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Housekeeping

* This series Is sponsored by In Vivo Microscopy
(IVM) Committee

* The presentation will be recorded
and will be available in about 1 week; a pdf of the
presentation will be sent to all registrants in about
1 week

« All lines are muted during the presentation

* Please ask your questions when you think of them
via the “Question box” in your control panel
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Lawrence D. True, MD, FCAP

« Earneda B.A. from Harvard
« Earned M.D. from Tulane

* Completed a pathology
residency at the University of
Colorado

* Professor of Pathology, Adjunct
Professor of Urology, and lead
pathologist for the
Genitourinary Cancer
Biorepository at the University
of Washington




Adam Glaser, PhD

 Receiveda B.S. in
biomedical engineering
from Tufts University

 Ph.D. in Engineering
Sciences from Dartmouth
College in Dr. Brian Pogue’s
laboratory

« Joined Dr. Jonathan Liu’s
lab at the University of

Washington as a
postdoctoral researcher in
the summer of 2015.
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Nicholas P. Reder, MD, MPH

Earned a B.S. from the
University of Michigan

« Earned an M.P.H. in
epidemiology from Emory
University

- Earned MD from Loyola
Stritch School of Medicine in
2014

« Co-chief resident and a

clinical research fellow in
the University of Washington

Department of Pathology.
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Jonathan T.C. Liu, PhD

* Receiveda B.S. inmechanical
engineering from Princeton

» Earned Ph.D. in Mechanical

Engineering from Stanford,

» Postdoc from the Molecular

Imaging Program at Stanford
(MIPS)

» Associate Professor of
Mechanical Engineering at the
University of Washington and
the director of the Molecular

Biophotonics Laboratory
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CAP

Disclaimer

- The CAP does not permit reproduction of any substantial
portion of the material in this Webinar without its written
authorization. The CAP hereby authorizes attendees of the
CAP Webinar to use the PDF presentation solely for
educational purposes within their own institutions. The CAP
prohibits use of the material in the Webinar — and any
unauthorized use of the CAP’s name or logo — in connection
with promotional efforts by marketers of laboratory
equipment, reagents, materials, or services.
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Disclaimer

« Opinions expressed by the speaker are the speaker’s own
and do not necessarily reflect an endorsement by the CAP of
any organizations, equipment, reagents, materials, or
services used by participating laboratories.
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Disclosure

- Drs. Glaser, Reder, Liu, and True have nothing to
disclose.

* They are the co-founders of a start-up company
(Alpenglow Optics, LLC) that does not produce,
market, or distribute any healthcare goods or

services.
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3D Light-Sheet Microscopy and Establishment of a
Successful Engineering-Pathology Collaboration

Adam Glaser?!, Nicholas Reder?,
Ye Chenl, Erin McCarty?, Jeffrey Chial, Chengbo Yinl,Peter Weil,

Lawrence True?, and Jonathan T.C. Liu?
1 Department of Mechanical Engineering, University of Washington, Seattle, WA
2 Department of Pathology, University of Washington Medical Center, Seattle, WA

Light-sheet microscopy of human prostate core-needle biopsy




Outline

B UNIVERSITY of WASHINGTON |

 Introduction - Dr. Larry True

« Technological innovation (3D light-sheet microscopy) - Dr. Adam
Glaser

» Clinical applications - Dr. Nicholas Reder
« 1) Sampling errors (post-operative pathology)
« 2) Intraoperative guidance (intra-operative pathology)
« 3) Biopsy grading (“pre-operative” pathology)

 Summary and tips for successful collaborations - Dr. Jonathan Liu
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« Technological innovation (3D light-sheet microscopy) - Dr. Adam
Glaser

» Clinical applications - Dr. Nicholas Reder
« 1) Sampling errors (post-operative pathology)
« 2) Intraoperative guidance (intra-operative pathology)
« 3) Biopsy grading (“pre-operative” pathology)

 Summary and tips for successful collaborations - Dr. Jonathan Liu



Microscope Evolution
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1674 1854 2016

Inverted light-sheet microscope

Scan pattern

Tissue

High-speed XY stage
-
) (10x10 cm)

sCMOS camera

Anton van Leeuwenhoek Riddell JL
"On the binocular
microscope”. Quart J
Microsc Sci. (1854)



Confluence of interest and expertise
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2014 2015 2016 2017
Adam Glaser _ _
Postdoc, Mechanical For what biomedical
Engineering — ) . .
____________ Building a panoramic | ___ o applications can 3-D
: light-sheet microscope .
Jonathan Liu light-sheet
Assoc. Prof Mechanical microscopy be used?
gineering \
N\
\
\
N
. Pathology
Nick Reder Visione Can 3-D of AN
Chief resident, Research [""""""|  capivm |~~~ 77 \
fellow, Pathology CAP VM prostatectomy help N
triage tissue? """ > - ->
A
/!
Larry True - J
Professor, Pathology Prostate Cancer Grade: /

______ rPattern30r4?? > Can 3-D view of /
Erin McCarty 7 prostate resolve /
Staff Scientist, Pathology prostate CA grade
discrepancies?

