding of the challenges 
and opportunities for implementing digital 
pathology and AI in the clinical areas using 
OSU as an example
Explore the future directions of Digital 
Pathology /Artificial Intelligence technology’s 
role in advanced diagnostics





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



PATHOLOGY REPORTS 
ARE BECOMING MORE 

COMPLEX
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356 
pages

590 
pages

The explosion of medical information



Oncocytic renal tumors and some of their differential diagnoses

Oncocytoma Succinate dehydrogenase (SDH)
deficient renal cell carcinoma

Tubulocystic carcinoma 

Acquired cystic disease associated 
renal cell carcinoma 

Tubulocystic carcinoma Epithelioid angiomyolipoma

Athanazio, D.A., Amorim, L.S., da Cunha, I.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).



VISUAL INFORMATION 
IS CENTRAL TO 
PATHOLOGY



Accurate interpretation of the hematoxylin and eosin (H&E) slide has 
remained the foundation of pathological analysis and diagnostic medicine for 
over a century

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



Powerful microscope = Whole Slide Imaging (WSI)



Digital Pathology Subsystem

Hardware
Whole slide scanner
Robotic Scanners
Monitors
Input devices

Software
WSI viewer
Applications
Algorithms

Software

Hardware

Whole slide imageWhole slide image

Slide ScannerSlide Scanner

Slide scanning

Robotics/slide handling

Optics/Lighting

Tissue detection

WSI viewer

File format

WSI acquisition

WSI repository

Compression

Image analysis



WSI scanners





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

•Scan 1 to 1000 slides, even 
reading barcodes on slides. 

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

STATE OF THE WSI INDUSTRY

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



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).

Magnitude of whole slide image dataset 
size. 



Z stacking





spatial sampling periods of between 
0.25 to 0.5 



COMBINING MORPHOLOGY WITH PATIENT INFORMATION:               
AP-LIS INTEGRATION IS KEY

AP-LIS                     Digital Workstation 



MULTIPLE AREAS OF THE PATHOLOGY LAB HAVE 
MANUAL STEPS, AND LACK STANDARDIZATION

AUTOMATION AND STANDARDIZATION OF 
WORFLOW IS CRITICAL



FACTORS TO CONSIDER WHEN SELECTING 
AN WSI

• Type of lab and application 
• Reference/research/public health
• 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



COST ADOPTION

WHOLE SLIDE IMAGING: Decade of 
Evolution



Whole Slide Scanners
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Favorable Regulatory Environment for AI/Digital Pathology

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

April 13, 
2017

Philips receives FDA 
clearance to market Philips 

Intellisite Pathology 
Solution for primary 

diagnostic use in the US

May 29, 
2019

Leica Biosystems receives 
FDA clearance for Aperio
AT2 DX digital pathology 

system for primary 
diagnosis

Sept 21, 
2021

(FDA) has granted de novo 
marketing authorization for 
Paige Prostate, a clinical-

grade AI solution for 
prostate cancer detection 



30

Favorable Regulatory Environment for AI/Digital Pathology

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

10/04/2022



Digital slides will introduce new 
costs!

New capital equipment
Scanners
Servers 
Storage (terabytes per week!  But 

storage is cheap)
BARCODES are a MUST



• Lack of standardization
• Subjective diagnosis
• Manual process
• Shortage of pathologists 

worldwide
• Over-worked
• Explosion of medical 

knowledge
• Time-cosuming tasks 

such as counting cells

• Standardization
• Objective Dx
• Automated process
• Accurate Dx
• Faster Dx
• More time to do other 

tasks
• Keep up with the 

knowledge



DIGITIZING PATHOLOGY: OPPORTUNITY TO IMPROVE ALL 
ASPECTS OF PATHOLOGY WORKFLOW

hardware, software, people, procedures 

and data



LIS WSI



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



The Solution for Enterprise Digital Transformation

Image Analysis and 
AI ToolsScanners

Any Scanner.
Any LIS.

Any Image Analysis.

