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The holistic concept of digital pathology comprehends innovative
interventions in all workstations of the pathology laboratory, as
well as before and after the analytic process.
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Beyond scanning, transcending the perfect whole slide image




Digital transformation (2016-2020) at IPATIMUP
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1GB network LIS centered

InteI(R) XGOH(TM) Gold 5120 @ 2.20GHz ProCeSSOr, 96GB of memory, a 240GB SSD disk for 64 bit 0S, 960GB SSD for SWAP
and a 2TB mechanical dISk to local storage that gathers the images, convert them and then stores

20TB mechanical disk, from 3 D H ISTECH ) .

Storage - 220TB storage that can scale up to 960TB (fast and
slow disks, images are not erased after diagnosis)
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e R pR s S e e Dell Precision Tower 3620 equipped with

an Intel(R) Core(TM) i7-6700 CPU @ 3.40GHz, 8GB of
RAM, ST500DMO002-1SB10A ATA Disk with 466GB and a
NVIDIA Quadro M2000 with 4GB.

weso || | The workstation has two monitors,

202031740 one Sharp PN-KBZZBH 4K, 32”’
touch screen.
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Scanning 100 000 slides per year



Puff! Only 2% for me!

All issues are
amplified in the
digital image



??? Only visible in WSI?7??







Change the attitude early in the workflow

v Fragments as close as possible to each
other and centered on the embedding

mold =

Lk

v" Always include in such a way as to create
less knife resistance to avoid artifacts

v’ Respect the side margins of the
embedding mold

v' One by one
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Technical Note
The impact of different coverslipping
methods in the quality of the whole slide

images used for diagnosis in pathology

Diana Ferreira ?, Jogo Vale ?, Mdnica Curado 3, Antdnio Poldnia ® b Catarina Eloy & b.co =

digital pathology. The coverslipping method interferes with the
quality of the WSIs, as well as with the scanning time and the file
size of the WSIs. All covershpping methods were found suitable for
diagnosis. The glass and liquid methods were manual and had
similar results concerning the presence of air bubbles/polymer
accumulation, air drying artifacts, tissue exposed and staining
alterations. The glass method was the one with more air bubbles.
The liquid method was associated with more alterations on the
WSIs, but with the lowest file sizes. Automation of coverslipping
and calibration of the scanner for the coverslipping method chosen
by the pathology laboratory are relevant for the final quality of the
WSIs.
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Beatriz Neves !, Jodo Valel, Anténio Polénial2, Sofia Campelos!, Ménica Curado 1, Catarina Eloy1.2,3

INTRODUCTION

Cellblock transforms liquid-based cytology in a

e

pellet-cone to be processed and used for

immunohistochemistry (IHC). Cellblock's matrix is

transparent and often hard to be automatically
detect by the scanner (ADS), generating Incomplete

whole slide images (WSls).

METHODOLOGY

Tests were designed to evaluate if inking cones after

bronchus cytology facilitates ADS.

First test: 15 cellblocks were sectioned, one half
inked green (IHG) and the other inked black (IHB),
One haematoxylin-eosin (HE) slide was produced

from each half-cone

. 1HB=15

Second test: 15 cellblocks were sectioned, one holf
inked black (2HB) ond the other left unstained/null
(2HN). HE and Cytokeratin AETAE3 IHC slides were
produced from each half-cone. Slides were

evaluated by 3 pathologists.

RESULTS

First test: All sections were ADS; one IHG was
rescanned (6.7%)(p=0.317), scanning 1HBs was faster
(meantsd;62.5+19.7s vs 72.1£21.55)(p=0.022) and
lighter to archive (367.5£81.4Mb vs 400.2+99.0Mb)
(p=0.041) than 1HGs; WSI quelity was similar
regardless the colour; ink interference ot the limits of
the section was frequent in THGs (p<0.0001).

e

ot

Image 1 - Comparisen between ink Interference In IHB and THG
Intarfarence of the ink Is more evident in IHG, [A] WSI of THB stained

with HE (2x); [B] WSI of IHG stained with HE [2x)

Second test: All HEs were ADS; two 2HNs were
rescanned (13.3%)(p=0.157), scanning tfime
(75.8+14.45 vs 69.5221.0s)(p=0.125) and archive
consumption (373.8463.6Mb vs  351.2+79.3Mb)
(p=0.164) was similar for 2HBs and 2HNs, respectively;

|
Ipatimup (Institute of Pathelogy and Immunclogy of Perto University), Porto, Portugal | 2135 - Instituto de Investigagdio e Inovaglio em Sadde of Porto University, Porto, Portugal | * Medical Faculty of Porte University, Porto, Portugal

WS| quality was similar regardless inking; ink
interference was not relevant (p=0.063). In IHC, one
2HB (6.7%) and 8 2HNs (53.3%) were not ADS
{p=0.016), scanning 2HNs was faster (76.1%13.7s vs
81.3£18.0s)(p=0.001) and lighter +to archive
(165.7+£58.1Mb vs 369.7+140.8Mb)(p=0.001) than 2HB's;
WS| quality was equivalent regardless inking; ink
interference was recorded({p=0.001).