3-D, multiplex IHC, brain
Deisseroth group, Nature, ‘13




3D Light-Sheet Microscopy and Establishment of a Successful
Engineering-Pathology Collaboration
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Nick Reder, MD, Ye Chen, Adam Glaser,
MPH#* PhD* PhD*

Erin McCarty” Larry True, MD#
University of Washington Departments of Pathology #, Mechanical Engineering *
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 Introduction - Dr. Larry True

e Technological innovation (3D light-sheet
microscopy) - Dr. Adam Glaser

» Clinical applications - Dr. Nicholas Reder
« 1) Sampling errors (post-operative pathology)
« 2) Intraoperative guidance (intra-operative pathology)
« 3) Biopsy grading (“pre-operative” pathology)

 Summary and tips for successful collaborations - Dr. Jonathan Liu



Motivation: pathology has remained unchanged for a century
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Rapid histology: 4 hours Frozen Section: 10 minutes

1. Fix
~30 minutes 1. Freeze
~2 minutes
2. Section
5. St~ ; S T =ss ) o
~40 mi Disadvantages urs Disadvantages
Expensive B Destructive
Time-consuming . Hazardous
Destructive Sampling errors
Hazardous

Variable histology quality
Sampling errors

4. Section e 3. Embed
~10 minutes ~10 minutes

Histology




Goal: non-destructive, slide-free, ‘digital’ pathology
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*0. Clear
~5 minutes to overnight _
1. Stain
i <1 minute

-

2. Image
<10 minutes

Wide-area ‘digital’ histology \\

£

<=

Fast
Digital
Non-destructive
Slide-free
Wide-area




Overall comparison of microscopy technologies
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a Surface microscopy b Volumetric microscopy
Contrast Contrast
(background suppression) (imaging depth)
Low cost -\ Ease-of-use Low cost -\ \ Ease-of-use

Speed Resolution Speed Resolution

Fluorescence microscopy method

Structured-illumination Confocal, nonlinear Light-sheet

3D information from LSM enables easy alignment/surface extraction for 2D
imaging, and is unrivaled for 3D imaging capabilities.




Advantages of LSM for imaging human tissues
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—
jular tissue surface

Deep
depth ‘ , /
Shallow of focus Yy &
depth —
of focus -
Conventional microscopy Light-sheet microscopy

Tissue
irregularity ]

Advantage: LSM rapidly images a 3D volume, within which an irregular tissue
surface may be digitally extracted and imaged over a range of depths



Challenge: light-sheet microscopy is not well-suited for human tissue
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B |llumination
B8N Detection

Detection lens

Problems

Designed for imaging small, transparent samples
Human tissues can be large, and are highly scattering

lllumination lens

uone|suel ajdwes

uonelol ajdwes

Detection lens

Guide to light-sheet microscopy for adventurous biologists, Nature Methods, 2015



Light-sheet microscope optimized for clinical pathology
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a Panoramic light-sheet microscope b lllumination and collection optics
Scanning 52?2”& Tissue sample
pau‘_ern p High_speed interface
Microscope stage C1 ~ L2 Collection
* optics
_ ~ = lllumination “‘"’T M2
) = optics %0 Q’ L3
. @ n
@
CMOS M1 & SCMOS
SRS camera

camera P ‘

\

z R\ Fiber-coupled
yﬁv'x W), Fiber-coupled 4 %\ laser
\ laser
c Tissue sample interface d Scanned imf;ig:::rgI .anhti fII:.-Idtpolnts within
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Light-sheet microscope system demonstration
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Introduction - Dr. Larry True

Technological innovation (3D light-sheet microscopy) - Dr. Adam
Glaser

Clinical applications - Dr. Nicholas Reder
1) Sampling errors (post-operative pathology)
e 2)Intraoperative guidance (intra-operative
pathology)
« 3) Biopsy grading (“pre-operative” pathology)

 Summary and tips for successful collaborations - Dr. Jonathan Liu



Unmet clinical need #1: Triaging of non-essential tissue
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Unmet clinical need #1: Triaging of non-
essential tissue from prostatectomy
specimens



Unmet clinical need #1: Triaging of non-essential tissue
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Radical prostatectomy

