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Foreword

It was a great pleasure and honor to be invited to write a foreword for this admirable
book written and edited by experts, several of whom I met at Yokohama in 2016,
who took that opportunity to work “seriously and fruitfully” to agree a reporting and
clinical management system for an important but widely misunderstood and under-
used type of cytology. Although probably not amenable to population screening, in
that context it would have an advantage over cervical screening by involving a lim-
ited age range of the female population (age 40 years and over) rather than almost
the entire adult female population (age from 20 or 25 years). Endometrial sampling
should be little more intrusive than a Pap smear. So it could even be carried out in
women without risk factors or symptoms.

There are four special features of this book that I would like to emphasize: first,
the long history of endometrial cytology dating from the origins of diagnostic cytol-
ogy and culminating in a system that takes advantage of both its history and the
most up-to-date techniques and understanding of endometrial carcinoma; second,
the methodology that gets the best out of cytodiagnosis by using liquid-based cytol-
ogy (LBC) in addition to cell blocks prepared from the same painlessly obtained
sample; third, the tidy and beautifully presented algorithm leading to a logical clas-
sification named the Yokohama System (TYS) similar, but adapted for the endome-
trium, to the well-known Bethesda system for cervical cytology; and fourth, but
certainly not least, cooperation from the outset with an international and interdisci-
plinary group of experts: gynecologists and oncologists, pathologists (histo-, cyto-,
and both), and cytotechnologists.

Endometrial cytology has an almost unique history of development from as early
as the 1940s when W.H. Carey and George Papanicolaou worked independently on
endometrial cell sampling and diagnosis. During the early days and subsequent
years, a technique was developed that did not damage the uterus or risk spreading
malignant cells through the fallopian tubes to the peritoneum, nor did it compromise
cytomorphology by damaging the cells or stroma. In the 1940s, Papanicolaou used
cell culture to examine the differences between benign and neoplastic cells; now
rapid LBC samples can be examined immediately allowing the same fixation
method for immediate and permanent slides.

LBC is not always regarded as superior to directly spread cell samples, but there
is no doubt that immediate fixation in a carefully modulated medium provides
excellent preservation of cellular detail; in the methodology recommended for TYS,
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a cell block is prepared directly from cells and tissue fragments deposited on the
filter through which cells are deposited on the microscope slide. Thus, the advan-
tages of histological sections for examination of cellular and stromal architecture
and immunocytochemistry are combined with optimal cell preservation; neverthe-
less, the illustrations published for TYS show remarkable preservation of architec-
ture as well as cytomorphology with LBC.

The algorithm developed for TYS is designed for clinicians as much as pathol-
ogists, and the authors explain the process whereby a final classification was
reached combining the terminology (and its diverse abbreviations) into a logical
TYS 0 and 1-6 system. As the system uses terms widely used in cytology, it
should be readily understood by modeling the unique variations in endometrial
physiology and pathology; descriptive terms as well as TYS categories may be
used, for example, to describe conditions such as endometrial hyperplasia and
glandular and stromal breakdown. Gray areas such as “atypical endometrial
hyperplasia” show considerable variation in outcome when audited with respect
to a final outcome of endometrial carcinoma—but less so with TYS, which sepa-
rates low- and high-risk types of “atypia.”

The Yokohama System makes full use of interdisciplinary and international
cooperation. Based on the long experience of endometrial cytology developed by
experts in Japan and Greece and their national cytology societies, TYS has already
received international approval (Jimenez-Ayala M. Acta Cytol 2013, 57: 113-114;
Margari et al. Diagn Cytopathol 2016, 44: 888-901). TYS should have an important
place in diagnosis and screening of high-risk women. Now that primary human
papillomavirus testing is widely used as the initial test for cervical cancer and its
precursors (this author’s recommendation to combine it with cytology for the first
couple of tests not having been heeded: Herbert A. Cytopathology 2017; 28:9-15.),
its occasional but individually life-saving ability to detect asymptomatic endome-
trial cancer is no longer available. Thus, the future of an established noninvasive test
for endometrial carcinoma should be assured and used more widely in the rest of
the world.

Amanda Herbert, M.D., MRCS,

LRCP, FRCPath

Former Director Guy’s and St Thomas’
NHS Foundation Trust

Honorary Senior Lecturer at Guy’s, King’s
and St Thomas’ School of Medicine
London, UK



Foreword

Cytology, the study of cells, was born in 1665, when Hooke first observed dead cork
under the microscope, and called its empty spaces “cells.” Thus, discovered in dead
tissue from the wrong, i.e., plant, kingdom, and named after its containers, not its
contents, it would be another two centuries before animal cells would reach the
center of biological sciences, where it remains to this day. But why go back to
Schleiden’s and Schwann’s 1839 Cell Theory and Virchow’s 1859 Omnis Cellula e
Cellula, to introduce a book on diagnostic cytopathology? Because a similar series
of serendipities would accompany the birth of modern “clinical cytology,” attributed
to Papanicolaou, in the mid-1950s. For one, a pathologist uncovered the genesis of
neoplasia, by recognizing that cells only develop from preexisting cells. But Virchow
did not foresee that by looking at cells, from live patients, he could be making the
clinical diagnosis of cancer. And more, the Pap test was not discovered in a clinic
but in a laboratory developed by an anatomist, not a physician; first used to study
benign vaginal cells, in guinea pigs, not to detect cancer in women; and was first
embraced by gynecologists, not by pathologists, some of whom still insist on obtain-
ing a tissue biopsy for cancer diagnosis. In fact, the publication of Papanicolaou’s
Atlas of Exfoliative Cytology in 1954 still emphasized the determination of the
“Maturation Index” of cervical cells, under the effect of hormones. The atlas nearly
ignored the endometrium, which, under the effect of estrogens, may become cancer-
ous, while endometrial cells remain largely undetected or studied in conventional
Pap smears. As it is well analyzed in this new book, the Yokohama System (TYS)
became possible only after the introduction of new endometrial sampling devices,
which coincided with the peak of the utilization of cervico-vaginal cytology, for the
early diagnosis of cervical cancer. Liquid-based cytology (LBC) improved the cyto-
pathologist’s ability to peer into the significance of premalignant lesions of uterine
cancer and lay out the basis for elucidating the link between HPV and cervical
cancer. This tome contributes toward the prospect of endometrial cytology playing
a similar role in ushering endometrial oncology into the translational era. This tran-
sition is not a linear chain, with obvious links between one another, but more like a
net, with threads that need a clinical as well as pathological context, to be fully
appreciated. This book provides such a context.

Born from ideas discussed during a symposium of the International Academy of
Cytology (IAC) Meeting, 2016, at Yokohama, Japan, the book is the fruit of multi-
disciplinary Working Groups, in Greece and Japan. Steeped in careful

vii
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cytohistological correlation, the book emphasizes the detection or early endometrial
neoplasia and the recognition of precursor lesions. Through the use of meticulous
illustrations of architectural as well as individual cell cytomorphology, the book
provides a rationale for meaningful phenotypical profiling and the judicious molec-
ular testing applied to clinical samples. Covering from basic aspects of molecular
histogenesis to practical aspects of specimen adequacy and cyto-preparatory tech-
niques, the scope of the book is wide, as well as thorough in its depth. But it is at
detailing specific diagnostic categories and cytomorphological criteria of TYS that
the book shines brightest, in its purpose to ensure uniform and reliable reporting, via
a standardized terminology with a global reach. Besides elaborating on the nomen-
clature used in TYS, separate chapters present its epidemiological and pathogenetic
basis, along with useful interpretational algorithms, thus adding coherence to the
diagnostic approach, with singular clarity. For the sake of explicitness, the authors
add charts correlating TYS with the Bethesda System and WHO'’s histological clas-
sification, which increases its utility in day-to-day practices.

The appearance of this text atlas is timely, given the fact that endometrial cancer
now outnumbers cervical cancer somewhere between 4 and 5 to 1 in industrialized
nations and the need for its early, accurate diagnosis by noninvasive means. A new
title on endometrial cytology is justified, for the dearth of experience in dealing with
this aspect of gynecological cytology, and for providing a valuable bridge between
conventional smears, LBC preparations, cell blocks, and tissue biopsies. Cyto-
histological subtyping is currently routinely used to guide prognosis and treatment
decisions for endometrial cancer patients, while ongoing studies evaluate the poten-
tial utility of subcellular, molecular subtyping. Although molecularly targeted thera-
pies have been effective in some cancer types, relatively few have reached clinical
actionability for use in endometrial cancer. This book provides a linchpin between
current knowledge and this possible endeavor. A sound volume, laying out the path-
ological basis of endometrial disease, and illustrating its cytological and histopatho-
logical features, in light of clinical correlation, the book is a welcome addition to the
library of oncologists, gynecologists, pathologists, and cytopathologists alike. Just
the standardization of diagnostic terminology would be of great help to those prac-
titioners interested in endometrial disease. The fact that discussions leading to the
completion of this book took place in Japan as well as in the birthplace of
Papanicolaou adds, serendipitously, to its historical significance. The richness of the
other topics covered in this tome are a delight to be appreciated. The fact that it was
expertly, conceived, planned, and written by long-time friends and colleagues is an
added bonus.

Carlos W. M. Bedrossian, M.D.
Professor of Pathology
Former Director, Cytopathology Service

Northwestern University
Chicago, IL, USA



Preface

Cytopathology is one of the most fascinating areas of medicine. Just observing cells
under the microscope, the cytopathologist is able not only to diagnose a wide range
of diseases but also sometimes to give information about the evolution and manage-
ment of these diseases. The first time that cytopathology was recognized as a sci-
ence was with the description of the Papanicolaou system to report gynecological
cytology. It is still amazing that this simple technique proved to be one of the most
effective methods of cancer prevention. As a natural evolution, cytology was used as
a diagnostic method in several organ systems that several body organisms such as
the respiratory system, serous effusions, and urine, among others. With the estab-
lishment of fine needle aspiration, practically all organs became accessible to be
studied by cytology. Today, this is a reality in the thyroid, salivary glands, lungs,
breast, pancreas, etc. Shortly after the development of cervico-vaginal cytology,
endometrial cytology began to be established as a method that could assist the gyne-
cologist in the management of various uterine pathologies. However, as history
shows, not only in the endometrium but also in other organs (e.g., prostate) and
based on not entirely truly arguments, many centers have left cytology behind and
replaced it totally with surgical biopsy. Luckily in some countries like Japan and
due to the presence of extraordinary specialists in this area, some of them collabora-
tors in this book, endometrial cytology has remained active and of clinical impor-
tance in certain areas of the world. Recently, the incorporation of a molecular
classification of endometrial cancer, better recognition of its signaling pathways and
precursor lesions, and the possibility of studying therapeutic targets in this type of
material bring a new perspective to this field.

After a meticulous microscope examination, using complementary techniques, if
necessary, the cytopathologist has another extremely important function: to transmit
the result in a clear format to the clinician to allow a proper patient management.
This book describes a standardized method for classifying and reporting invasive
endometrial malignancies via direct endometrial sampling. Featuring a wealth of
color illustrations, it provides specific diagnostic categories and cytomorphologic
criteria to promote uniform and reliable diagnoses. It also describes the history of
directly sampled endometrial cytology, reviews the sampling techniques and algo-
rithmic approach, discusses specimen adequacy, and outlines challenges for the
future. The Yokohama System for Reporting Endometrial Cytology—Definitions,
Criteria, and Explanatory Notes offers a valuable resource for researchers at
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clinical cytopathological laboratories around the world whose work involves gyne-
cological cytology, oncology, pathology, and cytopathology. It will also appeal to
researchers in the fields of cytotechnology, basic science, pathology and related
industries, medical residents, and clinicians.

At this moment, a worldwide effort is being developed to promote cytopathology
reporting systems. All efforts to promote a systematization of the nomenclature are
important, because despite different names, sponsoring organizations, and authors,
they share the same advantages, such as they unify reporting of disease categories,
reduce inter-observer variability, improve intra-observer reproducibility, better
align patient management options with interpretations, and at the end of the day
enhance patient care.

Now it is time to enjoy the text and the illustrations of this book that presents in
a didactic way the updated knowledge in endometrial cytopathology.

Porto, Portugal Fernando Schmitt



Preface: The Quest to Develop a Standardized
Terminology for Endometrial Cytology

The main purpose of directly sampled endometrial cytology is to detect invasive
endometrial malignancies. With this principle in mind, the Yokohama System
Working Group, composed of cytopathologists, surgical pathologists, and gyneco-
logic oncologists, met at the 2016 International Congress of Cytology, Yokohama,
with the aim of publishing a standardized reporting system.

Currently, the Bethesda System for Reporting Cervical Cytology has also been
widely adapted as the “Bethesda-style Cytologic Reporting System” to various ana-
tomical compartments such as the vagina, vulva, anus, thyroid, breast [1], urinary
system [2], effusions, pancreas [3], and other digestive organs. The “Bethesda-style
Cytologic Reporting System™ has now definitively decommissioned Papanicolaou’s
classification. However, no globally accepted reporting system or format has been
established for endometrial cytology yet.

Internationally gathered experts on endometrial cytology have agreed to develop
a globally acceptable consensus reporting system for endometrial cytology, named
the Yokohama System (TYS) for Reporting Endometrial Cytology through the seri-
ous and fruitful discussion devoted to directly sampled endometrial cytology at the
symposium held in ICC2016 in Yokohama, Japan. Dr. Hirai and Dr. Fulciniti were
the main promoters of this work; they elicited the scientific collaboration that pro-
duced this work and article.

The TYS working group aimed to discuss ways to improve the reporting and
performance of endometrial cytology. The value of ancillary tests in the screening
and diagnosis of endometrial neoplasms was also included; the TYS adopted a
“Bethesda-style” format to encourage better communication between cytopatholo-
gists and gynecologists by suggesting further clinicopathological steps (i.e., clinical
handling, definitive histological examination, tissue biopsy, D&C, or follow-up).
Moreover, the TYS has illustrated the respective diagnostic cytomorphologic crite-
ria and evaluated reproducibility (inter- and intra-observer variabilities), the utility
of each classification scheme, and the associated implied risks of malignancy for
each diagnostic category; it also has a diagnostic algorithm.

In Japan, the examination of directly sampled endometrial cytology has been
encouraged as a first-level screening method to be used before tissue examinations
such as biopsy for women with an increased risk of endometrial cancer. Anyhow
directly sampled endometrial cytology using conventional methods has not been
globally recognized as a useful screening method, as some studies have shown that

xi
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the diagnostic accuracy in detecting malignancy is too low. However, recent clinical
results of directly sampled endometrial cytology using LBC in Japan and Europe
have been remarkable.

Hence, we believe that directly sampled endometrial cytology using LBC needs
global recognition, as its high performance and noninvasive nature as a screening
examination are noteworthy. The proposed TY'S and this book also cover the proce-
dures, precautions, and detailed methods of examination required for clinicians to
conduct directly sampled endometrial cytology using LBC in women with an
increased risk of endometrial cancer. Endometrial cytology is highly accurate, safe,
and less painful in detecting this type of cancer; it is the best method for cancer
surveillance among women with Lynch syndrome. Furthermore, it is a useful first-
step screening test for many cases in which vaginal bleeding or similar symptoms
are recognized in daily clinical practice, but biopsy is questioned owing to its inva-
sive nature.

Success of the TYS will depend on its acceptance by all the relevant pathology
and gynecologic oncology communities, which, by their joint efforts, will adopt,
critically evaluate, and optimize this method, aiming at further improving the impact
of endometrial cytology on patient care.

Saitama, Japan Yasuo Hirai
Locarno, Switzerland Franco Fulciniti
References
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Introduction

Endometrial cytology has recently experienced a new era with the recent introduc-
tion of efficient uterine brushes in Japan, Italy, and Greece. This permitted the adop-
tion of Liquid Based Cytology for these samples, with consequent marked
improvement of excess blood contamination and fixation artifacts that were so com-
mon in traditional smears from the endometrial cavity. Moreover, thanks to the LBC
method, the number of unsatisfactory samples has been significantly reduced and
standardization of sample preparation and interpretation has made it possible to
adopt this technique as a screening procedure in many regions of Japan. During the
International Congress of Cytology held in Yokohama in 2016, the conceptual bases
of a new reporting method for reporting directly sampled endometrial brushings
based on cytomorphological criteria on LBC samples and the definition of Risk of
Malignancy (ROM) in the various diagnostic categories, according to the corre-
sponding cytologic features were put forward in a Symposium by a panel of dedi-
cated cytopathologists, gynecologists, and oncologists “The Yokohama System for
reporting endometrial cytology” (TYS) was hence born [1].