A B

Image 2 - Comparisan between the WSI's obtained in the 2H8 ond 2HN.
[A] WSI of 2HB stained with HE [0,5x); [B] WSI of 2HN stained with HE
(0,5x); [C] WSI of 2HB imunostained with cytokeratin AEI/AES (0,5x]; [O]
WSI of 2HN imunostained with cytokeratin AEI/AES (0,5x).

CONCLUSION

Inking cellblocks improves scanner detection and

allows the production of quality WSis for diagnosis.
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Nuclear score evaluation in follicular-patterned thyroid lesions using

optical and digital environments
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Fig. 1 Pictures of cases illustrating the evaluation of the nuclear P1000 20x scanning protocol). A case 20 classified as nuclear score of
scoring of thyroid pattern lesions unanimously classified under the (0/1: B case 8 classified as nuclear score of 2: C case 6 classified as

microscope by the 3 pathologists (captured at 40x after scanning with nuclear score of 3

Table 2 Intrapathologist concordance for optical and digital pathology
analysis of the nuclear score in thyroid follicular patterned lesions

Method Pathologist A Pathologist B Pathologist C

Optical 0.86 (0.71-1) 083 (0.63-1.04) 0.70 (0.45-0.96)
;ﬂ;;; s, P<O000L 80%  p<0.0001,85% p=0001, 0%
100 _
Optical 0.83 (0.67-0.98) 067 (0.42-0.92) (.55 (0.21-0.9)
;flf;;; 4o P<O0001 7S% p—0003, 70% p=0011, 5%
Optical 093 (0.84-1.03) 0.55 (0.12-0.98) 0.52 (0.25-0.79)
PDEFE!;;] 2oy P0000L90% p=0013 75% p=0.007 55%
ICC 082 (0.69-0.92) 069 (0.5-0.84) (.52 (0.3-0.73)
p <0.0001 p<0.0001 p < 0.0001

Values in upper line are: k weighted quadratic (95%CI). Values in
bottom line are: p-value, percentage of agreement, ICC (intraclass
correlation coefficient for continuwous data); P1000_20x, scanning with
P1000 using the 20x protocol; P1000_40x, scanning with P10 using
a 40x protocol; DP200_20x, scanning with DP200 wsing a 20x
protocol.
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Surveillance of the scanning quality s it
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Good image % Monthly statistics of the scanner performance
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The scanning process implementation increases the quality control measures



Pathologists deserve to work with best-quality material

There are no sceptical pathologists — there are inadequate whole slide
images and navigation conditions

There is no need to remove the microscope — there is the need to provide
conditions so that pathologists prefer to navigate the digital environment

Quality & Digital
are two faces of

the same coin

Low power view

IPATIMUP: 80% of the surgical pathologists work in the digital environment, independent of the age; the
remaining 20% work outside the institute and do not have conditions adequate to do digital navigation




The main advantages of using WSIs

Correspondence

. . . htms:ﬂdm-mgﬂmmwwimmztmmgtﬁ Internal and external consultation of cases
Ensuring remote diagnostics for pathologists: oo mamiog o o g o e
dn Open letter to the US Congress Pathologists and technicians work at distance

Digital pathology and the opportunity for integrating artificial intelligence (Al) into routine pathology practice



Artificial Intelligence Improves the Accuracy in Histologic
Classification of Breast Lesions

Antdnio Poldnia, MD, PhD," Sofia Campelos, MDD, Ana Ribeiro, MDD, lerece Aymore, MD,

Daniel Pinto, MD,” Magdalena Bisksp Frizvnska, MD,” Ricardo Santana Veiga, MDD,
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Challenging Paige Prostate Software

Table Cohort characteristics (selected from IPATIMUP files during 7 months of 2021)

Series of consecutive prostate core-needle biopsies

S ) ) Age (median [P25-P75]) 69 [61-74]
with |mmunoh|stochem|stry tests (double p63 and racemase) Total slides (41 patients) 105
Negative for prostate cancer 66 (62.86%)
Positive for prostate cancer 39 (37.14%)
Histological type
Acinar adenocarcinoma 39 (100%)
Group grade
1 19 (48.72%)
2 8 (20.51%)
3 5 (12.82%)
4 2 (5.13%)
Primary diagnosis setting: observation of WSIs 5 4 (10.26%)
acquired by P1000-3DHISTECH using a validated Not applicable 1(2.56%)

protocol 0.243um/pixel, under a 32" monitor P25, percentil 25; P75, percentil 75



Design of the assay — synergic based usage

 Observers: 4 general pathologists with at least 2 years of experience and at least 1 year working under the
digital environment

