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Recommendations for pathologic practice using digital pathology:
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Digital pathology (DP) using whole slide imaging (WSI) is becoming a fundamental issue in pathology with recent advances and the rap-
id development of associated technologies. However, the available evidence on its diagnostic uses and practical advice for pathologists
on implementing DP remains insufficient, particularly in light of the exponential growth of this industry. To inform DP implementation in
Korea, we developed relevant and timely recommendations. We first performed a literature review of DP guidelines, recommendations,
and position papers from major countries, as well as a review of relevant studies validating WSI. Based on that information, we prepared
a draft. After several revisions, we released this draft to the public and the members of the Korean Society of Pathologists through our
homepage and held an open forum for interested parties. Through that process, this final manuscript has been prepared. This recom-
mendation contains an overview describing the background, objectives, scope of application, and basic terminology; guidelines and
considerations for the hardware and software used in DP systems and the validation required for DP implementation; conclusions; and

references and appendices, including literature on DP from major countries and WSI validation studies.
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Digital pathology (DP) refers to the use of a digital scanner
to convert and save pathologic slides as digital images and the
use of those images for pathologic diagnosis [1,2]. DP includes
various processes of pathologic diagnosis, including primary diag-
nosis based on whole slide imaging (WSI) that enables diagnosis
through display devices such as monitors instead of a microscope;
telepathology that allows opinions to be obtained and digital
images to be shared with experts at different locations over a net-
work connection; and computer-aided diagnosis based on quan-
titative and morphometric analyses made using image analysis
software [1].

Because the implementation of DP is based on automatic
sample tracking systems, it can prevent sample contamination

and switching caused by human error and play an important

pISSN 2383-7837
elSSN 2383-7845

role in patient safety [3,4]. Moreover, DP allows easier and faster
consultation between experts, which could minimize problems
such as overtreatment and loss of treatment opportunity due to
differences in diagnosis [3-5]. Furthermore, the permanent
storage of high-resolution digital images as data eliminates the
risks of discoloration, damage, and loss of glass slides over time
while also enabling efficient, accurate, and comprehensive reading
by allowing pathologists to easily compare current results with
past pathologic examinations [3,4]. In addition, the future devel-
opment of digital image sharing systems among medical insti-
tutions could significantly reduce the healthcare costs associated
with the production of additional slides and duplicate tests when
a patient transfers to another hospital [3,4].

Recent advances in relevant technologies and equipment

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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have led many countries to implement DP systems for primary
diagnosis using WSI. Based on the results of recent studies show-
ing high concordance between primary WSI-based diagnosis
and conventional pathologic diagnosis using a microscope [5,6],
the United States, European Union, and Japan are already accept-
ing the use of DP for medical practice in clinical settings, with the
US Food and Drug Administration (FDA) approving the regis-
tration of WSI equipment as medical devices in 2017 [5,6].
Moreover, teleconsultation and telediagnosis using DP have
been approved, with Japan creating charges associated with DP
systems in its insurance system in 2018 [7].

However, because the associated technologies are still matur-
ing, more data and experience are required to determine whether
and to what extent primary diagnoses based on WSI can safely
replace conventional pathologic diagnoses using a microscope.

Accordingly, the United States, Japan, and European coun-
tries, including the United Kingdom, Spain, and Germany, have
released national-level guidelines for the safe implementation
and quality assessment of DP to promote the active application
of this technique (Table 1) [2,3,5-30]. Those guidelines suggest
detailed principles to inform primary diagnosis based on WSI,
teleconsultation, and telepathology; considerations regarding
hardware, such as digital scanners, medical image archiving and
communication systems, and image display systems; consider-
ations for image acquisition, viewing, archiving, and analysis soft-
ware; strategies for connection to laboratory information systems;
and basic principles for the validation and quality assessment of
DP systems.

As of 2019, several university hospitals, including the Catholic
University of Korea Seoul St. Mary’s Hospital, Seoul National
University Hospital, and Samsung Medical Center, have intro-
duced DP systems and started making primary diagnoses based
on W8I, although it has not yet fully replaced conventional mi-
croscopic diagnoses [3].

To keep pace with these domestic and international trends,
the Korean Society of Pathologists (KSP) launched a research
project in June 2019 by which the members of the Medical
Informatics Study Group (MISG) were asked to develop a rec-
ommendation for pathologic practices using DP. Accordingly,
the MISG spent 5 months conducting a literature search and
comprehensive review, proposing recommendation principles,
and establishing a draft recommendation through 4 rounds of
discussion and solicitation of expert opinions. On November
20, 2019, the MISG held an open public forum to hear from
relevant corporations, stakeholders, and regulatory authorities
and then revised the draft recommendations accordingly.

http://jpatholtm.org/

This recommendation was prepared based on DP guidelines
released by the U.S. Digital Pathology Association [29], Col-
lege of American Pathologists (CAP) [30], U.K. British Royal
College of Pathologists (RCP) [6], Canadian Association of Pa-
thologists [11], Royal College of Pathologists of Australia [25],
Federal Association of German Pathologists (FAGP) [10], Japa-
nese Society of Pathology (JSP) [5,7,26], and Spanish Society of
Anatomic Pathology [9] and the final report of the “Preparation
of Reimbursement Assessment Guidelines for Al-based Medical
Technology (Pathology)” research project funded by the Health
Insurance Review and Assessment Service and carried out and
published by the KSP Committee of Informatics in August
2019 [3].

The goal for this recommendation is to include only the most
critical and fundamental principles suitable for the current situ-
ation and environment in Korea based on the opinions of the
experts in the MISG and various stakeholders. DP will be broadly
applied only after rationalization of the implementation costs,
additional technical advances, the establishment of an adequate
reimbursement policy within the domestic health insurance sys-
tem, and the resolution of technical issues in clinical practice.
Accordingly, it will be necessary to regularly update this recom-
mendation to promptly integrate relevant knowledge and addi-
tional considerations as they evolve along with the DP environ-
ment.

The Korean version of this report is also provided separately
as Supplementary Material 1.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of
the Catholic University of Korea, College of Medicine (SC19ZC-
SI0173). We searched major electronic databases from January
1, 2000, to May 31, 2019, for relevant literature on DP guide-
lines, recommendations, and position papers published or offi-
cially announced from major countries. In addition, all the rele-
vant studies validating DP and WSI, including original articles
and reviews, were searched. The searched databases included
MEDLINE (PubMed) and Google Scholar. After reviewing the
relevant articles, more references were added by cross-referencing
(Tables 1, 2) [2,3,5-51]. We next selected a dozen references,
mostly recent versions of DP guidelines and recommendations
from the major countries and recent reviews of DP and WSI, to
extract relevant opinions applicable to the current Korean envi-
ronment. Synthesizing them, we prepared a draft of this recom-
mendation and revised it through 4 rounds of discussion among

https://doi.org/10.4132/jptm.2020.08.27
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Table 1. Digital pathology guidelines, position papers, and relevant instructions in leading countries

Country Guideline and instruction
Canada Canadian Association of Pathologists (CAP-ACP)
2014: Guidelines from the Canadian Association of Pathologists for establishing a telepathology service for anatomic pathology using
whole-slide imaging [11]
United States College of American Pathologists (CAP)

2013: Validating whole-slide imaging for diagnostic purposes in pathology [30]
2011: Anatomic pathology checklist: CAP accreditation program [12]

American Telemedicine Association (ATA)
2014: Clinical guidelines for telepathology [13]
Digital Pathology Association (DPA)

2019: Computational pathology definitions, best practices, and recommendations for regulatory guidance: a white paper from the

Digital Pathology Association [29]

2011: Validation of digital pathology in a healthcare environment [14]

2011: Archival and retrieval in digital pathology systems [15]

2011: Interoperability between anatomic pathology laboratory information systems and digital pathology systems [16]
2011: Validation of digital pathology systems in the regulated nonclinical environment [17]

Food and Drug Administration (FDA)

2015: Technical performance assessment of digital pathology whole-slide imaging devices: draft guidance for industry and Food and

Drug Administration staff [18]
Centers for Medicare & Medicaid Services (CMS)

2015: Clinical Laboratory Improvement Amendments (CLIA) [19]

Centers for Disease Control and Prevention (CDC)

2013: Clinical Laboratory Improvement Advisory Committee (CLIAC) [20]

Society of Toxicologic Pathology

2013: Validation of digital pathology systems in the regulated nonclinical environment [17]
2007: Pathology position paper on pathology image data [22]

European Union  European Commission (EC)

2012: Guidelines on the qualification and classification of stand alone software used in healthcare within the regulatory framework of

medical devices [23]
Spain Spanish Society of Anatomic Pathology (SEAP-IAP)

2015: Practical guidelines for digital pathology implementation [9]

United Kingdom  The Royal College of Pathologists (RCP)

2018: Best practice recommendations for implementing digital pathology [6]
2013: Telepathology: guidance from The Royal College of Pathologists [24]

Germany Federal Association of German Pathologist (FAGP-BDP)

2018: Guidelines digital pathology for diagnosis on (and reports of) digital image [10]

Australia The Royal College of Pathologists of Australasia (RCPA)
2014: Position statement: telepathology [25]

Japan Japanese Society of Pathology (JSP)

2019: Guidelines for pathologic diagnosis using digital pathology image (clinical questions and answers) [5]
2018: Technical standards for digital pathology system for pathologic diagnosis ver. 3 [7]

2016: Guidelines for pathologic diagnosis using digital pathology image [26]

2016: Technical standards for digital pathology system for pathologic diagnosis ver. 2 [26]

2015: Technical standards for digital pathology system for pathologic diagnosis ver. 1 [28]

Korea Korean Society of Pathologists (KSP)

2019: Preparation of reimbursement assessment guidelines for Al-based medical technology (pathology) [3]

experts. On November 20, 2019, the MISG of the KSP held an
open forum to present the draft to the public and hear from in-
terested parties, including companies, industry and academic as-
sociates, and stakeholders. The draft recommendation was also
released on the KSP webpage, and opinions and suggestions from
KSP members were accepted and considered. After this hearing,
relevant revisions were made based on the submitted opinions.

Objectives
This recommendation suggests that the following objectives
should be recognized and considered when implementing and

https://doi.org/10.4132/jptm.2020.08.27

operating DP systems in pathology labs.

1) To define the standard terminology generally used for DP.

2) To regulate the scope and boundaries of DP application
and suggest its evidentiary foundation.

3) To present institutional-level considerations regarding the
hardware and software needed to implement DP systems.

4) To provide relevant guidelines and considerations for the
validation and in-house quality control (QC) of DP systems
during implementation and operation.

That information is expected to provide background knowl-
edge about DP and serve as a reference for preparing checklists

http://jpatholtm.org/
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Table 2. List of whole-slide imaging validation studies

Year Author Journal MO GITRET 229 Results EHEE 8D Reference No.
/observers level

2006 Gilbertson et al. BMC Clin Pathol 25 Mixed/3 32% Discordancy vV [31]

2011 Jukic et al. Arch Pathol Lab Med 101 Mixed/3 3%-7% discordancy I [32]

2012 Al-Janabi et al. J Clin Pathol 100 Breast Kappa=0.92 Y [33]

2012 Al-Janabi et al. Hum Pathol 100 Gl 5% Discordancy (minor) Y [34]

2012 Al-Janabi et al. J Clin Pathol 100 Skin 6% Discordancy (minor) Y [35]

2013 Al-Janabi et al. J Clin Pathol 100 Pediatric WSI: 10% discordancy vV [36]
Glass: 7% discordancy

2013 Bauer et al. Arch Pathol Lab Med 607 Mixed WSI: 1.65% discordancy i [37]
Glass: 0.99% discordancy

2013 Krishnamurthy etal.  Arch Pathol Lab Med 100 Breast WSI: 9.5% discordancy 1l [38]
Glass: 7.9% discordancy

2013 Pantanowitz et al. Arch Pathol Lab Med ~ Meta-analysis of 27 papers - Il [30]

2014 Al-Janabi et al. J Renal Inj Prev 100 GU 13% Discordancy I [39]

2014 Buck et al. J Pathol Inform 150 Mixed/6 WSI: 2.1%-10.1% discordancy Il [40]
CGlass: 3.3%-13.3% discordancy

2014 Reyes et al. J Pathol Inform 103 Breast /3 WSI: 1%-4% discordancy i [41]
Glass: 0%~7% discordancy

2015 Ordietal. J Clin Pathol 452 GYN/2 5.8% Discordancy I [42]

2016 Pekmezci et al. J Pathol Inform 97 neuro/2 5.1%-12% Discordancy I [43]

2016 Snead et al. Histopathology 3,017/17 (2,666 biopsy, 1.3% Discordancy i [44]

340 surgery, 11 frozen, 10 organs)

2016 Wack et al. J Pathol Inform 33 Mixed/16 WSI: 20.9% discordancy I [45]
Glass: 23.5% discordancy

2017 Kentetal. JAMA Dermatol 499 Skin/3 WSl 6% discordancy I [46]
Glass: 6% discordancy

2017 Sacoetal. Dig Liver Dis 176 Liver/2 3.4%-9.7% discordancy I [47]

2017 Tabata et al. Pathol Int 1,070 Mixed/9 4.4% discordancy i [48]

2018 Araujo et al. Virchow Arch 70 Oral/2 3% Discordancy I [49]

2018 Leeetal. Am J Dermatopathol 77 Skin/2 0.3% Discordancy I [50]

2018 Mukhopadhyay etal.  Am J Surg Pathol 1,992 Mixed/16 WSI: 4.9% discordancy I [51]

Glass: 4.6% discordancy

Evidence level in the table is as follows.

|, Systematic review or meta-analysis; Il, At least one randomized controlled study; lll, Non-randomized clinical trial (NRCT); IV, Analytic epidemiological study
(cohort or case-controlled study); V, Descriptive study (case report or case series); VI, Expert opinion.
Gl, gastrointestinal; WSI, whole slide imaging; GU, genitourinary; GYN, gynecopathology.

for the Quality Control Program of the KSP (The Red Book),
the external QC program (proficiency tests), and resident train-
ing programs regarding DP. Furthermore, this recommendation
also provides basic information toward establishing an appro-
priate reimbursement system, including incorporation into the
coverage of the National Health Insurance System.

Scope of application

This recommendation includes guidelines and considerations
for the implementation and operation of the hardware, systems,
and software listed below, which can be used in DP systems for
WSI-based diagnosis.

1) Whole slide scanner (WSS) used to generate and acquire
digital images from glass slides and image acquisition software
used to operate this scanner.

http://jpatholtm.org/

2) Pathology picture archiving and communication system
(PACS) and image storage systems for saving, archiving, man-
aging, and preserving the digital images acquired by image input
devices.

3) Image viewing software that allows the observation of DP
images through image display devices and records measure-
ments or annotations.

4) Image display devices used for image observation (monitors
and displays).

5) Network or data sharing systems used for transmitting im-
ages.

This recommendation does not cover the acquisition, transmis-
sion, observation, and annotation of microscopic images acquired
with digital cameras set up on microscopes, smartphones, ot
tablets (digitizer pen tablets).

https://doi.org/10.4132/jptm.2020.08.27



In terms of staining methods and sample types applicable to
WSI-based diagnosis using DP systems, most basic tissue slides
stained with hematoxylin and eosin (H&E), most special stains,
immunohistochemical stains, and frozen section slides are expect-
ed to be applicable, though they will require appropriate valida-
tion studies followed by trial periods until the users reach a stable
learning level [30]. However, for the few special cases listed be-
low, a higher level of validation and longer period of trial opera-
tion are recommended.

1) Cytology slides: In most cases with cell smears, liquid-based
cytology, or blood smears, the results are similar to those from
microscopic diagnoses made using glass slides with appropriate
focus stacking (Z-stacking) during scanning and sufficient valida-
tion [52]. However, the optimal focus stacking method must
be carefully selected for certain sample types (e.g., samples with
many 3-dimensional structures, such as thyroid gland fine-nee-
dle aspirates [53]), staining conditions, and smear conditions.
Excessive focus stacking and the acquisition of higher-magnifi-
cation images (60 x 100X or higher) could lead to over-scaling
of the WSI files, which could negatively affect the operation of
the entire system [6]. Therefore, the determination of optimal
scanning conditions during the implementation of DP for cytol-
ogy slides is essential and should be based on a balance between
desirable scan quality and file size. Partial image acquisition of
the slides is not recommended because it can severely impair di-
agnostic integrity and accuracy. In conclusion, importing cytology
slides into a DP system requires a more extensive validation and
trial operation period than is needed for other types of slides, in-
cluding simultaneous comparison periods of diagnostic results
using both WSI- and microscope-based diagnosis.

2) Samples clinically or morphologically suspected of lym-
phoreticular neoplasms: Lymphoreticular neoplasms have similar
morphology at low magnification and similar nuclear features,
such as chromatin patterns and nucleoli features, that are im-
portant for histologic diagnosis [5,37,48,54]. Accordingly, the
acquisition of high-magnification images is generally recom-
mended. Although evidence is lacking about diagnostic agree-
ment at different scanning magnifications, results to date have
shown less than 1% of major discordance between WSI-based
and microscopic diagnoses using a basic 20 X scan [54]. More-
over, the recorded 6.25% of minor discordance was mostly due
to differences in grading follicular lymphoma and was similar to
the inter- and intra-observer diagnostic discordance in micro-
scopic diagnosis [54]. Because pathologic diagnosis of lympho-
reticular neoplasms is almost always made in combination with
the results of additional tests, such as immunohistochemical stain-
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ing, diagnostic differences in the findings of H&E slide images
alone do not seem to significantly affect diagnostic accuracy. On
the other hand, the image comparison function available in the
image viewing software of DP systems might offer the benefit of
improved accuracy in the interpretation of immunohistochemical
staining. Carefully designed validation studies and trial opera-
tions based on those considerations are needed.

3) Detection of microorganisms such as Helicobacter pylori:
The detection of H. pylori infections through the microscopic
examination of gastric biopsy tissue samples, especially when
special staining such as the Giemsa stain is used, showed speci-
ficity and sensitivity comparable to that in other H. pylori tests
[5]. However, concerns remain about whether microorganisms
such as H. pylori can be detected successfully in the 40 X-scanned
WSI most commonly used today [5,44,55]. A recent study
demonstrated that increasing the number of focus stacking layers
provided results similar to those obtained via microscopic exami-
nation [56]. Without focus stacking, WSI-based detection showed
an impaired sensitivity of 0.562 and specificity of 0.818 [57].
Therefore, when detecting microorganisms, special care is required,
such as using appropriate focus stacking for assessment and
mentioning the limitations of such examination results in the

report.

Basic terminology

— Digital pathology (DP): Dynamic imaging environment (or
academic field related to this environment) that involves the ac-
quisition and management of pathologic information by convert-
ing microscopic glass slides into digital files and the pathologic
diagnosis and interpretation of those images by means of an image
display device. The scope of application includes education, re-
search, image analysis, archiving, retrieval, connection to labora-
tory information systems, consultations among specialists, and
image sharing.

— Digital pathology system (DPS): Image data—based computer
system that enables the collection, management, and interpreta-
tion of pathologic information by digitalizing glass slides. It in-
cludes a scanner that contains an optical microscope and digital
camera connected to a computer, software, and a network con-
nection.

— Digital image analysis: Analytical method for quantifying
or detecting the unique features of enhanced or processed digital
images using a computer, such as chromosomal and morpho-
metric analyses of fluorescence in situ hybridization or immuno-
histochemical staining images.

— Computer-aided diagnosis: Computerized assistance in the
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interpretation of medical images, such as providing differential
diagnoses or detecting lesions by means of a digital image anal-
ysis.

— Telepathology: Digital or real-time pathologic image com-
munication environment using wired or wireless networks or a
related academic field. Telepathology could be used widely for
consultation with specialists in other areas or the diagnosis of sam-
ples in a remote facility [11]. Generally two methods are available:
the conventional method uses a remote-controlled microscope
for the real-time transmission of glass slide images, and the DP
method transmits WSIs over a wired or wireless network [11].

— Whole slide image/imaging (WSI): A single high-resolu-
tion glass slide image file or associated technology that has been
scanned and converted from a single glass slide using a whole
slide scanner. With this high-resolution copy or mirrored image
of a glass slide with equivalent quality, image viewing software
can create a virtual environment for pathologic diagnosis that
mimics the conventional pathology environment of microscopic
diagnosis. WSIs are also referred to as virtual slides or virtual mi-
CrOSCOpy.

— Image input device: The initial processing device for convert-
ing actual images, including glass slides, into electronic signals
and recording them as digital data.

— Whole slide scanner (WSS): Device used to scan glass slides
and digitally convert them to WSIs. A WSS is generally run by
image acquisition (operating) software, and a WSI is generated
by combining multiple small, continuously acquired, high-res-
olution image tiles or strips at various magnifications, such as
20, 40 %, 60x, or 100 x (corresponding to 200, 400, 600, or
1,000 times magnification under a general light microscope).
The digital image data can be saved using a variety of compres-
sion methods.

— Focus stacking (Z-stacking): Image processing techniques
combine digital images acquired at varying focus levels to obtain
a much greater depth of field than that in the individual original
images. When obtaining images of samples with many 3-dimen-
sional microstructures and cell clusters, such as cytology slides,
it is difficult to obtain the appropriate depth of field with a single
focus. Thus, multiple images at slightly different levels of the
Z-axis are combined using various image processing methods
to convert them into a single image file.

— Image acquisition software: Computer software that opet-
ates and controls the WSS device to allow images to be acquired
and saved using the appropriate format, compression rate, and
compression method.

— Image viewing software: Computer software that makes ac-
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quired image data viewable through an image display device
such as a monitor. This software can also provide observation
functions to compare two or more images, pan the image laterally,
or zoom in and out of areas of interest, along with other functions
such as making basic length and area measurements, saving
screenshots in compatible image file formats, and recording user
annotations during review.

— Image database system: Computer system and software used
for the compression, management, and mass storage of acquired
image data.

— Picture archiving and communication system (PACS): A sys-
tem that archives, processes, and transmits digital medical images
in accordance with the international standard Digital Imaging
and Communications in Medicine (DICOM) format. A PACS
comprises image viewing and archiving software, a mass storage
device, and a computer hardware system. Its typical functions
include data archiving and transfer, including text data such as
interpretation reports and data acquired by medical imaging
devices (computed tomography, magnetic resonance imaging,
etc.). Systems based on a similar concept include a pathology
PACS that manages pathologic images.

— Laboratory information management system (LIMS): Also
referred to as a laboratory information system (LIS), this software-
based system is designed to manage information related to the
overall operation of a laboratory.

— Electronic medical record (EMR): An EMR contains a pa-
tient’s digital medical information, all the data obtained during
diagnosis and treatment. The EMR and order communication
system constitute a hospital information system (HIS), which is
vital in the digitalization of medicine.

— Quality assurance (QA): Activities performed by a QC man-
ager to ensure that certain material, data, products, or services (in
this recommendation draft, QA refers to examination services
inside a laboratory) have functions or results that comply with
or satisfy established technical requirements.

— Quality control (QC): QC, also referred to as quality man-
agement, refers to laboratory analysis activities designed to im-
prove the quality of test results by detecting and correcting de-
fects that can occur during the experimental processes of all tests
conducted within a laboratory. QC can be divided into internal
QC, standard operating procedures and regulations set by the
laboratory itself, and external QC, verified and approved by the
FDA, member organizations of the International Laboratory
Accreditation Cooperation, or agencies that operate proficiency
assessment programs in accordance with international standards.

— Validation: Validation describes the process of confirming
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whether equipment, reagents, and test methods that have already
been verified can be appropriately applied to the individual lab-
oratory in question according to certain standards before they are
implemented. Validation should be established by documents
that provide a high level of assurance.

GUIDELINES AND CONSIDERATIONS

Considerations for the hardware and software used in DP
systems

This recommendation combines the essence of various research
articles and guidelines, position papers, and instructions an-
nounced by major countries to present the functional require-
ments for DP hardware and software, along with related infor-
mation to be considered when implementing a DP system. Using
this information, each institution can select an appropriate system
suitable for its particular circumstances when implementing a
DP system, training experts to manage the DP system, and edu-
cating the pathologists and residents who will be using the DP
system.

Considerations and recommended functional requirements
fora WSS

Considerations for a WSS

The process of scanning to acquire images might be the most
significant aspect of the DP system. When implementing a DP
system using a WSS, it is important to understand that a WSI
is a high-resolution copy of a glass slide image [6]. In other words,
the actual glass slide image might not be 100% accurately repli-
cated into a digital image due to various factors involved in im-
age acquisition using a scanner. During the scanning process,
some image data can be missed or inadvertently omitted because
of inappropriately set scan parameters or tissue samples that are
too thin or too small (e.g., fine needle aspirate of breast fat tissue
or highly necrotic tissue) or an automatic tissue detection system
error [6,10]. Therefore, the person in charge must verify that all
important areas of interest are included in the scan range and
prepare a plan to prevent errors that can occur for those reasons.
Commercially available WSSs are listed in Supplementary Table
S1 organized by manufacturer.

Recommended functional requirements for a WSS

The WSS requires an optical system that can illuminate glass
slides using a bright field method as well as approptiate luminous
intensity to scan the entire area [7,58]. Users should have detailed
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information about the light source, color temperature, and mode
of illumination in the optical system [7].

The scanner is recommended to have an optical system capa-
ble of at least 40 X magnification [6,7,58]. Resolutions of 500
and 250 nm per pixel can be achieved with 20 x and 40 X scans,
respectively; thus, the scan magnification should be set based
on the type of sample and purpose of the test.

The scanner must be designed such that the glass slide is safely
maintained without being damaged, dislodged, or shifted dur-
ing the slide exchange process as a scanned glass slide is removed
and the next glass slide to be scanned is mounted [58]. A slide that
is not firmly secured could shift slightly during this exchange,
potentially creating artifacts in the scanned digital image [6].

The scanner must have an identification function, such as the
ability to scan and recognize the labels of glass slides or identifi-
cation information such as barcodes or QR codes to match the
information from a slide to its digital image [4,7,58]. Scanners
that support an identification function using a barcode or QR
code play an important role in the automation of pathology lab-
oratories and could help to reduce errors such as switched sam-
ples [4].

In addition to acquiring magnified images, the scanner should
provide overview images (also called preview or macro-images)
to allow users to observe the entire tissue on a glass slide in a single
view [7,58]. During image acquisition, the horizontal and verti-
cal resolution must be the same, and the color range and grada-
tion of color images must satisfy the quality standard designated
by the manufacturer [6,58].

The scanner must have an auto-focus function that satisfies the
quality standard designated by the manufacturer, and it must be
able to tell the user whether the image was successfully scanned
with the normal auto-focus function [7,58].

The scanner must provide a function that allows users to check
whether the digital image was scanned satisfactorily [7,58]. The
manager who evaluates the quality of scanned images must care-
fully examine whether faint stains, pen marks, foreign objects,
air bubbles during sealing, or damage to the cover slide affected
the quality of scanned digital images and whether errors such as
misalignment of strips or tiles when combining have occurred [6].
A work process enabling screening for those and similar factors
must be established.

When implementing a DP system, the scanner type, perfor-
mance, and quantity must be selected based on the scale of testing
at the institution, sample size, sample type, tests being applied,
required turn-around time (TAT), and amount of labor required
to carry out the scan work [4]. The number of scanners appro-
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priate for each institution can be calculated by determining the
total time needed for scanning, available time for scanning, and
scanner utilization rate [4]. The total time needed for scanning
can be calculated by multiplying the number of samples to be
scanned and average scan time per slide of the equipment; how-
ever, other factors, such as the time required to mount and dis-
mount slides, time required for maintenance and repair, changes
in workflow, and available labor, must also be considered [4].
Moreover, even digital images acquired from the same glass slide
can show slight differences in saturation, color density, and color
temperature depending on the scanner manufacturer [59]; thus,
comparison tests of suitable equipment from various vendors
should be performed before system implementation [55].

Considerations and recommended functional requirements
for image database systems

Considerations for image database systems

An image database system comprises a computer system to
manage image data, a storage device such as a server, and image-
archiving software related to the database that manages data stor-
age [6,7,58]. Data can also be stored on a hard disk drive managed
by the computer operating system (OS) without image archiving
software [10]. In the case of an image database system, a pathol-
ogy PACS using an independent server is recommended to ac-
commodate the size of digital pathologic image data and the
amount of data transmitted. However, depending on the situa-
tion and needs of each individual institution, data storage could
also be integrated and use the same server as the general institu-
tional PACS [6,7].

Each institution should determine how long digital image data
should be preserved. The guidelines by CAP (USA), RCP (UK),
and FAGP (Germany) recommend data preservation for at least
10 years, whereas the guidelines from the JSP (Japan) recommend
permanent preservation, with a minimum of 5 years [6,10,26,30].
The JSP guidelines also recommend that data from the past 5
years be preserved in hot storage, meaning that they are available
for immediate use [26]. For reference, the preservation period
recommended by the Medical Act of South Korea for glass slides
containing pathological tissue is 5 years, which is the require-
ment for test records or findings among general medical records.