-
Prostate

slices
(3-5 mm

thick)




Benefits of increased sampling: Margin detection
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: 4 N
The surgical NO
margin cancer at
the
5 micron thick sections | ™"

(
\

Cancer is
at the
margin

Cancer




Benefits of increased sampling: Margin detection
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Complete Histologic Serial Sectioning of a
Prostate Gland with Adenocarcinoma

Initial section: Deeper
cancer free of || level: cancer
Peter A. Humphrey, M.D., Ph.D. i e marg
Whereas the initial set of 19 sections revealed mar-
gin positivity in two separate slides, serial section-
ing of the blocks revealed positive margins in two
additional blocks, where the initial slide from the
block exhibited a negative margin (Fig. 4). In both
blocks with the new positive margin, carcinoma ap-
proached to within less than 1 mm of the inked mar-
gin in the initial histologic section, but variable de-
grees of sectioning into the block were required to
identify the new positive margin. In one block. the

Humphﬂrey PA, Am J‘Surg Pathol
1993;17:468




Take home message: Pathology has a sampling problem!
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Pathology laboratories encounter a double-edged sword:
Increased sampling detects more positive margins but increases
laboratory costs

Quality Cost

Goal:
Provide a “sneak
peek” of histology to
Inform decision on
whether to “triage”
tissue for full
pathology work-up

Tissue

Margin

detection

processing




Clinical correlation study
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Fresh
prostate
slice




Post-operative imaging of human prostate tissue
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Normal prostate glands

Light-sheet microscopy of prostate tissue

Prostate adenocarcinoma

.
| ¢ ok

After sur?acgm

extraction

um) N
surface

250 pm

Tilt, ~2 pm/mm (slope =
0.2%)




Multi-scale surface imaging of a fresh prostate slice

B UNIVERSITY of WASHINGTON |

S g
-,
A
€
o
e ™
¥ e ¥
F.;L - - " L s b
- LT ¢ I
s R S
1 ;‘*‘ ;t:w. g
v AR NG TR
3 i T'\: 'll"I 'Fl
L\.F_-‘_'j&" !_.'."b'- q‘.'.i-!.y:'.
. ' W ! J‘ "_-'.'! '1||F' [
9 o8- ¥ R .
L a W A
- ;- p-_,“‘ 4 ‘.- ‘r'.' ;.. *,j.. ki
Staining time: 20 sec. W Tl ::.‘:_1..45 A %.ﬁ
2 : N L ,:.- 1 ol . .
Imaging _tlme_ 8 min By _ ® &.,
Tissue size: ~3.4x3.6 cm B

Resolution: 1.25
umy/pixel




Summary of unmet clinical need #1: Triaging

B UNIVERSITY of WASHINGTON |

Before surface
; extraction

-

um) | Class

250 pm

Tilt, ~2 pm/mm (slope =
0.2%)

24 tissue samples
e 12 benign
e 12 carcinoma

Sensitivity: 0.92
Specificity: 0.92

*Detected 2 cases of positive margins
missed on 2D section

Take-away points:

» Successful technological solution

* Not an ideal problem-solution fit due to
cost/benefit ratio



Unmet clinical need #2: Intraoperative imaging
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Unmet clinical need #2: Intraoperative
pathology consultation



m Unmet clinical need #2: Intraoperative imaging
B UNIVERSITY of WASHINGTON [N

 Medical problem: Lumpectomies for breast cancer result
In positive margins in 20-50% of cases, leading to re-
operations.

Superior
* Re-operations are costly to
the healthcare system, to the
patient, and cause undue
stress.

Posterior o Medial

Inferior

e Our solution: Slide-free 3D light-sheet microscopy for
rapid margin assessment



Intra-operative imaging of human breast tissue
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Lumpectomy

1em Breast slice
—_— (3-5 mm thick)

Fresh breast
" I -







Intra-operative imaging of human breast tissue
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Invasive ductal carcinoma with adjacent normal breast

Benign breast lobules
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Light-sheet microscopy Formalin-fixed Frozen tissue
of fresh breast tissue  paraffin- embedded section
section



Unmet clinical need #3: 3D pathology
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Unmet clinical need #3: 3D pathology of
prostate core needle biopsies



m Gleason grading system
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Higher grade associated with
worse prognosis

I Gleason grade = primary pattern + secondary pattern I

The 2014 International Society of Urological Patﬁology (ISEE) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179



Gleason score is prognostic
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Grade 6
Grade 7 (3+4)