Creating an OPEN platform for Digital Pathology and AI tools
Slide courtesy of Inspirata





1.  INCREASED PRODUCTIVITY

• IMPROVED INFORMATION MANAGEMENT, WORKFLOW DISTRIBUTION, 
INTEGRATION OF DATA

2.  IMPROVED QUALITY/BETTER MEDICINE

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

3.  INCREASE REVENUES

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

4.  COST SAVINGS

• CONSOLIDATION, REDUCED COSTS WITH MOVING SLIDES AROUND

5. ARTIFICIAL INTELLIGENCE

• IMAGE ANALYSIS/WORK FLOW ALGORITHMS, COMPUTER AIDED DIAGNOSIS

TOP 5 REASONS FOR IMPLEMENTING DIGITAL 
PATHOLOGY and AI FOR DIAGNOSTICS



WSI-LIS Integration

WSI-Education/QA 

Static Images – Patient reports/Gross/Microscopic

Robotic Microscopes - Telepathology

OSU Strategic Pathology
Imaging Roadmap

WSI-Primary Diagnosis

WSI-LIS Integration

WSI- Pathology PACS

DEEP LEARNING TOOLS/ARTIFICIAL INTELLIGENCE 



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

 Sites
 OSUWMC/James CCC
 Molecular lab
 OSU East
 3 outreach hospitals
 NCH

40

Department of Pathology OSUWMC
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Clinical Volumes Increasing

Surgical Pathology cases –
90,000

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

Approximately 3,000 slides/day
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OSU Digital Pathology Timeline

January 2017 May 2017 July 2017 
Digital pathology lab 

space secured on the 
18th floor of the 

James

Digital pathology 
scanners installed 

Full scale digital pathology 
WIS services are launched

November 2019 
Telepathology scanner 

installed at Adena Regional 
Medical Center 

July 2019 
EPIC Beaker goes live. This allows 
for a list of scanned slides, easily 

accessible link to click through 
slides, and the ability to sort slides 

by Part ID, Block ID, Slide ID, 
Image creation time.

December 2019 
A large portion of digital 

pathology services are moved 
to a larger centralized lab 

space 
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The
Pathologist
,
Sep 2018

Dr. Parwani
Named one of 
the 100
“best, brightest, 
and most 
powerful 
advocates of 
pathology”
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Thousands of Patient Slides in Archives
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GLASS SLIDES IN RACKS

52
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NOV 2019



TRAINING THE NEXT GENERATION OF HISTOTECHS

56



DEC 12 2019



OSU network

Philips UFS
Scanning Center

OSU 
Datacenter

Pathologist Lab & 
Offices

AP-LIS server
IHIS Beaker

.

1 Gb/s 1 Gb/s 1 Gb/s 1 Gb/s

1 Gb/s 1 Gb/s 1 Gb/s

Philips UFS Philips UFS Philips UFS

Philips UFS Philips UFSPhilips UFS

Workstations (n=55)

External
Network 

(VPN)

Remote 
Support

Review Workstation and 
barcode printers 

HTTPS
1Gb/s

OSU Data Center 
Network10 Gb/s HTTPS

1Gb/s 

Philips IMS 
Server 

OSU Digital Pathology Clinical Workflow System

1 Gb/s

Huron LE 120

Online 
Storage

NAS (network attached  NAS (network attached  
storage) 

Minimum: 100 
Mb/s

Optimal: 300 
Mb/S

Best: 1 Gb/s
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Whole Slide Imaging (WSI) Workflow

Slides are 
prepped and 

stained

Slides are 
digitized

Automated case 
assembly; 

barcodes added

Quality 
assurance

Distribution

Pathologist 
Workstation

Pathologist 
Workstation

Pathologist 
Workstation



BETTER QUALITY: DIGITAL TUMOR 
BOARDS- REVIEWING PRIORS





Impact on pathology workflows



©T H E  O H I O  S T A T E  U N I V E R S I T Y  C O L L E G E  O F  M E D I C I N E

EPIC-
Beaker 

Philips IMS Epic-
Beaker 

Philips IMS Email/Teams/
Zoom



©T H E  O H I O  S T A T E  U N I V E R S I T Y  C O L L E G E  O F  M E D I C I N E
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Slide-level Links in Laboratory Information System Provides a More Efficient Sign-out Workflows to the 
Pathologists



Case will load in your default browser in a new window.
Case will open on first scanned slide of case.

Slide level links do not yet exist but they are coming in 
the near future.