Each institution must set a preservation period based on its
particular situation and the relevant laws.

During implementation of an image database system, insti-
tutional IT specialists should be consulted because their coop-
eration is required for integration with the LIMS, connection to
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electronic health records that include clinical information, com-
pliance with the institution’s information security policies, and
seamless interconnection and integration with existing PACS
[6,7,10].

Recommended functional requirements for image database
systems

The image database system must be able to guarantee that the
identification information of the glass slide matches that of the
digital image [26]. Moreover, even if the version of the image
archiving software changes, using a preserved image should not
be problematic, and the possibility that digital images could be
damaged by overheating of the storage device or recording medi-
um should be eliminated [7].

The type of storage method must include the concept of backup
or mirroring to ensure that data are safely preserved (e.g., using
network attached storage or a redundant array of inexpensive
disks) [10].

The image database system (or software) could support the
DICOM format, the standard file format for medical imaging
designated by the American College of Radiology and National
Electrical Manufacturers Association, to ensure compatibility
with other scanners or PACS [7,10]. This is an important func-
tion that must be considered when implementing image data-
base systems to enable future data exchange or transmission to
other institutions and combined use with other image acquisi-
tion/storage devices within the institution [7,10].

Considerations and recommended functional requirements
for image display devices and image viewing software

Considerations for image display devices and image viewing
software

Image display devices include flat-screen monitors, occasionally
with touch-input function. The devices can be portable, such as a
tablet PC, for telepathology [7,58]. The image viewing software
should run on various platforms suitable for the image display
devices used by an institution and should support operation over
a network connection [58].

Image display devices, including monitors, are part of an im-
aging chain (also called a visualization pipeline), as are optical
components such as scanner lenses and image acquisition com-
ponents such as a charge-coupled device, an electronic component
for data processing [6,10]. Consideration should be given to the
following factors that determine the quality of image display
devices: the type of display (such as the size of the device), the
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structure of the light source (light-emitting or light-receiving),
the liquid crystal alignment mode (in-plain switching or vertical
alignment), and the structure of the liquid-crystal display and
flat panel; the mechanical characteristics of the device, including
the resolution (dots per inch), luminance, contrast ratio and
contrast, color temperature, color profile of the monitor, viewing
angle, response rate, image retention, and burn-in [6,7,10]; the
mechanical characteristics of the image display system associat-
ed with the speed and capacity of the graphic memory in the
computer system; and environmental factors such as room lighting,
window placement, distance from the observer eye level, and
differences in user heights [6,10].

When making diagnoses using a DP system, it is often neces-
sary to check clinical information from the patient EMR or radio-
logic data from the PACS, for which multiple monitors can be
used. When comparing or observing two or more DP images
using multiple monitors, the monitors should have been manu-
factured in the same year and should be the same model to min-
imize differences in the images caused by the different monitors
[6,10]. Moreover, the performance of an image display device can
degrade after extended use in terms of decreased luminance, de-
creased contrast ratio, and burn-in. Therefore, each device must
be regularly validated by appropriate methods, or actions must
be taken to maintain its performance [6,7,10,58]. For reference,
examples of displays used in current DP deployments and the
largest validation studies presented in best-practice recommen-
dations by the RCP for implementing DP are listed in Supple-
mentary Table S2 [6].

Recommended functional requirements for image display
devices and image viewing software

Because technologies for image display devices such as moni-
tors are advancing rapidly, it is difficult to define the minimum
requirements for a DP system based simply on numeric values
[7,58]. Moreover, it is difficult to define the absolute require-
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ments because the luminance, luminance ratio, and contrast can
change depending on the office environment. Therefore, optimal
functional conditions should be defined according to the situa-
tion and needs of each institution [58].

Various international DP guidelines present minimum func-
tional requirements with slightly different specifications that all
gradually increased depending on when they were announced
(Table 3) [7,9,10,55,58].

These guidelines generally recommend the following: horizon-
tal resolution >1,280-2,560 pixels, screen size (diagonal) > 17—
27 inches, luminance >170-300 cd/m?, luminance ratio >250—
1,600:1, pixel pitch <0.33 mm, and minimum luminance >0.5
cd/m’. However, certain guidelines do not specify values and rec-
ommend that each laboratory select suitable monitors at their dis-
cretion, with validation of the overall performance [2,6]. Increas-
ing the monitor resolution does not enable digital images acquired
by a scanner to be viewed at a resolution higher than the original
resolution. However, if the monitor resolution is too low, original
digital images acquired at higher resolutions might not be accu-
rately displayed [2,6].

Image viewing software can include the following functions:
an observation field display that shows overview images (also re-
ferred to as preview or macro-images), with the part of the total
overview image being observed indicated within a square; an
annotation function that displays the object magnification and
length scale (accamulation) on the images and allows users to
insert figures or words to mark areas of interest; a function to
screen-capture partial or entire images of interest displayed on the
monitor; a function that allows side-by-side comparison of DP
images from different tests performed on the same patient, such
as immunohistochemical or special stains, or DP images from
similar cases for reference; and basic morphometric functions,
such as measuring the length and area of certain microstructures
[7,10]. Whether these functions can be adequately performed in
the workflow of real practice should be determined in advance

Table 3. Minimum requirements for image display devices recommended by international guidelines

CAP? (US) [55]

SEAP (Spain) [9]

FAGP (Germany) [10] JSP (Japan) [7]

Published year 2015
Screen resolution (pixels) 1,280x 1,024
Screen size (inch) 17 0r19
Pixel pitch (mm)

Luminance (cd/m?)

Luminance ratio (contrast ratio)

Minimum luminance (cd/m?)

2015 2018 2019
1,920x 1,080 2560 x 1600 1,280x 1,024
22 27 19.3
- - <0.33
>100 >300 >170
1,000-1,600:1 - >250:1
>0.5 -

CAP, College of American Pathologists; SEAP, Society of Anatomic Pathology; FAGP, Federal Association of German Pathologist; JSP, Japanese Society of

Pathology.
Results of validation studies conducted based on U.S. CAP guidelines [55].
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[4,6,10]. The image viewing software can also include additional
functions such as morphological classification, morphometry,
tumor grading, and tumor diagnosis and detection with the aid
of machine- or deep-learning computer algorithms [1,3]. It is
necessary to determine whether sufficient evidence, based on the
results of comparative analyses with conventional microscopy,
supports the use of those functions within the diagnostic pro-
cess [1,3].

Other considerations

Issues related to integration/links with LIS and EMR systems

The DP system must be linked appropriately to the LIS that
stores and manages test records from the pathology laboratory
and the HIS or EMR system that manages clinical patient records
inside the hospital [7,10,58]. The ATA (US), Canadian, and Eu-
ropean guidelines recommend linkage and management using
standard methods such as HL7 [9-11,60]. The DP system must
include metadata associated with the digital images [58; i.e.,
overview images (preview, macro-images), scan parameters, and
data on the scanned area. When the system is linked to the LIS,
data such as the test number, tissue information, block number,
and staining information must be appropriately linked. Moreover,
the linked systems must be checked to confirm the smooth opet-
ation of both systems and the link between them under actual
workflow conditions [4].

The DP system must also be linked to the institutional PACS
and EMR or HIS so that the patient clinical and radiologic image
data needed for diagnosis are easily accessible [7,10,61,62]. It is
best to follow the international standard DICOM. When linking
to other information systems within an institution, IT specialists
within that institution should be consulted in advance so that
they can ensure safety by minimizing the effects of those links on
network or information security [61-64].

Issues related to telepathology, firewalls, protection of personal
information, and mobile device use

Rapid advances in wired/wireless networks and mobile tech-
nologies are expected to increase WSI diagnosis by means of re-
mote systems or portable devices such as tablet PCs [6]. Diag-
nostic systems once used real-time images acquired by remotely
controlled microscopes [13,60,65]. In South Korea, which has a
relatively small territory with a highly developed wireless net-
work environment and equally distributed access to healthcare,
transmitting and sharing WSIs through a wired/wireless network
is more likely than using the older telepathology system [1,3].
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Moreover, rapid advances in the wireless network environment
are likely to accelerate diagnosis or consultation using portable
devices.

In both cases, strict technical measures must be in place to
ensure information security and protect personal information
regardless of the type of terminal being used [6,10]. Therefore,
measures are needed to ensure that transmitted data are not easily
released outside the network and that transmitted metadata do
not contain personal information to minimize the risk to pet-
sonal data even if a data leak were to occur.

When diagnoses are made using portable terminals such as a
tablet PC, the use of a relatively small screen is a major concern.
The results of a recent study suggest that diagnosis using porta-
ble terminals should be limited to special cases that require rela-
tively low accuracy but rapid reporting of results, such as frozen
section tests [1,53,65]. These terminals are generally not reliable
for routine diagnostic work. Appropriate caution and consider-
ations are deemed necessary.

Portable terminals run on different OSs, usually iOS (Apple)
or the Android OS (Google). Image viewing software for portable
terminals must be built to run smoothly on each OS. Cross-plat-
form software that can run on any OS could be built based on
HTMLS5 [58].

Guidelines and considerations for validation needed
for the implementation of DP systems and internal QC
needed during operation

For primary pathologic diagnosis by WSI, the DP system
must undergo appropriate validation by the managing personnel
before implementation. Moreover, internal QC must be performed
regularly while the system is in operation to ensure that the sys-
tem is operating normally and that the test results are reliable.
Upon the identification of a system defect that could cause serious
errors in the test results, immediate action must be taken to resolve
the issue.

This recommendation is based on guidelines related to the val-
idation of DP systems published by CAP (US) (Table 4) [30] and
FAGP (Germany) (Supplementary Table $3) [10] and contains
general principals and instructions that could be referenced for
internal QC during operation, validation of the DP system dut-
ing implementation at each institution, and the development of
QA items related to DP systems for the KSP QC program.

Laboratory QA includes verification and validation. Verifica-
tion refers to the approval of equipment or the production of
reagents by regulatory authorities, such as the Ministry of Food
and Drug Safety, before the implementation of a specific test or
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Table 4. College of American Pathologists guidelines for validating whole slide imaging systems for diagnostic purposes in pathology [30]

Guideline statement

Grade of evidence

—

. All pathology laboratories implementing WSI technology for clinical diagnostic purposes should carry out their own validation
studies.

. Validation should be appropriate for and applicable to the intended clinical use and clinical setting of the application in which
WSI will be used. Validation of WSI systems should involve specimen preparation types relevant to the intended use (e.g.,
formalin-fixed paraffin-embedded tissue, frozen tissue, immunohistochemical staining, cytology slides, hematology blood
smears).

Note: If a new intended use for WSl is contemplated and this new use differs materially from the previously validated use, a
separate validation for the new use should be performed.

. The validation study should closely emulate the real-world clinical environment in which the technology will be used.

N

w

4. The validation study should encompass the entire WSI system.
Note: It is unnecessary to separately validate each individual component of the system (e.g., computer hardware, monitor,
network, scanner) or the individual steps of the digital imaging process.

Revalidation is required whenever a significant change is made to any component of the WSI system.
6. At least one pathologist adequately trained to use the WSI system must be involved in the validation process.

o

7. The validation process should include a sample set of at least 60 cases for one application (e.g., H&E stained sections of fixed
tissue, frozen sections, cytology, or hematology) that reflects the spectrum and complexity of specimen types and diagnoses

Expert consensus opinion

Recommendation
Grade A

Recommendation
Grade A

Recommendation
Grade B

Expert consensus opinion
Recommendation

Grade B
Recommendation

Grade A

likely to be encountered during routine practice.

Note: The validation process should include another 20 cases for each additional application (e.g., immunohistochemistry,

special stains).

8. The validation study should establish diagnostic concordance between digital and glass slides for a single observer

(i.e., intra-observer variability).

9. Digital and glass slides can be evaluated in random or nonrandom order (as to which is examined first and second) during

the validation process.

10. A washout period of at least 2 weeks should occur between viewing digital and glass slides.

11. The validation process should confirm that all of the material present on a glass slide to be scanned is included in the digital

image.

12. Documentation recording the method, measurements, and final approval of the validation results for the WSI system should

be maintained.

Suggestion
Grade A

Recommendation
Grade A

Recommendation
Grade B

Expert consensus opinion

Expert consensus opinion

WS, whole slide imaging; H&E, hematoxylin and eosin.

experiment. Validation is an institutional-level testing process
before implementation in a laboratory. Validation can be divided
into internal validation performed in-house by each laboratory,
which is the case for DP systems, and external validation performed
by third-party institutions. During DP operation after implemen-
tation, a quality management program should be performed
continuously and routinely. This program also includes internal
quality management programs carried out in-house according
to internal instructions and an external quality management pro-
gram performed by independent institutions. A typical example
of an external quality management program is the KSP Quality
Control Program (proficiency test). Because that program does
not currently include quality assessment items related to DP sys-
tems, appropriate items should be developed and included soon;
in doing so, the following rules should be considered. The follow-
ing recommendation statements are summarized in Table 5.
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1. All pathology laboratories operating WSI-based DP systems for
clinical diagnosis must conduct in-house validation studies
(Expert consensus)

Variable factors in the testing process could influence DP sys-
tem performance and validity; thus, a validation study before sys-
tem implementation is essential. Simply because the DP system
has already been approved by relevant authorities through a veri-
fication process and is being operated according to the manufac-
turer’s recommended operating protocol does not guarantee the
validity of the system for the samples and environment at each
institution. The validation results must be appropriately docu-
mented and maintained accordingly [6,10,30].

2. The validation study should be conducted under conditions that
are consistent with the clinical use intended by the DP system
manufacturer (Recommendation)

Validation is intended to prove that the WSI system is operat-
ing as expected according to its intended purpose [6,10,30]. There-
fore, the specific methods and design of the validation must be
consistent with the purpose at the time that the WSI system was
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Table 5. Recommendation statements from the Medical Informatics Study Group (MISG) of the Korean Society of Pathologists (KSP) for vali-

dation of digital pathology systems for primary diagnosis during implementation

Recommendation statement Grade of evidence
1. All pathology laboratories operating whole slide image-based digital pathology systems for clinical diagnosis must conduct Expert consensus
in-house validation studies.
2. The validation study should be conducted under conditions that are consistent with the clinical use intended by the digital Recommendation
pathology system manufacturer.
3. The validation study should be designed to be as similar as possible to the actual clinical settings in which the technology Recommendation
will be used.
4. The validation study should cover the entire digital pathology system. Recommendation
5. Significant changes in the composition of the digital pathology system necessitate re-validation. Expert consensus
6. Validation is intended to be conducted by at least one pathologist who has been acclimated to the digital pathology system. Recommendation
7. The validation must be performed on at least 60 samples for a single applicable field (e.g., histopathologic H&E-stained slides, Recommendation
frozen sections, cytology slides, blood smear slides) according to the type of sample or test. For additional applicable fields
(e.g., immunohistochemical staining, special staining), validation could be performed by adding 20 or more samples.
8. Validation must be carried out using a comparative analysis of diagnostic concordance between microscopic and WSI-based Suggestion
diagnoses by a single observer (intra-observer variability assessment).
9. Validation can be performed using either randomly or sequentially arranged samples. Recommendation
10. During the validation, a washout period of at least 2 weeks is needed to minimize the influence of recall bias. Recommendation
11. During validation, data integrity during image acquisition must be assessed by verifying whether all tissues on the glass Expert consensus
slide have been properly scanned to form the digital image.
12. Pathology laboratories must maintain documentation regarding the validation of the digital pathology system, including the Expert consensus

methods, results, and final approval.

H&E, hematoxylin and eosin; WS, whole slide imaging.

manufactured. For example, even if a DP system that was man-
ufactured to run gynecological liquid-based cytology slides has
been successfully validated using gynecological liquid-based
cytology samples before implementation, it would not be safe to
assume that this system would demonstrate the same quality for
centrifuged urine cytology samples. Therefore, separate testing
must be conducted when the DP system is to be used for purposes
other than originally planned. However, if the overall process of
sample preparation and interpretation is the same, then a single
validation study could be sufficient [6,10,30]. For example, when
testing immunohistochemical stain slides, having the sample
preparation process would obviate the need to individually test
all antibodies.

3. The validation study should be designed to be as similar as
possible to the actual clinical settings in which the technology
will be used (Recommendation)

It is not advisable to conduct the validation study by selecting
samples that show “typical” pathologic findings for each diag-
nosis favorable for testing [6,10,30]. The validation must repre-
sent common cases and should include a sufficient number of
borderline cases that could be difficult to diagnose using the DP
system, such that the spectrum of diagnostic complexity and
difficulty found in actual workflow is adequately represented. In
addition to a comparison of diagnostic accuracy, the validation
must also include an assessment of its performance with respect
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to cases that are expected to be more difficult than by microscopy,
such as dysplasia grading, calcium oxalate crystal detection, mi-
tosis counting, eosinophil counting, microorganism detection,
and viral inclusion detection. This process can be used to facili-
tate user training and learning, as well as proper validation. For
frozen section cases, whether the TAT from scanning to diagnosis
is similar to that of microscopic diagnosis must also be assessed
[6,10,30]. If the system is used in a single institution, compara-
tive assessment with other laboratories is not necessary. However,
if samples prepared in other institutions are used, then advanced
testing of the method is necessary to simulate the same workflow.

4. The validation study should cover the entire DP system

(Recommendation)

The validation study is a QA process intended to test the entire
process; thus, separate testing of individual system components
(e.g., the computer system, monitor, and scanner) or processes
is unnecessary [6,10,30].

5. Significant changes in the composition of the DP system
necessitate re-validation (Expert consensus)

Validation must be repeated whenever significant changes are
made to the composition of the DP system, such as the use of a
new type of scanner or hardware or software upgrades [6,10,30].
The validation could be petformed with a smaller number of
samples (i.e., 20 samples) if the new scanner was manufactured
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by the same manufacturer; is the same model as the previously
validated scanner; and is used with the same network, image da-
tabase system, image viewing software, and image display device.
Minor changes can be managed according to internal guidelines

[6,10,30].

6. Validation is intended to be conducted by at least one
pathologist who has been acclimated to the DP system
(Recommendation)

The validation process assumes that a pathologist who has been
acclimated to the DP system will make a diagnosis [6,10,30].
Therefore, validation should be performed by someone familiar
with using the DP system, rather than inexperienced individuals,
to eliminate results biased by the tester’s level of education and
training. Moreover, although the system does not need to be
validated by every pathologist who uses it, the validation could
include other laboratory personnel (e.g., laboratory managers,
histo- or cytotechnicians, and residents), IT managers, or tech-
nical advisors. The validation should also include personnel who
perform slide scanning [6,10,30].

7. The validation must be performed on at least 60 samples for a
single applicable field (e.g., histopathologic H&E-stained slides,
frozen sections, cytology slides, blood smear slides) according
to the type of sample or test. For additional applicable fields
(e.g., immunohistochemical staining, special staining), validation
could be performed by adding 20 or more samples
(Recommendation)

The number of people involved in the validation and the scale
of the validation could vary significantly between institutions
[6,10,30]. Moreover, it is difficult to accurately calculate the
minimum number of samples needed to guarantee 100% validi-
ty. The manager of the DP system at each institution must fully
consider the scale and characteristics handled by the institution
as well as the relevant personnel and include samples with varying
degrees of diagnostic difficulty when selecting the appropriate
number of samples needed to ensure reliable operation of the DP
system [4,6,10,30]. A prospective validation process during 1-3
months of actual operation, as well as a retrospective validation
study using prior tests, could be also considered.

8. Validation must be carried out using a comparative analysis of
concordance between microscopic and WSI-based diagnoses
made by a single observer (intra-observer variability assessment)
(Suggestion)

Validation is intended to assess the diagnostic concordance
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between microscopic and WSI-based diagnoses; thus, it must
be conducted as an intra-observer variability assessment with
repeated assessments by the same observer [4,6,10,30]. The de-
gree of diagnostic concordance can be assessed using a 3-tier sys-
tem according to the clinical implications (i.e., major discordance
that could drastically affect patient prognosis and treatment;
minor discordance that could affect the diagnosis severity without
causing changes in patient prognosis and treatment; and mini-
mal discordance with little or no difference in the diagnosis sever-
ity and patient prognosis or treatment) [4,6,10,30]. The goal of
comparative analysis should be to identify the cause of problems
related to image quality, such as artifacts during digital image
scanning, rather than diagnostic variability resulting from inter-
pretational changes by the observer [6].

9. Validation can be performed using either randomly or
sequentially arranged samples (Recommendation)

Intuitively, the random arrangement of samples would seem
to minimize the influence of recall bias on validation. However,
relevant studies have reported no significant difference between
random and sequential assessments [2,4,6,10,30].

10. During the validation, a washout period of at least 2 weeks is
needed to minimize the influence of recall bias
(Recommendation)

An observer remembering tissue slide images previously exam-
ined and their corresponding diagnoses can cause recall bias that
could affect validation concordance [2,4,6,10,30]. Therefore, it
is important to perform the validation with a sufficient washout
period between the observations. Previous studies and major
guidelines recommend a washout period of at least 2 weeks;
however, a longer washout period might be more favorable as
long as it does not burden the operation of the institution.

11. During validation, data integrity during image acquisition must
be assessed by verifying whether all tissues on the glass slide
have been properly scanned to form the digital image
(Expert consensus)

In addition to assessing the diagnostic concordance, the assess-
ment of data integrity during image acquisition is also important
with respect to the QA of the DP system [2,4,6,10,30]. Slides
with poor staining quality, images of very small tissues that are
out-of-focus, and errors or scan failure during image acquisition
should be checked and appropriate measures taken during vali-
dation. In addition, it is important to check whether the meta-
data of the digital images and the slide identification numbers
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(slide labels) match [2,4,6,10,30].

12. Pathology laboratories must maintain documentation
regarding the validation of the DP system, including the
methods, results, and final approval (Expert consensus)

Pathology laboratories must keep and manage the documents
demonstrating their successful validation of their DP systems,

including the methods used, results, and final approval [2,4,6,

10,30]. During the validation, system users should be educated

and trained to operate the system, and supporting documents

showing that this education has been conducted must be pre-
pared and maintained. The final document must contain the sig-
nature of the DP system manager or designated representative.

In addition, the inclusion of a statement in the pathologic report

that a DP system was used for diagnosis is recommended [26].

CONCLUSION

The technical innovations in the past decade have advanced
DP enough for it to replace conventional microscopic diagnosis
[1]. However, caution is still needed in certain situations that re-
quire specific pathologic determination, such as microbial infec-
tion assessment [1]. Ultimately, accumulating experience and
data could lead to solutions to these current technical limitations.

The successful implementation of DP systems provides a foun-
dation from which pathology laboratories can enhance their ser-
vices and create innovative workflows. DP could change the daily
lives of pathologists in the next 20-30 years. The convergence
of DP with various cutting-edge scientific fields, such as comput-
ing based on big data and artificial intelligence, would be a game-
changer in the upcoming 4th Industrial Revolution. Therefore,
government-led planning and systemic support for the timely
implementation of DP systems is needed. KSP-MISG continues
to introduce relevant and timely technologies to meet demand
and strives to provide standards and advice on their safe imple-
mentation in actual clinical practice.
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Liquid biopsy using extracellular vesicle—derived DNA
in lung adenocarcinoma
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Blood liquid biopsy has emerged as a way of overcoming the clinical limitations of repeat biopsy by testing for the presence of ac-
quired resistance mutations to therapeutic agents. Despite its merits of repeatability and non-invasiveness, this method is currently
only used as a supplemental test due to a relatively low sensitivity rate of 50%-60%, and cannot replace tissue biopsy. The circulating
tumor DNAs used in blood liquid biopsies are passive products of fragmented DNA with a short half-life released following tumor cell
death; the low sensitivity seen with liquid blood biopsy results from this instability, which makes increasing the sensitivity of this test
fundamentally difficult. Extracellular vesicles (EVs) are ideal carriers of cancer biomarkers, as cancer cells secret an abundance of EVs,
and the contents of tumor cell-originated EVs reflect the molecular and genetic composition of parental cells. In addition, EV-derived
DNAs (EV DNAs) consist of large-sized genomic DNAs and tumor-specific oncogenic mutant DNAs. For these reasons, liquid biopsy
using EV DNA has the potential to overcome issues arising from tissue shortages associated with small biopsies, which are often seen
in lung cancer patients, and the biopsy product can be used in other diagnostic methods, such as epidermal growth factor receptor
(EGFR) mutation testing and next-generation sequencing (NGS). A higher sensitivity can be achieved when EV DNAs obtained from
bronchoalveolar lavage fluid (BALF) are used rather than those from blood. BALF, when obtained close to the tumor site, is a promis-
ing liquid biopsy tool, as it enables the gathering of both cellular and non-cellular fractions of the tumor microenvironment, and pro-

vides increased diagnostic sensitivity when compared to blood.
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A growing trend in identifying biomarkers in diseases has
brought on a dramatic rise in the number of tissue biopsies per-
formed in the era of precision medicine. With advanced non-small
cell lung cancer NSCLC) patients often relying on small biopsies,
the clinical need for an established liquid biopsy protocol has be-
come an urgent necessity. Unlike gastrointestinal cancer, where
tumor lesions in all locations can generally be visualized, lung
cancers can only be approached by bronchoscopy, which limits
visualization to central tumors. Even with the use of endobron-
chial ultrasound, peripheral lung cancers, such as adenocarcino-
ma before metastasis to the mediastinal lymph node, must rely
on the invasive percutaneous needle biopsy (PCNB).

Recent trends have shown a decrease in the incidence of cen-

pISSN 2383-7837
elSSN 2383-7845

tral lung cancers, such as squamous cell carcinoma and small cell
carcinoma, with a concomitant increase in the incidence adeno-
carcinoma, where testing to identify driver oncogenic mutations
is essentially useful [1-3]. With the development of target ther-
apy drugs, the clinical need for rebiopsy or even repeated biop-
sies is increasing in order to identify drug resistance mechanisms
in the targeted tissues [4,5]. Lung cancer tumor lesions are often
small in size or positioned in a way that makes them difficult to
target. In the case of ground-glass nodules (GGNS), a biopsy is
not possible until enough of a solid portion develops to obtain
tumor tissue by PCNB. For these reasons, “tissue is the issue” is
a challenge faced by many clinicians, especially by those treating
lung cancers. Liquid biopsy using blood was introduced to over-
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come the difficulties of obtaining a quality solid tumor tissue
sample, but remains a secondary diagnostic technique to tissue
biopsies due to its low sensitivity [6-8].

Blood liquid biopsy uses circulating tumor DNAs, free-float-
ing DNA fragments found in the blood, has a low sensitivity, as
the sample is not from near the tumor site and the DNA is insta-
ble due to its nakedness [9]. Since blood is a complex body fluid
with many components, there is a need for a different biosource
for use in liquid biopsy. Also, the characteristics of cell-free DNAs
(cfDNAs) extracted from plasma after the removal of red blood
cells have never been properly defined, as these DNAs could
have originated from free-floating DNA, DNA-protein complex-
es, and/or inside of extracellular vesicles (EVs). Extracted cfDNAs
are mostly found in fragments of about 180 bp in length, which,
in the context of cancer patients, circumstantially indicates that
they are passively released byproducts from tumor cell death.
The free-floating nature gives cfDNAs a short half-life of 2-2.5
hours, and this instability makes them inadequate as biomark-
ers [10,11].

EVs, nano-sized vesicles secreted by almost all types of cells,
carry bioactive molecules, such as proteins, glycans, lipids, metab-
olites, RNAs, and DNAs, enclosed by a lipid bilayer, and act as
an essential mediator in cell-to-cell communication [12-15]. EVs
make an ideal cancer biomarker, as the contents of tumor cell-
originated EVs reflect the molecular and genetic composition of
parental cells, and are secreted in higher amounts than EVs of
normal cells [16]. DNAs inside of an EV have advantages over
cfDNAs as a biosource for liquid biopsy. Foremost, EV-derived
DNAs (EV DNAs) consist of large-sized genomic DNAs and tu-
mor-specific oncogenic mutant DNAs, unlike the fragmented cfD-
NAs [17]. However, EVs have yet to be precisely defined and
categorized. For the purpose of this review, our main focus will be
to classify the exosomes found in EVs and recapitulate the cur-
rent status of liquid biopsy in lung cancer, focusing on EVs.