In analogy to the Bethesda reporting system for cervical cytology (TBS), the
diagnostic categories of TYS imply several risk categories associated with the diag-
nostic classes. Basically, two indeterminate categories are present in the TYS: one
with a low risk of malignancy (ATEC-US) roughly equivalent to the ASC-US class
in the TBS and the other one with a higher level of clinical risk (ATEC-AE), roughly
equivalent to the ASC-H category of TBS. The various diagnostic categories of the
TYS along with their corresponding cytologic criteria may be seen in Fig. 5.1 of
Chap. 5 of this book.

The diagnostic categories of the TYS reflect the state of the art and the relatively
limited degree of diffusion of the adoption of direct endometrial brushings for the
screening of endometrial cancer. We wish that this system could be progressively
adopted in more and more countries of the world, as it is a relatively cheap, repro-
ducible, and fairly accurate system that could replace more invasive and expensive
screening systems. Moreover, traditional endometrial biopsy with Pipelle or diag-
nostic curettage may always be performed in these cases.

We expect TYS to be tested by a growing number of cytopathologists and clini-
cians worldwide in order to test its performance and its efficiency in the definition

xiii
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of the follow-up strategies after the test. It is well possible that some of these catego-
ries might be changed in the future, depending on whether new risk categories could
be defined also by the application of supplemental or ancillary methods (like immu-
nocytochemistry, or molecular pathology performed on cytologic material). In this
way, we sincerely hope that the study of endometrial cytology could live a new era
due to the significant technical advantages represented by LBC and ancillary tech-
niques applied to the cytological sample.

This seems to be reflected by an increased interest in this method in Japan and in
several European countries, like Greece, Switzerland, Italy, and Spain, as demon-
strated by a number of excellent publications.

This book will accompany its readers in the discovery of the history and newer
developments in endometrial cytology, which include its technical and cytomorpho-
logical aspects that take now a significant advantage by the study of several patho-
logical variables, as they can be determined by the application of immunocytochemical
and molecular pathological study of cell blocks obtained by LBC samples.

All of the authors of this book warmly hope that our work be of interest to all the
professional figures (cytotechnicians, cytopathologists, gynecologists, gynecologi-
cal oncologists) involved in the important task of securing the best possible wom-
an’s health (Fig. 1).

The relationship between TYS and other classifications

B . .
TYS D_escriptive Negative for E Eé??." Malignant
Reporting malignancy : tumor
Format . B
[ i . 1 L ]
. . eo
g:zt;:l(:l%l:ﬁlm Benign re:::tligv':e E = Malignant
/ change/polyp H H 9
= e T =
Conventional
Cytological
Classification S
Negative Suspicious Positive
US: Unsatisfactory specimen ATEC-US: Atypical endometrial cells, undetermined significance
EH: Endometrial hyperplasia ATEC-AE: Atypical endometrial cells, cannot exclude EAH/EIN or malignant condition

EAH: Endometrial atypical hyperplasia
EIN: Endometrioid intraepithelial neoplasia

Fig. 1 The relationship between TYS and other classifications
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Addendum

This figure shows the relationship between The Yokohama System (TYS) and other
cytological and pathological classifications. In the classical cytological classifica-
tion system, more than half of cases diagnosed as ‘suspicious’ correspond to patho-
logically benign endometrium. Furthermore, in the classical cytological classification
system, the histological distinction between ‘negative’ and ‘suspicious’ appears to
be ambiguous. In contrast, there is consistency between TYS classification and his-
tological classification.

TYS includes an ‘unsatisfactory for evaluation (TYS 0)’ category under the heading
of specimen adequacy criteria. Typically, a cytological diagnosis would not be
reported in the case of TYS 0. However, flexible clinical management is permitted
for the patient’s benefit. For example, if the specimen has to be estimated as TYS 0
due to scant cellularity, designation as ‘negative for malignancy’ may be permitted
when clinical information reveals that the case is a postmenopausal woman with no
abnormal genital bleeding and no abnormal ultrasonographic findings. When atypi-
cal cells are observed even in cases estimated as TYS 0, the suspected cytological
diagnosis must be reported.

When the cytological result is ‘negative for malignancy (TYS 1)’, subsequent
endometrial histological evaluation is not necessarily required. However, in cases of
irregular endometrial ultrasonographic findings or accompanying abnormal uterine
bleeding, endometrial biopsy or curettage must be considered even in TYS 1 cases.
Because ATEC-US (TYS 2) is expected to encompass a spectrum ranging from
benign endometrium to neoplastic changes, it is difficult (at present) to define a tri-
age method. Endometrial biopsy or repeat endometrial cytological assessment after
2 or 3 months is required for ATEC-US (TYS 2), whereas histological estimation is
necessary in cases of ATEC-AE (TYS 4). When the cytological result is other than
‘negative for malignancy (TYS 1)’ or ‘ATEC-US (TYS 2)’, endometrial biopsy or
curettage is required to confirm the endometrial diagnosis.

Appropriate clinical management, especially for ATEC-US (TYS 2) and
ATEC-AE (TYS 4), will be defined on the basis of strong evidence obtained in fur-
ther clinical studies and using new technologies.

Kenji Yanoh

Department of Obstetrics and Gynecology
Suzuka Chuo General Hospital

Suzuka, Mie, Japan
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Endometrial Cytology in Historical
Perspective

Tadao K. Kobayashi

1.1 General Concepts

The prevalence of squamous cell carcinoma of the uterine cervix has been decreas-
ing because of the early detection of its precursor lesions by cervical cytology and
early treatment. The human papillomavirus (HPV) vaccination program has further
contributed to preventing the insurgence of most new infections and, hence, of new
precancerous lesions. However, this is not the case with endometrial carcinoma,
which has demonstrated a steady increase in frequency in many industrialized coun-
tries. Primary endometrial cancer is the sixth most common neoplasm among
women worldwide [1]. It was estimated that by the year 2018 more than 382,069
new cases will have been diagnosed each year throughout the world [2]. Although
many strategies and devices for endometrial cell sampling have been proposed and
have shown higher rates of lesion detection, until fairly recently, no effective screen-
ing program clinically comparable to cervical cytology was currently available for
the detection of endometrial cancer and its precursor lesions. Nonetheless, there is
no doubt that the inherent difficulties in the cytologic interpretation of endometrial
cytology specimens have been the major roadblocks to date. Notwithstanding this
latter, cytology is now the most common test for an initial evaluation of endometrial
cancer in Japan [3] and has been encouraged as the first-level screening method for
women at high risk for endometrial cancer [4].

It is thought that endometrial adenocarcinoma develops along two independent
pathogenetic pathways, and these types are referred to as type I and II, respectively.
Apparently, the majority of type I adenocarcinomas develop as a result of unop-
posed estrogen stimulation with various levels of hyperplasia serving as intermedi-
ate morphologic stages, while type II lesions occur in atrophic endometria in the
post-menopausal age, are not generally proceeded by a pre-neoplastic lesion and are
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related to the appearance of mutations of several oncogenes [5]. Most women are
diagnosed at an early stage and have a relatively good survival rate; however, women
who are diagnosed at an advanced stage or with recurrent disease have a poor prog-
nosis [5]. Since the early detection of endometrial cancer is important for the
improvement of long-term survival of patients, the adoption of endometrial cytol-
ogy is a great challenge for both cytopathologists and cytotechnologists [6—15].

The primary concern of this textbook is to establish the concept that endometrial
cytology has a future in gynecological practice by presenting it as a potentially
worthy method of detection for malignant and premalignant lesions of the endome-
trium in women attending an outpatient clinic. The purpose of this textbook is also
to introduce the beginner and also practicing, skilled cytopathologists and cytotech-
nologists to the cytopathologic interpretation of directly sampled endometrial
liquid-based cytology (LBC) samples (which, up to now, was not so commonly
performed worldwide), and to the clinical consequences of abnormal cytologic find-
ings. A book with a somewhat similar title, “The Atlas of Endometrial Cytology:
based on descriptive and standardized reporting system’ had originally been written
in Japanese for its dedicated audience and was published in 2015 [16].

1.2  Dawning of the Endometrial Cytology

The acceptance of diagnostic cytology as a current and valid discipline in medicine
is largely due to the work of George Papanicolaou, the father of modern cytology.
In the 1920s Papanicolaou began to publish material on the cytologic method for
hormonal evaluation and, in 1928 he suggested that this method was of value in the
diagnosis of cancer of the uterine cervix [17, 18]. Independently and earlier in the
same period, Babes had published material on the same subject in Rumania [19].
Recognition of cytology as a valuable diagnostic tool occurred following further
publications, i.e., in 1941 Papanicolaou and Traut published an article (and a book
in 1943) on the value of vaginal smear cytology that demonstrated that it was also
possible to diagnose endometrial cancer in asymptomatic patients [17, 18, 20].
Since that time many papers have been written delineating the accuracy of this tech-
nique. The development of a technique for sampling the endometrial mucosa was
encouraged by Papanicolaou himself, who acknowledged the inadequacy of the cer-
vical smear for detecting adenocarcinoma of the uterus. This is demonstrated by a
typewritten official report of endometrial cytology signed personally by Dr.
Papanicolaou during his tenure as it may be seen in Fig. 1.1, which has been taken
from the book entitled “The Pap Smear; Life of George N. Papanicolaou” authored
by Carmichael (Fig. 1.2) [17].

Moreover, Papanicolaou’s interest in human endometrium also involved several
articles concerning research on tissue culture of endometrial explants, as it can be
resumed from articles he published between 1953 and 1961. Papanicolaou acknowl-
edges carrying out a 6-year study on the behavior and the potentialities for differen-
tiation and growth of cultured normal, benign, and malignant endometrial cells [20].
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Fig. 1.1 Cover page of the book entitled “The Pap Smear: Life of George N. Papanicolaou” by
Carmichael in 1973. Reprinted with permission from the publisher




T. K. Kobayashi

CORNELL UNIVERSITY
MEDICAL COLLEGE

1300 YORK AVENUE
New York Crry

DEPARTMENT OF ANATOMY

Dr.
New York Hospital
Resort

Endometrial smears of 4/7/52. Conclusive
evidence of an adenocarcinoma of the
endometrium with adenoacantiomatous areas.
This apoears to be a rather advanced
infiltrating carcinoma.

Class V.

Note: The diagnosis 1s well enough esta-
blished to justify a major operation without

a curettage.
(

Geprege [N. Papanicolaou, M.D.

GNP:mn

Fig. 1.2 Copy of the typewritten official report of endometrial cytology signed personally by Dr.
Papanicolaou, which has been taken from the book by Carmichael in 1973. Reprinted with permis-

sion from the publisher

Anyhow the cytologic detection of outspoken endometrial cancer was unable to
significantly reduce its occurrence like with cervical cancer.

Needless to say, modern endometrial cytology is characterized by its simple
sampling procedure, and has the advantage that it can be performed in the outpatient
unit without anesthesia. Koss et al. investigated whether endometrial cytology is
effective as a screening method for high-risk groups for endometrial cancer in clini-
cally asymptomatic women over 45-years old. In 1984, Koss et al. investigated 2586
asymptomatic women aged 45 years and above with the aim of evaluating the tech-
nique as a screening test for endometrial cancer in healthy individuals; 16 cases of
occult carcinomas, and 21 cases of endometrial hyperplasia were detected, but, in
particular, the detection rate of endometrial hyperplasia cases was so low that the
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value of this approach was questioned as a screening test [21], another group also
reported that screening asymptomatic women for endometrial cancer is not recom-
mended [22].

1.3  Endometrial Cytology Based on Cyto-Architecture
of Tissue Fragments

Although the cellular features of endometrial hyperplasia in endometrial aspirates
have been described by Morse [23], other groups report that the lesions are underdi-
agnosed [24, 25]. This is most likely because cytology can never provide the architec-
tural detail needed for an accurate diagnosis of this disease. Consequently, the
interpretation of endometrial smears requires special expertise apart from general his-
topathologic training. Many tend to think of cytology as a nucleus-centered diagnostic
method that gives little consideration to tissue structure. Adopting diagnostic criteria
that reflect the cytoarchitecture (i.e., the pattern of growth within cell clusters) in
endometrial cytology samples has been reported to solve this problem [26-28].
Several studies have described [6, 7, 12, 14, 15, 29, 30] the cytoarchitectural diagnos-
tic criteria for endometrial lesions by using LBC. The above-described advantages of
the LBC strongly encourage the replacement of conventional preparations (direct
smears) with LBCs in the routine cytologic evaluation of endometrial cellular samples.

1.4 Endometrial Sampling by Cervical Cytology

Cells exfoliated from the endometrial cavity may be present in cervical and vaginal
smears, thereby presenting an opportunity to report on pathological changes in the
endometrium as part of the cervical cancer screening program. Although the con-
ventional Pap smear may be used to detect endometrial carcinoma, this specimen is
not useful for endometrial cancer screening [31, 32]. As a matter of fact, the sensi-
tivity of cervicovaginal sampling for endometrial pathology is low since significant
exfoliation does not occur even in cases of endometrial cancer [12, 33]. Moreover,
the likelihood of degenerative changes in spontaneously exfoliated endometrial
cells including those of pregnancy-related cell changes [34] makes their interpreta-
tion difficult. Endometrial cancer detection depends on patient-related, sampling,
interpretative, and screening factors. Detection correlates with shedding of neoplas-
tic cells from the primary location into the cervix and vagina and not all adenocar-
cinomas readily shed tumor cells.

1.5 Development and Evaluation of Endometrial Cell
Sampling Device

In 1943, Cary was the first to develop a practical technique for obtaining intrauter-
ine sampling of endometrial cells. He used a metal cannula intended for artificial
insemination, which he introduced into the uterine cavity. The endometrial mucosa
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was then aspirated with a 3-ml syringe [35]. From the latter half of the 1950s, the
aspiration method was converted to an endometrial washing. Torres et al. [36]
showed that washing the endometrial cavity with saline under positive pressure
provided suitable samples for light microscopic analysis. Concern about the pos-
sible complications of this procedure such as uterine infection, dissemination of
tumor through the fallopian tubes into the peritoneal cavity, and perforation of the
uterus, caused gynecologists to resist this approach for several years. Subsequently,
instruments were designed for washing the endometrial cavity with physiological
saline under negative pressure [37] so that the risk of dissemination of tumor into
the peritoneal cavity was eliminated. Unfortunately, endometrial washings were
difficult to interpret [38] and the laboratory processing was a time-consuming
task, so the method was not widely accepted. In 1968, Johnsson and Stormby
reported the use of a cytological brushing technique to obtain cells from endome-
trial lesions [39].

In the 1970s, a new generation of endometrial sampling instruments was intro-
duced. These depended on abrasion of the endometrium by a plastic helix, the
Mi-Mark (Milan-Markley) [24, 40] or by a curette, the Accurette [41], and immedi-
ate transfer of the cytological material to a glass slide. A third instrument, the Isaacs
endometrial sampler [42] depended on the aspiration of endometrial cavity. The
Isaacs Sampler had a limited diffusion due to the risk of spreading malignant cells
into the endometrial cavity [36, 43]. In 1993, Tao developed the Tao Brush endome-
trial cell collector that avoids cell spreading outside the uterine cavity and is easy to
operate, so it was adopted by the gynecologists and is widely used [44]. In 2006,
Fujihara et al. reported that the Uterobrush samples prepared by the “flicked”
method have a much greater quantity of cell clusters than those using the earlier
Endocyte sample [45].

1.6 Endometrial Cytopathology and Cell Block Preparation

Koss recommended that the cell block method be used complementarily to endo-
metrial brushings because it enhances the specificity of gynecologic cytology
[32]. A variety of cell block (CB) techniques have been in use for over a century
[46]. CB provides a method for immunocytochemistry (ICC) that has revolution-
ized cytopathology by making it possible to apply panels of antibodies to multi-
ple sequential sections. CB is prepared from residual LBC cytological specimens
or from dedicated cytological samples injected in fixative/preservative fluid.
Both the morphology of endometrial cells and the glandular architecture are crit-
ical to endometrial cancer diagnosis. In 1998, Yang et al. [47], reported a series
of endometrial cytology samples obtained by using a Tao Brush with subsequent
preparation of a cell block. This method enabled good morphological evaluation
comparable to ordinary endometrial biopsy. In 2000, Diaz-Rosario and Kabawat
devised a novel technique to prepare CBs that avoid disruption of glandular
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structure during preparation [48]. The fluid remaining after the preparation of the
ThinPrep slide is subjected to sedimentation in the inverted ThinPrep filter used
for slide preparation. CB’s can maintain cell morphology and tissue architecture
and are thus a useful complement to liquid-based smears for definitive diagno-
sis [49].