Scanned slides are 

INSTANTLY
available in IMS!

No waiting 
on foldering!

No waiting 
for 

delivery!

Fully Integrated Digital Pathology Workflow For Improved Patient Care: Digital Pathology for 
Primary Diagnosis

Many New 
Features in 

2022!JULY 2002
SLIDE-LEVEL 
LINKS!!



 Measurement, annotations 





Consults with colleagues











Viewer will show cases from all scanners
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Grandium OCUS40MikroScan SL5

Hybrid robotic microscope/WSI scanners
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FROZEN SECTION LABORATORY – The James Cancer Hospital



FROZEN SECTION LABORATORY – LEARNING IN A DIGITAL 
WORLD



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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PATHOLOGIST ADOPTION ISSUES



Pathologists slow to adopt this technology
 Although successful in some settings, mainstream pathologists continue to be hesitant 

to adopt digital pathology

 Do not completely trust digital pathology systems

 Afraid to give up their microscopes

 Regulatory hurdles have dampened adoption

 Financial gains are not clearly defined
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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



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

THINGS THAT STILL ARE AN ISSUE



Digital and Computational Pathology- Milestones Achieved!!
• 307,000 cases, 2.9 million slides scanned. 

• Nearly all faculty using digital. About 1/3 exclusively.

• Primary Diagnosis (March 2018): First site in US for PDx

• Telepathology: Frozen sections and FNA at remote sites

• Digital consults: Ohio, other states and countries (Japan)

• Helped set national standards for remote signout during 
COVID

• Education- Resident training and clinical/teaching 
conferences 

• Research- Collaborating with Computer Science, 
Engineering, Bioinformatics; many pathologists/trainees 
working on AI projects; clinical trials with industry

Trade Secret, Confidential, Proprietary, Do Not Copy  |  OSU Wexner Medical Center © 201892 |



Those 2,900,000 slides and 307,000 cases include:

Clinical cases:

Sep 2011 to the 
present day.

All consults:

2017 to the present 
day

Tumor boards

Residents’ Slide Set

Teaching sets

Various research 
collections

Special requests.



Digital Pathology Enhanced Resident Training

Over 200 primary diagnosis sign-outs a 
day via digital pathology.

Nearly 80 consult sign-outs a day.

Supports numerous tumor boards.

Digital images used for dozens of 
research endeavors.

System used regularly by 144 faculty, 
residents, fellows, and staff.



Decrease the time to diagnosis
~ The digital pathology cockpit focuses 

pathologists time on what they do best—
diagnose disease

~ Diagnostic 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

Pathology Department Benefits: The Quality 
Advantage

1

2

Al‐Janabi, Shaimaa, André Huisman, and Paul J. Van Diest. "Digital 
pathology: current status and future perspectives.“ Histopathology 61.1 
(2012): 1-9.
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The Ohio State University Comprehensive Cancer Center – Arthur G. James Cancer Hospital and Richard J. Solove Research Institute

Anil V Parwani, MD, PhD, MBA

Current and Future Applications of Artificial 
Intelligence in Pathology: Are we ready for 
prime time?



CREATING THE PIXEL 
PIPELINE

COMPUTATIONAL 
PATHOLOGY/AI
APPLICATIONS



WHAT CAN WE DO WITH THE 
PIXELS??



AI 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 AI

Pathologists today perform many complex manual tasks 



Study Unit
Measuremen

t
Count 
Low

Count 
Medium

Count 
High

Count 
Negative

Total Cell 
Count

Total Positive Ki-
67

% Positive Ki-
67

% Low Ki-
67

% Medium Ki-
67

% High Ki-
67

Demo 
Images Ki-67 01 22011 16710 12652 94943 146316 51373 35.11100006

15.043499
9 11.4204998

8.6470403
7

Demo 
Images Ki-67 02 6735 4662 2337 24939 38673 13734 35.51309967

17.415300
4 12.05490017

6.0429801
9

Quantification of Biomarkers: MORE 
OBJECTIVE, ACCURATE AND FASTER



GOING BEYOND THE GLASS SLIDE

Digital pathology/AI 
opens new doors in 
algorithms
Identification
Quantification
Synthesis
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What ELSE can we do now?
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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

Interactive Multimedia Pathology Reporting



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

Hamilton PW, et al. Digital pathology and image analysis in tissue biomarker research. Methods. 2014 
Nov;70(1):59-73.