BIOSOURCES FOR LIQUID BIOPSY

Most cancers, even when they remain localized to a single pri-
mary site, can have a systemic impact by releasing tumor cells
and byproducts into various body fluids. Liquid biopsy makes use
of these biofluids, such as blood, urine, cerebrospinal fluid, pleu-
ral effusion, and glandular secretions, to analyze the characteristics
of tumor cells in a continuous and noninvasive matter [18,19].
There are four major biosources used for liquid biopsy: circulating
tumor cells (CTCs), (fDNAs, tumor-educated platelets (TEPs),
and EVs [20].

http://jpatholtm.org/

CTCs are shed by primary tumors and stay circulating in the
bloodstream until they metastasize to various parts of the body,
which can happen at any time, even in the early stages of cancer
development [21,22]. The advantage of using CTCs over other
biosources is that a multi-omics approach evaluating the genomic,
transcriptomic, and proteomic profiles of the tumor can be applied
[23]. However, due to their minimal presence (there are approxi-
mately 1-10 CTCs/mL in blood), identification and characteriza-
tion of cancer using CTCs is proving to be difficult [24,25], while
the heterogeneity of surface markers and size of CTCs makes them
challenging for clinical use [22]. The isolation of CTCs is also
quite complicated, due to their extreme rarity compared to sur-
rounding blood cells. The CellSearch system is the only U.S. Food
and Drug Administration (FDA)-approved commercial product
for CTC enumeration, but it is not widely used in a clinical set-
ting because of its shortcomings, such as its high cost, need for
manual processing, and high false-positive/false-negative rates
[26]. Microfluidic platforms that are affinity-based and that uti-
lize surface markers such as epithelial cell adhesion molecule to
distinguish CTCs from surrounding blood cells have been pro-
posed, but the matter of a high false-negative rate remains chal-
lenging due to the downregulation of surface epithelial markers
driven by the epithelial-mesenchymal transition (EMT) [27,28].
Despite extensive research, CTCs are currently not commonly used
in NSCLC mainly due to technical problems.

CfDNAs are the most commonly used biosource for liquid bi-
opsy in lung cancer, because they are easily obtained and their
concentration is significantly higher in cancer patients compared
to healthy persons, with this increase correlating with cancer
stage [22,29,30]. The Cobas EGFR mutation test v2 is clinically
used for detecting T790M resistance mutation and in the pre-
scription of osimertinib [31]. In recent years, next-generation se-
quencing (NGS) using blood-derived ¢fDNAs has been applied
for screening and early diagnosis, treatment selection and prog-
nosis, and residual disease and risk of relapse in NSCLC patients
[32]. Wee are not going to review this area deeply, as many research
articles and reviews have already explored blood fDNA liquid bi-
opsy, especially in epidermal growth factor receptor (EGFR)-
mutated NSCLC patients [32-36]. The most important thing in
blood ¢fDNA liquid biopsy in NSCLC is that cfDNA has fun-
damental limitations for liquid biopsy due to the fragmented
nature of fDNA and its instability, which leads to low test sen-
sitivity.

TEP was recently discovered as a potential noninvasive biomark-
er, as TEPs are involved in the initiation, progression, and metas-
tasis of tumors [37,38]. Cancer cells induce platelet activation
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and assist the production of TEPs, which can promote tumor cell
invasion through regulation of the p38MAPK-MMP9 pathway,
promoting metastasis through EMT and escaping immunity via
platelets-coated CTCs [39]. Also, alteration in a panel of RNAs
was observed in cancers, which could also be useful as a biomark-
er [40]. Best et al. [41] reported the development of a TEP algo-
rithm that can predict the presence of EGFR mutations, MET
amplification, and KRAS mutations with high accuracy, which
could potentially be used in the diagnosis of NSCLC.

FUNCTIONAL ASPECTS OF TUMOR-DERIVED
EXTRACELLULAR VESICLES
IN CANCER BIOLOGY

Tumor cells actively produce and release EVs that carry cyto-
plasmic components, including RNAs, DNAs, and proteins
(Fig. 1A) [15,42]. These tumor-derived EVs are found in all
bodily fluids, including saliva, blood, urine, and bronchoalveolar
lavage fluid (BALF) (Fig. 1B) [43,44]. Mechanisms through
which tumor-derived EVs select their cargo, serve the tumor, and
affect surrounding cells are under intense investigation. There are
multiple hypotheses for the original function of EVs in the con-
text of cancer, from containing toxin and quorum sensing mole-
cules in bacterial EVs to carrying information and conveying ge-
netic messages by the tumor cells [45-47].

Many reports have illustrated that EVs derived from tumors
play a significant role in intercellular communication by trans-
mitting signals and transferring their oncogenic contents. These
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roles include the promotion of oncogenic potential in acceptor
cells by increasing their cell proliferation potential [48], modu-
lation of metastatic ability [49], and up-regulation of angiogen-
esis [50]. Studies have demonstrated that EVs are sufficient to
recapitulate the formation of tumors through the neoplastic re-
programming of stem cells using prostate cancer cell-derived
EVs [51], and breast cancer cell-derived EVs can promote nor-
mal epithelial cells to form tumors in a Dicer-dependent manner
[52]. Recent studies have shown that cancer cells secrete immu-
nologically active EVs which mediate immune regulation in the
tumor microenvironment (TME) by acting as mediators of in-
tercellular communication [53]. In lung cancers, EVs are shown
to act as mediators of intercellular communication and play a vi-
tal role in tumor growth, progression, invasion, metastasis, and
targeted drug resistance [54-57]. Furthermore, as EVs contain
the bioactive molecules of the cells they are derived from, they
have great potential as diagnostic biomarkers [14,15,17].

EXTRACELLULAR VESICLES AS IDEAL
CANCER BIOMARKERS

In the era of personalized medicine, liquid biopsy is becom-
ing an indispensable method for dealing with medical issues,
such as the early detection of diseases, improving the accuracy of
diagnosis, predicting responses of patients to drugs, and select-
ing follow-up of treatments [18,19]. In this sense, the discovery
of target bio-molecules that can be used as biomarkers is as im-
portant as the advancement of technology used for liquid biopsy.

Fig. 1. Contents and image of extracellular vesicle. (A) Diagram of extracellular vesicle (EV) contents. (B) Transmission electron microscopy

image of bronchoalveolar lavage fluid EVs.
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The EVs secreted by cancer cells, enriched with various proteins,
DNAs, and RNAs, have diagnostic value as biomarkers for clin-
ical applications [12,13]. It is well known that EVs carry various
types of proteins and RNAs from the cells that originally secret-
ed them, which make them particularly fit as biomarkers for hu-
man disease, especially cancer. Many different types of protein,
including membrane and cytosolic proteins, involved in various
biological functions have been identified in EVs.

In recent years, an increasing number of studies have described
the possible use of EV-derived proteins and RNAs as biomark-
ers. For example, Logozzi et al. [58] developed a method to detect
and quantify a tumor-associated marker, a membrane protein
called caveolin-1, from EVs. Recent identification of distinct
integrin expression patterns in different types of cancer, includ-
ing through the use of EV proteomics in lung cancer [59], mea-
suring delta-catenin in prostate cancer-derived EVs [60], measur-
ing DEL-1 levels from plasma EVs for early detection of breast
cancer [61] and using proteomic profiling to identify subtype-spe-
cific protein clusters in breast cancer-derived EVs [62], has revealed
the potential to use these expression patterns as cancer detection
biomarkers. Many studies have identified elevation or downreg-
ulation of specific miRNAs in cancer patients that could be
used as markers in the prognosis of NSCLC [63,64]. EV DNAs
have been identified in both the double-stranded genomic and
mutated fragmented forms [14,16,65].

It is commonly accepted that EV cargo packaging is not a
random process, but rather a selective process that represents the
cell of origin, which makes EVs and their contents a good repre-
sentation of cancer. Also, EVs have a long half-life and are well
protected in the human body by having an outer membrane. All
of these studies indicate that EVs can be used as noninvasive bio-
markers. Moreover, from the perspective of liquid biopsy, EVs
can offer many advantages.

ADVANTAGES OF EXTRACELLULAR VESICLE
DNA IN LIQUID BIOPSY

Unlike the relatively well-characterized proteins and RNAs

Table 1. Comparison of EV DNA and cfDNA

found in EVs, until recently EV DNAs have not been the center
of attention among researchers. Thakur et al. [65] identified tu-
mor-derived EVs carrying double-stranded DNA (dsDNA) and
EV DNA that represented the entire genome, including reflect-
ing the mutational status, of parental tumor cells. Several studies
also have identified that while EV DNAs exist in short and long
sizes, most are 10 kb or longer, and have demonstrated that de-
tection of cancer-related mutations can be done sufficiently with
EV DNAs [16,66,67]. A study characterized subpopulations with-
in the EV population with different DNA and RNA content and
topology. In addition, they identified two types of DNAs, inter-
nally protected and external surface-related DNA, that could be
used as a basis for developing diagnostic methods [68,69].

The fragmented nature of fDNAs makes it difficult to gener-
ate a reliable genomic characterization for NGS, which in turn
requires barcode and deep sequencing [70,71]. Contrarily, long-
stranded and concentrated EV DNA is easy to amplify and there-
fore makes it a suitable candidate for NGS. In short, the use of
EV DNA for NGS requires the same processes as those required
in the well-established methods which use a tissue sample [72].
It has been suggested that NGS using EVs isolated from pleural
effusions and urine could effectively replace tissue-based NGS in
cases where there is a shortage of tissue [73,74]. EV DNAs have
several important differences from the more clinically established
cfDNA, as shown in Table 1. The encapsulation of DNA with-
in the lipid bilayer of EVs seems to enhance the stability of the
DNA by shielding it from the outer environment, unlike the ‘na-
ked’ ¢fDNA, which is directly exposed to bodily fluids. The
amount of cfDNA released by tumors is normally low, and rep-
resents only the fraction of the tumor genomic heterogeneity re-
leased by dying tumor cells. By contrast, the process for isolating
EVs from fluids increases the final concentration of EV DNAs
obtained, and EVs are secreted by both viable and dying tumor
cells [44,75]. In a study comparing the use of plasma EV DNAs
and fDNAs of NSCLC patients in liquid biopsies, EV.DNA
improved the detection sensitivity in EGFR profiling of the exon
19 deletion, L858R, and T790M mutations. This study also
highlighted the ongoing diagnostic and prognostic ability of EV

EV DNA cfDNA
Origin Actively shed or secreted by cancer cells Passive product of cell death
Size Long (~10 kb) ~200 bp
Stability High stability due to protection by double layered membrane Short half-life (2-2.5 hr)

Isolation Technically sophisticated

Easy and convenient

EV, extracellular vesicle; cfDNA, cell-free DNA.
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DNA by showing that the mutations identifiable by EV DNA
liquid biopsy included the acquired resistance specific mutation
T790M. Furthermore, the specificity and sensitivity of liquid bi-
opsy increased even more with the use of BALF EV DNA [16,76].
Similar to NSCLC, analysis of serum EV DNA from pancreatic
cancer patients also demonstrated the presence of clinically rele-
vant KRAS-specific mutations [14,77,78].

As previously described, EVs are widely distributed in various
body fluids, which make them more easily accessible with less
invasive methods than tumor cells. More importantly, the specific-
ity and sensitivity can be significantly increased when EV DNAs
are used for liquid biopsy compared to fDNAs. For these reasons,
liquid biopsy of EV DNAs could be a clinically useful means of
isolating cancer-specific DNA, while achieving a higher sensi-
tivity and stability than the current diagnostic methods.

LIQUID BIOPSY USING BLOOD

Compared to the relatively invasive and expensive tissue biop-
sies, liquid biopsies using blood better allows for repeatable eval-
uation of the disease status of cancer patients, making it an espe-
cially useful tool in clinical practice. Recently, many have studied
liquid biopsy using fDNA, which is released into blood through
cell death mechanisms, such as necrosis and apoptosis, has a short
half-life, and is detected at very low concentrations (5-10 ng/mL).
Because of these characteristics, high-sensitivity approaches are
needed when using cfDNA. For example, the FDA-approved Co-
bas tool for detecting mutations with plasma (fDNA has a 69%—
86% sensitivity for EGFR mutations and a 55-75% sensitivity
for T790M mutation [79-81]. Also, the mutation detection rate
in intrathoracic metastatic diseases (M1a) is much lower (39%
for activation mutations, 27% for T790M) [82]. To overcome
this low sensitivity, various high technology platforms, such as
droplet digital polymerase chain reaction (PCR) [81] or BEAM-
ing (Beads, Emulsion, Amplification, and Magnetics) technology,
were introduced by several research institutes [79,32]. Briefly, the
BEAMing assay uses individual DNA molecules that are at-
tached to magnetic beads in water-in-oil emulsions and processed
by compartmentalized PCR amplification. However, the cost of
these ultra-fast sequencing technologies is too high for use in
most clinics.

EV miRNAs have been shown to be promising biomarkers
for the diagnosis of NSCLC, because EVs have a large amount
of tumor-derived RNA [83], and RNAs within EVs are resistant
to the activity of external RNases. MiRNAs are short, non-cod-
ing, single-stranded RINA molecules (19—22 nucleotides) that tar-
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get complementary mRINA sequences and play important roles
in regulating gene expression at the post-transcriptional level.
For example, miR-660-5p [84], miR-17-5p [85], miR-126 [86],
and a multiple miRNAs combination panel [87] are expressed
at higher levels in NSCLC patients compared to healthy controls.
MiRNAs from circulating EVs seem to be associated with the
stage, tumor grade, histology, and prognosis of cancer patients
[87,88], but the sensitivity and specificity of these connections
remained at only 60%-80%.

The analysis of EV nucleic acids in plasma showed that they are
more sensitive in identifying relevant mutations than cfDNAs.
Krug et al. [89] showed the EV RNA was significantly more sen-
sitive in detecting activating EGFR mutations (98%) and T790M
mutation (90%) compared to the matched cfDNA (82% for ac-
tivating EGFR mutations, 84% for T790M). The RNAs from
the captured EVs are reverse transcribed to cDNAs, and subse-
quently analyzed by targeted NGS. These methods increase the
sensitivity of detecting EGFR mutations but require the high-
cost NGS assay. A number of studies on liquid biopsy using EVs
isolated from blood have been performed, but the sensitivity of
this assay reported in these studies was not yet high enough to re-
place tissue biopsy. Thus, more sensitive assays must be developed.

LIQUID BIOPSY USING MALIGNANT
EFFUSIONS

Malignant pleural effusions are a clinical problem in up to
one-third of patients with advanced NSCLC [90,91]. Liquid bi-
opsy of malignant pleural effusions has a relatively low sensitivi-
ty for the diagnosis of NSCLC, at approximately 60% [92]. For
EGFR genotyping, cellular components, including cell block
or cytology, are conventionally used, while supernatant fractions are
usually discarded. Blind or closed needle pleural biopsy is some-
times indicated, although the diagnostic yield is typically low.
Pleuroscopy, also known as medical thoracoscopy, has a higher di-
agnostic yield and provides better diagnostic sensitivity, but it
is a highly invasive procedure. Even with pleuroscopy, adequate
tissue biopsies are frequently unavailable due to co-morbidities
or for other reasons.

A recent study demonstrated the superiority of using the
cell-free supernatant from pleural effusions for EGFR mutation
detection over using cell pellets [93-95]. EGFR genotyping us-
ing EV DNAs and fDNAs from the supernatant of pleural ef-
fusions resulted in 100% agreement with tissue EGFR genotyp-
ing in both EGFR~tyrosine kinase inhibitor (TKI) naive patients
and patients who had acquired resistance to EGFR-TKI [96]. In
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addition, it showed that the T790M detection rate using EV
DNAs as a biosource was superior to using cell blocks or ¢fD-
NAs. These results suggest that the supernatant of pleural effu-
sions is particularly effective for EGFR genotyping for patients
with pulmonary adenocarcinoma when compared to doing con-
ventional cytology or using cell block samples. Therefore, using
EV DNAs from the supernatant of pleural effusions is promis-
ing for EGFR genotyping, including T790M detection, in pul-
monary adenocarcinoma patients who develop pleural effusions.

LIQUID BIOPSY USING BRONCHOALVEOLAR
LAVAGE FLUID

Bronchoalveolar lavage (BAL) is a procedure primarily done
for diagnostic purposes by which the cellular and non-cellular
contents of bronchial and alveolar spaces are obtained [97]. The
advantages of BAL are that it is a minimally invasive method and
provides access to the disease-located site of diffuse interstitial
lung diseases. For lung cancer, BAL can provide a unique gate-
way to access the TME, where tumor cells are known to shed an
abundance of EVs [98]. Correspondingly, the results of liquid
biopsy using EVs isolated from the BALF of NSCLC patients
have been shown to be superior to liquid biopsy using plasma
cfDNAs.

Recent studies have demonstrated that EVs successfully isolat-
ed from the BALF of lung cancer patients contain an abundant
amount of dsDNAs, and that liquid biopsy for EGFR genotyp-
ing using BALF is tissue-specific and extremely sensitive compared
to using cfDNAs [16,76]. In a study petformed with pathologi-
cally confirmed NSCLC patients, the sensitivity and specificity
of BALF EV-based EGFR genotyping were high, and this assay
showed an even better mutation detection rate than tissue/cytol-
ogy-based typing. Also, the sensitivity increased as the stage pro-
gressed, reaching 100% with stage IV patient samples [76]. These
results seem to suggest BALF EV-based EGFR genotyping is a
highly promising liquid biopsy method, and particularly efficient
for patients that require repeat biopsies throughout progtession
of the disease.

CONCLUSION

Tissue shortages caused by small biopsy sizes is emerging as a
hurdle to the adequate treatment of advanced NSCLC patients
in the era of precision oncology. A variety of molecular, genetic,
and/or genomic tests, including real-time PCR, reverse transcrip-
tion polymerase chain reaction, fluorescence in situ hybridization,

http://jpatholtm.org/

immunohistochemistry, and NGS, are performed to match the
right drugs to the right patients. A second or even third biopsy is
frequently performed to investigate the acquired resistance to tat-
geted therapeutic agents, such as EGFR or T790M mutations.
The incidence of peripheral lung cancers, such as adenocarcino-
ma, which is usually confirmed by PCNB, is increasing. More-
over, the location of lung cancer development is clearly moving
from central airways, in the past, to small airways or alveoli at
present. GGNs detected by low-dose computed tomography are
typically not accessible without surgical resection. Lung biopsy
is an indispensable procedure for the diagnosis and treatment of
lung cancer patients, but it is difficult to obtain adequate tissue
for precision oncology in lung cancer. All of these are essential rea-
sons for adopting liquid biopsy rapidly into the diagnosis and
treacment of lung cancer, especially for NSCLC. As mentioned
above, although ¢fDNA has been popularly used, it has intrinsic
defects as a biosource for liquid biopsy due to its low stability.
Although the use of improved technology with superior sensi-
tivities, like digital PCR, BEAMing, and ultra-deep sequencing,
can improve its utility to some degree, blood liquid biopsy using
cfDNA cannot ultimately replace tissue biopsy due to its short-
comings. Specifically, that (fDNA is passively released from
dead or dying tumor cells is a critical limitation, while EV DNA
is actively released by living tumor cells, thereby reflecting their
characteristics in real time.

Liquid biopsy will likely face challenges to becoming a reliable
biosource despite technological advances. In this regard, EV-
based BALF liquid biopsy is a highly-anticipated liquid biopsy
platform for lung cancers. In the light of recent increases in the
occurrence of peripheral lung adenocarcinomas, which carry a
high risk of complications, the use of BALF is advantageous as it
provides a unique, direct access route to the TME and a way to
collect tumor-derived EVs in vivo. Studies on EGFR genotyping
using BALF EV DNAs demonstrated that the use of EV DNAs,
which are representative of genomic DNA, could yield results
equivalent to those obtained using tissue DNA.

EV-based liquid biopsies are not widely available in hospitals
and medical labs at present, as they require specific technology and
equipment. For example, multiple different methods are being
used to isolate EVs, such as differential centrifugation or density
gradients used to remove larger cellular debris and isolate EVs,
which means the biological properties and contents of the EVs
are largely influenced by the method of isolation. Therefore, the
optimization and validation of EV isolation methods remains
crucial to establish EVs as a biomarker for diagnostic use. Never-
theless, with its high sensitivity and specificity, the application of
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liquid biopsy using EV DNAs is expected to become more widely

used clinically in the near future when an established method be-

comes available.
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Background: Immunohistochemistry (IHC) has played an essential role in the diagnosis of hematolymphoid neoplasms. However, IHC
interpretations can be challenging in daily practice, and exponentially expanding volumes of IHC data are making the task increasingly
difficult. We therefore developed a machine-learning expert-supporting system for diagnosing lymphoid neoplasms. Methods: A proba-
bilistic decision-tree algorithm based on the Bayesian theorem was used to develop mobile application software for iOS and Android
platforms. We tested the software with real data from 602 training and 392 validation cases of lymphoid neoplasms and compared the
precision hit rates between the training and validation datasets. Results: IHC expression data for 150 lymphoid neoplasms and 584 an-
tibodies was gathered. The precision hit rates of 94.7% in the training data and 95.7% in the validation data for lymphomas were not
statistically significant. Results in most B-cell lymphomas were excellent, and generally equivalent performance was seen in T-cell lym-
phomas. The primary reasons for lack of precision were atypical IHC profiles for certain cases (e.g., CD15-negative Hodgkin lymphoma),
a lack of disease-specific markers, and overlapping IHC profiles of similar diseases. Conclusions: Application of the machine-learning
algorithm to diagnosis precision produced acceptable hit rates in training and validation datasets. Because of the lack of origin- or dis-
ease-specific markers in differential diagnosis, contextual information such as clinical and histological features should be taken into ac-

count to make proper use of this system in the pathologic decision-making process.
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Immunohistochemical (IHC) staining is a valuable and unique
tissue-staining method for pathologic diagnosis of hematolym-
phoid neoplasms using an antigen-antibody reaction [1-6]. It
was developed as an indirect immunofluorescence technique in
1941 by Albert Coons at Harvard University [1,7]. As the IHC
technique evolved to use paraffin-embedded tissues and enzy-
matic markers, it has become an essential and routine tool in
pathologic diagnoses, notably in hematopathology [2-6]. He-
matolymphoid neoplasms are categorized as B-cell, T-cell, NK/
T-cell, and histiocytic neoplasms according to the IHC profiles
of CD3 (Tcell marker), CD20 (B-cell marker), CD56 (NK-cell
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marker), CD68 (histiocytic marker), and other markers related
to the development of hematolymphoid cells. Once the mor-
phologic features that distinguish among the possible groups
are recognized in differential diagnosis, relevant IHC panels can
be chosen for subtype determination (Supplementary Fig. S1).
This process requires the pathologists’ intuition and compre-
hensive integration of both the clinicopathologic findings and
THC results because hematolymphoid neoplasms share many
cytomorphologic and clinicopathologic features across different
diseases. The accurate subtyping of lymphomas is therefore highly
dependent on the appropriate choice of IHC panels and the inter-
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pretation of IHC results [1-3,8].

However, increasing knowledge of THC positivity in each tu-
mor can produce conflicting interpretations in daily practice, es-
pecially in some more complex cases [9]. The pathologic analysis
of IHC results depends largely on the expertise of pathologists,
who can be easily biased by their experiences [2,4,6]. New anti-
bodies and THC data from various tumors are introduced annually,
and more than 100,000 studies using IHC have been published
since 2000, making it difficult to memorize the newly developed
antibodies and recognize the expression characteristics of tumors
just in the human brain [10-14]. In addition, recent advances in
digital pathology require an appropriate reference database of
ancillary tests to integrate medical knowledge and individual
medical problems [15].

Attempts have been made to address this problem by adopting
an algorithmic approach or using standardized IHC panels for
specific differential diagnosis [9,14,16]. However, the clinical sit-
uation of each case is unique, and generalized application of a par-
ticular THC panel or specific algorithm can be time- and labor-
consuming.

We therefore developed an expert-supporting system using
software based on a machine-learning algorithm and an IHC da-
tabase that supports pathological decision-making and differ-
ential diagnosis. We developed the software as a mobile applica-
tion for iOS and Android devices for practical utility.

MATERIALS AND METHODS

Development of a machine-learning algorithm using a prob-
abilistic decision tree

According to Bayes’ theorem, post-event probability can be
calculated when pre-event probability is given. Bayes’ theorem is
stated mathematically as

P(B|A)P(A)
PAB)=————,
PB)

where A and B are events and P(B)#016 and P(A\B), and P(B\A)
are the respective conditional probability that the likelihood of
event A occurring given that B is true and vice versa. P(A) and
P(B) are the probabilities of observing A and B independently
of each other [16,17].

A probabilistic decision tree is a predictive modeling approach
in statistics and data mining. It is often used for machine-learn-
ing algorithms, especially when test node results are binary (Fig. 1).
We adopted such a tree for our machine-learning algorithm be-
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cause THC results are binary, and the probability can be expressed
as a database.

To apply the probabilistic decision-tree algorithm, we required
a database of a 2X 2 table with tests, diseases, and the probability
of positivity of each test for each disease (Fig. 2). Test results were
binary, and the probability of positivity was the number of posi-
tive cases among all cases of the disease. Once test results were
available, we calculated the probability of each disease by mul-
tiplying prior probability by the probability that each test was pos-
itive or negative to determine the most probably illness by com-
paring post-probabilities.

IHC database build

We assembled a database of IHC expression profiles of the
lymphoid neoplasms using five primary textbooks and other
publications, including the World Health Organization (WHO)
classification of tumors of hematopoietic and lymphoid tissues
(IARC, Lyon, France) and major THC textbooks (Supplementa-
ry Table S1) [4,5,18-21]. More than 200 lymphoid neoplasms
and tumor names were documented according to the WHO
classification. Tumors without THC profile data or no diagnostic
use were excluded. Subtypes of certain tumors were documented
separately from the primary type if there was a difference in ITHC

Disease 1

Disease 2

Disease 3

Disease 4

Disease 5

Fig. 1. A probabilistic decision tree for a machine-learning algo-
rithm in diagnostic tests and disease.

TestATextBTextC 1" Post
estA e e probability probability
Disease 1 60% 30% 0% 0.3x 0.6x0.7x0.0 =0.000
(30%)
Disease2 20% 80% 10% 0.5x 0.2x0.2x0.1 =0.002
(50%)
Disease 3 50% 50% 70% 0.2x 0.5x0.5x0.7 =0.035
(20%)
Testresults + - +  The probability of disease 3 is the highest

with the test results

Fig. 2. Prior and post probability based on Bayes’ theorem.
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profiles.

The THC positivity for each tumor was drawn from textbook
descriptions; if there was exact numerical value was replaced by
arbitrary expressions such as “always positive,” “often positive,”
or “rarely/occasionally positive,” positivity was documented as
follows: always, 95%; often, 75%; in about a half of cases, 50%;
seldom, 30%; rarely/occasionally, 10%; never, 0%. If the positiv-
ity differed between textbooks, the average value was used. An
example of the THC database appears in Supplementary Fig. S2.

Approximately 600 THC antibody names were documented
using the textbooks, and their synonyms were recorded and re-
vised with online references (Supplementary Table S2).

Development of a mobile application

The reactive native (network-free) mobile application “Immu-
noGenius” was developed using NoSQL for iOS and Android
(Fig. 3), which can be used on iOS and Android devices. It was
designed to search and select diseases and generate a 2X 2 table
with the disease name in the left column and IHC antibody
names on the first row. Representative IHC profiles appear in
the corresponding cells as ++ for 75%-100% positivity (posi-
tive cases per all tumors), + for 50%—-74%, +/— for 30%-49%,
~/+ for 10%-29%, and — for 0%-9% with graded shades (Fig.
3, Supplementary Fig. S3, Supplementary Video 1). Users can
compare IHC profiles between the selected diseases and add or
remove rows (diseases) or columns (IHC antibodies) to custom-
ize the table. Additional IHCs can be added using the buttons
on the right side. Once the user inputs the IHC results for their
case, the 10 most probable diagnoses as calculated by the diag-

nosis precision algorithm appear below, along with estimated
probability in percentage (red numbers) (Supplementary Fig.
S3, Supplementary Video 1, 2). For predictive diagnosis of lym-
phomas, prior probability was set according to epidemiologic
data for Korea in 2010 (but can be changed to other epidemio-
logic groups later).