1.7 Endometrial Cytology by Means of Liquid-Based
Cytology and Its Reporting System

Cytopathological interpretation of conventional preparations of brushing by
direct smear may be problematic due to several factors such as the presence of
excess obscuring blood or inflammation, excessive cellular overlapping, distor-
tion of cells or presence of thick cell clusters, scant cellularity, and presence of
fixation artifacts, so that the adoption of endometrial cytology as a diagnostic
procedure has been hampered [12-15]. Other difficulties in the interpretation of
endometrial cellular samples were also represented by metaplastic changes or by
ovarian hormonal disorders such as endometrial glandular and stromal break-
down (EGBD); in these cases, it may be often difficult to make a correct cyto-
logical diagnosis [12, 14, 15, 50]. This seems to be the reason why endometrial
cytology is only partially accepted in Japan and not generally practiced in the
rest of the world.

LBC was introduced in the mid-1990s as a way to improve performance in cervi-
cal cancer screening. In a short time, LBC was applied to endometrial cytology and
achieved a diagnostic sensitivity as accurate as conventional preparations, espe-
cially for its excellent cell preservation and clearance of background debris, blood,
and inflammation, which decreased the number of inadequate diagnoses [51].
ThinPrep cytology combined with endometrial sampling was reported to be a useful
tool for the outpatient diagnosis of endometrial lesions, and reduced the number of
unnecessary curettages [6, 7]. Several studies have also achieved the same results by
using SurePath LBC method [9, 10, 14, 15, 52].

Several studies have described in recent years the cytoarchitectural diagnostic
criteria for endometrial lesions by using LBCs. LBC represents an opportunity to
re-evaluate endometrial cytology; an increasing interest in it is demonstrated by a
number of articles that report interesting results in terms of diagnostic accuracy
[5-7, 14, 15]. Although a number of endometrial cytology experiences have been
introduced over the years, many of these methods do not use a standardized report-
ing system. In 2018, Fulciniti et al. [4] published a standardized reporting system
inclusive of specific diagnostic categories and cytomorphologic criteria for uniform
and reliable diagnosis of endometrial malignancies on directly sampled endometrial
samples. This was summarized through the serious and fruitful discussion in the
symposium of the International Academy of Cytology (IAC) Meeting, 2016 at
Yokohama, Japan.
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1.8  Molecular-Based Approach with LBC Samples

The purpose of molecular cytopathology is to elucidate the mechanisms of disease
by identifying molecular and pathway alterations. Mutation of phosphatase and ten-
sin homolog (PTEN), beta-catenin, and p53 genes are among the most frequent
molecular defects in type I and II endometrial carcinomas, respectively [12, 15, 53].
PTEN encodes a dual-specificity phosphatase with lipid phosphatase and protein
tyrosine phosphatase activities that regulates both apoptosis and interactions with
the extracellular matrix. In a study of 38 cases of endometrial intraepithelial neopla-
sia (EIN) on endometrial biopsy samples, Norimatsu et al. found that immunohisto-
chemical loss of PTEN and positive nuclear staining of beta-catenin were frequently
seen in EIN but not in normal proliferative endometrium cases. The combination of
PTEN-negative/beta-catenin-positive results may become a reliable marker for
detecting endometrial intraepithelial neoplasia [14, 15, 30, 53-55]. Because the
overexpression of gene products of types I and II endometrial carcinomas correlates
with clinicopathological factors and prognosis, it is also important to evaluate the
immunocytochemical expression of endometrial malignancy markers including
precursor lesions on LBC samples. It is of note that frequent mutations of p53 have
been found in aggressive endometrial carcinoma including high-grade serous types
and carcinosarcoma. With regard to p53, a nuclear expression threshold >4 may be
useful for evaluating type II endometrial carcinoma. In 2014, Kosmas et al. [53]
reported that immunocytochemical positive expression of p53 on imprint cytologic
smears was correlated with surgical-pathological stage, histological grade, and
lymph node metastasis.

The role of Molecular Pathology and Molecular Cytopathology of directly sam-
pled endometrial brushings will be covered in detail in Chaps. 15 and 16 of this book.
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Overview of the Yokohama System
for Reporting Endometrial Cytology

Yasuo Hirai and Jun Watanabe

2.1 Background

The most important role of endometrial cytology is to detect malignant tumors as
accurately as possible. However, endometrial malignancies cannot be diagnosed
definitively by cytology alone. In principle, clinical treatment is administered after
a definitive diagnosis based on tissue biopsy. The diagnostic accuracy of endome-
trial cytology is important because the results determine the necessity for tissue
biopsy as a definitive method. It is commonly believed that the pain experienced
during endometrial cytological sampling is considerably greater than that associ-
ated with collecting cells from the uterine cervix. In reality, due to the development
of very thin endometrial brushes in recent years, the pain experienced by the patient
is minimal.

To confirm the final diagnosis, endometrial tissue collection is required,
although the process is invasive. An increase in the frequency of false positives for
endometrial cytology can lead to an increase in unnecessary tissue tests; hence, it
should be avoided. The Bethesda style descriptive reporting format is intended to
best communicate the results of the endometrial cytology clinically and to enhance
mutual communication. The Bethesda style descriptive reporting format is cur-
rently the most important form in the world, and the Yokohama System (TYS) has
adopted this style. Endometrial cytology shows abnormalities in individual cells
and cell architecture of cell clusters, but there are gray-zone cases where it is
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difficult to definitively determine whether the result is benign or malignant. In the
descriptive reporting format like TYS, it is possible to separate and describe find-
ings in the category that should be considered benign from findings suspected to
be malignant.

Initially, we had two Bethesda-style reporting systems or formats for endome-
trial cytology: (1) the descriptive reporting format for endometrial cytology devised
by the Japanese Society of Clinical Cytology (JSCC) study group [1]; and (2) the
new classification scheme devised by Petros Karakitsos, et al. (Greek group) [2]
(Table 2.1). While a correlation between the diagnostic categories and the risk of
malignancy was found in the Greek system, the cytomorphologic criteria in the

Table 2.1 Cytological interpretention/result and histological diagnosis

Descriptive
Cytological Histological terminology  TYS
Cytological result diagnosis (WHO for cytological grading Explanatory
result (JSCC) (Greece) classification) result category comments
Unsatisfactory Inadequate Unsatisfactory TYSO  To be
for evaluation compliant
with the
Bethesda style
Negative for ~ Without Proliferative Negative for TYS 1 To be
malignancy evidence of endometrium malignant compliant
malignancy Secretory tumors and with the
endometrium precursors Bethesda style
Menstrual
endometrium
Atrophic
endometrium
Benign reactive
change
Endometrial polyp
Endometrial
metaplasia
Arias-Stella reaction
Endometrial
glandular and
stromal break down
(EGBD)
Endometrial ~ ACE-L Endometrial Endometrial TYS3 To be more
hyperplasia hyperplasia without hyperplasia descriptive
atypia without atypia
Atypical ACE-H Endometrial Endometrial TYS5  Tobe more
endometrial atypical atypical descriptive,
hyperplasia hyperplasia, hyperplasia/ and to be
endometrioid Endometrioid compliant
intraepithelial intraepithelial with WHO
neoplasia (EAH/ neoplasia histological
EIN) (EAH/EIN) classification,

5th edition
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Table 2.1 (continued)
Descriptive
Cytological Histological terminology  TYS
Cytological result diagnosis (WHO for cytological grading Explanatory
result (JSCC) (Greece) classification) result category comments
Malignant Malignant ~ All malignant Malignant TYS6  To be more
tumor tumors, including neoplasms descriptive,
endometrioid and to be
carcinoma (G1, G2, compliant
G3, squamous with WHO
differentiation), histological
Serous carcinoma, classification,
clear cell 5th edition
carcinoma,
undifferentiated and
dedifferentiated
carcinoma, mixed
carcinoma, other
endometrial
carcinomas
(mesonephric
carcinoma,
squamous cell
carcinoma, gastric
or gastrointestinal
type mucinous
carcinoma,
masonephric-like
carcinoma),
carcinosarcoma,
leiomyosarcoma,
endometrial stromal
sarcoma,
undifferentiated
uterine sarcoma,
adenosarcoma and
extrauterine
malignant tumors
ATEC-US ACE-US Atypical TYS 2 Gray zone that
endometrial is compliant
cells, of with the
undetermined Bethesda
significance style, shoul be
(ATEC-US) less than 5%
of specimens
ATEC-A ACE-H Atypical TYS 4 Gray zone that

endometrial
cells, cannot
exclude EAH/
EIN or
malignant
condition
(ATEC-AE)

is compliant
with the
Bethesda style
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various diagnostic categories were particularly emphasized in the Japanese system.
We combined these two reporting systems in a new one, TYS, for reporting endo-
metrial cytology, which took into consideration every scientific and epidemiologic
evidence accumulated heretofore in each gross local area (Japan and Greece) to be
used in a constructive way (Tables 2.2 and 2.3). The estimated risk of malignancy
for each cytological interpretational category was deduced from literature in both
geographical areas; hence, the clinical management guidelines were developed
based on these findings (Table 2.4).

Table 2.2 Descriptive categories of The Yokohama System for Reporting Endometrial Cytology

1. Unsatisfactory for evaluation TYSO
2. Negative for malignant tumors and precursors TYS 1
3. Atypical endometrial cells of undetermined significance (ATEC-US) TYS2
4. Endometrial hyperplasia without atypia TYS 3
5. Atypical endometrial cells, cannot exclude EAH/EIN or malignant condition TYS 4
(ATEC-AE)
6. Endometrial atypical hyperplasia/Endometrioid intraepithelial neoplasia (EAH/EIN) TYS 5
7. Malignant neoplasms TYS 6

Table 2.3 Relative risk of the descriptive categories outlined in The Yokohama System, based on
Japanese studies to date

Risk of malignancy, %

Atypical
Malignant endometrial
Categories tumor hyperplasia Management
Unsatisfactory for evaluation:TYSO No data, so  No data, so far Repeat cytology in
far 3 months if increased

clinical suspicion
Negative for malignant tumors and 0.40% 0.20% Clinical follow-up as
precursors:TYS1 needed
Atypical endometrial cells of No data, so  No data, so far Repeat cytology in
undetermined significance far 3 months as needed
(ATEC-US):TYS2
Endometrial hyperplasia without 18.20% 18.20% More follow-up,
atypia:TYS3 hysteroscope, biopsy
Atypical endometrial cells, cannot ~ 60.00% 5.70% More aggressive
exclude EAH/EIN or malignant follow-up,
condition (ATEC-AE):TYS4 hysteroscope, biopsy
Endometrial atypical hyperplasia/  61.50% 30.80% More aggressive
Endometrioid intraepithelial follow-up,
neoplasia (EAH/EIN):TYS5 hysteroscope, biopsy
Malignant neoplasms:TYS6 94.50% 0.30% More aggressive

follow-up,

hysteroscope, biopsy,
staging
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Table 2.4 Descriptive reporting format and diagnostic categories of The Yokohama System for
Reporting Endometrial Cytology

Specimen type
Conventional method, liquid-based method
Specimen adequacy
Satisfactory, unsatisfactory (rejected specimen, fully evaluated, unsatisfactory specimen)
Result
Negative for malignant tumors and precursors:TYS1
Endometrium in proliferative phase, in secretory phase, in menstrual phase, atrophic
endometrium, benign reactive change (IUD, TAM, etc.), endometrial polyp, endometrial
metaplasia, arias-Stella reaction, endometrial glandular and stromal break down (EGBD)
Endometrial hyperplasia without atypia:TYS3
Endometrial hyperplasia without atypia
Endometrial atypical hyperplasia/Endometrioid intraepithelial neoplasia (EAH/EIN):TYS5
EAH, EIN, atypical polypoid adenomyoma
Malignant neoplasms:TYS6
All malignant tumors, including endometrioid carcinoma (G1, G2, G3, squamous
differentiation), serous carcinoma, clear cell carcinoma, undifferentiated and
dedifferentiated carcinoma, mixed carcinoma, other endometrial carcinomas (mesonephric
carcinoma, squamous cell carcinoma, gastric or gastrointestinal type mucinous carcinoma,
masonephric-like carcinoma), carcinosarcoma, leiomyosarcoma, endometrial stromal
sarcoma, undifferentiated uterine sarcoma, adenosarcoma and extrauterine malignant
tumors
Atypical endometrial cells of undetermined significance (ATEC-US):TYS2
Atypical endometrial cells, cannot exclude EAH/EIN or malignant condition
(ATEC-AE):TYS4

1UD intrauterine device; TAM tamoxifen

2.2  The Reproducibility Assessment
of the Yokohama System

The evaluation of the reproducibility of the cytological interpretation of endometrial
lesions by TYS is described in detail in Chap. 5. The conclusions are summa-
rized below.

We evaluated the reproducibility of the cytological diagnosis of endometrial
lesions by TYS using BD (Beckton-Dickinson) SurePath™-LBC [3]. To confirm
the reproducibility of the diagnosis and to further study the inter- and intra-
observer agreement, a second review was conducted after 3 months, including
three additional cytopathologists. As a result, the inter-observer agreement of the
negative classes improved progressively from “good to fair” to “excellent,” with
values increasing from 0.70 to 0.81, respectively. Both the EGBD and malignant
classes improved progressively from “good to fair” to “excellent,” with values
increasing from 0.62-0.63 to 0.84-0.95, respectively. As for the diagnostic
agreement of ATEC in two rounds of the diagnostic review, the results were simi-
lar with a value of 0.43 (moderate) for ATEC-AE and 0.69 (good to fair) for
ATEC-US, and the results of reproducibility were surprisingly good. The overall
intra-observer agreement between the first and the second rounds were “good to
fair” to “excellent,” with values ranging from 0.73 to 0.90, and all kappa
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The Algorithmic interpretational approach to TYS

(ATEC-US; TYS2)

improvements were significant (p < 0.0001). Applying the algorithmic approach
to TYS (Fig. 2.1) may be a valid method to improve the precision (reproducibil-
ity) of endometrial cytology.

2.3

for Reporting Endometrial Cytology

Clinical Handling in the Yokohama System

Based on the already accumulated data on the accuracy of endometrial cytology,
clinical handling for each category of TYS is recommended in Japan, as shown in
Table 2.5. These recommendations do not result in firm guidelines due to limited

clinical data.
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Table 2.5 Provisional recommendations of handling methods for each category of TYS in Japan

TYS category Clinical handling

TYS O Unsatisfactory for evaluation Re-examination

TYS 1 Negative for malignant tumors and precursors Routine medical examination

TYS 2 Atypical endometrial cells, of undetermined Re-examination using cytology or
significance (ATEC-US) endometrial tissue biopsy

TYS 3 Endometrial hyperplasia without atypia Endometrial tissue biopsy

TYS 4 Atypical endometrial cells, cannot exclude EAH/ Endometrial tissue biopsy
EIN or malignant condition (ATEC-AE)

TYS 5 Endometrial atypical hyperplasia/Endometrioid ~ Endometrial tissue biopsy
intraepithelial neoplasia (EAH/EIN)

TYS 6 Malignant neoplasms Endometrial tissue biopsy
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Pathogenetic Bases of the Yokohama 3
System for Reporting Endometrial
Cytology

Yasuo Hirai and Jun Watanabe

In developing The Yokohama System(TYS) for reporting endometrial cytology, cur-
rent understanding of initial/precursor lesions, which sequentially take place in the
process of carcinogenesis of endometrial cancer, is of enormous importance. In this
regard, the chapter on endometrial carcinoma in the Fourth Edition World Health
Organization (WHO) Classification of Tumors of the uterine corpus offers timely
and valuable insights [1] (Table 3.1).

When developing the TYS classification, first, we aimed to create a category for
the precursor lesions of endometrial carcinoma, on which we have sufficient infor-
mation due to extensive clinical research experience. According to the Fourth
Edition WHO Classification of Tumors [1], the precursor lesion of endometrial car-
cinoma is endometrial atypical hyperplasia/endometrioid intraepithelial neoplasia
(EAH/EIN). EAH is considered as a noninvasive histological lesion with biologi-
cally similar abnormalities to endometrioid carcinoma. Therefore, in TYS, we des-
ignated “Endometrial atypical hyperplasia/endometrioid intraepithelial neoplasia
(EAH /EIN)” as a cytological category for this histological entity.