0.50 1

Grade 7 (4+3)
Grade 8

0.25 1

Grade 9 or 10

Prob. of Recurrence-free Progression

0 1 2 3 4 5 6 7 g8 9 10
Years Since Surgery

The 2014 International Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179



Gleason score is clinically relevant
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00 - . .
| Grade 6 Active survelllance
- cade’ H Either active surveillance

or Intent-to-Cure Therapy

Prob. of Recurrence-free Progression

050 - Crade 7 | Intent-to-Cure Therapy
- cades | INtent-to-Cure Therapy +
025 | T Neoadjuvant Therapy
Grade 9 or |- :
10 Neoadjuvant Therapy

0.00 - |
o 1 2 3 4 5 6 7T 8 9 10
Years Since Surgery

Active surveillance: Periodic monitoring and biopsies

Intent-to-Cure therapy: Surgery vs. Radiation (Seed implants/brachytherapy or External
beam radiation therapy)

Neoadjuvant therapy: Chemotherapy prior to Intent-to-Cure therapy




Difficulties in Gleason grading
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Problematic aspect
of grading

Distinguishing
tangential sections
of pattern 3 glands
from poorly formed

glands (pattern 4

glands)

The 2014 International Society of Urological Pathology (ISUP) Consensus Con!erence on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 2015 Oct 21. PMID: 26492179



Difficulties in Gleason grading
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Well-formed Gleason grade

glands
(pattern 3)

Poorly-
formed
gland
(pattern 4)

Well-
formed
gland
(pattern 3)

Pattern 4 Pattern 4
cribriform Poorly-
variant formed gland
variant




Consensus Gleason pattern 3
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Expert panel disagreement on Gleason pattern 3 vs pattern 4
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Are the small glands Gleason pattern 4
(poorly formed gland variant) or tangential
sections of pattern 3 glands?



Tangentially sectioned glands
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Source: _Megd‘er AL: Junqueira’s 53'5_'-5_”5“"105'!’-' Text and Atlas, Source: Mescher AL: Junqueira's Basic Histology: Text and Atlas,
12th Edition: hitpy/{veww.accessmedicine.com 12th Edition: hetp://www.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved. Copyright @ The McGraw-Hill Companies, Inc. Al rights reserved.



Prostate core needle biopsy (fresh)
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Tissue clarification for 3D pathology
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Aqueous
clearing
solution + ’ »
H OH
] = | X N A
— — ~———— H H fi H oH OH
. 7 SOy e K sy 000
Sucrose Glycerol Formamide Fructose Diatrizoic Acid 2,2'-thiodiethanol
RI - 1.44 RI - 1.44 RI - 1.44 (95%) RI - 1.50 Rl - 1.40 (0.74M) Rl - 1.51
(60% w/v in water) (80% w/v (130% w/v in (97% v/v in water)
in water) water @ 37C) Rl - 1.45

(60% v/v in water)

TDE

For core needle
biopsies, clearing
achieved in ~5
minutes

unexplore

continents ant

great stretches
of unknown

. ternitory. _~
2 days

-k s




Prostate core needle biopsy procedure
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Before B & 2D traditional H&E
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False-color H&E imaging
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DRAQ5 and Eosin dual-channel fluorescent staining and imaging of human prostate core-
needle biopsy




Example false-colored H&E result
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Nuclear stain (DRAQ5, 4,, = 660 nm, 1, = 680 nm)




m Volumetric imaging of human prostate core-needle biopsy
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Glaser & Reder et al, Nature Biomedical Engineering (in press)



m 3D pathology of a prostate core needle biopsy
B UNIVERSITY of WASHINGTON [




Outline
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 Introduction - Dr. Larry True

« Technological innovation (3D light-sheet microscopy) - Dr. Adam
Glaser

» Clinical applications - Dr. Nicholas Reder
« 1) Sampling errors (post-operative pathology)
« 2) Intraoperative guidance (intra-operative pathology)
« 3) Biopsy grading (“pre-operative” pathology)

« Summary and tips for successful
collaborations - Dr. Jonathan Liu



Clinical applications of light-sheet microscopy
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Post-operative digital pathology - “Triaging”
» Improve efficiency and costs

Real-time intraoperative guidance
» Breast, prostate, skin, lymph nodes...