Diagnosis precision algorithm validation using patient data
To validate the hit rate of the diagnosis precision algorithm,
the IHC profile data and diagnoses originally made by patholo-
gists were compared with the top 10 predictive diagnoses pro-
duced by the algorithm. Approximately 1,000 cases of the lym-
phoma-patient IHC profile data were obtained from the archives
of two independent university hospitals: Yeouido, and Seoul St.
Mary’s Hospital, College of Medicine, The Catholic University
of Korea, from 2010 to 2017. Approximately 80 percent of the
lymphoma cases at Seoul St. Mary’s Hospital were referred from
various institutes in Korea. Any patient data related to identifi-
cation except the original diagnosis and the IHC results were
blinded before data processing. The retrieved data were divided
6:4 for training and validation. Cases with an inconclusive di-
agnosis or inadequate IHC profile (fewer than three antibodies,
inconclusive results, absence of markers for tumor origins, but
only prognostic or therapeutic markers such as epidermal growth
factor receptor or p53) wete excluded. An example of a retrieved
patient IHC profile dataset appeared in Supplementary Fig. $4.
The diagnosis precision hit rate was determined by the inclusion
of the original diagnosis in the top 10 predictive diagnoses drawn
by the algorithm. It was considered inclusive if there was no sig-

f |f)|;|a.-| | ImmunoGenius | Clear al [Sc;::gr' |
= 1 CK7+/ Galectln Thyrog| Napsin . cK18
Antibody CK? TTF-1 CK20- CK19 MOC31 _ ARk p63 % PAX-8
Adenocarcinoma CK8
NOS, Lung
Breast :arcinnma CAMS,2
invasive, NOS 2
Papillary CK AEY/
carcinoma, AE3
Thyroid CK903
( My Case L
E-
Cadherin
i MNF-116
(1] Adenocarcinoma NOS, Lung:53.91
(2] Thyroid carcinoma, anaplastic/spindle:52.73 BCA-225
(3] Squamous cell carcinoma (SCC), NOS, Lung:51
(4] Squamous cell carcinoma (SCC), NOS, Esophagus:51 cK20
(5] Squamous cell carcinoma, Thymus:51
(6] Pure squamous cell carcinoma, Urogenital tract:51
(7] Squamous cell carcinoma, NOS, Larynx:51 more
(8] Souamaus coll Brostate-Sl

Fig. 3. A screenshot of the mobile application “ImmunoGenius.”
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nificant difference in the THC profile between the original and
predictive diagnosis, and the only difference was in location if
two diagnoses shared the same origin of cells (e.g., nodal mar-
ginal zone lymphoma vs. extranodal marginal zone lymphoma).
Validation of the algorithm was carried out by comparing the
hit rate of the training and validation data in lymphomas. If no
statistically significant difference was found between the training
and validation dataset, the algorithm was considered validated.

Statistical analysis

Time and computational complexity were evaluated by testing
the mobile application. The hit rate between original and pre-
dictive diagnoses was compared by chi-square tests. Statistical
analysis was performed using Web-R (“http://web-r.org”), a web-
based statistical analysis program.

RESULTS

IHC database build and recruitment of training and
validation datasets

A total of 150 hematolymphoid neoplasms and 584 THC an-
tibodies and their IHC profiles were documented. The obtained
training and validation data of lymphoma amounted to 639
and 392 cases, respectively. In the lymphoma cases, an average
of 8.5 THC antibodies (range, 1 to 18) were used for diagnosis,
and 40 types of lymphomas were included. Two cases were ex-
cluded because of inconclusive diagnosis, and 35 cases with fewer
than 3 THC tested antibodies were omitted. As a result, 602 cas-
es of lymphomas were used for training. The original diagnoses
of the training data cases are provided in Table 1. Diffuse large
B-cell lymphoma, not otherwise specified (DLBCL, NOS) was
the most common, with 216 cases (34.3%), and the second most
common was extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT), with 78 cases (13.0%). The
original diagnoses of the validation cases are also provided in Ta-
ble 1. The most and the second most common type wete the same
as DLBCL, NOS, and MALT lymphoma, with similar percent-
ages (145, 37.0% and 74, 18.9%, respectively).

Training data

The hit rate for training data of the predictive diagnosis (top
10) was 94.7% (Table 2). Detailed results of discordant cases
between the original and predictive diagnoses are supplied in
Table 2. In B-cell lymphomas, the hit rate of the predictive diag-
nosis was relatively high, particularly in DLBCL, follicular lym-
phoma, chronic lymphocytic leukemia/small lymphocytic lym-
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phoma (CLL/SLL) and MALT lymphoma with zero error rates.
The diagnoses showed generally good performance in most B-cell
lymphomas, with the exception of plasmablastic lymphoma (three
errors out of three cases, 100%) and one mantle cell lymphoma
(MCL). In T-cell lymphomas, the algorithm achieved a perfor-
mance that is generally equivalent to that in B-cell lymphomas
except for T lymphoblastic leukemia/lymphoma (no error in 17
cases) and extranodal NK/T-cell lymphoma, nasal type (no error
in 25 cases). In enteropathy-associated T-cell lymphoma, periph-
eral T-cell lymphoma, NOS, anaplastic large cell lymphoma
(ALCL), anaplastic lymphoma kinase (ALK)-negative, and an-
gioimmunoblastic T-cell lymphoma, the error rates were 50.0%,
34.7%, 43.8%, and 33.3%, respectively. In Hodgkin lympho-
mas, the error rates were 12.5% in classical Hodgkin lymphoma,
NOS, and 14.3% in nodular sclerosis subtype.

Validation data

In the validation data, the hit rate of the predictive diagnosis
(top 10) was 95.7% (Table 2). Detailed results of the discordant
cases for the original and predictive diagnoses are provided in Ta-
ble 2. In B-cell lymphomas, the hit rate of predictive diagnosis
was relatively high for DLBCL, follicular lymphoma, CLL/SLL,
MALT lymphoma, and MCL with zero error rates. Generally good
performance was seen in most B-cell lymphomas, with the ex-
ception of primary cutaneous follicle center lymphoma (1 error
out of 2 cases, 50.0%). In T-cell lymphomas, performance was
generally equivalent to that in B-cell lymphomas with the ex-
ception of T lymphoblastic leukemia/lymphoma (no errors in 7
cases), extranodal NK/T-cell lymphoma, and nasal type (no er-
rors in 15 cases). In enteropathy-associated T-cell lymphoma,
primary cutaneous CD8-positive, aggressive epidermotropic
cytotoxic T-cell lymphoma, peripheral T-cell lymphoma, NOS,
ALCL, ALK-negative, and angioimmunoblastic T-cell lympho-
ma, the error rates were 50.0%, 50.0%, 33.3%, 42.8%, and
33.3%, respectively. In Hodgkin lymphomas, the error rates were
50.0% in nodular lymphocyte-predominant Hodgkin lym-
phoma, 18.2% in classical Hodgkin lymphoma, NOS, 20.0%
in nodular sclerosis subtype, and 33.3% in lymphocyte-deplet-
ed subtype.

Precision error rates between training and validation dataset

The error rates of the predictive diagnosis were 5.3% in train-
ing data and 4.3% in validation data. The error rates of both
groups were not significantly different (p = 0.543) (Table 3). The
overall hit rate was 95.0% in lymphomas (Table 3).

http://jpatholtm.org/
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DISCUSSION

We verified that it is possible to calculate the probability of a
specific disease for a particular case, especially lymphomas, using
IHC results, a probabilistic decision tree, and a mobile applica-

tion. The diagnosis precision drawn by the probabilistic decision-
tree algorithm achieved a hit rate of 95.0% for lymphomas. The
hit rates between training and validation dataset did not differ
significantly in lymphomas (94.7% vs. 95.7%, p = 0.543).

The hit rate of the diagnosis precision algorithm was relatively

Table 1. The original diagnosis of the training and validation dataset of lymphomas

Original diagnosis Training data Validation data
B lymphoblastic leukemia/lymphoma 8 (1.9 5(1.3)
Chronic lymphocytic leukemia/small lymphocytic lymphoma 20(3.3) 11(2.8)
Extranodal marginal zone lymphoma of MALT (lymphoma) 78 (13.0) 74 (18.9)
Nodal marginal zone lymphoma 4(0.7) 5(1.3)
Plasma cell myeloma 3(0.5) 0
Follicular lymphoma
Grade 1, 2, 3A 59 (9.8) 16 (4.1)
Grade 3B 3(0.5) 6(1.5)
Mantle cell lymphoma 24 (4.0) 19 (4.9)
DLBCL
NOS 216 (34.3) 145 (37.0)
T-cell/histiocyte-rich 2(0.3 0
Primary DLBCL of the CNS 9(1.4) 0
CD5+ DLBCL 1(0.2) 2(0.5)
EBV positive DLBCL of elderly 1(0.2 0
Anaplastic variant 0 4(1.0)
Primary cutaneous DLBCL, leg type 0 1(0.3
Primary mediastinal (thymic) large B-cell lymphoma 9(1.5) 3(0.8
Plasmablastic lymphoma 3(0.5) 0
Primary effusion lymphoma 1(0.2) 0
Burkitt lymphoma 17 (2.8) 11(2.8)
B-cell ymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma 3(0.5) 0
Primary cutaneous follicle centre lymphoma 0 2(0.5)
T lymphoblastic leukemia/lymphoma 17 (2.8) 7(1.8)
Extranodal NK/T-cell lymphoma. nasal type 25(4.2) 15(3.9)
Adult T-cell leukemia/ lymphoma 1(0.2) 0
Enteropathy-associated T-cell lymphoma 6(1.0) 4(1.0)
Aggressive NK-cell leukemia 1(0.2) 0
Lymphomatoid papulosis type B 1(0.2) 0
Mycosis fungoides 0 3(0.8)
Primary cutaneous (CD30-positive T-cell) ALCL 1(0.2) 0
Primary cutaneous CD8 positive aggressive epidermotropic
cytotoxic T-cell lymphoma 0 209
Subcutaneous panniculitis-like T-cell ymphoma 0 1(0.3
Peripheral T-cell ymphoma, NOS 23(3.8) 12 (3.1)
Angioimmunoblastic T-cell lymphoma 16 (2.7) 7(1.8)
ALCL, ALK-positive 5(0.8) 2(0.5)
ALCL, ALK-negative 9(1.5) 6(1.5)
Nodular lymphocyte-predominant Hodgkin lymphoma 0 2(0.5)
Classical Hodgkin lymphoma, NOS 8 (1.3 11(2.8)
Nodular sclerosis classical Hodgkin lymphoma 21 (3.5 5(1.3)
Mixed cellularity classical Hodgkin lymphoma 7(1.2 8(2.0)
Lymphocyte-depleted classical Hodgkin lymphoma 0 3(0.8)
Total 602 (100) 392 (100)

Values are presented as number (%).

MALT, mucosa-associated lymphoid tissue; DLBCL, diffuse large B-cell lymphoma; NOS, not otherwise specified; CNS, central nervous system; EBV, Ep-
stein-Barr virus; NK, natural killer; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase.
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Table 2. Cases with discordant results between the original and predictive diagnosis in training and validation data when searched among
lymphomas

Error/No. (%)

Original diagnosis

Training data Validation data

B lymphoblastic leukemia/lymphoma 0/8 0/5
Chronic lymphocytic leukemia/small lymphocytic lymphoma 0/20 0/11
Extranodal marginal zone lymphoma of MALT (lymphoma) 0/78 0/74
Nodal marginal zone lymphoma 0/4 0/5
Plasma cell myeloma 0/3 0/0
Follicular lymphoma

Grade 1, 2, 3A 0/59 0/16

Grade 3B 0/3 0/6
Mantle cell lymphoma 1/24(4.2) 0/19
DLBCL

NOS 0/216 0/145

T-cell/histiocyte-rich 0/2 0/0

Primary DLBCL of the CNS 0/9 0/0

CD5+ DLBCL 0/1 0/2

EBV positive DLBCL of elderly 0N 0/0

Anaplastic variant 0/0 0/4

Primary cutaneous DLBCL, leg type 0/0 0N
Primary mediastinal (thymic) large B-cell lymphoma 0/9 0/3
Plasmablastic lymphoma 3/3(100) 0/0
Primary effusion lymphoma 0/1 0/0
Burkitt lymphoma 017 011
B-cell ymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt lymphoma 0/3 0/0
Primary cutaneous follicle centre lymphoma 0/0 1/2 (50.0)
T lymphoblastic leukemia/lymphoma 0/17 0/7
Extranodal NK/T-cell lymphoma, nasal type 0/25 0/15
Adult T-cell leukemia/ lymphoma 1/1 (100) 0/0
Enteropathy-associated T-cell lymphoma 3/6 (50.0) 2/4 (50.0)
Aggressive NK-cell leukemia 0/1 0/0
Lymphomatoid papulosis type B 01 0/0
Mycosis fungoides 0/0 0/3
Primary cutaneous (CD30-positive T-cell) ALCL 0/ 0/0
Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic T-cell lymphoma 0/0 1/2 (50.0)
Subcutaneous panniculitis-like T-cell lymphoma 0/0 01
Peripheral T-cell ymphoma, NOS 9/23 (34.7) 4/12 (33.3)
Angioimmunoblastic T-cell lymphoma 8/16 (43.8) 3/7 (42.8)
ALCL, ALK-positive 0/5 0/2
ALCL, ALK-negative 3/9(33.3) 2/6 (33.3)
Nodular lymphocyte-predominant Hodgkin lymphoma 0/0 1/2 (60.0)
Classical Hodgkin lymphoma, NOS 1/8 (12.5) 2/11(18.2)
Nodular sclerosis classical Hodgkin lymphoma 3/21 (14.3) 1/5 (20.0)
Mixed cellularity classical Hodgkin lymphoma 0/7 0/8
Lymphocyte-depleted classical Hodgkin lymphoma 0/0 1/3(33.3)
Total 32/602 (5.3) 17/392 (4.3)

MALT, mucosa-associated lymphoid tissue; DLBCL, diffuse large B-cell lymphoma; NOS, not otherwise specified; CNS, central nervous system; EBV, Ep-
stein-Barr virus; NK, natural killer; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase.

Table 3. A comparison of precision error rates between the training and validation dataset of lymphomas

Precision diagnosis Training data Validation data Total p-value
Accurate results 570 (94.7) 365 (95.7) 935 (95.0) 0.543
Error results 32 (5.3 17 (4.9) 49 (5.0)
Total 602 (100) 382 (100) 984 (100)

Values are presented as number (%).
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high in most B-cell lymphomas, including DLBCL, follicular
lymphoma, CLL/SLL, MALT lymphoma, and Burkitt lymphoma
with zero errors, which represents the majority of all lymphoma
cases (approximately two-thirds). One case of MCL showed an
incorrect predictive diagnosis that was an atypical case of a cy-
clinD1-negative MCL with a CCND1/IGH translocation prov-
en by fluorescence in situ hybridization (IHC results; CD20+,
Bcl-2+, CD3—, CD10-, Bcl-6—, CD23—, MUM1—, p53-). The
IHC for CD5 was not available, and this atypical THC profile
appeared to explain the incorrect precision. Another case of cy-
clinD1-negative MCL occurred in the validation data set. Al-
though the cyclinD1 was negative, CD5 was positive, and the
predictive diagnosis included MCL. In plasmablastic lymphomas,
the predictive diagnosis was incorrect in all three cases. Plasma-
blastic lymphoma shares an IHC profile with plasma cell neo-
plasms, large B-cell lymphomas, and MALT lymphoma, in that
CD38, CD138, CD79a, are positive and CD30 is positive but
CD20 is often negative [5,18,19,20]. All three recruited cases
of plasmablastic lymphoma showed CD20 positivity and were
presumed to be plasma cell neoplasms such as multiple myelo-
ma and solitary plasmacytoma, diffuse large B-cell lymphoma,
anaplastic variant (CD30 positive), and extranodal MALT lym-
phoma with plasmacytoid differentiation. The main reason for
the error in diagnosis precision is thought to be a lack of disease-
specific markers and overlapping IHC profiles similar to those
of other diseases. Likewise, in primary cutaneous follicle center
lymphoma of the validation dataset, the similarity of IHC pro-
files to follicular lymphomas appeared to explain the lack of pre-
cision. Because the algorithm does not take into account clinico-
pathologic information such as tumor location, skin versus lymph
node, in this case, this incoherence can be explained.

In T-cell lymphomas, by comparison, the algorithm achieved a
generally equivalent performance compared with B-cell lympho-
mas, with the exception of T lymphoblastic leukemia/lympho-
ma and extranodal NK/T-cell lymphoma, and nasal type. The
accurate precision in T lymphoblastic leukemia/lymphoma and
extranodal NK/T-cell lymphoma in the nasal type is due to the
presence of disease-specific markers such as TdT, and CD56, and
Epstein-Barr virus—encoded small RNA. However, in adult T-
cell leukemia/lymphoma, enteropathy-associated T-cell lym-
phoma, primary cutaneous CD8-positive, aggressive epidermo-
tropic cytotoxic T-cell lymphoma, peripheral T-cell lymphoma,
NOS, ALCL, ALK-negative, and angioimmunoblastic T-cell
lymphoma, error rates were high as 33.3% to 100.0%. Adult T-
cell leukemia/lymphoma shares an IHC profile with peripheral
T-cell lymphoma, NOS, with no disease-specific markers, but

http://jpatholtm.org/

distinctive clinicopathologic features [18-20]. Enteropathy-associ-
ated T-cell lymphomas also do not have pathognomic IHC mark-
ers but distinctive clinicopathologic findings and often share an
THC profile with peripheral T-cell lymphomas [18-20]. Primary
cutaneous CD8-positive, aggressive epidermotropic cytotoxic T-
cell lymphoma is a rare subtype of peripheral T-cell lymphoma
that involves primarily skin, and the IHC profile is not specific
enough to rule out other diseases by IHC alone [4,5,20]. ALCL,
ALK-negative is a lymphoma of anaplastic morphology with
negative ALK, which can often share IHC profiles with ALCL,
ALK-positive, Hodgkin lymphomas, and peripheral T-cell lym-
phoma, NOS [18-20]. In angioimmunoblastic T-cell lympho-
ma, programmed death-1 (PD-1) has been considered a specific
marker [22]. However, many other lymphomas often express
PD-1 at varying rates, and its positivity is often interpreted based
on characteristic histologic features [4,5,20]. Peripheral T-cell
lymphoma, NOS, is a different category of nodal and extranodal
mature T-cell lymphomas that do not correspond to any explicitly
defined entities by definition [18,19]. Therefore, its THC profiles
cover a wide variety of expressions and are often shared by other
entities in T-cell lymphomas. In summary, many T-cell lympho-
mas often share THC profiles and have no disease-specific THC
markers but can be differentially diagnosed based on clinico-
pathologic findings with or without THC profiles.

In Hodgkin lymphomas, the error rates were 50.0% in nodu-
lar lymphocyte-predominant Hodgkin lymphoma (1 out of 2),
15.8% in classical Hodgkin lymphoma, NOS (3 out of 19),
15.4% in nodular sclerosis subtype (4 out of 26), 0% in mixed
cellularity subtype (0 out of 15), and 33.3% in lymphocyte-de-
pleted subtype (1 out of 3). Nodular lymphocyte-predominant
Hodgkin lymphoma shares the IHC profile with T-cell/histio-
cyte-rich DLBCL and ALCL, ALK-negative, as well as clinico-
pathologic features. Classical Hodgkin lymphoma, including
subtypes, also showed overlapping THC profiles to peripheral T-
cell lymphoma, NOS, but a differential diagnosis based only on
THC profiles is not feasible, particularly if CD15, a specific Hodg-
kin’s marker, is negative. Integrated and comprehensive diagno-
sis, including the clinicopathologic findings in addition to the
possible diagnosis by THC profiles is therefore essential.

In terms of time and user experience, it is difficult to mathe-
matically compare the amount of time that is consumed during
the process of diagnosis with or without using this application. In
general, however, most pathologists gave us positive feedback
about time-saving and easy-to-use user experiences.

This study demonstrates the feasibility and clinical utility of
the diagnosis precision algorithm and corresponding mobile ap-
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plication in differential diagnosis of lymphomas using THC pro-
files. The overall hit rate of this machine-learning algorithm
was 95.0% in lymphomas, and the hit rates were not significant-
ly different between training and validation data in lymphoma,
which showed a relatively good generalization. Significant errors
were associated with atypical THC profiles, a lack of site- and
disease-specific markers, overlapping ITHC profiles between dis-
ease entities, mixed/combined tumors, etc. Although this system
will help pathologists make better decisions during pathologic
diagnosis by supplying comprehensive IHC information relevant
to efficient and accurate differential diagnosis, integrated interpre-
tation with contextual information such as clinical and pathologi-
cal findings are recommended, and the supportive use of this appli-
cation is desirable. Further studies of possible recommendations
for IHC panels for specific situations involving differential diag-
nosis and application of artificial neural network algorithms are
required to optimize the algorithm’s sensitivity to disease, organ
incidence, and antibody weight.
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The frequency of POLE-mutation in endometrial carcinoma and
prognostic implications: a systemic review and meta-analysis
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Background: Endometrial carcinoma (EC) is classified into four distinct molecular subgroups including ultramutated DNA polymerase
epsilon (POLE). POLE-mutated tumors have the best prognosis and are a promising target for immunotherapy. This meta-analysis con-
solidated the reported variation of POLE-mutant frequency and assessed prognostic value in EC. Methods: Internet searches explored
scientific data bases: EMBASE, PubMed, and the Cochrane Central Register of Controlled Trials databases. Data was extracted from
eligible studies including: sample size, number of positive POLE-mutant cases, sequencing information, clinicopathologic data, and
survival data. Meta-analysis and a random-effects model produced pooled estimates of POLE frequency and prognostic parameters
using 95% confidence intervals (Cl), hazard ratios (HR), and odd ratios (OR). Results: Six thousand three hundred and forty-six EC
patient cases were pooled from 25 studies. The pooled proportion of POLE gene mutation in EC was 8.59% (95% Cl, 7.01 to 10.32),
of which 8.22% (95% Cl, 6.27 to 10.42) were type | and 0.93% (95% Cl, 0.34 to 1.81) type 2. Clinicopathologic data showed that
POLE-mutated tumors are mostly endometrioid. They present at higher levels in earlier stages (I-l) of EC (89.51%; 95% ClI, 81.11 to
95.66) at the highest grade Il (51.53%; 95% Cl, 36.08 to 66.84) with reduced myometrial invasion (OR, 1.48, 95% Cl, 0.99 to 2.20).
Survival analysis indicated favorable overall survival (HR, 0.90), disease-specific survival (HR, 0.41), and progression-free survival (HR,
0.23) for POLE mutant EC. Conclusions: Almost one-tenth of EC patients have POLE-mutated tumors. Given their improved prognostic

potential, identifying the POLE mutation status is key for the management of EC patients.
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Endometrial carcinoma (EC) is the most common cancer of
the female reproductive system. In the United States, EC was
the sixth-cause of cancer-related death in 2018, accounting for
11,350 deaths. The disease affects an estimated 1 out of every
37 and 49 women respectively during their lifetime in the United
States and Australia [1,2]. The outlook for S-year survival after
treatment ranges from 74% to 91% [3,4]. EC has been histori-
cally classified into estrogen dependent (type I) and estrogen-
independent (type II) cancers [4]. Type II tumors are less com-
mon, more clinically aggressive, and may have serous, clear cell
or undifferentiated histology. In contrast, type I tumors present
in 70%-80% of cases, with endometrioid histology and a more
favorable outcome. The updated classification of EC identifies
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four molecular subtypes according to The Cancer Genomic Atlas
(TCGA): “POLE-mutated (ultramutated), microsatellite unsta-
ble (hypermutated), copy number low (endometrioid), and copy
number high (serous-like)” [1]. The POLE-ultramutated sub-
group holds great promise for the outlook of EC patients. The tu-
mors have a more favorable outcome, and are usually noted to be
of endometrioid type and associated with lymphoid infiltrates [5].

The POLE gene encodes the catalytic subunit of DNA poly-
merase epsilon, which synthesizes the leading strand of replicat-
ing DNA. The epsilon polymerase recognizes and removes mis-
paired nucleotides using exonuclease activity. This proofreading
capacity of epsilon enables high fidelity DNA replication [6]. Mu-
tations can occur in the exonuclease domain of the polymerase,

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 471



472 e« JumaahASetal.

within hotspot regions [7]. These genetic alterations inactivate
or suppress the proofreading abilities of the polymerase, causing
increased replicative error rates and the ultra-mutated pheno-
type. Studies show that ultra-mutated POLE EC harbors up to
10-fold more mutations than the microsatellite instability sub-
group [6,7]. In the TCGA study [8], whole genome and exon
sequencing of EC tumors uncovered the POLE hotspot muta-
tions of v411L and P286R. Follow-up studies mainly used the
Sanger method [9-23], next generation sequencing [13,24] and
unspecified sequencing approaches [10,11,25-29] to target the
exonuclease domain (exons 9-14) of POLE. The reported pro-
portion of mutated POLE is highly variable [8-31]: ranging
from absent in studies of clear cell carcinoma [15,18] to levels
as high as 43% in one study of rare undifferentiated/dedifferen-
tiated EC histotypes [28]. In order to consolidate the studies,
we conducted a meta-analysis of reported POLE gene mutation
in EC to confirm its overall frequency. We also extracted clinico-
pathologic and survival data, to evaluate how mutated POLE
can affect prognosis of EC patients.

MATERIALS AND METHODS

This study was conducted according to the guidelines of Pre-
ferred Reporting for Systemic Review and Meta-analysis (PRIS-
MA) statement [32].

Literature search strategy

Searches were conducted according to the guidelines of
PRISMA statement 2009 [32]. Two authors (A.S.]. and H.S.A.)
searched independently the following data bases from incep-
tions to October 2019: Embase, PubMed, Cochrane central
Register of Controlled trials, and Ovid. The reference lists were
also scanned within the articles. There were no language limits
and international papers were translated. All pathology and on-
cology journals indexed in the Scimago directory were reviewed
and relevant papers scanned (A.S.]. and M.M.S.). The following
search terms were used:

1) ‘Endometrial cancer’ or ‘uterine cancer.

2) ‘POLE gene’ or ‘ultramutated endometrial carcinoma.’

Inclusion criteria

The following patient inclusion criteria were used:

1) EC or one of its histological variants was present in patients.

2) The expression of POLE gene was reported using genetic
testing (e.g. sequencing, Sanger sequencing, next generation se-
quencing, polymerase chain reaction).

http://jpatholtm.org/

3) A full paper was published and studies published in abstract
format only were excluded.

4) When similar studies were generated from the same patient,
only the most recent investigation was included.

Study selection

Studies were identified using different data bases. The title of
the paper and abstract were assessed by two independent authors
(A.S.J. and H.S.A.). The full texts were also reviewed indepen-
dently by two authors (M.M.S. and K.A.M.). Any disagreement
was resolved under guidance of the senior author (A.A.Y)).

Data collection

The following data was extracted from eligible studies by
two authors (A.S.J. and H.S.A.): study information (first author
and year of publication), patient characteristics (sample size and
gender), site of the study, and test method for POLE gene and
proportion detected. Clinicopathologic data extracted included
tumor stage and grade, presence of lymphovascular and myome-
trial invasion, and patient survival. If the relevant data was not
available, it was recorded as NR (not reported). All datasets were
checked independently (M.M.S.). Any disagreements were resolved
by discussion and consultation with the senior author (A.A.Y.).

Meta-analysis and statistical methods

The proportion of endometrial cancers that harbor POLE gene
mutations was calculated using medcalc software [33]. The pooled
proportion of POLE was calculated using the random effect
model [32] for meta-analysis. For clinicopathologic meta-analy-
sis, proportions of tumour stage, grade, lymphovascular invasion,
myometrial invasion (MI), and survival analysis (overall survival,
disease-free survival, and progression-free survival) were pooled
from each study. The variation between datasets was assessed us-
ing the heterogeneity test with inconsistency index (%) and Q
statistic. The level of study heterogeneity was considered low at
25% (I’ =25%), medium at 50% (I’ =50%) or high at 75% (I’ =
75%). In regard to the Q statistic, a p-value of less than 0.1 was
considered to represent significant heterogeneity. The possibility
of publication bias was assessed by visual method using a funnel
plot. This determined funnel plot asymmetty resulting from fac-
tors such as non-publication of studies with negative results.

Sensitivity and subgroup analysis

Lastly, sensitivity analysis was conducted by omitting each
study one-by-one to discover its contribution on the pooled meta-
analysis results. Subgroup analysis was performed according to
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geographical area (Asia, West-Europe, and America) and to dif-
ferent histological types to discover sources of heterogeneity. The
subgroup analysis was further extended by using a meta regres-

sion model.

RESULTS

Study selection for meta-analysis

The inclusion criteria were met by 1,252 studies, of which
345 studies were excluded for duplication, and 605 studies were
excluded as irrelevant by reviewing the title and abstract. The full
texts of the remaining 302 studies were considered for review.
Approximately 25 studies were left for the final meta-analysis as
illustrated in the flowchart diagram (Fig. 1). All of the studies
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were published from 2013-2019, and there were no unpublished
studies of relevance. The study characteristics and POLE gene
sequencing methods are listed in (Table 1). The majority used
Sanger sequencing to detect tumor mutations in exons 9-14 of
the POLE exonuclease domain (Table 1) [8-29].