Second, we aimed to determine an applicable cytology category for the precursor
lesion of serous carcinoma. Serous carcinoma is more aggressive and has a poorer
prognosis than endometrioid carcinoma. Therefore, serous endometrial intraepithe-
lial carcinoma (SEIC), regarded as an initial lesion of the serous carcinoma, should
be considered as a malignant tumor, because of its frequent association with extra-
uterine spread [2]. Thus, in TYS, the cytological interpretational category for SEIC
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Table 3.1 Descriptive reporting format and diagnostic categories of TYS for Reporting
Endometrial Cytology (Compatible version for WHO 5th edition®)

(i) Specimen type
Conventional method, liquid-based method
(ii) Specimen adequacy
Satisfactory, unsatisfactory (rejected specimen, fully evaluated, unsatisfactory specimen)
(iii) Result

— Negative for malignant tumors and precursors: TYS1
Endometrium in proliferative phase, in secretory phase, in menstrual phase, atrophic
endometrium, benign reactive change (IUD, TAM, etc.), endometrial polyp, endometrial
metaplasia, arias-Stella reaction, endometrial glandular and stromal breakdown (EGBD)

— Endometrial hyperplasia without atypia: TYS3
Endometrial hyperplasia without atypia

— Endometrial atypical hyperplasia/Endometrioid intraepithelial neoplasia (EAH/EIN):
TYSS
EAH, EIN, atypical polypoid adenomyoma

— Malignant neoplasms(endometrial carcinomas): TYS6
All malignant tumors, including endometrioid carcinoma (G1, G2, G3, squamous
differentiation), serous carcinoma, clear cell carcinoma, undifferentiated and
dedifferentiated carcinoma, mixed carcinoma, other endometrial carcinomas (mesonephric
carcinoma, squamous cell carcinoma, gastric or gastrointestinal type mucinous carcinoma,
mesonephric-like carcinoma), carcinosarcoma, leiomyosarcoma, endometrial stromal
sarcoma, undifferentiated uterine sarcoma, adenosarcoma and extrauterine malignant
tumors

— Atypical endometrial cells of undetermined significance (ATEC-US): TYS2

— Atypical endometrial cells, cannot exclude EAH/EIN
or malignant condition (ATEC-AE): TYS4

1UD intrauterine device; TAM tamoxifen

“Tumors of the uterine corpus, Kim K-R, Lax SF, Lazar AJ, et al. editors. In: WHO Classification
of Tumor. Editorial Board, editor. WHO Classification of Tumors. Female genital tumors, 5th ed.
Lyon: IARC press; 2020. p246-308

should be the “Malignant neoplasms” category instead of the “Endometrial atypical
hyperplasia/endometrioid intraepithelial neoplasia (EAH/EIN)” category.

In the fifth edition of the WHO Classification of Tumors of the uterine corpus
[3], the morphological classification proposed in the fourth edition (endometrial
atypical hyperplasia/endometrioid intraepithelial neoplasia (EAH /EIN), endome-
trioid carcinoma, and serous carcinoma) remained unchanged. However, in a sub-
set of high-grade cancers with overlapping molecular features, considerable
inter-observer variability existed in the microscopic diagnosis. Therefore, four
groups of carcinomas with different molecular features identified by The Cancer
Genome Atlas (TCGA) have been added to the endometrial carcinoma category in
the WHO 5th edition to be used integrally with conventional morphological clas-
sification. The four new subtypes include POLE-ultramutated endometrioid carci-
noma (EC), mismatch repair (MMR)-deficient EC, p53-mutant EC, and non-specific
molecular profile (NSMP) EC. In relation to TYS, there is no need to change each
category of TYS, which is based on cytomorphological findings. However, as the
molecular features of the lesions in each category become clearer, a new category
could be required.
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Endometrial Cell Sampling Procedure 4
to Obtain Cytologic Specimens

Tetsuji Kurokawa, Toshimichi Onuma, Akiko Shinagawa,
and Yoshio Yoshida

4.1 Significance of Endometrial Cytology for Women
with Abnormal Uterine Bleeding at
the Outpatient Clinic

Endometrial carcinoma is the most common malignancy of the female genital tract.
In 2018, the total estimated number was 382,069, and the number of deaths due to
endometrial carcinoma was 89,929 worldwide [1]. The incidence rates of endome-
trial carcinoma (EC) are generally high. If detected at an early stage, EC is a highly
curable disease. However, screening for endometrial cancer has not been performed
worldwide because of the lack of an acceptable test, which would reduce mortality.
Routine Papanicolaou (Pap) testing is inadequate. In addition, textbooks have
reported that directly sampled endometrial cytology is also too insensitive and non-
specific to be useful for screening because the rate of inadequate endometrial cytol-
ogy is higher than that of endometrial biopsy, in the absence of established criteria
for inadequate specimens in both methods [2]. Directly sampled endometrial cytol-
ogy as an acceptable screening test was dismissed after 1976 [3]. By contrast, in
Japan, many gynaecologists and cytopathologists have continued to improve
directly sampled endometrial cytology for a long time. As it concerns the specimen
preparation technique, some manuscripts have reported methods for reducing inad-
equate samples [4, 5]. With regard to the diagnostic criteria for endometrial cytol-
ogy, some manuscripts have reported a clear and easy diagnostic flow [6-8].
At present, almost all gynaecologists in Japan have a preferred technique to directly
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Table 4.1 Indications and contraindications for endometrial cytology in many Japanese
institutions [9]

Indications
Symptomatic patients
Abnormal uterine bleeding in the last 6 months
Abnormal perimenopausal uterine bleeding
Postmenopausal uterine bleeding
Abnormal menses
(hypermenorrhoea, irregular menstrual cycle etc.)
Abnormal vaginal discharge
Suspected endometrial cancer
Asymptomatic patients
Abnormal endometrial findings on transvaginal ultrasonography
Postmenopausal oestrogen therapy without progestins
Hereditary nonpolyposis colorectal cancer (lynch syndrome)
Obesity, type II diabetes mellitus, hypertension
Contraindications
Pregnancy or suspected pregnancy

obtain endometrial cells. Japanese outpatient guidelines for gynaecological practice
include the indications and the technique of directly sampled endometrial cytology
[9] (Table 4.1). Endometrial cytology is the accepted first step in evaluating women
with abnormal uterine bleeding at an outpatient clinic.

4.2 Indications for the Use of Directly Sampled Endometrial
Cytology (Table 4.1)

The chief symptom of EC is abnormal uterine bleeding, which may be due to a
variety of conditions. In particular, postmenopausal women with abnormal uterine
bleeding are at a particularly high risk of EC. Patients at high risk of EC are divided
into symptomatic and asymptomatic groups. The symptomatic group includes
women with abnormal uterine bleeding, abnormal menses (hypermenorrhoea, irreg-
ular menstrual cycle etc.), or abnormal vaginal discharge. The asymptomatic group
includes high-risk women, such as women with obesity or receiving postmeno-
pausal oestrogen therapy without progestin; those taking tamoxifen with abnormal
findings on transvaginal ultrasonography; or members of families with hereditary
nonpolyposis colorectal cancer (Lynch syndrome) [2].

4.3 Collection Instruments and Evaluation of Endometrial
Lesions by Endometrial Cytology

The collection instruments can be divided into endometrial aspiration devices and
endometrial brushing instruments. For each technique, many types of instruments
have been reported in previous manuscripts (for example, the Isaac endometrial cell
sampler, Masubuchi’s method, Medhosa cannula, Mi-Mark endometrial sampling
kit, Endobrush®, Endopap®, Tao brush, and Endocyte). We introduce two instru-
ments for aspiration techniques. One is the Isaac endometrial cell sampler (IECS),
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which has a metallic cannula and a specimen collector [10] (Fig. 4.1). The other is
the instrument using Masubuchi’s method [11]. The diagnostic accuracy is 77.8%
for the IECS and 92.3% for Masubuchi’s method [10, 11]. We introduce two instru-
ments for brushing techniques. One is the Mi-Mark helix endometrial sampling kit,
which has semi-sharp edges to abrade the endometrial lining [12] (Fig. 4.2). The
other is the endobrush, which is composed of a plastic tube and a helicoidal thin
wire with a nylon brush, with a plastic enlargement on the end [12] (Fig. 4.3). The
sensitivity is 97% for the Mi-Mark helix and 96.4% for the endobrush [12, 13].
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Isaacs endometrial cell sampler. (A) Syringe. (B) Adapter. (C) Shield. (D) Cervical stop.
(E) Cannula with multiple perforations. (F) Cannula tip.

Fig. 4.1 The Isaac endometrial cell sampler (IECS). Reproduced with permission from [10]

Fig. 4.2 The Mi-Mark
Helix endometrial
sampling kit. Reproduced
with permission from [12]

Fig. 4.3 The endobrush.
Reproduced with
permission from [12]




26 T. Kurokawa et al.

It is easier to directly obtain endometrial cytology samples using endometrial
brushing techniques than endometrial aspiration techniques. The endobrush causes
less pain and contamination of endocervical cells than the Mi-Mark helix. Therefore,
we chose the Honest Super Brush (Honest Medical Company) as the preferred
endometrial brush. Many Japanese institutions have also used the endobrush.

4.4 Techniques of Endometrial Sampling and Processing

1. The patient should have an empty bladder, as this allows the speculum to be
inserted with less discomfort.

2. The patient should remove all clothing from the waist down and take the lithot-
omy position on the pelvic examination table.

3. A sheet should be placed under the hip to prepare for bleeding.

4. A gynaecologist should confirm the size, position, and tilt of the uterus by
transvaginal ultrasonography before inserting the instrument.

5. The speculum (for example Cusco’s speculum) should be gently inserted into
the vagina.

6. The instrument is inside the plastic bag. Before removing the instrument from
the plastic bag, the tip of the tube covering the brush should be slightly bent to
match the direction from the cervical canal to the uterine cavity (Fig. 4.4).

Fig. 4.4 Inserting the instrument. The tip of the tube covering the brush should be slightly bent
using the thumb to match the direction from the cervical canal to the uterine cavity. The angle is
60-90 degrees. The instrument should be gently rotated or slowly moved up and down to collect
endometrial cells. In this process, modulation of mechanical pressure exerted is needed to avoid
perforation of the uterus
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Fig. 4.5 The instrument in
uterine cavity. The
instrument should be
rotated or moved up

and down

7. The instrument should be removed from the bag, and the external uterine orifice
should be sterilized.
8. The instrument should be inserted into the external uterine orifice. The brush is
inside the tube cover.
9. After the tip of the tube cover reaches the fundus of the uterus, the tube should
be pulled back to expose the brush.
10. The instrument should be rotated or moved up and down to collect endometrial
cells (Fig. 4.5).
11. The brush should be placed back inside the tube cover to prevent the contami-
nation of endocervical cells.
12. The instrument should be removed from the uterus.
13. The brush should be immersed in the preservative fluid and gently stirred to
remove endometrial cells (Fig. 4.6) (URL: https://www.youtube.com/
watch?v=Q-lllraSt2w&feature=youtu.be)

4.5 Benefits and Harm of Directly Sampled
Endometrial Cytology

Gynaecologists should interview patients about the possibility of pregnancy or of
menstrual bleeding before the examination. Pregnant women have contraindica-
tions for directly sampled endometrial cytology. Gynaecologists should inform
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Fig. 4.6 The brush in the
preservative fluid. The
brush should be immersed
in preservative fluid and
gently stirred to remove
endometrial cells

cytopathologists about the date of the last menstrual cycle because the cytologic
findings in endometrial samples are strongly affected by the hormonal environ-
ment. The insertion of the instrument may be difficult in patients with fibroids or
a history of uterine operation, such as caesarean section. If difficulty is expected,
the gynaecologist should better confirm the size, position, and tilt of the uterus
by transvaginal ultrasonography before inserting the instrument to ensure a
smooth entry and minimize the patient’s discomfort. Based on our direct experi-
ence, we consider the possibility of uterine perforation unlikely, unless the
instrument is inserted in an extremely energetic modality. Anaesthesia was
almost never needed in our practice.

The technique to directly obtain endometrial cytology samples has three major
advantages for patients and gynaecologists. One is that endometrial cytology com-
pared to endometrial biopsy reduces stress both for patients and gynecologists
because endometrial brushing is less invasive than endometrial biopsy. The second
advantage is that directly sampled endometrial cytology using a brush is less inva-
sive towards the endometrial mucosa than endometrial histology using curettage.
The third advantage is that the technique is extremely simple, and the time to obtain
endometrial cells is very short (Fig. 4.7).
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Suspected endometrial cancer
>Abnormal uterine bleeding
>Abnormal transvaginal ultrasonography findings

(endometrial thickness, interrupted junctional zone, etc.)

Strongly suspected endometrial cancer

|

Endometrial Cytology

Abnormal findings Normal findings

A 4

If the symptom continues

Endometrial biopsy After 3-6 months
Endometrial cytology

Fig. 4.7 Flowchart for patients suspected of having endometrial cancer in many Japanese
institutions
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Cytology for the Yokohama System
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5.1 Definition and Criteria

Figure 5.1 shows the “Algorithmic interpretational approach to endometrial cytol-
ogy to the Yokohama System (Algorithmic approach to TYS).” This diagnostic
scheme was developed for TYS [1-6] by modifying the algorithmic diagnostic
scheme of the descriptive reporting format for endometrial cytology already devised
by the JSCC study group [2, 3, 6]. This “algorithmic approach to TYS” is designed
to be easily applicable in practice by following three diagnostic steps, progressively
evaluating microscopic fields of a given sample from low to high power magnifica-
tion, with special attention to the architectural and cytopathological features.
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Fig. 5.1 Algorithmic interpretational approach to endometrial cytology to TYS

The first step is to determine whether the morphology of the endometrial cell
clusters is regular or irregular' and whether nuclear overlapping of three or more
layers exists or not.? Second, the cytomorphological features at medium and high

“The morphology of the endometrial cell clusters is regular” refers to the presence of “straight to
curvilinear tubular pattern.” The width of the tubular-shaped gland is approximately uniform, and
cohesion of the endometrial stromal cells to the margins of the gland is characteristic.

When the diction, “the morphology of the endometrial cell clusters is irregular” is used, there
are several possibilities, all including the finding of “irregular protrusions patterns.” Some irregular
small projections are noted on the margin of cell clusters. The margin of the cytoplasm of those
small projections is clearly observed. Cohesion of the endometrial stromal cells is not noted in
margins of the gland.

In malignancy, a papillary growth pattern with irregular branching is also noted and the absence
of endometrial stromal cells cohesion to the glandular margins is characteristic (Fig. 5.2).
Occasionally, a fibrovascular core may be observed in the epithelial papillary clusters. When the
papillary structure becomes complex and confluent, back to back and a cribriform pattern can be
easily recognized (Figs. 5.3 and 5.4).
2“Nuclear overlapping” is defined by the presence of two or more layers of cell nuclei in the sheets,
and this can clearly be seen under the microscope by fine focusing. In this way, the presence of two
layers (Fig. 5.5a,b) or of three (or more) layers can easily be established (Fig. 5.5c,d).
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Fig. 5.2 Endometrial endometrioid carcinoma, Grade 1 (TYS6). In malignancy, a papillary
growth pattern with irregular branching is also noted. Absence of adherent endometrial stromal
cells (blue arrows) to the glandular margins is characteristic. Occasionally, a fibrovascular core
(red arrows) may be observed within the epithelial papillary clusters (Papanicolaou stain, original
magnification a: 10x, b: 40x)

power microscopic magnification, in various situations are considered prior to pro-
ceeding to the third step of cytological interpretation. The diagnostic procedure by
using this “algorithmic approach to TYS” is described below (See also Fig. 5.1) [6, 7].

5.1.1 Inadequate Sample for Evaluation (TYS 0)

This condition includes every case in which the obtained sample cannot be evalu-
ated for diagnosis for a variable series of causes (e.g., excess obscuring blood or
inflammation, excess vaginal contamination, no endometrial cells present, etc.
Please refer to Figs. 7.3-7.9 in Chap. 7). In order to assess the adequacy of endome-
trial LBC specimens, the evaluation of specimen cellularity (numerical criterion)? is
among the most important issues.

*In a very recent study, Nimura et al. [8] proposed that the presence of >10 clusters with >30 endo-
metrial cells per cluster could be used as a specimen adequacy criterion for endometrial LBC in
non-menopausal patients, while the presence of 5 or more cell clusters was considered satisfactory
in postmenopausal patients.
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Fig. 5.3 Endometrial endometrioid carcinoma, Grade 1 (TYS6). A cribriform pattern with the
formation of glandular cavities is observed. The case may hence be qualified as: “endometrial
carcinomas including EAH/EIN.” (Papanicolaou stain, original magnification a, b: 40x)

5.1.2 Negative for Malignant Tumors and Precursors (TYS1)

When all cell clusters in the preparation display physiological “tubular or sheet
patterns” accompanied by stromal cells and “nuclear overlapping amounts to less
than three layers,” the interpretation is “Negative for Malignant Tumors and
Precursors (TYS1).” Proliferative endometrium (PE), secretory endometrium (SE),
and atrophic endometrium (AE) are included as normal (physiological)
endometrium.

1. Proliferative endometrium
Microscopic evaluation is performed in three steps: if, at low magnification
“straight to curvilinear tubular pattern (Fig. 5.6),” a “sheet pattern (Fig. 5.7)”
with “nuclear overlapping with less than 3 layers (Fig. 5.8)” are recognized,
then, at intermediate magnification, features like “nuclear crowding,and/or,
“long blood vessels” are looked for (Fig. 5.9), and a presumptive diagnosis of
proliferative endometrium is finally made.