* Phase 1: regular reporting using Case Viewer/3DHISTECH and recording data in EXCEL fiIe

e Washout: 2 weeks

 Phase 2: reporting using FullFocus™ assisted by Paige Prostate Software (Paige Prostate Detect & Paige
2nd

Prostate Grade & Quantify) and recording data in EXCEL file
IHC

Opinion

 Ground Truth: Total agreement between observer or adjusted by 2 senior pathologists (9 and 12y)



Performance of Paige Prostate wile supporting diagnosis

 Similar accuracy, intraobserver concordance, sensitivity and specificity

Table Diagnostic accuracy and intraobserver concordances

Table Sensitivity, specificity, PPV and NPV in both phases

Sensitivity Specificity PPV NPV
1st 2nd 1st 2nd 1st 2nd 1st 2nd
P1 1.000 0.974 | 0.894 | 0.879 | 0.848 | 0.826 | 1.000 0.983
P2 0.949 0.949 | 0.939 | 0.939 | 0.902 | 0.902 | 0.969 0.969
P3 1.000 1.000 | 0.924 | 0.909 | 0.886 | 0.867 | 1.000 1.000
P4 0.923 0.897 | 1.000 | 0.985 | 1.000 | 0.972 | 0.957 0.942
Average 0.968 0.955 | 0.939 | 0.928 | 0.909 | 0.892 | 0.982 0.974

Diagnostic accuracy p Diagnostic
Phase 1 Phase 2 intraobserver
concordance!
P1 93.33% 91.43% >0.999° 98.10%
(0.961)
P2 94.29% 94.29% >0.999° 100%
(1.000)
P3 95.24% 94.29% >0.999° 99.05%
(0.981)
P4 97.14% 95.24% >0.999° 98.10%
(0.958)
Global 95.00% 93.81% >0.999° 98.81%
(0.975)

2 McNemar; !, Proportion (kappa); P - Observer

PPV, positive predictive value; NPV, negative predictive value.



Loss of material in IHC - One pathologist missed the diagnosis of malignancy




High sensitivity even in very small lesions
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Discordant case: 0.8mm

Pathologists reported:

Phase 1: Negative/ASAP
Phase 2: ASAP/ADC GG1

Redefining what is enough for
the diagnosis of malignancy?



Less IHC and less second opinion requests!

Table Differences in immunohistochemistry studies and second opinion requests in both phases

Phase 1

Phase 2 p
Yes No Yes No
Immunohistochemistry 193 227 153 267 <0.001°
(45.95%) | (54.05%) | (36.43%) | (63.57%)
Second opinion 51 369 31 389 0.006°
(12.14%) | (87.86%) | (7.38%) | (92.62%)

AAAAAAAAAAAAAAAA

Reduction
in 21%

Reduction
in 39%




Reduction

Time for observation n 22%

* Phase 1: 139 sec in average [P25 91sec — P75 243sec]
* Phase 2: 108sec in average [P25 73sec — P75 192sec] e

I Phase 1
I Phase 2

e
]

PPPPPPPPPPPP

Megative Cancer



Full agreement with the Paige software

* Benign versus malignant

e Believers versus non-believers

* Measurements evaluation

Table Proportion of cases with full agreement with the software

All cases Cancer cases Negative cases P
P1 64/105 (60.95%) 5/39 (12.82%) 59/66 (89.39%) <0.001°
P2 80/105 (76.19%) 20/39 (51.28%) 60/66 (90.91%) <0.001°
P3 83/105 (79.05%) 22/39 (56.41%) 61/66 (92.42%) <0.001°2
P4 59/105 (56.19%) 3/39 (7.69%) 56/66 (84.85%) <0.001°
Global 286/420 (68.10%) | 50/156 (32.05%) | 236/264 (89.39%) | <0.0012

?, Qui-squared test.



* Maintenance of the space, people and
instrument numbers

 Maintenance of the excellent results in the
external quality control programs

| f
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ALCREDITEDY. gereditagio
Evaluation of the

result of the digital  Improvements in the internal quality control
program

transformation

_ P * 10% improvement in the turn-a-round time
100% (tissue) digital for more than 2 years

* Flexible scheduling with the possibility to work
at distance

* Introducing Al

* Paper free lab

/v
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