Meta-analysis of EC

There were 6,346 EC patient cases pooled from the 25 studies
and investigated for POLE gene tumor alterations. All studies
(except one) were performed in western countries. The studies were
published in English and full texts obtained. There was signifi-
cant heterogeneity between the studies (Q = 109.57, I’ = 78.10%;
95% confidence interval [CI] for I?, 68.15 to 84.94; p <.001).
The random effect model was used for final meta-analysis because

Records identified through database searching
(n=1,252) Additional records identified through
5 PubMed (n=2845) other sources
_‘S Embase (n=384) (h=17)
"g Cochrane (n=6)
S
v \
Records after removal of duplicate (345) and irrelevant (605) studies
- (n=302)
g J
§ Records screened Records excluded
S (n=302) ’ (n=149)
Full-text articles assessed for Full-text articles excluded, and the reason
eligibility — (n=128)
(n=153) * Review articles
£ + Inadequate data
Qo
=) + Non responders
L v
Studies included in
qualitative synthesis
(n=25)
8
3 Studies included in
2 quantitative synthesis
(meta-analysis)
(n=25)

Fig. 1. Flow chart of the studies identified, screened and included for final meta-analysis. A total of 1,252 studies met the eligibility criteria for

inclusion, of which 26 were selected for final meta-analysis.
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Table 1. Study characteristics and POLE sequencing methodology

Study ECS?;:OH Pgi??:{:?gm Country Sequencing method Locatlo;ﬁ{aet;;c;]r;uclease
The Cancer Genome Atlas 248 17 USA Exome sequencing Hotspots: Pro286Arg and
Research Network (2013) [8] Val411leu
Auguste et al. (2018) [9] 102 9 Canada and Europe Sanger sequencing Exons 9 and 13
Talhouk et al. (2015) [10] 143 12 Canada Fluidigm-MiSeq and Exons 9-14
sanger sequencing
Stelloo et al. (2015) [11] 116 14 Europe and Australia Sanger sequencing Exons 9 and 13
Eggink et al. (2017) [12] 116 15 Europe and Australia Sanger sequencing Exons 9, 13 and 14
Wortman et al. (2018) [25] 344 16 Netherlands Sequencing Not reported
Kommoss et al. (2018) [26] 452 42 Germany Sequencing Exons 9-14
Bosse et al. (2018) [13] 376 48 USA, Canada, and Europe Sanger or next-generation Hotspots in the exonuclease
approaches domain (exons 9-14)
Bilingsley et al. (2015) [14] 535 30 USA Sanger sequencing Residues 268-471
Le Gallo et al. (2017) [15] 63 0 USA and Europe Sanger sequencing Not reported
Karnezis et al. (2017) [27] 460 42 Canada Sequencing Not reported
Talhouk et al. (2017) [16] 319 30 Canada Sanger sequencing Exons 9-14
Rosa-Rosa et al. (2016) [17] 18 2 USA and Europe Sanger sequencing Exons 9 and 13
Wortman et al. (2018) [25] 416 16 Netherlands Sequencing Not reported
Espinosa et al. (2017) [28] 21 9 Spain Sequencing Exons 9 to 14
Stelloo et al. (2015) [11] 116 14 Europe Sanger sequencing Exons 9 and 13
Hoang et al. (2015) [18] 14 0 Canada Sanger sequencing Exons 9-14
Delair et al. (2017) [29] 30 2 USA Sequencing Exons 9-14
Abdulfatah et al. (2019) [19] 60 2 USA Sanger sequencing Exons 9 and 13
Wong et al. (2016) [24] 47 14 Singapore Next generation sequencing  Exons 9-14
Stelloo et al. (2016) [20] 834 49 Netherlands Sanger sequencing Exons 9 and 13
Imboden et al. (2019) [21] 599 38 Sweden Sanger sequencing Exons 9-14
Church et al. (2015) [7] 788 48 Europe Sanger sequencing Exons 9 and 13
Bilingsley et al. (2016) [22] 72 7 USA Sanger sequencing Residues 268-471
Talhouk et al. (2016) [23] 57 10 USA and Canada Ultra-deep MiSeq or Exons 9-14
sanger sequencing
POLE, DNA polymerase epsilon; EC, endometrial carcinoma.
Table 2. The association between POLE mutated EC and clinicopathology characteristics
Clinicopathological characteristics in EC  Pooled % portion (95% Cl, %) No. of studies I (95% Cl) p-value Model
Overall POLE mutation 8.59 (7.01-10.32) 25 78.10 (68.15-84.94) <.001 Random effect
POLE mutation in type | 8.22 (6.27-10.42) 9 74.88 (51.43-87.00) <.001 Random effect
POLE mutation in type Il 0.93 (0.34-1.81) 10 75.32 (54.08-86.74) <.001 Random effect
Stage I 89.51 (81.11-95.66) 10 69.09 (40.43-83.96) <.001 Random effect
Stage llI-IV 14.77 (6.99-26.59) 7 65.96 (23.79-84.79) <.001 Random effect
Grade IHI 46.36 (30.66-62.43) 7 82.15 (64.34-91.06) <.001 Random effect
Grade Il 51.53 (36.08-66.84) 8 81.79 (65.23-90.46) <.001 Random effect
Lymphovascular invasion 31.11 (10.44-56.86) 8 93.34 (89.15-95.91) <.001 Random effect
Myometrial invasion less than 50% 49.90 (43.71-66.21) 7 22.10 (0.00-65.16) .260 Fixed effect

POLE, DNA polymerase epsilon; EC, endometrial carcinoma; Cl, confidence interval.

of the significant heterogeneity. The pooled proportion of POLE
gene mutated in EC was determined at 8.59% (95% CI, 7.01 to
10.32) as shown in Table 2. A forest plot representation of the
EC patient cases comprising each study included for meta-anal-
ysis is shown in Fig. 2. Publication bias was assessed by funnel
plot (Fig. 3) and the visual assessment was symmetrical.

http://jpatholtm.org/

Analysis of EC histologic variants type | and type Il

There were 3,363 patients included for the type 1 meta-anal-
ysis using a total of 9 studies (Supplementary Fig. S1). The mu-
tated POLE gene proportion in type I EC was 8.22% (95% (I,
7.01 to 10.32). There was significant heterogeneity between studies
(I* inconsistency = 74.88%; 95% ClI, 51.43 to 87.00; p <.001)
as shown in Table 2. A total of 3,423 patients with EC type II

https://doi.org/10.4132/jptm.2020.07.23



The Cancer Genome Atlas Research Network (2013) [8]
Auguste et al. (2018) [9]
Talhouk et al. (2015) [10]
Stelloo et al. (2015) [11]
Eggink et al. (2017) [12]
Wortman et al. (2018) [25]
Kommoss et al. (2018) [26]
Bosse et al. (2018) [13]
Billingsley et al. (2015) [14]
Le Gallo et al. (2017) [15]
Karnezis et al. (2017) [27]
Talhouk et al. (2017) [16]
Rosa-Rosa et al. (2016) [17]
Wortman et al. (2018) [25]
Espinosa et al. (2017) [28]
Stelloo et al. (2015) [11]
Hoang et al. (2015) [18]
Delair et al. (2017) [29]
Abdulfatah et al. (2019) [19]
Wong et al. (2016) [24]
Stelloo et al. (2016) [20]
Imboden et al. (2019) [21]
Church et al. (2015) [7]
Billingsley et al. (2016) [22]
Talhouk et al. (2016) [23]

Total (fixed effects)
Total (random effects)
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Fig. 2. Forest plot representation of the endometrial carcinoma (EC) patient cases for each study included for meta-analysis. POLE, DNA

polymerase epsilon.

0.0 |
%88 o
o)
5 01 o
5] 00 |° o
kel
E o]
©
o
_‘g qg
@D 02+
o
o]
o
03 L, ! . | | ! !
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Proportion

Fig. 3. Funnel plot for cases included for analysis. The visual as-
sessment was symmetrical indicating no publication bias.

were obtained from 10 studies for the final meta-analysis (Sup-
plementary Fig. S2). The histological types in EC type II are show
in (Supplementary Table S1). The pooled proportion of mutated
POLE gene in type IT was 0.93% (95% CI, 0.34 to 1.81) with a
high I’ value (75.32%; 95% CI, 54.08 to 86.74; p <.001).

https://doi.org/10.4132/jptm.2020.07.23

Subgroup analysis (country of origin)

In order to explore the role of heterogeneity, a subgroup anal-
ysis was performed according to the study site (Supplementary
Fig. $3, $4). The studies were separated into two groups ac-
cording to geographical area (USA and Canada vs. European
countries). The heterogeneity was higher (I, inconsistency) for
POLE genetic analysis in the European countries (78.41%; 95%
CI, 59.27 to0 88.55) compared to the USA and Canada (37.41%;
95% CI, 0.00 t0 69.22).

Sensitivity analysis

There were 2 identified study outliers [24,28]. Meta-analysis
was performed after outlier exclusion. There was still significant
heterogeneity (I = 70.39% [95% CI for I, 54.78 to 80.61; p<
.001]) and exclusion did not significantly affect the final pooled
proportion (pooled proportion =7.76 [95% CI, 6.45 to 9.18])
(Supplementary Fig. S5). There were also two studies without
POLE gene mutated EC [15,18]. Here, the pooled proportion
was re-calculated using the random effect model (Supplementa-
ry Fig. S6). Significant heterogeneity was still present (I’ =
76.31%; 95% CI for I’, 64.98 to 83.97; p <.001). There were
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10 scudies [9,13,15,17,19-21,23,24,30] identified with a low
sample size (< 100). These cases were excluded and the pooled
proportions re-estimated (Supplementary Fig. S7). There was
still significant heterogeneity (I* = 74.41%; 95% CI for I’, 53.56
t0 85.90; p<.001).

Meta-regression

Meta-regression was petformed to identify the source of het-
erogeneity using the study country of origin and the POLE gene
detection method (Supplementary Table S2). There was increased
heterogeneity when considering the site of study performance
in the European countries (I’ =78.41%) compared to United
States and Canadian studies (I = 37.41%).

Clinicopathological characteristics

Clinicopathologic data was extracted from eligible studies of
POLE mutant EC for meta-analysis (Supplementary Fig. $8-S14).
The pooled proportions for stage, grade, lymphovascular inva-
sion (LVI) and MI parameter are reported in Table 2. High het-
erogeneity was noted for pooled stage, grade, and LVI data. The
pooled odd ratios were also calculated for POLE-mutant versus
wild type POLE according to each clinicopathologic variable (Ta-
ble 3).

Tumor stage and grade in POLE mutant EC

The pooled proportion of mutant POLE presented at high lev-
els of 89.51% (95% CI, 81.11 t0 95.60) at the earliest EC stages
of I (Table 2). This reduced to 14.77% by stages III-IV (95%
CI, 5.99 t0 26.59). The pooled odd ratio of stage I-II POLE mu-
tant EC versus wild type was 3.72 (2.06 to 6.73), while stage
III-IV was 0.26 (95% CI, 0.14 to 0.49) (Table 2, Supplementary
Fig. S15, S16). The pooled collective proportions of grade I-II
POLE mutant tumors was lower at 46.36% (95% CI, 30.66 to
62.43) compared to 51.53 of grade III (95% CI, 36.08 to
66.844) as shown in Table 2. The pooled odd ratio of grade I-1I

POLE mutant EC versus wild type tumors was 0.40 (95% CI,
0.29 t0 0.54) (Supplementary Fig. S17) with low heterogeneity
(*=3.95%, 95% CI, 0.00 to 69.18). Therefore, POLE mutated
tumors present with a higher grade but at lower stage than wild
type POLE mutant EC.

LVI and Ml in POLE-mutant EC

The pooled proportion of LVI was 31.11% (95% CI, 10.44 to
56.86). The pooled odd ratio of LVI positive in POLE mutant EC
vs. wild type EC was 0.92 (0.643 to 1.34) (Table 3). The pooled
proportion of MI either less or greater than 50% of myometrium
in POLE-mutant tumor was equal at 49.90% (95% CI, 43.71
to 56.21) and 49.05% (95% CI, 39.17 to 58.98), respectively.
Heterogeneity was low for pooled MI data (< 50% myometri-
um) at 22.10%; 95% CI, 0.00 to 65.16 (Table 2, Supplementa-
ry Figs. S13, S14). The pooled odd ratio of MI <50% in POLE
mutant EC versus MI < 50% in wild type POLE EC was 1.481
(95% CI, 0.99 to 2.20) with 47.63% heterogeneity (95% CI,
0.00 to 79.24) (Table 3). Overall, these findings imply that
POLE mutant EC tumors have reduced ability to progress to
myometrial invasion, which is an important prognostic finding.

Endometrioid and non-endometrioid histologic types in
POLE mutant EC

POLE mutant tumors were found to mainly present with en-
dometrioid histologic type. The pooled proportions of type I and
type II EC are shown in Table 2. The pooled odd ratio of endo-
metrioid (type I) POLE mutant EC vs. endometrioid (type I) in
wild type POLE EC was 1.72 (95% CI: 1.11 to 2.66), with
very low heterogeneity (I = 0.00%; 95% CI: 0.00 to 68.45)
(Table 3, Supplementary Fig. S18).

Survival analysis
The studies used for survival meta-analysis are listed in Table
4. Survival analysis was expressed using overall survival (OS),

Table 3. Pooled odd ratio of clinicopathology variables in POLE-mutant EC vs. wild type

Clinicopathology: POLE- Pooled odd ratio

mutant vs, wid type 195% C) No. of studies ? (95% Cl, %) p-value for Model
Stage -1 EC 3.727 (2.063-6.732) 8 0.00 (0.00-25.07) .890 Fixed effect
Stage ll-IV EC 0.269 (0.147-0.494) 7 0.00 (0.00-53.51) 716 Fixed effect
Grade HIEC 0.400 (0.295-0.542) 8 3.95 (0.00-69.18) .399 Fixed effect
Grade Il EC 2.246 (1.655-3.048) 8 0.00 (0.00-29.91) .865 Fixed effect
LVI 0.929 (0.643-1.341) 8 6.95 (0.00-70.15) 376 Fixed effect
Ml less than 50% 1.481 (0.996-2.202) 6 47.63 (0.00-79.24) .089 Random effect
Type | endometrioid histology 1.721 (1.113-2.662) 9 0.00 (0.00-68.45) 486 Fixed effect

POLE, DNA polymerase epsilon; EC, endometrial carcinoma; Cl, confidence interval; LVI, lymphovascular invasion; MI, myometrial invasion.
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Table 4. Survival analysis in POLE mutated EC
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Study (O] DSS

estimated HR (95% Cl) estimated HR (95% Cl) estimated HR (95% Cl)

PFS

Survival analysis test Method

Talhouk et al. (2017) [16]
Talhouk et al. (2015) [10]

1.01(0.29-3.42)
0.17 (0.01-1.98)

0.42 (0.30-0.57)
0.170 (0.01-1.99)

Church et al. (2015) [7] 1.06 (0.58-1.91) 0.19 (0.02-1.31)
Karnezis et al. (2017) [27])  0.59 (0.21-1.60) 0.49 (0.12-1.90)
Stelloo et al. (2016) [20] 1.10(0.39-3.10)

Bosse et al. (2018) [13]

Pooled HR (95% Cl) 0.90 (0.59-1.38) 0.41 (0.30-0.55)

I (95% Cl, %) 0.00 (0.00-73.28) 0.00 (0.00-67.34)

- Multivariable analysis
- Multivariable analysis

Kaplan-Meier survival analysis

Kaplan-Meier with log-rank
significance testing and Cox
proportional hazard
regression models

Kaplan-Meier method and
compared by the log-rank
test

- Multivariable analysis

0.26 (0.04-1.49) Univariable survival Kaplan-Meier survival curve
analysis
Multivariable analysis  Kaplan-Meier survival analysis
0.23 (0.06-0.76) Multivariable analysis ~ Kaplan-Meier survival curve

0.23 (0.08-0.64)
0.00 (0.00-0.00)

POLE, DNA polymerase epsilon; EC, endometrial carcinoma; OS, overall survival; DSS, disease-specific survival; PFS, progression-free survival; HR, hazard

ratio; Cl, confidence interval.

disease-specific survival (DSS), and progression-free survival
(Supplementary Fig. S19-821). All the survival parameters had
a hazard ratio (HR) of less than 1. The estimated HR for OS
was 0.90 (95% CI, 0.59 to 1.38) with low heterogeneity 0.00%
(95% CI, 0.00 to 73.28). On the other hand, estimated HR for
DSS was 0.41 (95% CI, 0.30 to 0.55), also with low heterogeneity
(0.00%; 95% ClI, 0.00 to 67.34). Likewise, the estimated HR
of progression-free survival in POLE-mutant EC was 0.23 (95%
CI, 0.08 to 0.64) with a low level of heterogeneity (I* = 0.00%,
95% CI, 0.00 to 0.00). These findings indicate better survival
and favorable prognosis in POLE mutant EC patients.

DISCUSSION

EC is the most common gynecologic malignancy in the west-
ern world [2,3,34], and survival rates are not improving. There is
urgent need for strategies to improve outlook for patients with
aggressive subtypes and advanced disease. TCGA first identified
the very interesting molecular subset of POLE-ultramutated EC
[1] that features a favorable prognostic potential, despite high
tumor grading. Many follow-up studies investigated POLE mu-
tant EC tumors, however the frequency reported is variable [8-31].
Some studies show ultra-high levels of mutation at 42.9% [28]
compared to zero in others [15,18]. This meta-analysis aimed to
resolve these datasets to estimate POLE gene mutational frequency
in EC and the overall effect on patient prognosis.

Our meta-analysis determined that 8.595% of endometrial
tumors harbor POLE gene mutations. The majority have endo-
metrioid histology and present at the earlier stage of disease
progression. Paradoxically the POLE mutant tumors present at
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the highest grade (grade III, 51.5%) and yet have a better out-
come with survival analysis. They also have reduced ability to
progress to myometrial invasion which is an important prog-
nostic marker. Many studies confirm that POLE mutant tumors
have a better prognosis [6-8,13,22,28]. POLE mutations in high
grade (grade IIT) endometrioid EC are shown to be associated with
a lower risk of recurrence and death [22]. The presence of POLE
mutations even offers a favorable prognosis for rare and aggres-
sive undifferentiated EC [28]. POLE mutation could potentially
act as a prognostic biomarker to guide treatment of women with
grade 11, early-stage disease, with either the common endometri-
oid or more rare histological types. The lower risk of occurrence
means that administration of adjuvant therapy for these patient
subsets could be inappropriate. POLE proofreading mutations
have also been shown to elicit an anti-tumor response [35]. There
is now an emerging link between high mutation burden in tu-
mors, the immune response and improved prognosis in cancer
patients. Indeed, ultramutated POLE tumors have been shown
to feature higher immune infiltrations and programmed death-1
and programmed death-ligand 1 expression [36). These immune
cells may offset the survival risk caused by higher tumor grades in
ultramutated POLE. Overall, mutant POLE is a key proportion
of EC patients to target therapeutically for maximizing clinical
impact, and a future target for immunotherapy [9].

However, it is important to note that significant heterogeneity
was present in this meta-analysis. Indeed, heterogeneity is a key
problem for meta-analysis studies. We tried to resolve the hetero-
geneity sources. Initially, all studies were re-checked with respect
to data extraction and entry. The sensitivity analysis was conducted
by re-estimating the pooled proportion of POLE gene after exclu-
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sion of outlier studies and studies with low sample size. We also
adopted a random effect model for final pooled estimation as this
model assumed that effects estimated in different studies are not
identical. We also tried to perform subgroup analysis with respect
to patient age but unfortunately this parameter was not recorded
in the majority of studies. Publication bias was investigated; in our
study the plot was relatively symmetrical, indicating that publica-
tion bias is unlikely [37]. The presence of high heterogeneity was
reduced by subgroup and meta-regression according to geograph-
ical distribution. European studies were found to be the main con-
tributor to the heterogeneity. Therefore, data obtained from dif-
ferent countries can cause confounding effects and is a potential
study limitation. The issue of heterogeneity in genetic studies
is also further compounded with recent advances in sequencing
technology. The improved yield of genetic testing can increase
detection of variants of unknown significance. However in our
POLE gene study the lack of standardized clarification of variants
of unknown significance may have contributed to heterogeneity.
This will be a key area to investigate during future studies.

Conclusion

Our meta-analysis consolidates previous study estimates of
POLE-mutated EC frequency and confirms its prognostic benefit
for patients. The status and frequencies of the POLE gene muta-
tion in EC has implications for medical management and future
administration of immunotherapy. The POLE mutational status
serves as an important prognostic marker, and grade III, early-
stage disease patients with endometrioid histology could favor a

change in medical management.
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Evaluation of human papillomavirus (HPV) prediction using
the International Endocervical Adenocarcinoma Criteria and
Classification system, compared to p16 immunohistochemistry and
HPV RNA in-situ hybridization
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Background: The International Endocervical Adenocarcinoma Criteria and Classification (IECC) separated endocervical adenocarcino-
mas into human papillomavirus (HPV) associated (HPVA) and non-HPV-associated (NHPVA) categories by morphology alone. Our pri-
mary objective was to assess the accuracy of HPV prediction by the IECC system compared to p16 immunohistochemistry and HPV
RNA in-situ hybridization (RISH). Our secondary goal was to directly compare p16 and HPV RISH concordance. Methods: Cases were
classified by IECC and stained for p16 and HPV RISH on tissue microarray, with discordant p16/HPV RISH cases re-stained on whole
tissue sections. Remaining discordant cases (p16/HPV, IECC/p16, IECC/HPV discordances) were re-reviewed by the original patholo-
gists (n=3) and external expert pathologists (n=2) blinded to the p16 and HPV RISH results. Final IECC diagnosis was assigned upon
independent agreement between all reviewers. Results: One hundred and eleven endocervical adenocarcinomas were classified origi-
nally into 94 HPVA and 17 NHPVA cases. p16 and HPV RISH was concordant in 108/111 cases (97%) independent of the IECC. HPV
RISH and p16 was concordant with [IECC in 103/111 (93%) and 106/111 (95%), respectively. After expert review, concordance improved
to 107/111 (96%) for HPV RISH. After review of the eight discordant cases, one remained as HPVA, four were reclassified to NHPVA
from HPVA, two were unclassifiable, and one possibly represented a mixed usual and gastric-type adenocarcinoma. Gonclusions: p16
and HPV RISH have excellent concordance in endocervical adenocarcinomas, and IECC can predict HPV status in most cases. Focal
apical mitoses and apoptotic debris on original review led to the misclassification of several NHPVA as HPVA.

Key Words: p16; Human papillomavirus; Immunohistochemistry; In-situ hybridization; Cervix; Adenocarcinoma;
International Endocervical Adenocarcinoma Criteria and Classification; IECC

Received: April 9, 2020 Revised: July 15,2020 Accepted: July 17,2020

Corresponding Author: Lynn Hoang, MD, Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver General Hospital, 1215-910 West 10th
Avenue, Vancouver, BC V5Z TM9, Canada

Tel: +1-604-875-4731, Fax: +1-604-875-4497, E-mail: Lien.Hoang@uvch.ca

Cervical cancer is the fourth most frequent cancer in woman
worldwide, and up to 10%—-20% of all cases are adenocarcino-
mas [1-3]. The classification of endocervical adenocarcinomas
(ECA) as per the 2014 World Health Organization (WHO),
stratifies ECA into different subtypes based predominantly on
morphologic features. However, these categories do not reflect
our modern understanding of ECA pathogenesis. Carcinomas of
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the uterine cervix and multiple other organ sites prone to high-
risk human papillomavirus (HPV) infections, such as the vulva
and oropharynx, have demonstrated worse overall survival for
tumors that are HPV-independent [4-9]. Therefore, a similar
framework was set out by the International Endocervical Ade-
nocarcinoma Criteria and Classification (IECC) that divides tu-
mors into HPV-associated (HPVA) and non—HPV-associated
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(NHPVA) adenocarcinomas. The IECC assigns HPV status
based on morphologic features alone, without the need for HPV
testing. The IECC has shown superior interobserver reproducibil-
ity in comparison to the WHO system and it also confers clinical
and prognostic significance [10,11].

Several techniques have been used to test for the presence of
HPV. Traditional methods have included HPV DNA polymerase
chain reaction (PCR) and DNA in-situ hybridization (ISH).
Although positive HPV DNA PCR results demonstrate HPV
presence, the result does not differentiate viral-induced tumori-
genesis from a transient infection [12,13]. PCR for HPV E6/E7
mRNA served as the historical gold standard for pathogenic
HPV but the test is not readily available and does not allow for
direct visualization on tissue slides to assess for nuclear localiza-
tion. HPV RNA ISH (RISH) is a relatively newer technology
that circumvents the barriers of PCR and tests for the presence of
HPV E6 and E7 mRNA by direct visualization on tissue slides.
HPV RISH has shown higher sensitivity and specificity when
compared to HPV DNA ISH and PCR, and has been officially
endorsed by the College of American Pathologists (CAP) as the
preferred methodology in 2020 [14-16)].

In most laboratories, pl6 immunohistochemistry (IHC) is
the most frequently used surrogate marker for high-risk HPV
infection. However, while the use of p16 IHC as a surrogate
marker for HPV RISH has been examined in multiple squa-
mous neoplasms of the uterine cervix, head and neck, penis and
anus, few studies have actually assessed its performance in glan-
dular neoplasms, particularly of the uterine cervix [17-27]. More-
over, in some recent studies, cervical gastric-type adenocarcino-
mas,a NHPVA tumor, actually showed diffuse p16 IHC staining,
which is a potential pitfall for pathologists [28-30].

The primary goal of this study was to evaluate the accuracy
of the IECC system to predict HPV status (morphology alone)
by comparing it to HPV RISH and p16 THC. Given the recent
reports of p16 positivity in NHPVA adenocarcinomas, our sec-
ondary goal was to evaluate the usefulness of p16 IHC in pre-
dicting HPV status in ECAs using HPV RISH as the reference
standard.

MATERIALS AND METHODS

Selection criteria and tumor classification

All ECAs diagnosed on resection (hysterectomy or trachelec-
tomy) were identified from the archives of Vancouver General
Hospital. Biopsies were excluded. Cases with prior neoadjuvant
chemoradiation rendering histologic assessment difficult were

https://doi.org/10.4132/jptm.2020.07.18
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excluded. Additional specimens from the same patient were ex-
cluded. Slides of all ECAs were originally reviewed and reclassi-
fied under the IECC criteria (L.H., J.P, and H.R.). The observers
had variable expertise (junior attending, senior resident, junior
resident), and the TECC assignment was made with all observers
in agreement. As per the IECC, ECAs were assigned as HPVA
based on the presence of apical mitotic features and apoptotic
bodies present at scanning magnification. The HPVA ECAs were
further substratified into usual-type, villoglandular-type, muci-
nous intestinal-type, mucinous signet ring-type, invasive strati-
fied mucin-producing intraepithelial lesion (iISMILE), and muci-
nous not otherwise specified (NOS), as defined previously [11,31].
When these features were absent, the slides were reexamined at
x200. Cases were classified as NHPVA if HPVA features were
absent. The NHPVA ECAs were further substratified into gas-
tric-type, clear cell, mesonephric, endometrioid, and serous car-
cinoma based on their morphological features.

Tissue microarray construction
A tissue microarray (TMA) was constructed using formalin
fixed paraffin embedded blocks. At least two 0.6 mm cores were

taken from each case using the Pathology Devices TMArtayer
(Pathology Devices, San Diego, CA, USA).

IHC and RNA in-situ hybridization

p16 (clone E6H4, mouse monoclonal, 1:5 dilution, Roche
Diagnostics, Laval, Canada) IHC was performed on 4-pm sec-
tions using the Dako Omnis (Agilent, Santa Clara, CA, USA)
and Dako EnVision FLEX + detection system as per manufacturer
recommendations. Sections were mounted onto Dako FLEX mi-
croscope slides, air-dried for 20 minutes and baked at 60°C for
20 minutes. The heat-induced antigen retrieval method was per-
formed using Envision FLEX Target Retrieval Solution (Dako) in
Dako PT Link.

HPV RISH was performed using the Advanced Cell Diag-
nostics (ACD) RNAScope 2.5 assay (Cat# 322300 ACD, Ad-
vanced Cell Diagnostics, Newark, NJ, USA) with RNAscope
Probe HPV-HR18 (Cat#312591 ACD) which targets E6 and
E7 mRNA for 18 high-risk HPV subtypes (HPV 16, 18, 26, 31,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 60, 68, 73, and 82), as
per manufacturer instructions [11]. In brief, 4-pm sections were
baked at 60°C and air-dried. The slides were briefly treated with
hydrogen peroxide for 10 minutes and then underwent target
retrieval for 15 minutes and protease treatment for 30 minutes.
Hybridization with probe was done at 40°C for 2 hours followed
by series of signal amplification. Signal detection was achieved

http://jpatholtm.org/
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through DAB staining before counterstaining with hematoxy-
lin. Both RNAscope Positive Control Probe (Hs-PPIB, Cat#
313901 ACD) and RNAscope Negative Control Probe (DapB,
Cat#310043 ACD) were used on separate sections for quality con-
trol purposes.

pl6 IHC and HPV RISH were repeated on whole 4-pm sec-
tions when there was equivocal staining or when there was a dis-
crepancy between pl16 and HPV RISH scores on TMA. Cases
not within the TMA were stained using whole sections directly.

p16 IHC and HPV RISH scoring

p16 IHC was scored positive only when there was strong and
continuous diffuse staining in neoplastic glands (nuclear or nuclear
and cytoplasmic) as previously established [32]. Absent, weak, or
patchy staining was scored as negative. HPV RISH was scored
positive only when there was dot-like nuclear staining as detailed
previously [20].