2. Secretory endometrium
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Fig. 5.4 Endometrial endometrioid carcinoma, Grade 1 (TYS6). In this case, a prominent “back
to back” architecture can be observed (Papanicolaou stain, original magnification a—c: 40x)

The same first three cytological criteria: “straight to curvilinear tubular pat-
tern (Fig. 5.10a,b)” or “sheet pattern (Fig. 5.10c)” and “nuclear overlapping with
less than 3 layers™ apply, then, if an “honeycomb pattern with cytoplasmic sub-
nuclear vacuoles (Fig. 5.11a) or saw-toothed glands (Fig. 5.11b,c),” and/or,
“long blood vessels™ are identified, a presumptive diagnosis of secretory endo-
metrium is finally performed.

3. Atrophic endometrium

Similarly, at intermediate microscopic magnification, if “uniform round
nuclei with scarce cytoplasm (Fig. 5.12),” and/or, thin and “short blood vessels
(Fig. 5.13)” are observed, a presumptive diagnosis of atrophic endometrium is
finally performed.

4. Endometrial glandular and stromal breakdown

Endometrial glandular and stromal breakdown (EGBD), a non-pathological
endometrium, must be classified as TYS1. The cytohistological findings of
EGBD will be described in detail in Chap. 12.
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Fig. 5.5 The “nuclear overlapping”. These pictures are taken while finely focusing within the
same microscopic field. Four distinct nuclear layers (red arrows) can be easily appreciated in the
progression from a to d (Papanicolaou stain, original magnification a—d: 100x)

5.1.3 Atypical Endometrial Cells, Cannot Exclude EAH/EIN or
Malignant Condition (ATEC-AE) (TYS4)

The term “ATEC” is employed when atypical endometrial cells are observed;
“ATEC-AE” is used when the possibility of EAH/EIN or a malignant tumor is sug-
gested but the findings are insufficient to interpret them as “Malignant Neoplasms
(TYS6)” because the number of atypical cells is limited or the atypia may be caused
by inflammation, metaplastic changes or iatrogenic influences. In such cases, endo-
metrial biopsy is recommended as the subsequent triage method.

In cases of ATEC-AE, both the “irregular protrusion pattern” and the “nuclear
overlapping with more than 3 layers” pattern should be initially recognized during
the cytological preparation. Subsequently, if “cell clusters with irregular protrusion
patterns including MCIP” are observed despite the absence of typical EGBD find-
ings, the case should be interpreted as ATEC-AE (Figs. 5.14 and 5.15).
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Fig. 5.6 Proliferative endometrium (TYS1). At low power microscopic magnification, a “straight
to curvilinear tubular pattern” is recognized (Papanicolaou stain, original magnification a:
4x, b: 20x)

5.1.4 Malignant Neoplasms (Endometrial Carcinomas) (TYS6) or
Endometrial Atypical Hyperplasia/Endometrioid
Intraepithelial Neoplasia (EAH/EIN) (TYS5)

In the original “TYS reporting format,” a cytological category named TYS5 was
designated to indicate EAH/EIN.* Furthermore, it was judged as rationally justified
to consider the TYSS and “Malignant Neoplasms (Endometrial Carcinomas)
(TYS6)” categories jointly as “Endometrial Carcinomas including EAH/EIN (TYS5
or TYS6)..

*In the fourth edition of the WHO classification [9], EH and EAH/EIN were categorized as precur-
sors to lesions of endometrioid carcinoma. The EAH/EIN category qualified as a noninvasive
lesion with biologically similar abnormalities to endometrioid carcinoma. Nuclear features in EIN
are different from those in EAH, and the cases with mild nuclear atypia or without atypia can be
included in this diagnostic group. Because the definition of ATEC-AE is focused on the degree of
nuclear overlapping and the patterns of cell clusters, this category seems to be possibly applicable
to EIN with mild nuclear atypia, too.

SEAH/EIN (TYS5) category might be differentiated from endometrial carcinomas (TYS6), when,
in presence of well-defined nuclear abnormalities, additional findings suggesting invasion, such as
an obvious necrotic background, the presence of isolated malignant cells, marked back to back
arrangement, or cribriform structure, are lacking. However, as far as the reproducibility of the
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Fig. 5.7 Proliferative endometrium (TYS1). At low and intermediate microscopic evaluation, a
“sheet pattern” is recognized (Papanicolaou stain, original magnification a: 4x, b: 20x)

Fig.5.8 Proliferative endometrium (TYS1). “Nuclear overlapping” amounts to less than 3 layers,
by using fine focusing (Papanicolaou stain, original magnification a, b: 40x)
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Fig.5.9 Proliferative endometrium (TYS1). In addition, also long vessels are shown, with a diag-
nosis of proliferative endometrium (Papanicolaou stain, original magnification a: 10x, b: 40x)

Fig.5.10 Secretory endometrium (TYS1). At low microscopic evaluation, straight to curvilinear
tubular glands (a) or sheets (b) are recognized. In addition “nuclear overlapping amounts to less
than 3 layers” (¢) (Papanicolaou stain, original magnification a: 4%, b: 20x, ¢: 40x)
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Fig.5.11 Secretory endometrium (TYS1). This latter is characterized by an “honeycomb pattern
with cytoplasm subnuclear vacuoles (a) or saw-toothed glands (b, ¢)” (Papanicolaou stain, original
magnification a—c: 20x)

Microscopically, the “irregular protrusion pattern (Fig. 5.16)” and “nuclear over-
lapping with more than 3 layers (Fig. 5.17)” should first be observed in the prepara-
tion. Then, if further diagnostic criteria as: “nuclear atypia (Fig. 5.18)” including
hyperchromasia, anisonucleosis, prominent nucleolus,’ nuclear protrusion from

histological diagnosis of EAH is concerned, Zaino et al. [10] reported that the overall kappa value
by three gynecological pathologists was 0.28 (fair), Izadi-Mood et al. [11] found that the mean
interobserver kappa value by 5 pathologists was 0.34 (fair). In the study on reproducibility of the
cytologic diagnosis of EAH by Papaefthimiou et al. [12], the interobserver agreement in EAH over
the three review rounds was, respectively, 0.22 (slight), 0.41 (moderate), and 0.33 (fair), and not
significantly improved. A correct diagnosis of EAH appears to have serious limitations not only
cytologically but also histologically.

Based on the above-mentioned limitations, Yanoh, Norimatsu et al. [3, 13] considered that the
role of cytological diagnosis was not primarily the accurate diagnosis of EAH or the differential
diagnosis between EAH and endometrial carcinomas, but the assessment of a severe degree of
atypia. Hence, rationally, those cytologic diagnostic categories were jointly considered as “endo-
metrial carcinomas including EAH/EIN (TYSS5 or TYS6).”

®Recently, Norimatsu et al. [14] investigated whether an objective evaluation of nuclear findings in
endometrial cytology could be more accurate than the simple cytomorphological evaluation.
Nuclear image morphometry for geometric and texture features (area, gray value, aspect ratio,
internuclear distance, nucleolar diameter) was performed using the ImagelJ software (version 1.51)
by the U.S. National Institutes of Health (http://rsbweb.nih.gov/ij/). This study demonstrated that
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Fig. 5.12 Atrophic endometrium (TYS1). A sheet pattern (a) with nuclear overlapping with less
than 3 layers (b) is recognized. Atrophic endometrial mucosa shows uniform round nuclei with
narrow cytoplasm (Papanicolaou stain, original magnification a: 4x, b: 40x)

cluster and nuclear crowding, and/or, cytoarchitecturally abnormal cell clusters
including “cribriform structure (Fig. 5.2),” “back to back structure (Fig. 5.3),” and/
or, “necrotic background (Fig. 5.21)” are observed, the case can be finally defined
as “Endometrial Carcinomas” including EAH/EIN.

Along with the algorithmic interpretational approach mentioned above, the find-
ing of atypical mitoses has a definite diagnostic value and should also be mentioned
in the report.

one single morphometric parameter (nucleolar diameter as nucleolar size; Fig. 5.19) distinguished
endometrial endometrioid carcinomas (EECs) and endometrial serous carcinomas (ESCs) from
surface papillary syncytial change with EGBD (EGBD-SPSC), with a marked increase in nucleo-
lar size (2.0 pm) in the former two entities and, again, a marked increase in nucleolar size in ESCs
vs. Grade3 (G3)-EECs (23.0 um).

Consequently, a nucleolar size of 22.0 ym, as determined by image morphometry, was consid-
ered an useful and objective parameter for diagnosing Gradel (G1) or higher grade EECs, and to
further differentiate G1-EECs from EGBD-SPSC (Fig. 5.20). In addition, a nucleolar size of
>3.0 um was deemed as an useful parameter to distinguish ESCs from G3-EECs. In this way, it
became obvious that image morphometry is more useful than simple microscopic evaluation to
score nuclear atypia in LBC of directly sampled endometrial mucosa.
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Fig.5.13 Atrophic
endometrium (TYS1).
Atrophic endometrium also
shows short and thin blood
vessels (Papanicolaou
stain, original
magnification c: 40x)

Fig. 5.14 ATEC-AE (TYS4). If an irregular protrusion pattern with nuclear overlapping with
more than 3 layers is observed on the preparation, in spite of the absence of typical EGBD findings,
it should be interpreted as ATEC-AE. The case was a 23-year-old woman diagnosed as EAH. The
endometrial cytologic findings after progesterone treatment are insufficient to interpret the picture
as “malignant neoplasms (TYS6).” (Papanicolaou stain, original magnification a: 20x, b—d: 40x)
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Fig. 5.15 ATEC-AE (TYS4). If an irregular protrusion pattern with nuclear overlapping with
more than 3 layers is observed in the preparation, in spite of the absence of typical EGBD findings,
it should be interpreted as ATEC-AE. The case was a 56-year-old woman histologically diagnosed
with pseudomyxoma peritonei. The endometrial cytologic findings are insufficient to interpret as
“malignant neoplasms (TYS6).” (Papanicolaou stain, original magnification a—d: 40x)

5.1.5 Endometrial Hyperplasia Without Atypia (TYS3)

At low power microscopic observation, 5 or more cell clusters with “dilated or
branched gland pattern (Fig. 5.22)” should be seen, with nuclear overlapping
not more than three layers. Nuclear atypia should be absent to make the diagno-
sis of “endometrial hyperplasia without atypia (EH)”. An additional diagnostic
comment could be written, such as “disordered endometrial maturation cannot
be excluded.”

7A “Dilated or branched gland pattern® is noted in the tubular-shaped glands. The maximum width
of a gland is more than twice that of its minimum width and the cohesion of the endometrial stro-
mal cells to the margins of the gland are characteristic.
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Fig.5.16 Endometrial endometrioid carcinoma, grade 1 (TYS6). Atlow power microscopic mag-
nification an irregular protrusion pattern can be observed (Papanicolaou stain, original magnifica-
tion a, b: 4x)

a

Fig. 5.17 Endometrial endometrioid carcinoma, Grade 1 (TYS6). At intermediate microscopic
magnification with fine focusing, nuclear overlapping with more than 3 layers may easily be
observed (Papanicolaou stain, original magnification a—d: 40x)



5 Algorithmic Interpretational and Diagnostic Approach to Endometrial Cytology... 45

o®
!

Fig. 5.18 Endometrial endometrioid carcinoma Grade 1 (TYS6). High power microscopic mag-
nification shows several features of nuclear and architectural atypia, as hyperchromasia, anisonu-
cleosis, prominent nucleolus, nuclear protrusion from cluster and nuclear crowding. The case can
now be defined as “endometrial carcinomas including EAH/EIN.” (Papanicolaou stain, original

magnification a, b: 60x)

Fig.5.19 Image
morphometry by ESC case
of LBC preparation.
Nuclear image
morphometry for nucleolar
diameter was performed
using ImagelJ software. A
line on nucleolar diameter
(yellow line) was drawn by
the use of the mouse for
manual nuclei selection
(Papanicolaou stain,
original magnification 60x)
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Fig. 5.20 In some cases, EGBD-SPSC (a) has a similar degree of nucleolar size compared to
GI1-EEC (b), so it is difficult to distinguish these cases by visual inspection in the cytologic diag-
nosis (Papanicolaou stain, original magnification a, b: 60x)

5.1.6 Atypical Endometrial Cells of Undetermined Significance
(ATEC-US) (TYS2)

“ATEC-US (TYS2)” is selected when atypical endometrial cells are observed but
their significance cannot be determined because of interfering inflammatory, meta-
plastic, or iatrogenic changes. For cases with cytological findings insufficient to
classify the case into any other of the diagnostic categories mentioned above,
“ATEC-US” should be selected (Fig. 5.23). In such cases, subsequent endometrial
biopsy is not always necessary unless the change persists repeatedly.®

8 Shinagawa et al. [15] studied the cytohistologic correlation in cases diagnosed according to the
TYS. As to the result, cases in ATEC-US category did not show atypical endometrial hyperplasia
lesions or malignancy after 3 months. These data suggest that patients with ATEC-US results can
be followed up for at least 3 months, and the introduction of the TYS decreased the number of
unnecessary endometrial biopsies.

In this way, when the concept of ATEC will have further been exploited and its subsequent
management established, diffuse adoption of the TYS could help avoid unnecessary endometrial
biopsies.
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Fig.5.22 Endometrial Hyperplasia without Atypia (TYS3). At intermediate microscopic magni-
fication, 5 or more cell clusters with “dilated or branched gland pattern” should be seen, with
nuclear overlapping not more than three layers. In addition, nuclear atypia is absent (Papanicolaou
stain, original magnification a—d: 20x)



48 Y. Norimatsu et al.

Fig.5.23 ATEC-US (TYS2). The case concerns a (56-year-old) woman diagnosed with atrophic
endometrium. Although some irregular protrusion pattern with mild nuclear atypia (nuclear swell-
ing, anisonucleosis) is seen, nuclear overlapping does not exceed more than three layers. For cases
with cytological findings insufficient to classify the case into any other of the diagnostic categories
mentioned above, “ATEC-US” should be selected (Papanicolaou stain, original magnification a:
4%, b: 20x%, ¢: 60x)

5.2 Management

5.2.1 The Evaluation of the Reproducibility of the Cytological
Diagnosis of Endometrial Lesions by the TYS

We evaluated the reproducibility of the cytological diagnosis of endometrial lesions
by the TYS using BD SurePath™-LBC [13]. For this study, a total of 244 endome-
trial samplings were classified by two academic cytopathologists as follows: 147
Negative cases, 36 EGBD cases, 47 Malignant cases, eight ATEC-AE cases, two
EH cases, and four ATEC-US cases. To confirm the reproducibility of the diagnosis
and to further study the inter- and intra-observer agreement, a second review round
followed at 3-month intervals, which included three additional cytopathologists.
As a result, the inter-observer agreement of Negative classes improved progres-
sively from “good to fair” to “excellent,” with values increasing from 0.70 to 0.81.
Both EGBD and Malignancy classes improved progressively from “good to fair” to
“excellent,” with values increasing from 0.62-0.63 to 0.84-0.95, respectively.
Because ATEC represents an uncertain diagnostic category, and is expected to
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include a spectrum ranging from a benign endometrium to neoplastic changes, we
believe that, in analogy to the ASC-US/ASC-H categories of the Bethesda classifi-
cation for gynecological cytology, the ROM (Risk Of Malignancy) of the applied
diagnostic criteria may vary according to the entity of cytologic atypia and of the
diagnostic experience of the cytopathologist.

As for the diagnostic agreement of ATEC in the two rounds of the diagnostic
review, the results were the same with a value of 0.43 (moderate) for ATEC-AE and
0.69 (good to fair) for ATEC-US, respectively, and the results of reproducibility
were surprisingly good. The overall intra-observer agreement between the first and
the second rounds in three cytopathologists was “good to fair” to “excellent,” with
values changing from 0.73-0.90, and all kappa improvements were significant
(P <0.0001). Applying the algorithmic approach to TYS may be a valid method to
improve the precision (reproducibility) of endometrial cytology.

In a very recent study, Hirai et al. [16] reported that the clinical ability of the TYS
using LBC for detecting endometrial malignancies was almost identical to the abil-
ity of suction endometrial tissue biopsy. This result indicated cytology was not infe-
rior to suction endometrial tissue biopsy for the detection of endometrial
malignancies.