Diagnostic and prognostic 3D pathology of biopsies
* Reduced sampling errors
* Non-destructive comprehensive 3D imaging
High impact 3D Immunofluorescence
Slow adoption

Advantages over conventional pathology:

1. Speed and cost (fresh unprocessed tissue)

2. Comprehensive 3D pathology with reduced sampling errors

3. Non-destructive (allows downstream molecular diagnostics of tissue)



Challenges of wide-area fresh tissue LSM
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1. Image processing
« Mosaicing
e Segmentation
» Deconvolution

2. Image presentation
» Data storage
« Compression
* Visualization

3. Image interpretation
« Computer-aided diagnosis (CAD)
 Machine learning / automated interpretation

4. Clinical acceptance, FDA approval, and reimbursement



How to get involved — Pathology Residents
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1. Attend Meetings
« CAP
« Pathology Visions - resident travel award
« USCAP
« SPIE Photonics West

2. Contact an engineer at your institution
* You do not have to be an expert in optics
* Image interpretation
e Specimen acquisition

3. Background knowledge
 CAP in-vivo microscopy resource guide is a good start
« Journal publications (check lab websites)



How to get involved - Academic Pathologists
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1. Contact an engineer at your institution
* You do not have to be an expert in optics
* Image interpretation
e Specimen acquisition

2. Hands-on feedback
« Key to our collaboration
» Bidirectional working relationship, mutually beneficial

3. Background knowledge
« CAP in-vivo microscopy resource guide is a good start
« Journal publications (check lab websites)



How to get involved — Community Pathologists
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1. We need your help the most!
« Essential for translation
« EXx vivo microscopy will not succeed without clinical adoption
by community pathologists

2. Contact an engineer working on a project that interests you
* You do not have to be an expert in optics
* Image interpretation
« Ease-of-use / practical feedback

3. Background knowledge
« CAP in-vivo microscopy resource guide is a good start
« Journal publications (check lab websites)
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Upcoming Webinars

DATE TOPIC SPEAKER(s)
7/18 IVM and Inflammatory Intestine Gary Tearney, MD, PhD, FCAP
10/3 Light-sheet microscopy for 3D pathology | Nicholas P. Reder, MD, MPH
LawrenceD. True, MD
11/7 Rapid examination of fresh tissue using | Nicholas P. Reder, MD, MPH
light-sheet microscopy

Register for upcoming & archived webinars:
www.cap.org > Calendar > Webinars
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The CAP In Vivo Microscopy Resource
Guide — see handout

* The IVM resource guide highlights current IVM
articles and other resources that assist in
understanding and potentially adopting IVM
and EVM

— Printed guides are available for members
($39) and non-members ($69)

— The digital copies of all four Resource

Guides are a complimentary member
benefit

— Access them www.cap.org > Resources

and Publications

Ermm
o
CAP 8 2017 College of American Pathologists, All rights ressneed.



IVM Short Presentations on Emerging
Concepts (SPECs) — see handout

« I[VM SPECs are:

— Short PowerPoints, created for pathologists

— Useful for educating pathologists
colleagues about VM and Gl specialiston
the role and value of pathologists inIVM

« IVM SPEC Topics:
— In Vivo Microscopy (IVM): A New Role for

Pathologists

— IVM of the GI Tract e

— Ex Vivo Microscopy (EVM): A New Tool for B n Vivo Mmrnscop‘f (IVM)
Pathologists o e o

gy Condapl

Sreart Preaeslasen on Emer

Access them www.cap.org > Resources Y

and Publlcatlons
CAP 2017 College of American Fathologists. All ights resened.




Introduction to In Vivo Microscopy
Interpretation Workshop 2017 — see handout

September 16, 2017, 8-4 pm in Chicago at The James Hotel

« Complimentary workshop! Seminar topics:

— Explain IVM image terminology

— Demonstrate ex vivo optional imaging for tissue evaluation and surgical
pathology practice

— Explain latest IVM technologies and image acquisition modalities with a focus
on Gl, skin, and lung

— Demonstrate familiarity with [VM image interpretation criteria

— Demonstrate ex vivo optional imaging for tissue evaluation and surgical
pathology practice

— Explain the role of pathologists in IVM programs

| — Explain IVM reimbursement opportunities

chp - Register today surveymonkey.com/r/IVMWorkshop1/




CAP17 The Pathologists’ Meeting — IVM
Highlights

- Learn about CAP’s in vivo microscopy resources
and talk with fellow members who are pioneering
these technologies at the CAP’s IVM Committee
Booth in the Exhibit Hall

» Sign up for the complimentary breakfast workshop
Justifying the Introduction of Emerging
Technologies into a Pathology Department: How to
Develop a Business Plan

«z * Register at www.cap.org/cap17

oL KT
e
CAP 22017 College of American Pathologists, All rights reserved.




THANK YOU!

- Thank you for attending our webinar “Creating a

successful pathology-engineering collaboration.”

#
;;;;;;
' -

— For comments about this webinar or suggestions
for upcoming webinars, contact ivminfo@cap.org

— NOTE: There is no CME/CE credit available for

today’s complimentary webinar. The pdf of the presentation
will be sent out in a week.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67