Review of discordant cases

All cases which had discordance (either p16 IHC-HPV RISH,
IECC-HPV RISH, IECC-p16 IHC) underwent re-review by
the original institutional pathologists as well as by two external
expert pathologists (R.S. and S.S.) who were blinded to the p16
IHC and HPV RISH findings. The final IECC diagnostic des-
ignation was determined when all observers (original patholo-
gists and two expert pathologists) completely agreed on the diag-
nosis. Any cases without complete agreement were considered
unclassifiable.

RESULTS

Case selection

A total of 129 ECAs were initially acquired. After exclusion
of cases with biopsy specimen only, neoadjuvant therapy, insuf-
ficient tissue, or repeats, 111 cases were included in the study. The

111 cases grouped by the IECC included: 94 HPVA cases (63
usual-type, 4 intestinal, 4 villoglandular, 1 iSMILE, and 22 mu-
cinous NOS) and 17 NHPVA cases (12 gastric, 4 mesonephric,
and 1 NOS).

Eighteen cases in the tissue microarray had both p16 IHC and
HPV RISH repeated on whole tissue sections. Twelve of 18 cases
(66%) had a change in their p16 IHC and/or HPV RISH status
after repeat staining on whole tissue sections. Of these 12 cases,
six (50%) were positive for pl6 THC and negative for HPV
RISH on TMA but showed positive staining for both p16 THC
and HPV RISH on whole sections. Four cases (33%) had absent
or necrotic tumor cells on both p16 THC and HPV RISH TMAs
and showed positive staining for both p16 IHC and HPV RISH
on whole sections. Two cases (17%) had positive pl6 IHC on
TMA but no tumor cells on HPV RISH TMA, and whole sec-
tions confirmed HPV RISH positivity. Three cases were not in-
cluded in the construction of the TMA initially, and were stained
using only whole sections.

Assessment of p16 IHC, HPV RISH, and IECC accuracy on
original review

On initial assessment, p16 IHC and HPV RISH were concor-
dant in 108/111 cases (97%) independent of the IECC assign-
ment Eighty-eight cases were positive for both p16 IHC and
HPV RISH, and 20 cases were negative for both p16 THC and
HPV RISH. The three cases that were discordant were all p16 pos-
itive and HPV RISH negative. These three cases are discussed
in detail below.

On original review, the IECC assignment was concordant
with HPV RISH in 103/111 cases (93%) and with p16 IHC in
106/111 cases (95%) (Table 1). Altogether, there were a total of
eight cases with p16 ITHC/HPV RISH and/or IECC/HPV
RISH and/or IECC/p16 discordance. These eight discordant
cases included seven HPVA cases (one usual-type, one muci-
nous intestinal-type, and five mucinous NOS [3 are mentioned

Table 1. Concordance of HPV RISH and p16 IHC with IECC histotype in 111 endocervical adenocarcinomas before and after external reviews

Concordant

Discordant®

Unclassifiable ~ Overall concordance, n (%)
HPVA/HPV+ NHPVA/HPV- HPVA/HPV- NHPVA/HPV+
QOriginal review 87 16 7 1 0 103/111 (92.8)
Expert review 87 20 1 1 2 107/111 (96.4)
HPVA/p16+ NHPVA/p16- HPVA/p16- NHPVA/p16+
Original review 90 16 4 1 0 106/111 (95.4)
Expert review 87 19 1 2 2 106/111 (95.4)

HPV, human papillomavirus; RISH, RNA in-situ hybridization; IHC, immunohistochemistry; IECC, International Endocervical Adenocarcinoma Criteria and Clas-

sification; HPVA, HPV associated.
Discordant cases are detailed in Table 2.
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above in the preceding paragraph]) that were all found to be
HPV RISH negative. There was one NHPVA case (gastric-type)
that was found to be HPV RISH positive, which is described in
detail below.

Histology re-examination with by original reviewers and by
external expert reviewers

The histology of each of the eight discordant cases was reviewed
again by the original internal reviewers as well as independently
by two expert external reviewers (Table 2). Histology review of
the one discordant usual-type ECA demonstrated classic HPVA
features with apoptotic bodies and floating mitosis. The two
external reviewers also independently thought it was HPVA. Its
classification remained unchanged as HPVA usual-type ECA,
despite the negativity for both p16 THC and HPV RISH (Fig. 1).

One case initially called HPVA-mucinous intestinal-type,
showed an ECA with ample eosinophilic cytoplasm with well-
defined cell borders, with histologic features in keeping with
NHPVA-gastric type ECA. Focally, the presence of goblet cells
was identified, which was the initial rationale for classifying it as
a HPVA-mucinous intestinal-type. Upon review, the intestinal-
type ECA was reclassified as gastric-type ECA. The two exter-
nal reviewers also called this NHPVA.

pi16.and HPVISHIN ECAs o 483

Of the five HPVA-mucinous NOS cases, two were negative for
both p16 THC and HPV RISH. On reassessment of both cases,
there was only very focal apoptotic bodies and apical mitoses
present. There were also other areas in the same tumor which
showed ample intracytoplasmic mucin. Both cases were reclas-
sified as a NHPVA-gastric type. The two external reviewers also
agreed independently on the diagnosis.

Of the five HPVA-mucinous NOS cases, three were positive
for p16 THC and negative for HPV RISH. These cases were dif-
ficult to reclassify even after external reviews. One case exhibited
villoglandular and glandular architecture. There were admixed
columnar cells with vague mucinous cytoplasm and cuboidal cells
forming small papillae (Fig. 2A, B). While all reviewers agreed
that this case belonged in the NHPVA category, the precise his-
totype could not be agreed upon by morphology alone, yielding
a final designation of NHPVA-NOS. The second case showed
mostly solid nested growth and the cells exhibited severe cyto-
logic atypia and admixed neutrophils. The nuclei were enlarged
with conspicuous nucleoli. There was no agreement in histotype
and this case was deemed unclassifiable (Fig. 2C). THC performed
in the clinical pathology workup showed positivity for estrogen
receptor and negativity for monoclonal carcinoembryonic anti-
gen and vimentin. The third case was similar. It comprised of nests

Table 2. p16 IHC/HPV RISH and histotype discordant cases with histology review and reclassification

Original HPV

histotype p16 RISH Histology review Reclassified
HPVA-usual Neg Neg Internal review: Demonstrated HPVA features, with morphology in keeping with usual-type HPVA-usual
External reviewer 2: HPVA-usual
External reviewer 3: HPVA-usual
HPVA- Neg Neg Internal review: Goblet cells present; Lack of significant HPVA features, with morphology in keeping with NHPVA-
mucinous gastric-type gastric
(intestinal) External reviewer 2: NHPVA-gastric
External reviewer 3: NHPVA-gastric
HPVA- Neg Neg Internal review: Lack of significant HPVA features, with morphology in keeping with gastric-type NHPVA-
mucinous External reviewer 2: NHPVA-gastric or endometrioid gastric
NOS External reviewer 3: NHPVA-gastric or endometrioid
HPVA- Neg Neg Internal review: Lack of significant HPVA features, with morphology in keeping with gastric-type NHPVA-
mucinous External reviewer 2: NHPVA-gastric gastric
NOS External reviewer 3: NHPVA-gastric
HPVA- Pos Neg Internal review: Lack of significant HPVA features; Mixture of cuboidal and columnar cells with vague NHPVA-NOS
mucinous intracytoplasmic mucin; Likely NHPVA-gastric
NOS External reviewer 2: NHPVA-gastric or endometrioid
External reviewer 3: NHPVA-clear cell
HPVA- Pos Neg Internal review: Usual or adenocarcinoma NOS unclassified, need HPV status Unclassifiable
mucinous External reviewer 2: HPVA-usual or NOS
NOS External reviewer 3: Unclassifiable
HPVA- Pos Neg Internal review: Nested cells with amphophilic cytoplasm and dense lymphoplasmacytic infiltrate-Unclassifiable  Unclassifiable
mucinous External reviewer 2: HPVA-usual
NOS External reviewer 3: Unclassifiable
NHPVA- Pos Mixed Internal review: HPVA features focally present, hybrid morphology in keeping with mixed usual and gastric-type  Mixed (usual
gastric Not available for external review and gastric)

IHC, immunohistochemistry; HPV, human papillomavirus; RISH, RNA in-situ hybridization; HPVA, HPV associated; Neg, negative; NHPVA, non-HPV-associat-
ed; Pos, positive; NOS, not otherwise indicated.
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Fig. 1. The discordant human papillomavirus (HPV) associated (HPVA) usual-type case demonstrates classic HPVA features with floating mi-
tosis and apoptotic bodies (A, B). Both HPV RNA in-situ hybridization (C) and p16 immunohistochemistry (D) are negative on whole slide
staining. The classification remains unchanged as HPVA usual-type.

Fig. 2. Three discordant human papillomavirus (HPV) associated (HPVA)-mucinous not otherwise indicated (NOS) cases with positive p16
immunohistochemistry (IHC) and negative HPV RNA in-situ hybridization are difficult to classify. First HPVA-mucinous NOS case is reclassi-
fied as non-HPV-associated NOS, which demonstrates a component with papillary architecture with cuboidal cells (A), and a second com-
ponent with columnar cells and mucin (B). Second HPVA-mucinous NOS case is deemed unclassifiable, which demonstrates solid nested
growth with severe cytological atypia (C). The last HPVA-mucinous NOS case is also deemed unclassifiable, which demonstrates nested cells
with amphophilic cytoplasm and dense lymphoplasmacytic infiltrate (D).

http://jpatholtm.org/ https://doi.org/10.4132/jptm.2020.07.18
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of mucinous cells with severe cytologic atypia. There was a back- was performed in the clinical pathology workup; however, this
ground of dense lymphoplasmacytic inflammation. This case patient did have a history of cervical intraepithelial neoplasia 2
was also deemed unclassifiable (Fig. 2D). No additional THC and adenocarcinoma-in-situ on a prior loop electrosurgical exci-

Fig. 3. One case of endocervical adenocarcinomas originally classified as gastric-type demonstrates mixed features showing both gastric-
type and usual-type morphology on hematoxylin and eosin staining (A). The gastric-type component (B) does not have typical human papil-

lomavirus (HPV) associated (HPVA) features and is positive for p16 immunohistochemistry (IHC) (D) and negative for HPV RNA in-situ hybridiza-
tion (RISH) (F). The usual-type component does demonstrate HPVA features (C) and is positive for p16 IHC (E) and positive for HPV RISH (G).

https://doi.org/10.4132/jptm.2020.07.18 http://jpatholtm.org/
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sion procedure specimen.

When the one discordant NHPVA-gastric type ECA was re-
reviewed, the histology demonstrated intermixed gastric-type
and usual-type morphology, which were spatially distinct (Fig. 3).
The two histotypes showed positive p16 THC but a distinct HPV
RISH profile. The usual-type component was positive for HPV
RISH and more superficial, while the gastric-type component was
negative for HPV RISH and more deep and infiltrative. Therefore,
this case was reclassified as an ECA of mixed type. This patient
presented with International Federation of Gynecology and Ob-
stetrics stage IIB disease and was treated with adjuvant chemo-
therapy and radiation. Follow up after 5 years revealed no evi-
dence of disease recurrence.

DISCUSSION

In our large series of cervical adenocarcinomas, we found that
pl16 IHC is concordant with HPV RISH in 97% of cases and is
an excellent surrogate biomarker for high-risk HPV. On original
review, p16 IHC and HPV RISH was concordant with IECC in
106/111 (95%) and 103/111 (93%) of cases, which remained
unchanged for p16 THC and improved to 107/111 (96%) for
HPV RISH after expert review. Our study reiterates that the
morphological guidelines denoted by the IECC are robust and
can be relied on as the first step in reaching the correct ECA clas-
sification in the vast majority of cases.

Our results are in keeping with recent findings by Chen et al.
[27], who demonstrated 100% sensitivity of p16 IHC for HPV
RISH in HPVA ECAs, but demonstrated a lower specificity
(88.89%). We also found 100% sensitivity of p16 IHC for
HPV RISH, and a lower specificity (86.9%). Our p16 IHC and
IECC concordance is also similar to that presented previously by
Hodgson et al. [10] (92% in HPVA, 100% in NHPVA). How-
ever, their study demonstrated a higher false negative rate for p16
IHC in HPVA (5 of 63, 8% of cases). We only saw false-negative
p16 THC in one case (1%). The difference between our concor-
dance rate is likely because any discordance in our study prompted
staining of p16 on whole tissue sections.

It has been shown that p16 IHC can be positive in up to one-
third of NHPVA-gastric type, which is a pitfall for pathologists
[31]. In our series, our one hybrid ECA showed diffuse p16 THC
staining in the gastric-type component, two cases of gasttic-type
ECA showed patchy staining and the remainder of the gastric-
type ECA showed negligible staining. We did not actually en-
counter a high rate of true p16 IHC positivity in our NHPVA-gas-
tric cases. However, we did have three p16 IHC+/HPV RISH-
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cases which were reclassified after expert review as one NHPVA-
NOS and two unclassifiable adenocarcinomas.

The HPVA-mucinous group posed the greatest challenge on
our initial histologic assessment. Five HPVA-mucinous were
reclassified after review (2 into NHPVA-gastric, 1 into NHPVA-
NOS, and 2 were unclassifiable). In some of the cases, the low-
power architecture (villoglandular), mucin-deplete columnar cells
and goblet cells, prompted an initial diagnosis of HPVA. More
often, it was the finding of very focal areas of luminal mitotic
figures or apoptotic bodies that prompted a diagnosis of HPVA.
The original reviews were performed by pathologists with vary-
ing levels of training and we believe this was a reflection of expe-
rience. Novice pathologists appear to take a more prescriptive
approach, following the IECC rules very literally, such that any
evidence of luminal mitoses or apoptotic debris renders a diag-
nosis of HPVA. The more seasoned pathologists appear to take a
broader approach, incorporating the entire constellation of mor-
phologic features and only considering luminal mitoses and apop-
totic bodies when they are more conspicuous. This is an impor-
tant finding to emphasize as many pathologists new to the IECC
system may encounter this same problem. In practice, mote time
would be spent on each case assessing for these features as well
as any adjacent in-situ lesions (adenocarcinoma in situ, lobular
endocervical glandular hyperplasia) that would be informative
for real-life practice. Even after careful review, some mucinous
NOS cases were not classifiable, albeit a very small number
(2/111, 2% of cases). In practice, additional immunohistochemical
markers available in the clinical pathology laboratory (such as
estrogen receptor, Napsin, p53) would likely allow for a refined
diagnosis in these cases. For example, one of the unclassified cases
had limited IHC workup which was positive for estrogen recep-
tor and negative for vimentin and monoclonal carcinoembryonic
antigen. It was subsequently signed out as invasive poorly differ-
entiated adenocarcinoma, consistent with cervical primary, favor
endometrioid.

Using morphology alone, we have identified one hybrid case
with both NHPVA and HPVA features. Like the 13 cases re-
ported by Wada et al. [33], the hybrid case contained features
of both gastric and usual-type ECA. However, the cases presented
in their study demonstrated either positive HPV or negative HPV
in both gastric and usual-type components using HPV DNA
ISH. Using HPV RISH, we showed a different staining pattern
in the two components. Although a collision tumor is a possi-
bility, we hypothesize that this tumor started as an HPV driven
neoplasm which then gained additional mutations allowing for
oncogenesis independent of HPV, with a subclone of the tumor
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presenting as loss of HPVA and gain of NHPVA morphologic
features. The favorable prognosis after 5 years also supports an
HPVA origin.

There are a couple of minor limitations of this study to high-
light. First, the HPV RISH kit detects 18 high-risk HPV sub-
types, but more than 200 types of HPV have been recognized
[34]. This could explain why the one usual-type ECA was nega-
tive for HPV RISH. Second, although p16 THC is a robust sur-
rogate marker for HPV infection, p16 IHC can be falsely neg-
ative in HPVA tumors in the setting of methylation induced-
inactivation and allelic loss [35,36]. We did not assess for these
advanced molecular features.

In summary, p16 THC and HPV RISH have excellent con-
cordance in endocervical adenocarcinomas. IECC classification
demonstrated strong concordance with HPV testing using p16
IHC and HPV RISH, with HPV RISH being slightly superior
to p16. Classification by TECC was excellent in novice patholo-
gists, with only a slight improvement with the addition of expert
pathologists. Of the IECC/HPV RISH or IECC/p16 IHC dis-
cordant cases, the majority were mucinous (i.e., mucinous intes-
tinal-type, mucinous NOS and gastric-types). Therefore, in any
cases with mucinous cytoplasm, pathologists should be extra care-
ful to examine for conspicuous HPV-related histologic features,
along with any associated in-situ lesions. The presence of goblet
cells or very focal apoptotic bodies or luminal mitoses are not
enough to designate a case as HPVA. Ambiguous cases may
warrant referral for HPV RISH or PCR.
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Primary squamous cell carcinoma of the salivary gland:
immunohistochemical analysis and comparison with metastatic
squamous cell carcinoma
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Background: Primary squamous cell carcinoma (SCC) of the salivary gland is a rare disease, and distinguishing primary SCC from met-
astatic SCC is difficult. This study investigated the histological and immunohistochemical differences between primary and metastatic
salivary gland SCC to improve the accuracy of diagnosis and to explore the pathogenesis of this disease. Methods: Data of 16 patients
who underwent surgery for SCC of salivary glands between 2000 and 2018 at Asan Medical Center were retrieved. Eight patients
had a history of SCC at other sites, and eight patients had only salivary gland SCC. Immunostaining for p16, p53, androgen receptor
(AR), gross cystic disease fluid protein 15 (GCDFP-15), and c-erbB2, as well as mucicarmine staining, were compared between the
two groups. Results: Most tumors were located in the center of the salivary glands with extraparenchymal extension. The histology
of primary SCC of the salivary gland was consistent with moderately differentiated SCC with extensive desmoplastic reaction and per-
itumoral inflammation. Involvement of the salivary gland ducts and transition into the ductal epithelium were observed in two cases.
Metastatic SCC resembled the primary tumor histologically and was associated with central necrosis. Both groups exhibited negative
mucin staining. Two, one, and one primary SCC case exhibited AR, GCDFP-15, and c-erbB2 positivity, respectively. Conclusions: A
subset of primary SCCs originated in salivary ducts or was related to salivary duct carcinoma. Distinguishing primary from metastatic
SCC of the salivary gland is difficult using histologic features and immunoprofiles. A comprehensive review of the medical history is es-

sential.
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Primary squamous cell carcinoma (SCC) of the salivary gland
is a rare disease, accounting for 1.6% (0.3%—6.9%) of salivary
gland neoplasms [1-5]. The salivary gland is histologically
composed of secretory, ductal, and myoepithelial cells. Various
neoplasms exhibit secretory, ductal, or myoepithelial differenti-
ation. Therefore, in patients with SCC in the salivary gland, the
possibility of metastasis or direct invasion from the adjacent
skin or the external auditory canal must be considered [3,4,6,7].
In addition, primary SCC must be differentiated from mucoepi-
dermoid carcinoma (MEC) and salivary duct carcinoma using
mucicarmine staining and androgen receptor (AR) and gross
cystic disease fluid protein 15 (GCDFP-15) immunostainings.
Most common events of carcinogenesis are associated with TP53

pISSN 2383-7837
elSSN 2383-7845

genetic mutation, and p16 is involving with multiple processes
of carcinogenesis in cases of head and neck SCC [8,9]. This study
was performed to discover expressional differences of p53 and
pl6 immunohistochemical (IHC) stainings between primary
SCC and metastatic SCC. Wolff et al. [10] studied c-erbB2 expres-
sion in salivary gland carcinoma according to histologic subtype
and aggressive behavior. Considering previous results, this study
intended to determine the expressional characteristics in primary
SCC and metastatic SCC [10-12]. Although the pathogenesis
of primary SCC of the salivary gland is unknown, it can be asso-
ciated with squamous metaplasia of the salivary duct or previous
radiation treatment [4,5]. The aim of this study was to improve
our understanding of the pathology and pathogenesis of primary
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SCC of the salivary gland by comparing its features with those of
metastatic SCC.

MATERIALS AND METHODS

Materials

Sixteen patients with surgically resected SCC of the salivary
gland were identified after searching an anonymized research
database at Asan Medical Center between 2000 and 2018. Pa-
tient characteristics are listed in Tables 1 and 2. Eight patients
(50%) had primary SCC in the salivary gland. The cases of pri-
mary SCC in the salivary gland had no past history of cancer and
revealed no other concurrent lesions through imaging studies
such as computed tomography (CT) and positron emission to-
mography. SCC that had been diagnosed at other sites and me-
tastasized to the salivary gland were designated as metastatic SCC
in this study. The remaining eight cases (50%) in this study
had a history of SCC at other sites and were classified as meta-
static SCC. The clinical parameters collected from the electronic
medical records were age at onset, sex, smoking history, survival,
and treatment history.

Histologic analysis

All cases were histologically reviewed by two pathologists

(K.J.C. and U.].) with standard immunohistochemistry tests for
diagnosis. Pathologic review included the following features: de-
gree of differentiation of SCC, comprehensive (general) histologic
features of SCC, pattern of infiltration, lymphovascular inva-
sion, presence of peritumoral lymphocytes, and desmoplastic
reactions. The histologic features were compared between the
primary tumor and metastatic SCC. Regarding the previous
studies, the possible presence of squamous ductal metaplasia,
ductal dysplasia, or a ductal carcinoma component was investi-
gated to help elucidate the pathogenesis of primary SCC of the
salivary gland [6,13].

Immunohistochemical analysis and special staining
Formalin-fixed paraffin-embedded tissue specimens from pri-
mary and metastatic SCCs of the salivary gland were subjected
to mucicarmine staining and IHC staining for p16, p53, AR,
GCDFP-15, and c-erbB2. THC staining was performed using
the autoimmunostainer BENCHMARK XT (Ventana Medical
Systems, Tucson, AZ, USA) with the OptiView DAB IHC De-
tection Kit (Ventana Medical Systems) according to the manu-
facturer’s instructions using the reagents supplied with the kit.
The antibodies used were as follows: mouse anti-GCDFP-15
(1:50, cat. MS1170A, clone 23A3, Neomarkers, Fremont, CA,
USA), mouse anti-AR (1:100, cat. 200R-16, clone SP107, Cell

Table 1. Clinical characteristics of patients with primary SCC of the salivary gland

Case No.  Sex/Age (yr) Location of tumor Therapy Survival (mo) Smoking Hx (PY)  Previous radiation Hx
1 M/71 Parotid gland Parotidectomy and adjuvant RT Expired (32.2) 45 None
2 M/62 Parotid gland Parotidectomy and adjuvant CCRT Alive (97 40 None
3 M/58 Parotid gland Parotidectomy and adjuvant RT Expired (21.7) 30 None
4 F/62 Submandibular gland  Excision Alive (67) None None
5 M/62 Parotid gland Parotidectomy and adjuvant CCRT Alive (58.7) 40 None
6 M/65 Parotid gland Parotidectomy Alive (48.7) 30 None
7 M/62 Submandibular gland  Excision and adjuvant CCRT Expired (11) 20 None
8 F/r7 Submandibular gland  Excision and adjuvant RT Expired (16.3) None None

SCC, squamous cell carcinoma; Hx, history; PY, pack years; M, male; RT, radiotherapy; CCRT, combined chemoradiotherapy; F, female.

Table 2. Clinical characteristics of patients with metastatic SCC of the salivary gland

Case Sex/Age Location of metastatic

Origin site of SCC

Therapy for metastatic SCC

Survival after metastasis  Smoking Hx Radiation Hx for

No. (yr) tumor (mo) (PY) original SCC
9 M/70  Cheek skin Parotid gland Parotidectomy Expired (9.8) 50 None

10 F/76 Preauricular skin Parotid gland Parotidectomy and adjuvant RT Expired (142) None None

11 M/69 EAC Parotid gland Parotidectomy and adjuvant RT Expired (16.1) None None

12 F/75 Eyelid Parotid gland Parotidectomy and adjuvant RT Expired (98.9) None None

13 F/67 Tongue Parotid gland Parotidectomy and adjuvant RT Expired (8.7) 5 Present

14 M/85  EAC Parotid gland Wide excision Alive (26.7) 30 None

15 M/76  Cheek skin Parotid gland Excision and adjuvant RT Alive (24.2) 60 None

16 F/45 Scalp Parotid gland Parotidectomy and adjuvant CTx Alive (24.2) None None

SCC, squamous cell carcinoma; Hx, history; PY, pack years; M, male; F, female; RT, radiotherapy; EAC, external auditory canal; CTx, chemotherapy.
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Marque, Rocklin, CA, USA), mouse anti-p53 (1:1,000, cat.
M7001, clone DO-7, Dako, Glostrup, Denmark), mouse anti-
pl6 INK4 (1:6, cat. 805-7413, clone E6H4, Ventana Medical
Systems), and rabbit anti-c-erbB2 (1:8, cat. 790-4493, clone
4B5, Ventana Medical Systems). Tumor sections at a thickness of
4 pm were deparaffinized, and antigen retrieval was performed
by incubation in EDTA buffer (cell conditioner #1) for 32 min-
utes. After inactivation of the endogenous peroxidases and rins-
ing with Tris buffer, the sections were incubated in diluted prima-
ry antibodies for 16 minutes at 37°C. Staining for mucicarmine
was performed using the Mucicarmine Staining Kit (Ventana
Medical Systems).

Immunostaining for p53 and AR was identified by a dark
brown stain confined to the nucleus and was scored as positive
regardless of proportion. For GCDFP-15 and pl6, cytoplasmic
staining was interpreted as an immunopositive response. C-erbB2
staining was evaluated using the American Society of Clinical
Oncology (ASCO) 2018 system [10]. For mucicarmine staining,
intracytoplasmic rose-red coloring was interpreted as a positive
result.

RESULTS

Clinical features

Overall, 16 patients were diagnosed with SCC of the salivary
gland after surgery. Eight cases were classified as primary SCC,
and the remaining eight cases were metastatic SCC of the salivary
gland. Primary SCC of the salivary gland was located in the parotid
gland in five cases (63%) and the submandibular gland in three
cases (38%). Metastasis to the salivary glands occurred in the

Table 3. Histologic analysis of primary and metastatic SCC

Primary and metastatic SCC of the salivary gland ¢ 491

parotid glands and originated from facial skin in three cases, ex-
ternal auditory canal in two cases, tongue in one case, eyelid in
one case, and scalp in one case. Patients ranged in age from 45 to
85 years, with an average age of 64.8 years for patients with pri-
mary SCC and 69.1 years for those diagnosed with metastatic
SCC. Ten men and six women were involved in the study.

The clinical characteristics of each patient diagnosed with pri-
mary SCC are summarized in Table 1. Six men and two women
aged 58-77 years presented with a gradual increase in swelling
of the parotid (5/8, 63%) or submandibular region (3/8, 38%).
None of the participants had received radiation to the head and
neck, and six patients had a history of smoking. Most salivary
gland tumors were identified as a heterogeneous enhancing
mass with a spiculated border and invasion of adjacent tissues
on CT imaging except one case that presented as a benign tumor
with a well-defined border. Resected tumors measured 2.8-6.3 cm
in the greatest dimension. The pathological stage for the TNM
Classification of Malignant Tumors (TNM) of primary SCC in
the salivary gland was adjusted in each case according to the
American Joint Committee on Cancer (AJCC) Staging Manual
8th edition (Supplementary Table S1). Four cases of primary
SCC were assessed as pT3, while the other four cases of primary
SCC were evaluated as pT2. Five cases of primary SCC had
lymph node metastasis. Among them, three were classified as
pN3b, while the remaining two were classified as pN2b and
pN1. Of the eight patients, seven received adjuvant treatment
in the form of radiotherapy or combined chemoradiotherapy af-
ter surgery. Four patients died after treatment, one experienced
metastasis of the primary SCC to the lungs at one year, and one
developed local recurrence upon follow-up.