In addition, Wang et al. [17] performed a meta-analysis for assessment of the
endometrial cytological method in endometrial cancer diagnosis on about 4179
patients with various endometrial lesions with cytohistopathological correlation and
found that endometrial cytology is an efficient diagnostic method and is therefore
applicable to the diagnosis of endometrial disorders. We believe that the TYS using
LBC preparations is the most promising tool for the initial pathological evaluation
and cancer surveillance of women with highly suspicious signs suggestive of endo-
metrial malignancies such as Lynch syndrome.
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Evaluation of Sample Adequacy: 6
Cytologic Criteria

Yasuo Hirai, Kenji Yanoh, Yoshiaki Norimatsu,
and Maki Kihara

6.1 Background

The main objects of microscopical evaluation in endometrial cytology are endome-
trial glandular epithelial cells and endometrial stromal cells. Both these cells and the
structure of the cell-clusters exhibit morphological changes under the influence of
sex hormones. Therefore, during a cytological examination, the examiner must be
informed of the hormonal state of the examinee. Some drugs are known to affect the
endometrial cyto-histomorphology; thus, it is also important to have examinee’s
drug history. Generally, in the cytologic diagnostic evaluation of glandular cells,
cell-cluster findings are as important as individual cell findings. Consequently, suf-
ficient cell quantity and quality are required for observing the structure of the cell-
cluster in endometrial cytology, with special attention to the evaluation of glandular
epithelial cells. When preparing specimens for cytological analysis, it is important
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to have enough cells and to preserve cell structure. Specifically, it is important that
cell-clusters remain intact. In addition, blood and inflammatory cells should be
removed or prevented as much as possible from covering the cell-clusters, as this
hampers their microscopical evaluation. Therefore, it is necessary to establish a
quality standard of the sample before cytologic diagnosis. TYS included criteria for
assessing the adequacy of cytology samples.

Examples of variant types of inadequate specimens described in this chapter can
be found in Chap. 7 (Figs. 7.3-7.9). Please refer to these for your reference.

6.2 Definition

The specimen is rejected if the label is peeled off, the glass is broken, no slip is
attached, or if the slip is not suitable for cytological examination (Table 6.1).
However, if the whole specimen is fully examined and judged inadequate for cyto-
logic reporting, the specimen is considered unsatisfactory.

In this specific case, the reason for inadequacy must be clearly stated. Specific
reasons for judging a specimen as inappropriate include insufficient cell volume,
poor specimen fixation and drying, impaired microscopical evaluation due to
inflammation and hemorrhagic background, cell damage or distortion during prepa-
ration, lack of clinical information on menstruation and bleeding, and the use of
drugs and intra-uterine contraceptives (Tables 6.1 and 6.2).

Nevertheless, if atypical cells are found, they should be reported even if the
appropriate adequacy criteria for the sample are not sufficiently met. In this case,
the specimen should be reported as adequate, but limited by one or more of the
above described factors. The clinician receiving the report should be aware that the
report may have a limited diagnostic value and may hence consider the possibility
to repeat sampling or to take a diagnostic biopsy or, instead, to shorten the follow-
up interval according to the reason for inadequacy.

Table 6.1 Specimen adequacy

Satisfactory
Rejected specimen
Peeled or defective labels
Glass damage
No slip attached or mismatch between the slip and the label
Unsatisfactory
Poorly fixed samples, poor staining, poor preservation
Sample drying, marked inflammatory change
Significant hemorrhagic background
Distortion of cells or cell-clusters
Lack of clinical information (Table 6.2)
Insufficient cell volume (refer to explanatory note)
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Table 6.2 Clinical information to be attached to cytology samples

Age

Last menstruation

Pre-menopausal and post-menopausal categories

(in the case of the post-menopausal period, the age of menopause is described)
Presence or absence of uterine bleeding

Drug history:

Intra-uterine device usage for contraception

6.3  Explanatory Note

The following provisional criteria have been established for the number of col-
lected cells.

Satisfactory criteria for the number of cells collected in LBC samples: Thirty
or more endometrial epithelial cells forming a cluster are defined as “a cell-
cluster,” and, if the number of “cell-clusters” exceeds 10, the sample is defined
as “satisfactory”. However, when the patient is 60 years old or older, it is defined
as “satisfactory” if the number of “cellclusters” exceeds five [1].

Satisfactory criteria for the number of cells collected in a conventional
smear: Fifty to one-hundred (or more) endometrial epithelial cells forming a
cluster are defined as ““a cell-cluster,” and the sample is defined as satisfactory if
10 or more of these “cell-clusters” are recognized or if one large tissue-like cell-
cluster is observed [2, 3].

In determining the adequacy of an endometrial cytology specimen, the number

of cells collected from the endometrium is particularly important. The above-
mentioned criteria are tentatively proposed as quantitative criteria for the number of
cells collected on the basis of several pieces of evidence. The above satisfactory
criteria for the LBC sample have been evaluated in the BD SurePath samples and
not yet on ThinPrep samples. Furthermore, sufficient scientific evidence has not yet
been obtained for the above-mentioned satisfactory criteria with conventional
smears. It is hence necessary to acquire sufficient scientific evidence in the future.
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7.1 Background

7.1.1 Processing Methodology of Endometrial Conventional
Cytology Samples

Soon after the appearance of the first models of endometrial brushing devices, like
the Endocyte device (Laboratoire CCD, Paris, France) [1, 2] and the Uterobrush
device (CooperSurgical, Trumbull, CT, USA) [3], etc. (Fig. 7.1), the obtained mate-
rial was directly smeared on glass slides by gently rolling the brush tip of the sam-
pler. One of the most successful procedures to obtain richly cellular preparations
was the so-called “flicked method” [3], in which the brush was progressively rotated
gently on several contiguous areas of the glass slide, and deprived of its cells by the
help of a stick or a forceps (Fig. 7.2a—c) before alcohol fixation and Papanicolaou
stain (Fig. 7.2d).

However, the cytopathological interpretation of conventional preparations (CP)
by direct smear may be problematic due to several confounding factors like the
presence of excess obscuring blood (Fig. 7.3) or inflammation (Fig. 7.4), excessive
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Fig. 7.1 Endometrial
sampling device.
Endometrial mucosa is
collected using various
brushing devices (a
Endocyte, b Uterobrush)

RERERE
5 6 7 8 9 10 11 12 13 14

Fig.7.2 The conventional preparation by direct smear. The procedure for the “flicked” method is
as follows: (1) the stem of the brush is held in one hand, and a forceps (or a thin stick) in the other
(a). (2) the tip of the brush is placed on a glass slide and sharply flicked by forceps or stick (b). (3)
the brush is moved little by little along the length of the slide (¢), repeating step 2 several times (d).
[Modified from 3]

Fig. 7.3 Excess blood
contamination is frequent
if the obtained material is
directly smeared onto a
glass slide and interferes
with or massively hampers
cytologic diagnosis
(Papanicolaou stain,
original magnification 4x)
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Fig.7.4 An excess of
inflammatory cells
interferes with the
cytological interpretation
of the smear (Papanicolaou
stain, original
magnification 4x)

cellular overlapping, cell distortion (Fig. 7.5) or of thick cell clusters, scant cellular-
ity and air-drying artifact (Fig. 7.6). These factors have hampered the routinary
adoption of endometrial cytology for a long period [4]. This seems to be the reason
why endometrial cytology is only accepted in Japan and not generally practiced in
the rest of the world.

7.1.2 Processing Methodology of Endometrial Liquid-Based
Cytology (LBC) Samples

The Liquid-Based Cytology (LBC) technique was originally developed for gyne-
cologic cervical smears but progressively gained widespread consensus after
having demonstrated its usefulness both in non-gynecologic and fine-needle
aspiration cytology samples [5, 6]. The main advantages of this methodology are
the reduction in confounding factors, the even distribution of cells on a thin layer,
and the possibility to obtain more slides from the same sample. The above-
described advantages of LBC strongly encourage the replacement of CP with
LBC in the routine cytologic evaluation of endometrial cellular samples.
Currently, LBC has become the main technique for cervical cytology in Western
countries since several investigations concerning cervical cancer screening have
suggested that LBC may achieve a superior or at least equivalent diagnostic sen-
sitivity to that found in CP [7, 8].

The use of LBC in endometrial cytology has eliminated the confounding factors
described in conventional endometrial cytology samples, i.e., the presence of excess
obscuring blood (Fig. 7.7) or inflammation (Fig. 7.8), cell distortion, and air-drying
(Fig. 7.9). Hence, the transition to LBC preparation has provided an opportunity to
re-evaluate the role of cytology in endometrial pathology [9-13]. The main LBC
technologies currently in use include ThinPrep® (TP; Hologic Inc., Marlborough,
MA, USA) and BD SurePath™ (SP; BD Diagnostics, Burlington, NC, USA) and
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Fig.7.5 Endometrial cell clusters with papillo-tubular structure are affected by smearing artifact,
resulting, respectively, in thick three-dimensional groups (a) or distorted thin aggregates with bro-
ken cellular edges (b) with consequent architectural and cytologic distortion (Papanicolaou stain,
original magnification a, b: 10x)

Fig. 7.6 Endometrial cells
with air-drying artifact,
which prevents detailed
observation of the interior
of the cell clusters
(Papanicolaou stain,
original magnification 10x)




7 Processing Methodology of Endometrial Cytology Samples 59

Fig.7.7 Improvement of excessive blood due to the use of LBC. EGBD cells in a CP are contami-
nated by excess blood, which interferes with the observation of cellular findings (a). In contrast, a
cleaner background in the LBC preparation makes observation of EGBD cells much easier (b)
(EGBD case, Papanicolaou stain, original magnification a, b: 4x)
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Fig. 7.8 The reduction of excess inflammatory cells due to the use of LBC. Cancer cells are con-
taminated by excess inflammatory cells which interfere with the observation of cellular findings in
a CP (a). In contrast, the background of the LBC preparation is much cleaner, and observation of
cancer cells is easier (b). (G1-EEC case, Papanicolaou stain, original magnification a, b: 4x)
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Fig. 7.9 Improvement of air-drying artifact cells due to the use of LBC. In CP, not only is it dif-
ficult to recognize the cell clusters as CSC but it is also difficult to differentiate the cell clusters
from cancer cells due to the air-drying effect on cells with swollen and smudged structureless
nuclei (a). In contrast, the LBC preparation does not show any drying artifact of CSC, so they are
easy to recognize (b) (CSC of EGBD case, Papanicolaou stain, original magnification a, b: 40x)

several groups have reported their experience by either using TP [9, 10] or SP [11—
13] methods.

TP-LBC and SP-LBC have subtle differences that reflect different sampling
devices, collection media, and processing techniques [14, 15]. TP-LBC use a vac-
uum filtration system through an electrically charged membrane using a methanol-
based fixative, whereas SP-LBC, which uses an ethanol-based fixative containing a
small quantity of formaldehyde, are processed through a density gradient centrifu-
gation system before gravity sedimentation of the specimen onto a glass slide.
Therefore, the relative differences in the technical processing of TP-LBC and
SP-LBC may be expected to produce some morphologic differences in endometrial
glandular lesions.

All TP samples are prepared using a ThinPrep2000 (or 5000) automated slide
processor® according to the manufacturer’s recommendations. The ThinPrep pro-
cessors use a computerized process and patented membrane technology that con-
trols dispersion, collection, and transfer of diagnostic cells from the sample to the
slide glass. After fixing the sample (Fig. 7.10a), a rotation within the sample vial is
produced by an air jet to separate debris and disperse mucus; a gentle vacuum then
collects cells on the exterior surface of the electrically charged filter membrane
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Fig. 7.10 The different processing techniques in TP-LBC and SP-LBC samples. TP-LBC uses a
vacuum-based electrostatically charged membrane filtration system with a methanol-based fixative
(a—c), whereas SP-LBC using an ethanol-based fixative containing also a little formalin are pro-
cessed through a density gradient centrifugation system before gravity sedimentation of the speci-
men onto a glass slide (d—f). [Modified from 16]

(Fig. 7.10b). The cells are then transferred by gently pressing the membrane against
the microscope slide glass (Fig. 7.10c) [16]. The filter is automatically removed and
the obtained TP preparation is immediately fixed in 95% ethanol and stained by the
Papanicolaou method.

SP samples are processed according to the manufacturer’s recommendations.
The cell solution is transferred automatically onto a BD density reagent that uses the
BD PrepMate™ System. This system uses centrifuge sedimentation through a den-
sity gradient to partially separate cell debris and inflammatory cells from the sam-
ple. After fixing the sample (Fig. 7.10d), and centrifugation through density gradient
(Fig. 7.10e), the cell pellets are resuspended and mixed, subsequently transferred to
a BD Settling Chamber mounted on a BD SurePath PreCoat slides (Fig. 7.10f) [16].
The cells are sedimented by gravity and then, stained on the BD Totalys ™ SlidePrep,
using a modified Papanicolaou procedure.
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Additionally, the remaining sample in the vial after cytologic diagnosis can be
used for ancillary techniques such as immunocytochemistry, flow cytometry, and
molecular biology.

Ensuing investigation of technical differences in LBC methodologies may yield
additional data concerning the further improvement of the quality of the diagnostic
samples. As far as it concerns past experiences, TP-LBC showed poorer perfor-
mance than SP-LBC in samples with heavy blood or mucus contamination [17, 18].
To explain the differences in the quality of TP versus SP samples starting from the
same original cytologic specimen, it was speculated that these were mainly due to
the different abilities of the two systems to remove the blood contamination. The
removal of blood components is necessary to improve the quality of the LBC
preparations.

Endometrial samples are obtained by intrauterine brushes that permit to ade-
quately sample the endometrial cavity without anesthesia and cervical dilation. As
for the SP-LBC, the obtained brushing samples are immediately rinsed into a
preservative-fixative solution (BD SP™ preservative fluid) and fixed'. On the other
hand, as for the TP-LBC, CytoLyt® fluid (CyL)? is recommended by Hologic for

"In LBC, the brush of the device is immersed in a vial of preservative-fixative solution where it is
vigorously rotated several times to ensure the release of the cells collected. The abundant cytologic
material obtained is deposited as cell clusters of various sizes on the slide. The device is removed
from the vial, then the sample is ready for processing after about 30 min in fixative solution and is
stable for several weeks thereafter.

When endometrial cells are fixed, cell clusters maintain their three-dimensional pattern resem-
bling, essentially, microbiopsies; this allows a direct correlation between histological and cytologi-
cal architectures. Hence, the adoption of cytoarchitectural criteria reflecting the histological growth
pattern appears to be more useful for the cytologic assessment of endometrial lesions. Moreover, it
should be noted that endometrial cells are subjected to mechanical trauma during specimen prepa-
ration to obtain an LBC sample, such as that caused by mixing the vial with a vortex mixer.

According to a recent investigation, it was concluded that the endometrial cell clusters are not
yet completely fixed in the interval between 30 min and 1 h of fixation, so the mechanical trauma
during the SP-LBC process may destroy at least part of them and the three-dimensional structure
of the cell clusters may be partially or totally lost (Fig. 7.11). Instead, numerous single or several
endometrial cells were observed in the background of the specimen. Nishikawa et al. [19] reported
that as far it concerns the number of endometrial cell clusters with the major axis of 200 um or
more, a fixation time <6 h produced an average number of 9.3 (range: 0-22), while a fixation
time > 18 h produced a significantly higher average number of 71.3 (range: 3-313).

On the other hand, as for the number of single or small dispersed clusters of endometrial cells,
their average number with a fixation time <6 h was 132.2 (range: 29-508), while a fixation time
>18 h showed a significantly lower average number of 35.7 (range: 5-593). This result suggests
that fixation time plays a major role in the protection of endometrial cell clusters from physical
impact during the LBC preparation process. A fixation time of 18 h or more is essential for the
endometrial SP-LBC preparation (Fig. 7.12).

2CyL is a 25% methanol buffer solution; it is used for hemolysis, prevention of protein precipita-
tion, dissolution of mucus, and morphologic maintenance in samples. If a cytologic sample from
the uterine cervix is inadequate for massive blood contamination in a TP preparation, a mixture of
glacial acetic acid (GAA) additive and CyL recommended by Hologic is used as hemolytic treat-
ment, and the TP preparation is remade. However, it has been reported that this treatment adversely
affects the morphologic appearance of cervical squamous cells and glandular cells due to the influ-
ence of GAA [20, 21].
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Fig.7.11 Effects of a
<6 h fixation time in
endometrial SP-LBC
sample. In this short
fixation time, endometrial
glands are destroyed by the
mechanical trauma
received during the LBC
preparation process, and
most of the three-
dimensional structure of
the gland has been lost
(Papanicolaou stain,
original magnification a:
4%, b: 20x)

Fig. 7.12 Effects of an adequate fixation time >18 h in an endometrial SP-LBC sample. In con-
trast to a short fixation time, the three-dimensional structure of many endometrial glands is well
preserved. The fixation time plays a major role in the protection of endometrial cell clusters from
mechanical trauma during the LBC preparation process (Papanicolaou stain, original magnifi-
cation 4x)

pre-fixation of cytologic samples and for rinsing the brush tips to obtain the endo-
metrial cell sample [22]. The sample is left for up to 1 h?, thereafter it is centrifuged,

3Cell suspensions were prepared by adding some blood to the cellular samples, treated with a
hemolytic agent, i.e., CyL, then they were left for up to 1, 6, and 24 h, respectively. After different
time intervals of hemolysis, TP preparations were made and stained with the Papanicolaou method.
All of the obtained preparations were examined for cellularity, nuclear area, and brightness level
of nuclear chromatin.