INTEGRATED AI-DRIVEN SMART 
REPORTING SYSTEMS..MULTIMODALITY 
DRIVEN WITH DATA ANALYTICS AND 
VISUALIZATION







Deep Learning in Breast Pathology



Slide Score: Multiple 
Regions 

Highlighted Region 
Score(s)

Regions of Interest Scoring Methods
Automated Biomarker Analysis for Clinical Diagnostics



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



Notification in the Case List 

Notifications in expanded case row

IBEX: Suspicious Lesions in Prostate Biopsies



Click alert above 
slide to launch 

IBEX viewer 
directly

IBEX Results Info 
Bar

IBEX: Suspicious Lesions in Prostate Biopsies



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% CI 
0·834 to 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.



Necrotic

Stroma

Tear/Fat

Muscle

Tumor

Classifying Treatment Changes: Precise diagnosis 
leads to precise treatment for the right patient



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 ×
224 × 3 tiles extracted
from 2.5× 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 images with a light
blue tag are the query
WSIs, while the correct
and the wrong retrievals
are shown in green and
red tags, respectively.

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

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



AI-BASED PATHOLOGY DIAGNOSTIC TOOLS ARE NOW AVAILABLE!!



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



DYSPLASIA



Average nuclear size = 1198

End-to-end system example: 
Bladder cancer diagnosis



Searching WSIs: Image retrieval: Another Clinical Tool

Scan Index/label Search Match

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





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

FINDING METASTATIC CANCER IN LYMPH NODES DETECTING AND GRADING PROSTATE CANCER

HER2 IHC analyzed by Visiopharm HER2 IHC algorithm Digital imaging analysis of Ki-67 in cytology 
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Row A, Deparaffinized native nonstained image
patches entered into the neural network. Row B, 
Ground truth H&E dye–stained patches. Row C, 
computationally H&E stained patches generated 
by the neural network. Arrows in C-I 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-III. Green indicates true positive; 
blue, falsenegative; and red, false positive.





BEYOND WHOLE SLIDE IMAGING



http://www.3scan.com/

Knife Edge Scanning Microscope



Knife Edge Scanning Microscope
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DIGITAL : WHAT WORKS WELL 
AND WHAT NEEDS TO BE FIXED?

WHAT 
WORKS
WELL!

• IMAGE QUALITY
• ANNOTATIONS
• MEASURING THINGS
• IMAGE ACCESSIBILITY
• SHARING IMAGES
• REVIEWING CASES
• CO-REGISTRATION
• COLLABORATION
• MANY NEWS TOOLS ON THE 

HORIZON
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DIGITAL : WHAT WORKS WELL 
AND WHAT NEEDS TO BE FIXED?

WHAT 
WORKS
OK!

• ERGONOMICS
• INTEGATION WITH LIS – NEEDS TO BE 

IMPROVED
• ANNOTATIONS TRANSFER TO REPORT
• MEASUREMENTS – NO LINK TO LIS
• IMAGE ACCOUNTABILITY
• AUDIT SYSTEMS
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DIGITAL : WHAT WORKS WELL 
AND WHAT NEEDS TO BE FIXED?

WHAT 
WE NEED
TO FIX

• MANY IMAGE FORMATS
• CLOSED SYSTEMS BY VENDORS
• AI TOOLS – STILL NOT WELL-

INTEGRATED
• IMAGE WORKFLOW AND STORAGE –

NOT STANDARDIZED
• COMPRESSION ISSUES
• MONITORS – IT IS A WILD WILD WEST



Conclusions
• New tools such as digital pathology, 

image analysis and deep learning are 
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/AI 
has allowed us to improve our 
pathology practice, workflows, quality 
of our diagnosis.

• The use of AI in pathology continues 
to evolve and will likely be use in 
mainstream pathology within this 
decade
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Future Directions

• Cyto, Renal Pathology, Hematopathology digital signout
• Look at Compression algorithms to improve storage
• Continue to deploy more AI solutions for pathologists
• Work on integrating AI 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





Thank You to Our 
Amazing Digital Pathology 
Team
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