Primary SCC Metastatic SCC
Keratinization and keratin pearls Present (6 of 8 cases) Present (7 of 8 cases)
Intercellular bridges with large nuclei and eosinophil cytoplasm Present Present
Tumor border Serrated and pointed Bosselated and expansile
Peritumoral inflammation Abundant Variable
Necrosis Variable Central tumor necrosis
Desmoplasia Abundant Variable
Extraparenchymal extension Present (8 of 8 cases) Present (7 of 8 cases)
Ductal involvement Present (2 of 8 cases) Absent
Ductal differentiation Present (1 of 8 cases) Absent

Lymphatic invasion
Vascular invasiona
Lymph node metastasis
Ipsilateral
Bilateral

Abundant (7 of 8 cases)
Present (1 of 8 cases)

Variable (4 of 8 cases)
Present (1 of 8 cases)
Present (5 of 8 cases) Present (3 of 8 cases)
4 of 8 cases 3 of 8 cases

1 of 8 cases None

@The case of vascular invasion was concurrently observed with lymphatic invasion in both primary and metastatic squamous cell carcinomas (SCCs).
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Fig. 1. Histologic features of primary squamous cell carcinoma (SCC) and metastatic SCC of the salivary gland. (A, B) Keratinization, keratin
pearls, and intercellular bridges are observed in primary SCC (A, case #8; inset, x 100) and metastatic SCC (B, case #15; left, original SCC;
right, metastatic SCC). (C, D) Representative tumor border and tumoral microenvironment in primary and metastatic SCC. Primary SCC
shows serrated sharp borders (C, case #5; inset, peritumoral inflammation and desmoplasia), while metastatic SCC shows a bosselated
smooth boundary (D, case #14; inset, x200). (E, F) Tumor necrosis is irregularly distributed in primary SCC (E, case #8; inset, x 200) and
centrally located in metastatic SCC (case #16). (G) Primary SCC continuing to transitional or pseudostratified ductal epithelium (case #5). (H)
The transitional area of salivary duct carcinoma in SCC is observed in a metastatic lymph node (case #7).

http://jpatholtm.org/ https://doi.org/10.4132/jptm.2020.07.19



The clinical characteristics of the patients diagnosed with
metastatic SCC are summarized in Table 2. There were four men
and four women aged 45-85 years, with all cases involving the
parotid glands. Metastatic SCCs were identified by a palpable
mass or on CT imaging during follow-up after initial diagnosis
of SCC. Resected tumors measured 0.6-3 cm in the greatest di-
mension. Three patients had synchronous lymph node metastasis
at the time of detection of metastatic SCC in the parotid gland.

Histologic features

Representative histological features of primary and metastatic
SCC of the salivary gland are summarized in Table 3. The same
general histologic features of SCC were observed in the primary
and metastatic groups including keratinization, keratin peatls,
intercellular bridges, and large nuclei with eosinophilic cytoplasm
(Fig. 1A). Metastatic SCC tended to resemble primary SCC
(Fig. 1B). The frequency of keratinization and keratin pear! for-
mation was similar between the primary and metastatic groups.
Extraparenchymal extension was present in eight and six cases of
primary and metastatic SCC, respectively, and different growth
patterns were observed at the tumor boundary. Primary SCC
was characterized by significant desmoplastic reactions and lym-
phoplasma cell infiltration resulting in serrated pointed borders
(Fig. 1C). Metastatic SCC exhibited less desmoplasia and in-
flammatory reactions and possessed bosselated smooth borders
(Fig. 1D). Necrosis patterns also differed between the groups,
showing spotty necrosis in primary SCC and a central pattern in
metastatic SCC (Fig. 1E, F). Two cases (cases #5 and #7) in the
primary group showed involvement of large ducts, continuing
to the transitional or pseudostratified ductal epithelium (Fig.
1G), thought to be a metaplastic step. Case #7 also exhibited
the coexistence of squamous and ductal carcinomas in the meta-
static lymph nodes (Fig. 1H). Lymphovascular invasion and re-
gional lymph node metastasis were observed in both groups. The
frequency of lymphovascular invasion, lymph node metastasis,
and bilateral lymph node metastasis was slightly higher in primary
SCC (Table 3).

IHC findings

The IHC staining results for primary and metastatic SCC of
the salivary gland are shown in Table 4. The expression rates of
p53, p16, and GCDFP-15 did not differ significantly between
the two groups, except for a slightly higher rate of p53 positivity
in the primary SCC group. Mucicarmine staining was negative
inall 16 cases, excluding high-grade mucoepidermoid carcinoma.
One primary SCC (case #5) (13%) was positive for c-erbB2 (Fig.
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Table 4. Results of immunohistochemical and histochemical stains

Primary SCC of Metastatic SCC of
salivary gland salivary gland

Staining

Expression 8 (100) 8 (100)
p53

Positive 7(88) 5(63)

Negative 1(12) 3(37)
p16

Positive 5 (63) 6 (75)

Negative 3(37) 2 (25)
Androgen receptor

Positive 2 (25 0

Negative 6(75) 8(100)
GCDFP-15

Positive 1(12) 0

Negative 7(88) 8 (100)
c-erb B2

Positive 1(12) 0

Negative 7(88) 8 (100)
Mucicarmine

Positive 0 0

Negative 8 (100) 8(100)

Values are presented as number (%).

SCC, squamous cell carcinoma; GCDFP-15, gross cystic disease fluid pro-
tein 15.

¥0ne of two cases expressing androgen receptor was found in metastatic
tumors of primary SCC in lymph nodes.

2A). An immunopositive response for AR was observed in two
primary SCCs (25%), of which one (case #6) exhibited AR ex-
pression within the primary tumor (Fig. 2B), while one (case #7)
showed AR expression at ductal differentiation in lymph node
metastasis (Fig. 2C). This case also demonstrated focal GCD-
EP-15 positivity (Fig. 2D).

Survival analysis

Overall survival (OS) was analyzed for primary and metastatic
SCCs and compared with p16, p53, and AR THC staining sta-
tuses of primary SCCs. Primary SCC did not exhibit significant
differences in OS compared to metastatic SCCs (p =.992) (Sup-
plementary Fig. S1A). When restricting the analysis to primary
SCC only (n = 8), there were no statistically significant differences
in survival according to p16, p53, and AR statuses (Supplemen-
tary Fig. S1B-D). The p53-positive group exhibited a tendency
toward shorter OS (p =.384) (Supplementary Fig. S1B).

DISCUSSION

SCC of the salivary gland is an uncommon occurrence, and
most cases represent metastases from other head and neck sites

http://jpatholtm.org/
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Fig. 2. Results of immunohistochemical staining in primary squamous cell carcinoma (SCC) and metastatic SCC. (A) Immunopositive reac-
tion to c-erbB2 in primary SCC (case #5). (B, C) Immunopositive response to androgen receptor staining in the salivary duct carcinoma
component of the primary tumor (B, case #6) and metastatic tumor (case #7) in primary SCC. (D) Focal positivity for gross cystic disease flu-
id protein 15 in a metastatic tumor of primary SCC in a lymph node (case #7).

[1,3,14]. There are few studies on primary SCC of the salivary
gland [3,6,14], and a histologic comparison of primary and
metastatic SCC has not been reported. The purpose of this study
was to share helpful histologic features and diagnostic challeng-
es between primary SCC and metastatic SCC of the salivary
gland. Though previous studies researched variable kinds of sal-
ivary gland tumors including primary and metastatic tumors, the
present series studied only SCCs of the salivary gland [6,14-16].
Therefore, primary SCCs of this study comprised a higher pro-
portion (8 of 16 cases, 50%) among the total SCCs of the sali-
vary gland retrieved over a 19-year period at one institution
(Tables 1, 2). The histology of primary and metastatic SCCs was
comparable even though some differences were observed. Pri-
mary SCCs exhibited a considerable desmoplastic reaction and
peritumoral inflammation compared to metastatic SCCs, as well
as a serrated margin and less central necrosis. However, these

http://jpatholtm.org/

findings were non-specific, and distinguishing between the two
groups was difficult based on histology alone.

Salivary duct involvement was observed in two primary SCCs,
supporting the possible ductal origin of primary SCC of the sal-
ivary gland. Consistently, SCCs in situ arising from salivary ductal
epithelium have been reported [6,13]. Flynn et al. [3] reported
presence of squamous metaplasia within the ductal epithelium
adjacent to invasive carcinoma in a fraction of primary SCC cases.
One case in the present series exhibited a new finding of coex-
isting ductal and squamous carcinomas in a metastatic lymph
node even though this phenomenon was not observed in the
primary tumor. This ductal component was positive for AR and
GCDFP-15 on IHC, consistent with salivary duct carcinoma, a
predominantly apocrine tumor [7,17]. Although the other AR-
positive case was pure SCC, AR-expressing areas contained lob-
ules of non-keratinizing uniform cells, which is different from

https://doi.org/10.4132/jptm.2020.07.19



conventional SCC. AR expression in salivary SCC has not been
reported [18-21]. These findings suggest a possible relationship
between salivary duct carcinoma and SCC. A subset of primary
SCCs of the salivary gland may be derived from extensive squa-
mous differentiation of salivary duct carcinomas, whereas other
cases may arise from squamous metaplasia of the salivary duct
epithelium. While all metastatic SCCs involved the parotid gland,
primary SCCs affected both parotid and submandibular glands.
The parotid gland is the most commonly involved major gland in
primary SCC [1,3,14], although many isolated cases of subman-
dibular gland origin have been reported [4,5,16,22,23]. The loca-
tion of primary SCC as well as the age and sex of the patients were
similar to those reported for salivary duct carcinomas.

Previous radiation injury is a risk factor for salivary SCC de-
velopment [4,5]. However, none of our patients had a history of
radiation. Smoking is a risk factor for SCC of the head and neck.
Six of the eight primary SCC patients were moderate smokers,
supporting the role of smoking as a risk factor. The pathogenesis
of primary SCC of the salivary gland remains to be determined.

An important issue in diagnosis of primary SCC of the salivary
gland is exclusion of high-grade MEC. Mucin production sug-
gests MEC or adenosquamous carcinoma arising in the salivary
glands rather than primary SCC of the salivary gland. Taxy et al.
[6] published controversial results regarding mucicarmine posi-
tivity in metastatic SCC of the submandibular gland and in one
case of intraductal in situ SCC. The former case may have been
metastatic MEC, while the latter case may have corresponded to
early MEC. None of the primary or metastatic SCCs in this study
exhibited intracytoplasmic mucin based on mucicarmine staining.

Primary SCC is a high-grade malignancy of the salivary gland
that may require extensive excision with neck dissection and ad-
juvant radiotherapy [3]. A large series from the Surveillance,
Epidemiology, and End Results database including 2,104 pa-
tients (not designated as primary) aged > 85 years with a tumor
size >4 cm identified extraparenchymal extension, cervical metas-
tasis, and distant metastasis as independent prognostic factors
[2]. Surgery resulted in better 5-year disease-specific survival rates
compared to no surgery or radiation alone. In the present series,
all patients were younger than 85 years, and survival outcomes
after surgery with or without radiotherapy were variable. The
small sample size was a limitation of our study, and no prognostic
factors were determined from the IHC results. However, with
respect to treatment, effects of anti-AR therapy in primary SCCs
of the salivary gland are anticipated [19,23].

To accurately diagnose primary SCCs of the salivary gland,
metastatic disease and high-grade MEC must be excluded through

https://doi.org/10.4132/jptm.2020.07.19
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careful evaluation of relevant patient history and special staining.
Although the pathogenesis of salivary SCC remains unknown,
the present histology and IHC results suggest a possible associ-

ation with salivary duct carcinoma.
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Can BAP1 expression loss in mesothelial cells
be an indicator of malignancy?
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Background: Malignant mesothelioma is a highly aggressive tumor that can be confused with a benign mesothelial lesion, especially cy-
tomorphologic lesions. BRCA1-associated protein 1 (BAP1) acts as a tumor suppressor. In this study, we aim to investigate the value of
BAP1 staining of malignant mesothelioma cases with expression loss and diagnosis in cell block and biopsy tissue. Methods: Between
January 2009 and March 2017, 64 mesotheliomas, 117 reactive mesothelial hyperplasias, and 20 fibrinous pleuritis/pericarditis were di-
agnosed with morphologic and immunohistochemical findings in our pathology clinic and were included in the study. Formalin-fixed,
paraffin-embedded tissues were immunohistochemically examined for BAP1. Inflammatory and stromal cells were used as positive in-
ternal controls. BAP1 was assessed for nuclear staining in mesothelial cells. Results: Examinations of the relationship between patient
diagnosis and BAP1 biopsy status showed that the BAP1 loss rate (76.6%) was significantly higher in malignant mesothelioma cases
than in other benign diseases (0%) (p<.001). Sensitivity and specificity were 76.56% and 100%, respectively, for biopsy tissue from
malignant mesothelioma. Sensitivity and specificity were both 100% for BAP1 test on cell block tissue. Furthermore, the consistency
between BAP1 cell block and biopsy results was excellent (x=0.90) and the correlation was significant (p <.001). Conclusions: This
study shows that BAP1 expression loss in both cytology and biopsy tissue in biopsy-confirmed malignant mesothelioma cases is an

essential parameter for malignant mesothelioma diagnosis.
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Malignant mesothelioma (MM) is an aggressive tumor origi-
nating from serosal surfaces, mostly pleura [1]. Exposure to some
carcinogens, especially asbestos, is a strong risk for MM devel-
opment [2,3]. MM has an inadequate response to treatment be-
cause in most patients diagnosis is delayed. However, prognosis
is better if recognized earlier. Therefore, it is crucial to diagnose
MM early [4-6].

About 80% of MM cases are associated with asbestos expo-
sure. MM incidence is high in Turkey, especially the Cappadocia
region, where environmental asbestos is widely distributed [7].
It is thought that 20 years or more of asbestos exposure can in-
crease the risk of MM development.

Malignant mesothelioma, benign mesothelial neoplasia, and
reactive mesothelial proliferation are lesions that are difficult to
diagnose because they mimic each other cytomorphologically.
Although the features supporting malignancy include clear cy-

pISSN 2383-7837
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tological atypia, dense cell clusters, and necrosis, the most reli-
able diagnostic criterion is the presence of deep-tissue invasion
[8]. MM diagnosis in cytologic materials is even more difficult
because invasion is the only reliable standard.

To date, an immunohistochemical marker that can reliably dif-
ferentiate a reactive process from neoplastic mesothelioma does
not exist [9,10]. Various immunohistochemical markers (epi-
thelial membrane antigen, p53, p100, p-glycoprotein, desmin,
etc.) are used together to reach a final decision [11-13].

BRCA1-associated protein 1 (BAP1) acts as a tumor suppres-
sor and belongs to the family of high-risk cancer-related genes
located at 3p21.1. It is associated with a high-risk cancer syn-
drome that includes malignancies such as malignant mesotheli-
oma, uveal melanoma, cutaneous melanoma, atypical melanocytic
tumor, and renal cell carcinoma (especially clear-cell type). BAP1
expression loss may be an indicator of malignancy in mesotheli-

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 497



498 o Qzdemir HG et al.

omas [4,14,15]. BAP1 is not yet routinely used as an immuno-
histochemical marker but may soon be preferred for diagnosis
and targeted treatment [16,17].

This study aims to investigate the efficacy of immunohisto-
chemically stained BAP1 antibodies for differential diagnosis of
MM, reactive mesothelial hyperplasia (RMH), and fibrinous
pleuritis/pericarditis (FP).

MATERIALS AND METHODS

Case selection

Sixty-four patients with mesothelioma, 117 patients with re-
active mesothelial hyperplasia, and 20 patients with FP who were
diagnosed at our pathology clinic between January 2009 and
March 2017 were included in the study. Diagnosis of the MM
cases was made according to presence of deep-tissue invasion
composed of mesothelial cells using immunohistochemically
applied calretinin, WT1, and D2.40 stains of biopsy tissue. The
cell blocks obtained from cytological material taken during biop-
sy were evaluated for the presence of mesothelial cells. The cell
blocks, which were also stained with the same immunohisto-
chemical markers, were also analyzed for this study.

We examined slides, paraffin blocks, and report archives of all
the study cases where available. Cell blocks of cytological material
and biopsy tissue were evaluated for suitability for immunohis-
tochemical examination. Both cell blocks and tissue blocks that
had sufficient mesothelial cells (>20 cells) were immunohisto-
chemically stained with BAP1 antibodies. For cases that did
not have cell blocks or that had insufficient mesothelial cells in
cell blocks, only tissue blocks were stained. Two pathologists,
blinded from the diagnosis, evaluated results on light microscopy.

Immunohistochemical procedure

For immunohistochemical examination, 4-pm-thick sections
prepared from formalin-fixed and paraffin-embedded tissues
were used. Tissue sections were taken into electrostatically charged
slides (Isotherm) and dried at 70°C for at least 1 hour. The whole
immunohistochemical staining process, including deparaffiniza-
tion and antigen release, was performed on a fully automated
immunohistochemistry staining device (Ventana BenchMark
XT, Ventana Medical Systems, Tucson, AZ, USA). We used a
ready-made kit that is biotin-free, based on an horseradish per-
oxidase (HRP) multimer, and contains hydrogen peroxide sub-
strate and 3,3'-diaminobenzidine tetrahydrochloride (DAB)
chromogen (Catalog number 760-500, ultraView Universal DAB
Detection Kit, Ventana Medical Systems) for this process. BAP1
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antibody (1:100, Thermo Fisher Scientific, Rockford, IL, USA)
was administered. Contrast staining with hemotoxylin and blu-
ing solution was performed with a staining device; the proce-
dure was completed manually with dehydration, transparency
with xylene, and closure of the sections with lamel.
Inflammatory and stromal cells in the cell block of cytologic
materials and biopsy materials were used as a positive internal
control for BAP1 antibody. Mesothelial cells were evaluated via
nuclear staining with BAP1 antibodies. Detection of nuclear
staining was interpreted as “BAP1 normal expression” (Fig. 1A—
D) and lack of staining as “loss of BAP1 expression” (Fig. 2A-D).
Cytoplasmic staining, observed in some cases, was evaluated as
nonspecific, and we took into account only nuclear staining.

Statistical analyses

Statistical analyses were performed using SPSS ver. 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Variables were evaluated
for normality both visually (histogram and probability graphs)
and statistically (Kolmogorov-Smirnov/Shapiro-Wilk tests).
Descriptive analyses were performed using mean and standard
deviations for normally distributed variables. In cases where the
data were not normally distributed, the Mann-Whitney U test
was used to compare two groups and the Kruskal-Wallis test
was used to compare more than two groups. The chi-square and
Fisher exact tests were used to compare nominal variables, e.g.,
biopsy results. Patient age was recategorized into ordinal groups
and trend analysis was performed with meaningful parameters.
Also, we used the Kappa test to determine the consistency of
biopsy results with each other. A p-value <.05 was considered
statistically significant.

RESULTS

Of 64 MM cases, 40 (62.5%) were male and 24 (37.5%) were
female. The median age at diagnosis was 61 (+ 12.26) years, and
56.3% of the patients were between 40—64 years old. While 57
of the 64 cases (89.1%) originated in the pleura, six (9.4%) were
from the peritoneum and one (1.5%) from the pericardium. In
histological subtypes, 54 cases (84.4%) were epithelioid type,
five cases (5.2%) sarcomatoid type, and 5 cases (5.2%) biphasic
type. Asbestos exposure was detected in 35.9% of our MM cases.

Seventy-four of 117 RMH cases (63.2%) and 15 of 20 FP cases
(75%) were male, with median ages of 45 (+ 19.36) years and
59.5 (+ 16.07) years, respectively. Of the 137 non-MM cases
(117 RMH and 20 EP), 103 biopsy specimens (75.1%) were
taken from the pleura, 31 (22.6%) from the peritoneum, and 3
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Fig. 1. BRCA1-associated protein 1 (BAP1) immunohistochemistry results in reactive mesothelial hyperplasia. Biopsy material with hematox-
ylin and eosin staining (A) and BAP1 immunohistochemistry (B) with strong nuclear staining. Cell block material with BAP1 immunohisto-
chemistry staining. (C) Note the strong nuclear and weak nonspecific cytoplasmic staining. (D) An example of a fibrinous pleuritis case with
BAP1 staining.

(2.3%) from the pericardium.

According to biopsy status, the BAP1 expression loss rate
(76.6%) in patients diagnosed with MM was significantly higher
than among other benign diseases (0%; p <.001). When MM
cases were evaluated by histological subtype, the BAP1 expres-
sion loss rate was 81.5% in epithelioid-type MM cases, whereas
no BAPI expression loss was observed among sarcomatoid-type
MM cases. BAP1 expression loss was observed in all five biphasic
cases, but all expression loss was found in the epithelioid com-
ponents, and no loss was found in the sarcomatoid components
(Table 1). For MM diagnosis, the sensitivity and specificity of
BAP1 expression loss in tissue biopsies were 76.56% and 100%,
respectively.

Only the epithelioid histological subtype of malignant meso-
thelioma cases had sufficient cell block material. According to
cell block status, expression loss was observed in all malignant
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mesothelioma cases (n = 11), while there was no expression loss
in any of the benign processes (8 RMH and 1 FP cases). The sen-
sitivity and specificity of the BAP1 test were both 100% for cell
block (Table 2).

When the consistency between cell block and tissue biopsy
results for BAP1 expression status was examined, a high consis-
tency (K = 0.90) and significant correlation were obtained (p <
.001). Accordingly, 10 of the 11 patients (90.9%) who were found
to have BAP1 expression loss in cell block also showed expres-
sion loss in biopsy, while all nine patients (100%) who did not
show expression loss in cell block also showed no loss in biopsy
(Table 3).

MM cases were evaluated in terms of BAP1 expression loss ac-
cording to age, gender, asbestos exposure, additional cancer, and
localization, and no significant differences were found (all p >

.05) (Table 4).

http://jpatholtm.org/
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DISCUSSION

Due to high tumor aggressiveness, distinguishing MM cases
from reactive processes and diagnosing accurately as early as
possible is of great importance [4-6]. However, the only reliable

criterion for histopathological diagnosis is detection of fatty tis-
sue invasion [8]. Unfortunately, these criteria cannot be evaluated
in cytological materials. For this reason, numerous studies have
been conducted to find an immunohistochemical marker that
might aid MM diagnosis or even offer a definitive diagnosis.

Fig. 2. BRCA1-associated protein 1 (BAP1) immunohistochemistry results in malignant mesothelioma. Biopsy material with hematoxylin and
eosin staining (A) and loss of BAP1 expression (B) with inflammatory cells as a positive internal control in epithelioid mesothelioma. Cell block
material with BAP1 staining (C). BAP1 normal expression in sarcomatoid mesothelioma (D).

Table 1. BAP1 expression status according to biopsy diagnosis

Histologic type (n=201) <.001
Malignant mesothelioma 49 (76.6) 15(23.4)
Reactive mesothelial hyperplasia 0 117 (100)

Fibrinous pleuritis/Pericarditis 0 20 (100)

Histologic subtype of MM (n=64) <.001
Epithelioid type 44.(81.5) 10(18.5)
Sarcomatoid type 0 5 (100)

Biphasic type 5 (100) 0

Table 2. BAP1 expression status according to cell block diagnosis

Histologic type (n=20) <.001
Malignant mesothelioma 11 (100) 0
Reactive mesothelial hyperplasia 0 8 (100)
Fibrinous pleuritis/pericarditis 0 1(100)
Histologic subtype of MM (n=11) <.001
Epithelioid type 11 (100) 0
Sarcomatoid type 0 0
Biphasic type 0 0

BAP1, BRCA1-associated protein 1; MM, malignant mesothelioma.
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Table 3. Consistency between BAP1 expression status in cell
block and biopsy

BAP1 expression status in biopsy

BAP1 expression status

in cellolock Lossof BAP1 ~ BAP1normal ~ Tofal
expression expression
Loss of BAP1 expression 10(90.9) 1(9.1) 11 (100)
BAP1 normal expression 0 9 (100) 9(100)
Total 10 (50.0) 10 (50.0) 20 (100)

Values are presented as number (%).
BAP1, BRCA1-associated protein 1.
p<.001; k=0.90.

Table 4. BAP1 expression status according to age, sex, asbestos
exposure, neoplastic transformation, and localization in MM cases

Loss of BAP1 BAP1 normal
expression expression e
Age (yr) 60.0 (49.0-68.0) 62.0 (68.0-75.0) .084
Sex
Male 29 (72.5) 11(27.5) 322
Female 20 (83.3) 4(16.7)
Asbestos exposure
No 32(78.0) 9(22.0) .708
Yes 17 (73.9) 6 (26.1)
Neoplastic transformation
No 47 (75.8) 15 (24.2) 427
Yes 2 (100) 0
Localisation
Pleura 43 (75.4) 14 (24.6) 545
Periton and pericard 6(85.7) 1(14.3)
Values are presented as median (percentile 25-percentile 75) or number
(%).

BAP1, BRCA1-associated protein 1; MM, malignant mesothelioma.

Various studies have demonstrated that immunohistochemical
evidence of BAP1 expression loss in mesothelial cells may be a
clue to malignancy. Cozzi et al. [18] reported that BAP1 expres-
sion loss in cell blocks obtained from effusions had a sensitivity
of 76% for MM diagnosis, and that BAP1 expression loss in bi-
opsy samples had 48.7% sensitivity. Meanwhile, Cigognetti et al.
[19] and Walts et al. [20] estimated 100% specificity for BAP1
expression loss. In our study, we estimated 76% sensitivity and
100% specificity from biopsy tissue, but 100% sensitivity and
specificity from cell blocks obtained from effusion.

Cozzi et al. [18], who investigated the role of BAP1 expression
loss in effusion diagnosis for MM, found that BAP1 expression
loss was 76.5% prevalent in mesothelioma cases, while it was
11.7% in mesothelial hyperplasia cases. In the same study, look-
ing at biopsy diagnosis, BAP1 expression loss was 47.5% prev-
alent in patients diagnosed with mesothelioma, but no BAP1
expression loss was observed in any cases diagnosed with meso-
thelial hyperplasia. In our study, BAP1 expression loss was 76.6%
prevalent in biopsy materials and 100% in cell blocks. Further-
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more, no BAP1 expression loss was observed in either cell block
or biopsy materials in our mesothelial hyperplasia cases.

There are some differences between MM subtypes in terms of
nuclear BAP1 expression loss. Wu et al. [21] grouped 38 pleu-
ral MM cases as 29 biphasic and nine epithelioid types and then
compared their BAP1 expression loss status and subtypes. In
this study, we observed BAP1 expression loss in five of eight
epithelioid-type MM cases (62.5%), while also observing loss in
both sarcomatoid and epithelioid components in five of 13 bi-
phasic-type MM cases (38.5%). Shinozaki-Ushiku et al. [17]
studied 32 MM cases and found BAP1 expression loss in 53%
(17/32), among which 14 were epithelioid and 3 were biphasic.
Furthermore, two biphasic-type cases showed expression loss in
both epithelioid and sarcomatoid components, while only 1
showed BAP1 expression persistence in the sarcomatoid compo-
nent. In our study, BAP1 expression loss was observed in 81.5%
of 54 epithelioid-type MM cases, whereas it was observed in all
five biphasic-type MM cases (100%), all of which were detected
in the epithelioid component. Moreover, no loss of BAP1 expres-
sion was observed in any of our five sarcomatoid-type MM cases.

Massive and recurrent effusions occur in the early stages of
MM. Therefore, initial diagnosis is mostly based on cytological
samples, especially in the epithelioid type [22]. However, in some
cases, effusion material alone is not sufficient to diagnose MM.
In such cases, diagnosis requites biopsy tissue from the patients.
Although the diagnostic power of biopsies have been demon-
strated by numerous studies, less invasive methods are preferred
by both patients and surgeons.

Pulford et al. [14] included both cytological and biopsy ma-
terials of 83 MM cases and 18 cases with malignant pleural ef-
fusion due to metastatic adenocarcinoma. In addition to the di-
agnostic value and prognostic significance of BAP1 expression
loss, they also measured the agreement of cytological and biopsy
materials with the Kappa test. Pulford et al. [14] reported that
BAP1 expression loss was observed in 59% of MM cases and the
Kappa value was 0.85. Similarly, we applied BAP1 antibodies to
the biopsies of cases with cytological samples and we calculated
agreement with the Kappa test. Accordingly, the agreement be-
tween cytological and histological specimens for BAP1 expres-
sion loss was excellent (k = 0.90), and the correlation was signif-
icant (p<.001).

Environmental exposure to asbestos, especially for regions with
abundant white soil, like some provinces of Turkey, is of great
importance in MM development. Onder et al. [23] evaluated 88
MM cases from central Ankara, which is the nearest city to Cap-
padocia; they reported that 95% of the cases had been exposed
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to asbestos and no significant relationship was found between
asbestos exposure and BAP1 expression loss. In our study, only
35.9% of MM cases were exposed to asbestos. We attribute this
difference to the fact that the city where we work is far from Cap-
padocia, and we could not find as significant a relationship as
Onder et al. [23] did.

There were some limitations to our work. Primarily, because
of the retrospective nature of our study, it was not possible to ob-
tain all of the cytological specimens from the biopsy materials
analyzed by immunohistochemistry for BAP1 expression.