As a result, the cellularity “without CyL treatment” was 27.8 (Fig. 7.13a), “immediately after”
was 195.4 (Fig. 7.13b), “after 1 h” was 266.2 (Fig. 7.13c), “after 6 h”” was 148.6 (Fig. 7.13d), and
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Fig. 7.13 Cellular samples with blood addition and sequential CyL treatment in TP-LBC. After
CyL treatment; “Immediately after” (b) and after “1 h” (¢) significantly increased the number of
cells compared to “without CyL treatment” (a), after “6 h” (d) and after “24 h” (e) respectively.
The cellularity values found in samples obtained after “1 h” were higher than those found in
samples obtained “immediately after” (Papanicolaou stain, original magnification a—e: 20x)

then the obtained cell pellet is resuspended in PreservCyt® as a preservative-fixa-
tive solution and fixed. Then, LBC is then processed according to the chosen
methodology.

In the previous study, the cytoarchitectural features of endometrial adenocarci-
noma were compared by using TP-LBC and SP-LBC preparations [23]. The
observed technical differences in the cytological preparations obtained with both
LBC methodologies were the following: a tendency for nuclear swelling and for

“after 24 h” was 99.4 (Fig. 7.13e). The cellularity values found in samples obtained after “1 h”
were higher than those found in samples obtained “immediately after.” The cellularity in samples
obtained at “24 h” was significantly lower than that found in samples obtained “immediately after,”
“1 h,” and “6 h.” Moreover “24 h” of CyL treatment in samples without adding blood caused reduc-
tions in cellularity, nuclear area, and tendency toward the brightness of nuclear chromatin.

If CyL treatment is delayed until the next day in routine practice, this may lead to a general
decrease in cellularity and to an increase in degenerative changes in the cell suspension. Hence, it
was estimated that a hemolytic treatment of “1 h” represented the optimal choice.
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Fig.7.14 Differences in the cytological findings caused by technical differences in LBC method-
ologies. (a, b) are the same case of GI-EEC. A tendency for nuclear swelling and for planar cell
clusters is noted in TP-LBC (a), while a tendency to form larger three-dimensional cell clusters is
recognized in SP-LBC (b). (Papanicolaou stain, original magnification a, b: 60x)

planar cell clusters was noted in TP-LBC (Fig. 7.14a), while a tendency to form
larger three-dimensional cell clusters was recognized in SP-LBC (Fig. 7.14b).
Generally speaking, both methods have very good diagnostic accuracy and a lower
rate of unsatisfactory diagnosis [24].
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8.1 Normal Endometrium [1]

The endometrial cycle in women follows a series of morphologic and physiologic
events of differentiation and regeneration of uterine mucosa which is characterized
by proliferation, secretion, and shedding (menstruation). During the reproductive
years, normal endometrium comprises glands, stroma, and vascular elements that
synchronously proliferate, differentiate, and then disintegrate at roughly 28-day
intervals. The epithelium lining the glands, stroma, and vasculature of the functional
layer of the endometrium all undergo morphological changes by cyclically released
ovarian estradiol and progesterone during a menstrual cycle. At the same time, the
glands and stroma of the basal layer of the endometrial corpus show no significant
morphological changes.
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The stromal compartment decidualizes in the mid-secretory phase of the men-
strual cycle, independent of pregnancy. Stromal cells, which undergo predecidual
change in the upper endometrium of the functional layer, acquire abundant well-
defined, dense cytoplasm and centrally located round or oval, vesicular nuclei. The
coiled endometrial spiral arteries originate from the myometrial arcuate arteries and
connect with the superficial capillary network, which in turn is drained by dilated
veins. There is a gradual increase in the arborization and coiling of spiral arteries
during the preovulatory-ovulatory and postovulatory periods up to cycle days 23-25.

8.2 Proliferative Endometrium (PE) [1]
8.2.1 Background

During its proliferative phase, the endometrium responds to increasing estrogen
levels by the synchronous proliferation of glands, stroma, and blood vessels. Hence,
the spiral arteries grow, the functional layer shows proliferation and thickening.
Based on an average 28-day menstrual cycle, proliferative endometrial changes may
be divided into early (days 4—7), mid (days 8—10), and late (days 11-13) intervals.

In the early proliferative phase, the glands are straight, narrow, and round in
cross-section (Fig. 8.1). Their epithelium is cubic to columnar with oval or rounded
nuclei in which the chromatin is evenly dispersed, with little epithelial stratification
(Fig. 8.2). Occasional mitoses are seen in the glandular epithelium. In the mid-
proliferative phase (Fig. 8.3), the glandular epithelium becomes taller, stratification
of the epithelium is more obvious (Fig. 8.4), and mitotic figures are frequently seen
in both the glands and stroma.

In the late proliferative phase, rows of tortuous glands arranged at regular intervals
characterize the pre-ovulatory endometrium, and grow in parallel fashion no matter
how oblique the plane of section (Fig. 8.5). The glandular epithelium has pseudostrati-
fied nuclei (Fig. 8.6), but mitoses decline in number in both the glands and stroma.

Fig. 8.1 Proliferative
endometrium (Early
proliferative phase). The
glands are straight, narrow
and round in cross-section.
(H&E stain, original
magnification 4x)




8 Negative for Malignant Tumors and Precursors: TYS1 69

Fig. 8.2 Proliferative
endometrium (Early
proliferative phase).
Glandular epithelium is
cubic to columnar with
oval or rounded nuclei with
evenly dispersed chromatin
and little epithelial
stratification. (H&E stain,
original magnification 40x)

Fig. 8.3 Proliferative
endometrium (Mid
proliferative phase). (H&E
stain, original
magnification 4x)

Fig. 8.4 Proliferative
endometrium (Mid
proliferative phase). By
this phase the glandular
epithelium is taller,
stratification of the
epithelium is more
obvious. (H&E stain,
original magnification 40x)
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Fig. 8.5 Proliferative
endometrium (Late
proliferative phase). Rows
of tortuous glands arranged
at regular intervals
characterize the
preovulatory endometrium,
and they tend to have a
parallel arrangement no
matter how oblique the
plane of section. (H&E
stain, original
magnification 4x)

Fig. 8.6 Proliferative
endometrium (Late
proliferative phase). The
glandular epithelium has
pseudostratified nuclei.
Mitotic figures are seen in
both the glands and stroma
(arrows). (H&E stain,
original magnification 40x)

During the proliferative phase, the endometrial stroma is usually densely cellu-
lar, and the stromal cells are small and oval with hyperchromatic nuclei and indis-
tinct cytoplasm and cell borders (Figs. 8.2, 8.4 and 8.6).

8.2.2 Definition

The cytological characteristics of the fragments that reflect the histological architec-
ture of PE are shown below [1-3]. Endometrial glands appear as straight to curvi-
linear, of tubular-shape (Fig. 8.7). The width of the tubular-shaped gland is
approximately uniform, and cohesion of the endometrial stromal cells to the mar-
gins of the gland is noted (Fig. 8.8). When the tubular-shaped glands are disrupted
and/or opened out, they show a flat epithelial surface and adhesion of the stromal
cells to the epithelium is observed (Fig. 8.9).
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Fig. 8.7 Proliferative endometrium. Endometrial glands appear as straight to curvilinear tubular-
shaped clusters. (Papanicolaou stain, original magnification a:4x, b:20x)

Fig. 8.8 Proliferative endometrium. The width of the tubular-shaped gland is approximately uni-
form, and cohesion of the endometrial stromal cells to the margins of the gland (arrows) is noted.
(Papanicolaou stain, original magnification a and b:40x)
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Fig. 8.9 Proliferative endometrium. When the tubular-shaped glands are disrupted and opened
out, they have a flat surface and adhesion of the endometrial stromal cells (arrows) is observed. The
nuclei of epithelial cells are closely packed, the nuclear-to-cytoplasmic ratio is relatively high.
(Papanicolaou stain, original magnification a and b:40x)

The nuclei of epithelial cells are closely packed, oval to cigar-shaped with
smooth contours, evenly dispersed chromatin, and small-sized nucleoli (Fig. 8.9).
The nuclear-to-cytoplasmic ratio is relatively high. Normal mitoses may be seen.
The appearance of spiral arteries is recognized in the background. These can be
identified as elongated bundles of spindle-shaped cells including endothelial cells
and/or perivascular smooth cells (Fig. 8.10).

8.2.3 Criteria

e Cell clusters of epithelial cells with straight to curvilinear tubular pattern.

e Gland width is approximately uniform.

e Cohesion of the endometrial stromal cells to the margins of the gland is present.
* Disrupted tubular glands open out and lie in a sheet pattern.

* Blood vessels are present in the background.
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Fig.8.10 Proliferative endometrium. The appearance of spiral arteries is recognized in the back-
ground. These are identified by an elongated bundle of spindle-shaped cells including endothelial
cells and/or perivascular epithelioid cells (arrows). (Papanicolaou stain, original magnification
a:10x, b:40x)

8.3  Secretory Endometrium (SE) [1]
8.3.1 Background

Once ovulation occurs, in addition to estrogen, the ovary also produces progester-
one. This changes the proliferative pattern of the endometrium to a secretory pat-
tern. During an average 28-day menstrual cycle, secretory changes are divided into
ovulatory—or interval (days 14 and 15, the interval phase), early—(days 16—19, the
vacuole phase), mid—(days 20-22, the secretory phase), and late (days 23 and 24
and days 25-28, i.e.: the early predecidual and late predecidual/exhaustive phase)
phases, respectively.

Glandular and stromal cells in the ovulatory or interval period resemble those of
the late proliferative phase. Anyhow interval glandular cells show incomplete peri-
nuclear and subnuclear clearing which becomes especially prominent and general-
ized on postovulatory day 3. In the early secretory phase, each gland is enlarged and
most endometrial cells show a well-developed subnuclear vacuole (Fig. 8.11), hence
the nuclei are pushed towards to the center of the cytoplasm, producing nuclear pali-
sading (Fig. 8.12). The stroma is relatively edematous.
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Fig.8.11 Secretory
Endometrium (Early
secretory phase). Each
gland is enlarged and gland
cells have well-developed
subnuclear vacuoles. (H&E
stain, original
magnification 4x)

Fig.8.12 Secretory
Endometrium (Early
secretory phase). The
nuclei are pushed up to the
center of the cytoplasms,
producing nuclear
palisading. The stroma is
relatively edematous.
(H&E stain, original
magnification 40x)

In the mid-secretory phase, the glands become more dilated, with an undulated
profile (Fig. 8.13). As the glandular secretion increases progressively, cytoplasmic
vacuoles became supranuclear and secretion accumulates within glandular lumina
(Fig. 8.14). Stromal edema progressively increases (Fig. 8.15). Stromal cells begin
to display oval to plump nuclei, with a vesicular nucleoplasm. In the late secretory
phase, the glands demonstrate coiling and serrated (or saw-toothed) appearance
(Fig. 8.16). Typically glandular secretory activity decreases, the upper two-thirds of
the functionalis becomes predecidualized (Fig. 8.17).

Predecidual stromal change increases, initially being most evident in the cells
surrounding the spiral arteries, and then further extending with formation of the so-
called compact layer (stratum compactum) beneath the surface epithelium
(Fig. 8.17). In the immediate premenstrual days, apoptotic activity is seen with
glands, fibrin thrombi appear in small blood vessels, and there is extravasation of
blood cells into the stroma (Fig. 8.18).
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Fig.8.13 Secretory
Endometrium (Mid
secretory phase). The
glands become more
dilated and tortuous.
Stromal edema
progressively increases.
(H&E stain, original
magnification 4x)

Fig.8.14 Secretory
Endometrium (Mid
secretory phase). The
degree of glandular
secretion increases,
cytoplasmic vacuoles
became supranuclear and
secretions are seen within
glandular lumina. (H&E
stain, original
magnification 40x)

Fig.8.15 Secretory
Endometrium (Mid
secretory phase). Stromal
edema progressively
increases. (H&E stain,
original magnification 20x)
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Fig.8.16 Secretory
Endometrium (Late
secretory phase). The
glands demonstrate coiling
and serrated (or saw
toothed) appearance.
Reduction of glandular
secretory activity is
typically noticed, the upper
two-thirds of the
functionalis becomes
predecidualized. (H&E
stain, original
magnification 4x)

Fig.8.17 Secretory
Endometrium (Late
secretory phase).
Predecidual stromal
change increases
surrounding the spiral
arteries, the so-called
compact layer beneath the
surface epithelium is
formed. (H&E stain,
original magnification 10x)

Fig. 8.18 Secretory
Endometrium (Immediate
premenstrual days). In the
immediate premenstrual
days, fibrin thrombi appear
in small blood vessel, and
there is extravasation of
blood cells into the stroma.
(H&E stain, original
magnification 4x)
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8.3.2 Definition

The cytological features of the detached endometrial fragments that reflect the his-
tological architecture of SE are shown below [2—4]. Although early SE is similar to
PE (Fig. 8.19), cells have a lower nuclear/cytoplasmic ratio, smaller inconspicuous
nucleoli, and absent mitoses. The subnuclear cytoplasmic vacuoles are observed as
large empty perinuclear spaces (Fig. 8.20). The cells within glands and cell sheets
begin to take a “honeycomb” pattern (Fig. 8.21).

In the mid-secretory phase, the glands become more dilated, with an undulate
profile (Fig. 8.22), and, towards the late secretory phase the endometrial glands
display the typical three-dimensional accordion-pleated pattern which is equivalent
to serrated (or saw-toothed) glands (Fig. 8.23) observed histologically.

Cells are larger and produced secretory substances show a honeycomb pattern
with increased cytoplasm compared to that of early SE (Fig. 8.24). Nuclei are larger
than those of PE, rounded and vesicular, and display a fine chromatin pattern.

The appearance of spiral arteries is recognized in the background. These are
identified by elongated bundles of spindle-shaped cells including endothelial cells
and/or perivascular epithelioid cells.

Fig. 8.19 Early secretory endometrium. Early secretory endometrium is similar to Proliferative
endometrium. (Papanicolaou stain, original magnification a:4x, b:10x)
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Fig. 8.20 Early secretory endometrium. Subnuclear cytoplasmic vacuoles (arrows) are observed
as larger empty perinuclear spaces. (Papanicolaou stain, original magnification a:20x, b:40x)

Fig. 8.21 Early secretory endometrium. The cells within glands and cell sheets start taking a
honeycomb pattern. (Papanicolaou stain, original magnification a and b:40x)



8 Negative for Malignant Tumors and Precursors: TYS1 79

Fig. 8.22 Mid secretory endometrium. The glands become more dilated, with an undulated pro-
file. (Papanicolaou stain, original magnification a and b:4x)

Fig. 8.23 Mid secretory endometrium. The clusters of endometrial glands display an inner three-
dimensional accordion-pleated pattern. (Papanicolaou stain, original magnification a and b:10x)
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Fig. 8.24 Mid secretory endometrium. Nuclei are larger than those of PE. Cells show an honey-
comb pattern with increased cytoplasm, larger than that of early SE; with initial production of
secretory substances. (Papanicolaou stain, original magnification a and b:40x)

8.3.3 Criteria

e Cell clusters of straight to tubular pattern with more dilated lumen than PE.
e Gland width is approximately uniform.

* Cohesion of the endometrial stromal cells to the margins of the gland.

e The cell sheets show honeycomb pattern.

* Blood vessels in background.

8.4 Menstrual Endometrium [1]
8.4.1 Background

If conception does not occur, the spiral artery contract, causing ischemic changes
following the abrupt decrease of estrogen and progesterone. As a result, ischemic
tissue necrosis is promoted in the functional layer, then the exhausted mucosa exfo-
liates and sheds into the endometrial cavity. Overt menstruation is found primarily
in humans and close evolutionary relatives species such as primates. The relatively
copious bleeding of humans relates to the relatively large size of the uterine cavity
in adult females and to the design of the uterine microvasculature, hence external
bleeding appears to be the consequence of endometrial and stromal shedding pre-
ceding a new menstrual cycle.
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Menstruation is characterized by glandular and stromal breakdown (Fig. 8.25).
The endometrial glands collapse, some of the glands remain vacuolated and of
secretory appearance (Fig. 8.26). The stromal cells lose their predecidual appear-
ance take on a condensed and collapsed appearance. They aggregate into tightly
packed balls with hyperchromatic nuclei (stromal blue balls) (Fig. 8.27) and sepa-
rate from the glands. Other features include the presence of necrotic debris, neutro-
phil infiltration, interstitial hemorrhage, and fibrin deposition (Fig. 8.28). Apoptotic
bodies are identified within both the glands and the stroma.

