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A Common Scenario

A 62-yearold male patient
A Chief Complaint:
I Cough with bloody content
A Past history:
I None
A Personal history:
I Smoking 2 packs per day for 40 years
























https://www.pathologyoutlines.com/topic/lungtumorSCC.htr



https://www.pathologyoutlines.com/topic/lungtumorSCC.html

PATHPEDIA.COM

https://www.pathpedia.com/Education/eAtlas/Histology/cells and epithelia/lmages.as



https://www.pathpedia.com/Education/eAtlas/Histology/cells_and_epithelia/Images.aspx
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10 Applications of Al in Healthcare

Virtual Medical
Nursing Image
Assistants Analysis

Al-Assisted Al-Assisted Drug
Robotic Surgery Medical Discovery

Diagnoses

Automated
Workflow Fraud
Assistance Detection

OnO,
e

Medical Data Medical Risk Clinical
Security Prediction Trials

https://igniteoutsourcing.com/healthcare/artificiaintelligencein-healthcare/



https://igniteoutsourcing.com/healthcare/artificial-intelligence-in-healthcare/







Molecular Pathology

Immunohlstochemlstry
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https://biocare.net/product/ki-67-rabbit-antibody/



https://biocare.net/product/ki-67-rabbit-antibody/
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Nuclear Morphometry

(1) nuclear density:average number
of nuclei pet ar e:
(2) nuclear area:number of pixels
within a nucleus

(3) perimeter: measured by number of
pixels surrounding the nucleus

(4) nuclear diameter:estimated using

a circle with the same area as the
nucleus

(5) roundness:a shape factor defined
by the formul a2 (4°
(6) ellipse short/long axis ratio:
estimated by fitting an ellipse to the
target nucleus.




Measure Spatial Randomness
Image Processing
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Identify Nuclei Extract Nucleus Position Delaunay Triangulation

Yang AC et al. 2011



Spatial Randomness Measure
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Digitization

Digitalization



Digitization



Digital Pathology

Hlstology Lab Pathologist SIlde Storage




Breaking Regulatory Barriers

* Leading digital pathology companies have recently received FDA
approval for a whole slide imaging system for primary diagnosis in US

B u.s. FOOD & DRUG Quality and reliability of the imaging system :

ADMINISTRATION

FDA NEWS RELEASE

FD.A a"?ws marketmg O.f f'rSt whole slide Leica Biosystems Receives FDA Clearance for Aperio AT2 DX
imaging system for digital pathology Digital Pathology System

TECHNOLOGY | DIGITAL PATHOLOGY

f o w i Unkedin | @B Emal | & Print Digital pathology system cleared for primary diagnosis following multi-center study at five
ciinical sites in the U.S.

For Immediate Release: April 12,2017

The U.S. Food and Drug Administration today permitted marketing of the Philips
IntelliSite Pathology Solution (PIPS), the first whole slide imaging (WSI) system that
allows for review and interpretation of digital surgical pathology slides prepared from
biopsied tissue. This is the first time the FDA has permitted the marketing of a WSI system
for these purposes,

“The system enables pathologists to read tissue slides digitally in order to make diagnoses,
rather than looking directly at a tissue sample mounted on a glass slide under a
conventional light microscope,” said Alberto Gutierrez, Ph.D., Director of the Office of In
Vitro Diagnostics and Radiological Health in the FDA's Center for Devices and
Radiological Health. “Because the system digitizes slides that would otherwise be stored in
physical files, it also provides a streamlined slide storage and rvetrieval system that may

ultimately help make critical health information available to pathologists, other health care

professionals and patients faster,”



Breaking Technical Barriers

* |mage quality
* Open software solutions
— Open to many scanners
— Open to many image analysis suites
« System (LIS/LIMS) integration
« Speed, file storage and IT infrastructure




Preanalyticals Affect H&E

Image Quality




Whole Slide

ScanScope CS System
http://www.aperio.com

i-SCAN
http://www.bioimagene.com

DX-40
http://www.dmetrix.net/

Imaging

MIRAX System
info @ 3dhistech.com

NanoZoomer Digital Pathology
(NDP) System
http://sales.hamamatsu.com



Digitization

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

Q\\\‘.‘% W ¢

«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

be.tween 0.'25 t0 0.5 Up to 100 slides per hour, 2000 slides per day (at 40x
microns/pixel. resolution, 0.25 pm/pixel, single layer).




Digitalization



Telepathology

UPMC i 2 B TS0 e

UPMC KingMed Consulling Service
Lertnaocnry
-l
] / it
P d A W
) ]
.
: s

Referral Nature of Cases Submitted

Individuals requesting Case Percentage
consultation number

Primary pathologists in China 958 61.4
Clinicians in China 576 36.9
Patients in China 7 P s
Total 1561 100

Zhao C et al. J Pathol Inform 2015; 6:63



Google Image Search

Hanna M, Pantanowitz L. J Pathol Inform. 2017; 8:26.
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Al Cancer Detection

Portion of H&E image with algorithm results (red = high probability for cancer)



Google

c Google Research Blog

The latest news from Research at Google

Assisting Pathologists in Detecting Cancer with Deep
Learning
Frniday, March 03, 2017

Google uses Al to detect
lymph node metastatic
breast carcinoma
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Vectra Polaris Automated Quantitative
Pathology Imaging System



A Deep Learning Convolutional Neural Network Can
Recognize Common Patterns of Injury in Gastric
Pathology

David R. Martin, MD; Joshua A. Hanson, MD,; Rama R. Gullapalli, MD, PhD; Fred A. Schultz, MA; Aisha Sethi, MD;
Douglas P Clark, MD
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Arch Path Lab Med. In press

AUC: 100.0%

Sensitivity (%)

Specificity (%)



nature,, .
medicine

Article  Published: 17 September 2018

Classification and mutation prediction
from non-small cell lung cancer
histopathology images using deep learning

Nicolas Coudray, Paolo Santiago Ocampo, Theodore Sakellaropoulos, Navneet Narula, Matija
Snuderl, David Fenyd, Andre L. Moreira, Narges Razavian ™ & Aristotelis Tsirigos
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Investigators from NYU

Trained a deep CNN on WSI of lung
from TCGA.

Network trained to predict 10
commonly mutated genes in lung
adenocarcinoma.

6 predicted from pathology images
(AUC’s from 0.733 — 0.856).

Their approach can be applied to
any cancer type

The code is available at:
https://github.com/ncoudray/DeepPATH



FDA Grants Breakthrough Designation to Paige.Al

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