In conclusion, BAP1 expression loss was found in all the cy-
tological materials of the cases whose diagnoses were confirmed
by tissue biopsy, and the results were replicated for each case
when BAP1 antibodies were applied to biopsy materials. This
suggests that BAP1 expression loss is a robust criterion in achiev-
ing MM diagnosis from cytological materials. Effusion in the
serosal cavity is a common early finding for MM. Furthermore,
because cytologic examination is less invasive and easy to pet-
form, it is likely to be the preferred diagnostic method, especially
given the results reported here. In patients with only serous ef-
fusion and no radiological suspicion of MM but who show evi-
dence of BAP1 expression loss by immunohistochemical analysis
of cell blocks, we suggest that invasive MM may develop in the
near future and, thus, these patients need strict clinical follow-up.
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CASE STUDY

A case of monoclonal gammopathy of renal significance presenting as
atypical amyloidosis with IgA lambda paraproteinemia

Chankyung Kim', John Brealey', Anjelo Jobert’, James Nolan'
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Monoclonal gammopathy of renal significance is defined as any B cell or plasma cell clonal lymphoproliferation which neither causes
tumor complications nor meets any current hematological criteria for specific therapy, with one or more kidney lesions related to the
produced monoclonal immunoglobulin, such as amyloidosis. A 50-year-old male presented with heavy proteinuria and blood tests
showing IgA and Lambda paraproteinemia. Light microscopy showed mesangial eosinophilic ground substance extending into the
capillary loops, and positive staining within the glomeruli and vessel walls for amyloid P immunohistochemistry was also noted. Immu-
nofluorescence showed positive staining for IgA and Lambda in the mesangia and capillary loops. Electron microscopy exhibited or-
ganized fibrils measuring 4-5 nm in diameter in the mesangia, glomerular basement membranes and vessel walls. We interpreted the
overall findings as atypical renal amyloidosis with IgA and Lambda deposition on immunofluorescence. Further amyloid typing using
laser microdissection-liquid chromatography and mass spectrometry will be useful.
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Amyloid is a material that is deposited in vivo that displays a
characteristic fibrillary electron microscopic appearance and an
affinity for Congo red stain, with green birefringence on polar-
ized light microscopy [1]. Amyloidosis is a disease secondary to
amyloid deposition. There are a range of amyloid proteins
among which monoclonal kappa/lambda immunoglobulin
light chain (AL) and AA are commonly associated with renal in-
volvement. Moreover, other amyloid proteins have been reported
to involve the kidney, including TR, AAPO A1, AAPO A2,
Afib, ALys, AGel, ACysC and ALECT? [2].

The International Kidney and Monoclonal Gammopathy Re-
search Group (IKMG) defines monoclonal gammopathy of renal
significance (MGRS) as any B cell or plasma cell clonal lympho-
proliferation with both of the following characteristics: (1) one
or more kidney lesions that are related to the produced mono-
clonal immunoglobulin and (2) the underlying B cell or plasma
cell clone does not cause tumor complications or meet any cur-
rent hematological criteria for specific therapy [3]. There are
various renal diseases associated with MGRS, and they are now
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known as MGRS-associated lesions, conditions or disorders [3].
CASE REPORT

A 50-year-old male was evaluated by a renal physician due to
the clinical features of nephrotic syndrome including heavy
proteinuria and edema. A native kidney biopsy was sent to our
laboratory for light microscopy, fresh frozen immunofluores-
cence and electron microscopy. Blood tests showed albumin of
17 g/L (normal range, 34 to 48 g/L) and creatinine of 99 pmol/
L (normal range, 60 to 110 pmol/L), and the 24-hour urine
protein was 8,596 mg/24 hr. The serum free kappa/lambda
light chain ratio measured 0.09 (kappa light chain = 24.03 mg/L
[normal range, 3.00 to 19.00 mg/L], lambda light chain =
276.87 mg/L [normal range, 6.00 to 26.00 mg/L]). The serum
electrophoresis detected 5 g/L of paraprotein of IgA lambda and
free lambda types.

A bone marrow biopsy showed the following: mildly increased
plasma cells, less than 5%; phenotype: CD38", CD138", CD19,

pISSN 2383-7837
elSSN 2383-7845



&4 ',/"

N Lo

inSY st

MGRS presenting as atypical amyloidosis ® 505

Fig. 1. Hematoxylin and eosin stain and Amyloid P immunohistochemistry. (A) The glomerulus shows mesangial eosinophilic ground sub-
stance which extends into the capillary loops. (B) Positive staining is seen within the glomerulus with amyloid P immunohistochemistry.

Fig. 2. Immunofluorescence and electron microscopy. (A) Positive mesangial and capillary loop staining with IgA on immunofluorescence. (B)
Positive mesangial and capillary loops staining with Lambda on immunofluorescence. (C) The fine fibrillary material (F) is present adjacent to
the mesangial cell (M) (x40,000). The inset shows amyloid-like fibrils measuring approximately 5 nm in diameter (x 120,000).

CD207, CD567, CD28', CD1177; and cytoplasmic lambda light
chain restriction. This was consistent with monoclonal gammop-
athy of undetermined significance (MGUS).

A percutaneous core renal biopsy was performed, and the fol-
lowing tissues were submitted: formalin-fixed tissue for histol-
ogy, fresh tissue for immunofluorescence and glutaraldehyde-
fixed tissue for electron microscopy.

Light microscopy showed mesangial eosinophilic ground sub-
stance extending into the capillary loops (Fig. 1A). Positive stain-
ing within the glomeruli and vessel walls was identified for am-
yloid P immunohistochemistry (Fig. 1B). The Congo red stain
demonstrated faint non-specific staining of the glomeruli in which
no green birefringence was seen on polarized light microscopy.

https://doi.org/10.4132/jptm.2020.09.18

Immunofluorescence showed positive staining for IgA (Fig. 2A)
and Lambda (Fig. 2B) in the mesangia and capillary loops. Elec-
tron microscopy exhibited fibrils measuring 4-5 nm in diameter
in the mesangia, glomerular basement membranes and vessel
walls (Fig. 2C).

DISCUSSION

We interpret this case as an unusual form of amyloidosis in a
patient with a clinical presentation of heavy proteinuria in the set-
ting of MGUS. The overall findings fit with a recently described
diagnostic entity known as MGRS. Deposition of fibrillary eosin-
ophilic material that show positive labelling with amyloid P im-

http://jpatholtm.org/
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munohistochemistry in the mesangia, glomerular basement mem-
branes and blood vessels supports the diagnosis of amyloidosis.
On the other hand, there were two factors that are unusual for
typical amyloidosis. First, the fibrils in this case only measured
4-5 nm in thickness, whereas amyloid fibrils typically measure
7-12 nm [4]. The absence of green birefringence or anomalous
colors on polarized microscopy was the second unusual finding.

The weak non-specific staining of glomeruli with Congo red
without green birefringence on polarized microscopy observed
in this case could be secondary to the properties of the amyloid
protein. A study by Suhr et al. [5] revealed that different types of
transthyretin (TTR) amyloid fibrils can exhibit altered affinity for
Congo red stain and birefringence. For example, type A, which
consists of carboxy-terminal TTR-related amyloidosis (ATTR)
fragments and full-length TTR, displayed strong affinity for
Congo red stain, whereas type B, which consists only of full-length
TTR, showed weak affinity for Congo red stain and absence of
glittering birefringence. Thus, amyloids may demonstrate a vari-
able affinity for Congo red and variable birefringence.

The immunofluorescence staining suggests that the amyloid
is of IgA lambda origin, and hence, a diagnosis of IgA-lambda
type renal heavy- and light-chain amyloidosis (AHL amyloido-
sis) is being considered. However, there is a case report from Ja-
pan which described AL amyloidosis in a patient with lympho-
plasmacytic lymphoma secreting IgM-kappa chains [6]. In this
case, the origin of the amyloid was initially thought to be from
both IgM heavy and kappa light chain as suggested by renal
immunofluorescence and laser microdissection-liquid chromatog-
raphy and mass spectrometry (LMD-LC-MS). However, LMD-
LC-MS of the amyloid fibrils after the amyloid purification
method suggested that the heavy chain identified was actually
from the non-specific co-deposition of monoclonal IgM-kappa,
which demonstrated that the amyloid was only of light chain ori-
gin. Therefore, it would be imprudent to diagnose the present case
as AHL amyloidosis until we obtain the LMD-LC-MS results.

According to the study published by Nasr et al. [7], among 16
heavy-chain (AH) and heavy- and light-chain renal amyloidosis
cases, five showed detection of IgA, and one showed both IgA and
lambda positivity on laser microdissection and mass spectrome-
try (LMD-MS). There were 202 cases of AL renal amyloidosis
during the same time period, with AH/AHL renal amyloidosis
cases accounting for 7.3% of the entire cohort and IgA and lambda
positive AH/AHL occupying only less than 0.01% of the entire
cohort. Interestingly, there was a case in which immunofluores-
cence was positive for both IgA and lambda, but only IgA was
found on LMD-MS. This again demonstrates the difficulty in
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accurate typing of AH/AHL solely by immunofluorescence.

Given the unusual findings for typical amyloidosis in the pres-
ent case, other possible diagnoses were considered. Negative
staining with Congo red suggested monoclonal immunoglobu-
lin deposition disease (MIDD) as an alternate diagnosis, espe-
cially when amyloid P immunohistochemistry can sometimes
show non-specific staining (from our experiences). However, elec-
tron microscopy showed organized fibrils rather than the non-fi-
brillar “powdery” electron dense deposits which are typically
seen in MIDD [8]. This made the diagnosis of MIDD less likely.
Positive IgA staining on immunofluorescence is unusual for
amyloidosis and raised the possibility of IgA nephropathy, but
no mesangial or endocapillary hypercellularity was present, C3
was negative, and most importantly, the clinical presentation
did not fit with IgA nephropathy. Hence, this was disregarded
from our diagnostic work-up.

As mentioned, further renal amyloid typing can be performed
by LMD-LC-MS [3]. Vrana et al. [9] reported that this method
showed 100% specificity and 98% sensitivity in the identifica-
tion of the types of amyloid protein. This may be indicated in
our case due to the questionable Congo red staining and bright
staining of IgA by immunofluorescence. Identification of the
amyloid type is incredibly important as the disease management
depends on the underlying cause of amyloidosis. In our case,
further amyloid typing is being considered, and meanwhile, the
patient will undergo autologous bone marrow transplantation for

treatment.
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CASE STUDY

Intraoperative frozen cytology of intraosseous cystic meningioma
in the sphenoid bone

Na Rae Kim', Gie-Taek Yie?

Departments of 'Pathology and Neurosurgery, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

Meningiomas in bone are rarely subjected to fine-needle aspiration diagnosis, and those arising in the skull bone with a cystic presenta-
tion are rare. A 24-year-old woman presented with subdural hemorrhage, and subsequent radiology depicted an osteolytic mass-like le-
sion in the sphenoid bone. Intraoperatively, a solid and cystic hemorrhagic lesion mimicking an aneurysmal bone cyst was observed in
the sphenoid bone with dural tearing. Frozen cytology showed singly scattered or epithelioid clusters of round to elongated cells inter-
mixed with many neutrophils. Tumor cells had bland-looking round nuclei with rare prominent nucleoli and nuclear inclusions and eo-
sinophilic granular to globoid cytoplasm in capillary-rich fragments. Histology revealed intraosseous meningothelial and microcystic
meningioma (World Health Organization grade 1) in right lesser wing of the sphenoid bone. Considering its unusual location and cyto-
logic findings, differential diagnoses included chordoma, chondroma, chondrosarcoma, and aneurysmal bone cyst. The present case

posed a diagnostic challenge due to possible confusion with these entities.
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Meningiomas are slow-growing mesenchymal neoplasms of
the central nervous system and usually arise from the meningo-
thelial cells of the arachnoid layer of meninges. Primary extra-
dural meningioma constitutes 1% to 2% of all meningiomas
[1]. Intraosseous meningioma is a rare form of bone tumor [2].
Cystic meningioma is uncommon [3], and intraosseous menin-
gioma affecting the skull is also rare. Since the first report of in-
traosseous meningioma issued by Winkler in 1904, slightly more
than 100 cases have been reported [4], and few of these cases
concerned cystic osteolytic intraosseous meningioma in the
skull [5]. Main differential diagnosis was aneurysmal bone cyst
(ABC) that occupies only 2%—6% of the skull base [6].

We report a rare case of osteolytic intraosseous meningioma
of the sphenoid bone in a 24-year-old woman, and describe in-
traoperative imprint smears produced using intraosseous sam-
ples and the clinicoradiologic resemblance of this disease entity
with other intracranial lesions.

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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CASE REPORT

A previously healthy 24-year-old woman presented with a
headache of two days duration. She was referred to the emergen-
¢y room of our hospital because she had a history of slip-down in
a bathroom two days previously. Precontrast brain computed
tomography (CT) revealed a small amount of extra-axial hemor-
thage at the right frontotemporal region (Fig. 1A). Skull mag-
netic resonance images showed a slightly rim-enhancing lesion
invading right sphenoid bone. Differential diagnoses included
vascular pathologies such as hemangioma and other tumorous
conditions. The skull tumor was removed using a navigation
system and cranioplasty of the right frontotemporal area was
performed using bone cement. Inferolateral temporal dura over
the lesion had been focally disrupted, but no gross leakage was
observed. After exposing the right temporal fascia and muscle,
the lateral wall of the right orbit, zygoma, and a thinned portion
of the bone at the pterygoid process were drilled. Removal of
the hematoma exposed a multiseptated cystic cavity (Fig. 1B).
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Fig. 1. (A) Brain magnetic resonance image shows a slightly enhanced lesion (arrow) at the right sphenoid bone. (B) Intraoperative gross ex-
amination of the lesion shows cystic spaces filled with blood and solid texture.

Intraoperative frozen biopsy was performed on the cystic por-
tion of right sphenoid bone, and subsequent intraoperative
squash cytology revealed moderate cellular smears composed of
sheets or clusters of epithelioid cells in an inflammatory cell-
rich background (Fig. 2A-D). Histologically, singly scattered
or clusters of round-to-elongated tumor cells were found in
sclerotic bone (Fig. 2E). Tumor cells with indistinct cell borders
were observed in clusters forming meningothelial whorls and
had centrally-placed small round and bland nuclei with or without
nucleoli. Prominent hemorrhage was present. Individual tumor
cells showed abundant eosinophilic cytoplasm with an occasional
vacuolated appearance and cytoplasmic clearing resembling oligo-
dendroglioma (Fig. 2F). Neutrophils were abundant (Fig. 2G,
left). There was marked perivascular hyalinization and stromal
sclerosis (Fig. 2G, right). Mitotic counts were up to 1 per 10 high
power fields, necrosis was absent, and occasional atypia was ob-
served. Tumor cells invaded the thick dura mater. They were
positive for CD56 (1:100, CD564, Novocastra, Newcastle upon
Tyne, UK), CD99 (prediluted, 12E7, Dako, Glostrup, Den-
mark), INI-1 (1:200, 25/BAF47, BD Bioscience, San Diego, CA,
USA), vimentin (1:100, V9, Dako) (Fig. 2H, left), and proges-
terone receptor (1:200, 16, Novocastra). Tumor cells also dis-
played focally membranous positivity for epithelial membrane
antigen (1:100, E29, Dako) (Fig. 2H, right). However, they were
negative for glial fibrillary acidic protein (prediluted, Dako),
S-100 protein (polyclonal, 1:600, Dako), smooth muscle actin

https://doi.org/10.4132/jptm.2020.05.21

(1:100, 1A4, Dako), synaptophysin (prediluted, DAK-SYNAP,
Dako), chromogranin (1:100, DAK-A3, Dako), CD34 (1:100,
QBEnd10, Dako), L1 cell adhesion molecule (1:200, polyclonal,
Abcam, Cambridge, UK), OLIG2 (EP112; 1:500, Cell Marque,
Rocklin, CA, USA), and STATG (S-20, sc-621, 1:150, Santa
Cruz Biotechnology, Santa Cruz, CA, USA). The Ki-67 (MIB-1,
1:100, Dako) proliferation index was 3%. Intervening sclerosis
stained with periodic acid-Schiff and Masson-trichrome.

Based on the above histology, notably, the clear cell morphol-
ogy containing one mitosis, meningothelial whorls, and the
lack of hypercellularity, macronuclei, small cell formation, or
brain invasion, the tumor was determined to be an intraosseous
meningioma of the microcystic and meningotheliomatous type
(World Health Organization grade I). We diagnosed this case as
intraosseous meningioma with dural involvement because the
tumor was largely located within the sphenoid bone.

At 5 months of follow-up, the patient was healthy, asymptom-
atic, and scheduled for annual postoperative follow-ups.

DISCUSSION

Intraosseous occurrence of meningioma, especially in the skull,
is uncommon [7]. Plausibly, this rare primary intraosseous me-
ningioma may arise due to aberrant differentiation or localization
of pluripotent embryonal precursor cells of the bone, or from
misplaced or trapped arachnoid cells along the suture line dur-

http://jpatholtm.org/
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ing molding of the head at birth and after differentiation into the skull [8].
meningocytes or arachnoid cap cells [1]. Alternatively, it may Intraosseous meningioma of the skull can be confused with
arise from arachnoidal cells of blood vessels or nerves traversing primary calvarial bone tumors. On CT images, intraosseous me-

Fig. 2. (A-D) Frozen cytology. (A) The cystic portion of the right sphenoid bone shows singly scattered eosinophilic round to elongated cells
with occasional nuclear hyperchromasia. Inset shows thick refractile collagenous cytoplasm with nuclear hyperchromasia. (B) Moderately
cellular smears shows sheets of epithelioid cells in a bloody and inflammatory cell-rich background. Inset shows intermixed inflammatory
cells in meningothelial whorls. (C) Cellular sheets of round-shaped epithelioid cells with moderate amounts of eosinophilic granular cytoplasm
and euchromatic round nuclei, just apposed to the capillary (left). High magnification shows indistinct cell borders (right). (D) High power view
shows occasional nuclear inclusions (arrows). (E-H) Histology. (E) Low power view shows sheets of spindle to round-shaped tumor cells, fill-
ing the bone. Note the lamellated bone and osteoblastic rimming. (F) Nests of meningothelial cells form microcystic cobweb-like arrange-
ment. Note the microcystic and bubbly cytoplasm. (G) Sheets of spindle-shaped tumor cells are intermixed with inflammatory cells (left).
Note the perivascular sclerosis (right). (H) The tumor cells are immunoreactive for vimentin (left) and epithelial membrane antigen (right).
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ningiomas appear as osteoblastic, osteolytic, or mixed patterns
[3,9]. Skull lesions showing osteolytic lesions, as in our case, in-
clude epidermoid tumor, multiple myeloma, Langerhans cell
histiocytosis, fibrous dysplasia, giant-cell tumor, Paget’s disease,
solitary fibrous tumot/hemangiopericytoma (SFT/HPC), hem-
angioma, osteosarcoma, and ABC [10]. In the present case, the
lesion was located in the sphenoid bone and its preoperative
radiologic and gross differential diagnoses included ABC, chor-
doma, chondrosarcoma, and vascular neoplasm [11]. ABC pre-
senting as a locally destructive osteolytic lesion frequently involves
the long bones of knee joints and vertebrae and is usually encoun-
tered in the first or second decades of life. When ABC occurs in
the skull, it is usually located in the skull vault and only rarely
in the skull base [11]. The preoperative diagnosis of an intraos-
seous lytic lesion like meningioma is challenging. The presence
of an osteolytic extracranial soft tissue lesion usually raises the
suspicion of malignancy [9]. Radiologic differential diagnosis of
osteolytic intraosseous meningiomas of the skull should exclude
other lytic lesions such as lytic metastasis, multiple myeloma,
eosinophilic granuloma, fibrous dysplasia, Langerhans cell his-
tiocytosis, giant-cell tumor, SFT/HPC, and hemangioma. Ra-
diologically, intraosseous meningiomas present osteoblastic find-
ings in about two-thirds of cases, an osteolytic pattern, in around
a third, and a mixed osteoblastic-lytic lesion in only 6% of cases
(2,9].

Evaluations of skull lesions by fine-needle aspiration are con-
troversial. Cytologic findings of meningioma are diverse and
heterogeneous [12], and notable features for differential diagno-
sis are as follows; cohesive syncytial meningothelial whorls, in-
dividual tumor cells showing nuclear inclusions or grooves and
wispy collagenous, rather than fibrillary, cytoplasm with occa-
sional short broad cell processes [13]. Tumor cells with indistinct
cell borders and subsequent syncytial whorls are the most com-
mon. In meningothelial and microcystic type meningiomas, as
in the present case, background collagenous sclerosis is observed
in tumor cells with vacuolated cytoplasm mixed with scattered
inflammatory cells [13]. Although the biologic roles of circulat-
ing neutrophils and intratumoral neutrophils in meningiomas re-
main unclear, the presence of many inflammatory cells including
lymphocytes, plasma cells, natural killer cells, and macrophages
is common [14]. A high concordance between frozen and perma-
nent diagnoses (up to 99%) has been reported for meningeal
tumors [12]. However, frozen cytologic diagnosis in the described
case was difficult due to the presence of massive numbers of in-
flammatory cells, marked hemorrhage, and an unusual location.
Scattered stellate, vacuolated cells, and foam cells may be found
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in regions of microcystic meningiomas [13]. Singly-scattered
tumor cells with intracytoplasmic vacuoles in foci of microcystic
meningioma resembling atypical chondrocytes of chondrosar-
coma and lipoblasts of liposarcoma were occasionally found [15].
Cytologic findings of chondrosarcoma are moderately cellular
with clusters of polygonal cells showing occasional binucleation
and well-defined cytoplasm with rounded nuclei showing mod-
erate nuclear pleomorphism embedded in a chondromyxoid back-
ground, suggestive of chondrosarcoma [15]. Cytologic findings
of chordoma are characterized by mucoid and gelatinous fibro-
myxoid cellular smears and cords or clusters of round epithelioid
cells with small round nuclei and scant basophilic cytoplasm
and occasional large physaliphorous cells with central small
round nuclei and bubbly cytoplasm [16]. Well differentiated
chondrosarcoma arising in the sphenoid bone is another entity
necessitating differential diagnosis; the findings of bland nuclei
and refractile cytoplasmic processes and a lack of chondromyx-
oid matrix are useful diagnostic features of meningioma [12].

The most important macroscopic frozen differential diagnosis
in the described case was ABC. Cytologic findings of ABC are
dominated by blood; dispersed fibroblast-like histiocytes with
occasional hemosiderin and multinucleated osteoclast-type giant
cells containing fragments of collagen [17]. Osteoid and chon-
droid matrix material as well as woven bone may be present within
aspirated or touch smears. Small fragments of bone may also be
found. In hemorrhagic cases, as in our case, markedly vascular
hemorrhagic SFT/HPC should be distinguished from meningi-
oma. Cytologic findings of SFT/HPC are nonspecific and “pat-
ternless”, i.e., heterogeneous, although naked stripped nuclei and
scattered ropy collagen fragments are observed in an occasional
pseudoalveolar pattern in a hemorrhagic bloody background
[18]. The histologic diagnosis of intraosseous meningioma is
not as difficult as that based on frozen cytology. One of the impor-
tant histologic differential diagnoses of meningioma is SFT/HPC.
Immunopositivity for both CD34 and STAT6 in SFT/HPC dif-
ferentiate it from meningioma [19]. At a glance, clear cells mim-
icking oligodendroglial cells suggest oligodendroglioma [20].
However, oligodendroglioma and meningioma can be differenti-
ated based on the presence of whotls and immunonegativity for
OLIG2 in the meningioma. Histologically, ABC features fibro-
blastic proliferation and scattered giant cells with osteoid and
blood-filled spaces lined by giant cells and hemosiderin laden
macrophages [17].

Awareness of intraosseous cystic meningioma involving the
skull may facilitate the intraoperative diagnosis of this rare con-
dition. The present case cautions that the possibility of intraos-
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seous meningioma should be kept in mind when is it is encoun-
tered in an unusual location.
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BRIEF CASE REPORT

Xanthogranulomatous endometritis:
a report of two Korean cases with cytologic findings
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Xanthogranulomatous inflammation is a form of chronic in-
flammation characterized by aggregation of lipid-laden foamy
histiocytes that occurs most commonly in the kidney and gall-
bladder. Xanthogranulomatous endometritis (XGE) is rare—
less than 30 cases have been reported worldwide [1-10], and
none were in Korea. We report here two cases of XGE in Korea
along with its cytologic findings, which have not been described
previously.

CASE REPORT

Case 1

A 78-year-old woman presented with a chief complaint of
yellow pus-like vaginal discharge for 15 days. She had a history
of hypertension for 10 years and was on medication for heart fail-
ure. On ultrasonography, her uterus was found to be enlarged,
and fluid collection was observed in the endometrial cavity. Cy-
tologic examination of the endometrial fluid was negative for
malignancy but revealed many neutrophils with scattered foamy
histiocytes (Fig. 1A). Chronic active endometritis with xantho-
matous inflammation was diagnosed on examination of the en-
dometrial curettage specimen. Antibiotics were prescribed with
a follow-up appointment.

Two months later, the patient presented with abdominal pain,
chills, and vaginal bleeding. The patient showed signs of sys-
temic inflammation and septic shock, with a blood neutrophil
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count of 25,020/mm?’ (95.7%) and blood pressure of 60/40 mm
Hg. Culture of an endometrial curettage specimen showed no
bacterial growth, but blood culture produced Escherichia coli
growth. Antibiotics were administered, and after the patient’s
neutrophil count and vital signs normalized, hysterectomy with
right salpingo-oophorectomy was performed.

On gross examination, the endometrial cavity was filled with
blood clots and most of the endometrium was bright yellow
(Fig. 1B). Microscopic examination of the endometrium showed
a massive aggregation of foamy histiocytes admixed with lym-
phocytes, neutrophils, and plasma cells (Fig. 1C). No complica-
tions related to XGE have been noted in the 4 years since surgery.

Case 2

A high-grade squamous intraepithelial lesion was detected
on the cervicovaginal smear of a 72-year-old woman. Ultrasound
scanning revealed intrauterine fluid accumulation, and pyometra
was suspected. Cytologic examination of the endometrial wash-
ing specimen revealed many neutrophils with scattered foamy
histiocytes, and a few atypical cells, probably from the uterine
cervix (Fig. 2A). Blood neutrophil count was 9,840/mm’ (81.8%).
Endometrial fluid culture produced Psendomonas aeruginosa
growth. Hysterectomy with bilateral salpingo-oophotrectomy
was performed.

On gross examination, the endometrium was thickened and
yellow in many areas (Fig. 2B). There was a 5.2-cm-sized fibro-
ma in the right ovary. Microscopic examination showed massive
aggregation of foamy histiocytes and lymphocytes in the endo-
metrium (Fig. 2C). Early invasive squamous carcinoma was
noted in the uterine cervix. The patient has been healthy for the
23 months since surgery.

© 2020 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. (A) Aspiration cytology of endometrium showing many neutrophils with scattered foamy histiocytes. (B) Gross examination of the
uterus shows bright yellow endometrium. (C) Microscopic examination of the endometrium shows aggregation of foamy histiocytes admixed

with lymphocytes, neutrophils, and plasma cells.

DISCUSSION

XGE occurs mostly in postmenopausal women and is fre-
quently associated with hematometra or pyometra. It can also
occur after radiotherapy-induced endometrial or cervical tumor
necrosis [1]. Cervical stenosis is presumed to contribute to the
retention of hemorrhage or necrotic tissue [2].

http://jpatholtm.org/

The characteristic histological inding of XGE is the replace-
ment of the endometrium by thick sheets of lipid-laden foamy
histiocytes, although other inflammatory cells can also be present.
In both of our cases, cytologic evaluation revealed many neutro-
phils with scattered foamy histiocytes, as seen on the microscop-
ic indings of curettage and surgical specimens. Bacteria may or
may not be isolated, but when related to bacterial infection, the

https://doi.org/10.4132/jptm.2020.08.18
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Fig. 2. (A) Endometrial washing cytology showing many neutrophils with scattered foamy histiocytes. (B) Gross examination of the uterus
shows thickened and partly yellow endometrium. (C) Microscopic examination of the endometrium shows aggregation of foamy histiocytes

and lymphocytes.

involved organisms include Escherichia coli, Protens vilgaris, Pep-
tostreprococcus magnus, or Enterococcus spp. [3,4].

While cases of XGE might resolve spontaneously or with an-
tibiotic treatment, progression to peritonitis or sepsis can lead
to a poor prognosis. Systemic inflammation originating from
endometritis resulted in septic shock in our 78-year-old patient.
Noack et al. [4] reported a case of XGE that led to a fatal out-

https://doi.org/10.4132/jptm.2020.08.18

come because of transmural extension of inflammation.
Differential diagnoses of XGE include malakoplakia, also a
rare entity of the female reproductive tract. The absence of pathog-
nomonic Michaelis-Gutmann bodies can exclude a diagnosis of
malakoplakia [5]. On radiologic imaging, XGE can mimic ma-
lignant neoplasia of the endometrium, with findings such as
endometrial thickening or mass formation [6]. However, the pres-
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ence of XGE does not exclude the possibility of co-existing ma-
lignancies [7]; therefore, extensive sectioning and thorough micro-
scopic examination of the whole endometrium is recommended.
In conclusion, XGE is a rare but clinically important entity
because of its capacity to mimic endometrial malignancy. Cyto-
logical evaluation can be useful in cases with unclear clinical pre-
sentations. XGE can be diagnosed in the absence of cells that
are definite or suspicious for malignancy and in the presence of
lipid-laden histiocytes and inflammatory cells such as neutrophils.
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