8.4.2 Definition

The endometrial tissue fragments show collapsed benign glands and “dissolved” or
“ball-like” stromal aggregates (Fig. 8.29a). Some of glands remain vacuolated and

Fig. 8.25 Menstrual
endometrium.
Menstruation is
characterized by glandular
and stromal breakdown.
(H&E stain, original
magnification 4x)

Fig. 8.26 Menstrual
endometrium. The
endometrial glands are
collapsed, some of glands
remain vacuolated and of
secretory appearance.
(H&E stain, original
magnification 10x)
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Fig.8.27 Menstrual
endometrium. The stromal
cells collapse and
aggregate into tightly
packed cell balls with
hyperchromatic nuclei
(stromal blue balls). (H&E
stain, original
magnification 20x)

Fig. 8.28 Menstrual
endometrium. Other
features include the
presence of necrotic debris,
neutrophilic infiltration,
interstitial hemorrhage,
and fibrin deposition.
(H&E stain, original
magnification 40x)

of secretory appearance (Fig. 8.29b). Other features include the presence of neutro-
philic granulocytes, nuclear dust, and fibrin strands in the background.

8.4.3 Criteria

e Some of glands remain vacuolated and of secretory appearance.

* The stromal cells tightly aggregate into packed balls with hyperchromatic nuclei
(stromal blue balls).

e Necrotic debris, neutrophilic infiltration, interstitial hemorrhage, and fibrin
deposition can be observed in the background.
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a

Fig. 8.29 Menstrual endometrium. The endometrial tissue fragments show collapsed benign
glands and “dissolved” or “ball-like” stromal aggregates (green arrows). Some of glands remain
vacuolated and of secretory appearance (red arrows). (Papanicolaou stain, original magnification a
and b:4x)

8.4.4 Differential Diagnosis

Menstrual endometrium shows the greatest possible structural polymorphism seen
in any of the phases of cycling endometrium, meaning that it may unwittingly be
overdiagnosed as endometrial cancer. Although, the absence of stroma between the
glandular elements of menstrual endometrium may give the impression of confluent
glands or, in some cases, of solid epithelial growth, the menstrual endometrium
lacks the coarse chromatin and nuclear pleomorphism of malignancy and a genuine
cribriform pattern.

The distinction between cyclical menstrual endometrium and endometrial glan-
dular and stromal breakdown (EGBD) is difficult. The glands of menstrual endome-
trium regularly exhibit some residual secretory change, and a careful search will
identify typical areas of stromal fragmentation as opposed to areas of coagulative
necrosis that are seen with bleeding of EGBD. Furthermore, a predecidual compo-
nent is not part of irregular shedding resulting from EGBD.
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8.5 Atrophic Endometrium [1]
8.5.1 Background

The age of the menopause, with cessation of ovulation and resultant diminution of
hormone production by the ovaries is variable, but is usually around age 50.

An age-related morphological transformation continuum takes years, it extends
from weak proliferation in the perimenopause to atrophy in the late postmenopause.
Postmenopausally, the endometrium becomes thin and atrophic, unless there is con-
tinuing estrogenic drive, either in the form of endogenous production or exogenous
hormone use. When there is no estrogenic drive, the functionalis is absent and the
endometrium is composed only of a basalis layer, similar to the basalis of the repro-
ductive years and of the premenarchal endometrium.

The glands do not exhibit proliferative activity and vary from consisting entirely
of small widely spaced atrophic tubules to cystically dilated glands throughout (the
so-called cystic atrophy or senile cystic atrophy); a mixture of small tubules and
cystically dilated glands may occur (Fig. 8.30). The gland cells have small dark
regular nuclei that may be round, ovoid, or low columnar; in cystic glands, the
nuclei are often compressed and attenuated (Fig. 8.31).

Fig. 8.30 Atrophic endometrium. The glands do not exhibit proliferative activity and vary from
consisting entirely of small widely spaced atrophic tubules to cystically dilated glands throughout.
(H&E stain, original magnification a and b; 4x)
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Fig. 8.31 Atrophic endometrium. The gland cells have small dark regular nuclei that may be
round, ovoid, or low columnar; in cystic glands, the nuclei are often compressed and attenuated.
The stroma has a more fibrous appearance (a) or is densely cellular and composed of ovoid to
spindle-shaped cells with scant cytoplasm (b). (H&E stain, original magnification a and b; 20x)

The stroma in postmenopausal endometria may be densely cellular and com-
posed of ovoid to spindle-shaped cells with scant cytoplasm (Fig. 8.31a) or have a
more fibrous appearance (Fig. 8.31b) than in the premenopausal endometrium. The
stroma tends to become more hypocellular and fibrous with advancing age.

8.5.2 Definition

Atrophic endometrium [2-4] may resemble the early phase of cycling proliferation
but with less epithelial pseudostratification, shorter apical-base epithelial cell axes,
and greatly reduced to absent mitoses. The uniform round nuclei are generally
arranged in small monolayered sheets and present distinct cytoplasmic boundaries,
with decreased or absent mitoses (Fig. 8.32). Because the stromal cells of atrophic
endometrium are often fibroblast like, similar to the fibrous stroma of the lower
uterine segment, also less abundant cytologic material is obtained and represented
in the preparations. These stromal cells may occur in loose groupings; crushed blue
stromal debris appears “torn up” or “mottled” (Fig. 8.33).

Unlike stromal cells in the atrophic endometrium, those in the PE are usually
densely cellular and have indistinct cytoplasm and cell borders. The nuclear shape
varies from oval to spindle shaped or reniform with fine chromatin (Fig. 8.34).
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Fig. 8.32 Atrophic
endometrium. The uniform
round nuclei are generally
arranged in small
monolayered sheets and
present distinct
cytoplasmic boundaries.
(Papanicolaou stain,
original magnification 40x)

Fig. 8.33 Stromal cells in
atrophic endometrium. The
stromal cells may occur in
loose groupings; crushed
blue stromal debris appears
“torn up” or “mottled”.
(Papanicolaou stain,
original magnification 40x)

Fig. 8.34 Stromal cells in
proliferative endometrium.
Unlike stromal cells in the
atrophic endometrium,
those in the proliferative
endometrium are usually
densely cellular and have
indistinct cytoplasmic
borders. The nuclear shape
is oval, spindled or
reniform with fine
chromatin. (Papanicolaou
stain, original
magnification 40x)
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8.5.3 Criteria

e Nuclear crowding and overlapping is not as striking as in PE.
¢ Small monolayer epithelial sheets with uniform round nuclei.
 Distinct cytoplasmic boundaries.

e Decreased or absent mitoses.

8.6  Benign Reactive Changes: IUD (Intrauterine
Contraceptive Devices)

8.6.1 Background

The IUD, also known in some places as the intrauterine contraceptive device or
IUCD, is one of the world’s most widely used family planning methods. It is the
second most commonly used form of contraception, ranking second only to female
sterilization and also the most commonly used form of reversible contraception.
Globally, 14.3% of women of reproductive age use IUD, but the distribution of IUD
users is strikingly non-uniform. In some countries, the percentage of women using
IUD is <2%, whereas in other countries, it is >40%. The reasons for this large varia-
tion are not fully understood. Among IUD users, 92 million (60%) are concentrated
in China [5]. However, IUD acceptance is also growing in other parts of the
world [6].

8.6.2 Mechanism of Action of IlUD

The major effect of all IUD is to induce a local inflammatory reaction in the endo-
metrial mucosa. The cellular and humoral components of this inflammatory response
permeate endometrial blood and lymph vessels and are released into the uterine
cavity. Although their effect on contraception is not entirely known, it seems to
depend largely from the type of device [7] In the case of inert and copper IUDs, the
endometrium is the target site of the contraceptive effect with a prevailing anti-
implantation effect that is secondary to various histofunctional damages of the
mucosa. The first [UD-induced changes are of mechanical type and include flatten-
ing, erosion, crushing, and atrophy of the endometrium, depending basically from
the shape and, especially, the size of the IUD. The second important change is the
appearance of a nonspecific inflammatory response (akin to a foreign body reac-
tion). This response consists of a focal inflammatory infiltrate [8] containing neutro-
philic granulocytes, lymphocytes, eosinophils, plasma cells, macrophages, mast
cells [9, 10], and, infrequently, foreign-body type multinucleated giant cells [11,
12]. However while in non-IUD users, the concentration of inflammatory cells in
the uterine fluid is much lower in the luteal phase than in the proliferative, midcycle
or premenstrual phases, in IUD-users it tends to be elevated in all phases of the
menstrual cycle [13]. The inflammatory reaction is especially marked where the
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endometrium is in contact with the IUD. The IUD also causes vascular changes:
altered permeability and diffuse microthrombosis of the capillaries in the endome-
trial stroma in contact with the IUD. Many authors have suggested that this aseptic
inflammatory response is primarily responsible for the contraceptive effect of IUDs.

8.6.3 Occurrence of IUD Associated Cellular Change

It is well known that the string attached to the IUD can lead to chronic irritation of
the endometrium and the endocervix (Fig. 8.35). Prolonged use of an IUD is often
associated with the exfoliation of endometrial cells. These cells have been found in
60% of smears from IUD users [14, 15] throughout the menstrual cycle, while, in
non-IUD users, apparently normal endometrial cells may be found in the following
conditions: during the immediate postpartum period, in impending or early abortion
[16], in abnormal bleeding related to the endometrium. Introduction of an IUD into
the uterine cavity results in a local histiocytic and inflammatory cell response [8,
16]. Further cytological findings in IUD users both in cervical and endometrial sam-
ples include: amorphous calcified bodies with foreign-body-type giant cells
(Fig. 8.36) as well as pleomorphic reactive-reparative cells (Fig. 8.37) [17, 18]. In
cervical smears of IUD users, atypical endometrial cells, with marked nuclear
enlargement may be observed that, unless an extreme care is taken, may be mis-
taken for carcinomatous glandular cells [19]. Atypical endometrial cell clusters,
similar to those found in cervical smears, could also be seen in uterine fluid aspi-
rates [20]. A study of the DNA content of those atypical cells [21] indicated that
these latter had a diploid to octaploid DNA content with a major peak in the tetra-
ploid region. Atypical multinucleated cells have been described in cervical smears
which have been interpreted as histiocytes [22] or endocervical cells [23]. However,

Fig. 8.35 Reactive-
reparative cellular changes
due to IUD usage:
Abnormal morphology in a
cervical smear from a
patient with an

IUD. Cellular nuclei are
enlarged, showing
irregularly distributed
chromatin and
recognizable nucleoli.
These cells can mimic
malignancy in a routine
smear (Papanicolaou stain,
original magnification;
40x). Reproduced from
Kobayashi, Casslen and
Stormby with ™
permission [14]
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Fig.8.36 Cellular changes due to IUD usage: Directly sampled endometrial smear obtained from
IUD user. (a) A foreign-body-type giant cell can be seen. (b) Calcified body surrounded by repara-
tive cells. (Papanicolaou stain, original magnification a and b; 40x)
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Fig. 8.37 Cellular changes due to IUD usage. (a) Reactive-reparative cells appeared in a sheet-
like pattern. (b) Reactive-reparative cells show evident nucleoli in virtually every nucleus.
(Papanicolaou stain, original magnification a; 20, b; 40x)
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by consensus, they are now regarded as of endometrial origin [24-26]. It has been
pointed out that there is some similarity between the atypical endometrial cells seen
in smears from IUD users and the endometrial cells seen in smears from patients
who have had miscarriage [16]. Clearly the atypical cells associated with IUD usage
may result in an erroneous diagnosis of cancer and correct interpretation of these
cells in both cervical and endometrial smears is of great importance.

8.7 Benign Reactive Change: MPA
(Medroxyprogesterone Acetate)

8.7.1 Background

Endometrial cancer (EC) is the most common gynecological cancer in women of
postmenopausal age. However, endometrial cancer in women younger than 40 years
of age represents approximately 4-5% of all cases [27]. The characteristics of EC in
young women are early-stage, low-grade, and endometrial endometrioid carcinoma
(EEC). Endometrial atypical hyperplasia (EAH) is a well-known precancerous
lesion, which may progress to EC within several years [28]. The standard treatment
for EC is surgery with hysterectomy, however this procedure causes infertility in
young women who may desire to preserve their ability to have children. Response
rates and recurrence rates of fertility-sparing treatment with MPA
(Medroxyprogesterone acetate) displayed considerable variation [29]. Complete
response was significantly higher in patients with EAH (65.8%) than in women with
EC (48.2%).

8.7.2 Adaptation Criteria of Fertility-Sparing Treatment [29]

1. Histologically diagnosed Gradel (G1)—EEC or EAH.

2. Patient is clinically presumed as stage [A.

3. Myometrial invasion or any extra uterine lesion is ruled out by pelvic magnetic
resonance imaging.

4. Absence of a significant risk of thromboembolism in case of a pregnancy.

8.7.3 Physiopathological Changes and Effects of MPA Therapy

MPA therapy is a high-dose progesterone therapy exerting an inhibitory effect on
the proliferation of estrogen-dependent EC or EAH (Fig. 8.38a). Endometrial histo-
logical findings after MPA therapy show atrophic changes, indistinct chromatin pat-
terns in the endometrial cells, stromal edema or decidual-like changes in endometrial
stromal cells (Fig. 8.38b). During cytological follow-up of MPA therapy, when nor-
mal or benign appearing endometrial sheets or clusters are present in endometrial
brushings, the patient is considered as having a complete response. However, when
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Fig.8.38 Histological findings before and after MPA therapy: Before MPA therapy (a), a case has
a diagnosis of EAH/ EIN. After MPA therapy (b), the histological diagnosis was consistent with
complete response: a decrease of endometrial glands with decidua-like changes of endometrial
stromal cells may be observed. (H&E stain, original magnification a; 10x, b; 20x)

endometrial cell clusters with overlapping nuclei of three-layers or more are
observed in cytological smears, the patient is assessed as having progressive dis-
ease. Histological examination is then necessary.

8.7.4 Assessing the Efficacy of MPA Therapy: Cytological Criteria

Cytological findings in patients treated with MPA therapy may be classified as fol-
lows: 1), 2)
1) Complete therapeutic efficacy (Fig. 8.39)

¢ Endometrial cells appear in a sheet pattern with <3 layers of nuclear overlapping.

¢ Endometrial cells may show secretory activity (honeycomb pattern) or oxyphilic
cytoplasmic change.

¢ Nuclei show oval and uniform chromatin patterns.

e This case was diagnosed as negative for malignancy.

2) No therapeutic efficacy (Fig. 8.40)

e Endometrial cell clusters show a gland-like structure with small irregular projec-
tions on the margin of the cluster (irregular nuclear protrusion pattern).
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Fig.8.39 Cytological findings after MPA therapy: a sheet-like pattern with honeycombed appear-
ance may be observed. Before MPA therapy, the histological diagnosis of this case was EAH/
EIN. After MPA therapy, endometrial cells showed sheets or clusters with <3 layers of nuclear
overlapping. This case was diagnosed as negative for malignancy (TYS1). (Papanicolaou stain,
original magnification a; 20, b; 40x)

e Endometrial cells show nuclear hyperchromasia with >3 layers of nuclear
overlapping.

» If nuclear atypia is present but it is not of severe degree and malignancy cannot
be ruled out, the case should be interpreted as ATEC-AE (TYSS).

e If nuclear atypia of severe degree is observed, the cytologic diagnosis of persist-
ing EAH or EEC is performed and histological examination is necessary.

8.8  Benign Reactive Changes: TAM(Tamoxifen)
8.8.1 Background

Tamoxifen (TAM), an antiestrogen, is a competitive inhibitor of estradiol, and has
been widely used for the adjuvant treatment of breast cancer. TAM produces objec-
tive tumor shrinkage in advanced breast cancer, and reduces the risk of relapse in
women treated for breast cancer [30]. Although initially developed as an antiestro-
gen, TAM can also prevent postmenopausal osteoporosis as well as it may reduce
cholesterol blood levels, due to its estrogen-agonist effects [31]. Its estrogen-agonist
activity, however, can lead to significant side-effects such as endometrial cancer
(EC) and thromboembolism. Therefore, long-term TAM therapy is included among
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Fig. 8.40 Cytological findings before MPA therapy: The histological diagnosis of this case was
EAH/EIN before MPA therapy. Atypical endometrial cells were observed after MPA therapy.
Endometrial cell clusters show nuclear overlapping with >3 layers and small irregular projections
on the margin of the cluster. However, nuclear atypia is not of the severe grade. When malignancy
cannot be ruled out, the case should be interpreted as ATEC-AE. (Papanicolaou stain, original
magnification a; 20, b; 40x)

the risk factors for EC. Pathologic changes are often found in the endometrium of
postmenopausal breast cancer patients receiving TAM therapy, the most frequent
being endometrial polyps. In addition, some histologic changes may also occur,
such as proliferative endometrium (PE), endometrial hyperplasia, and EC [30]. As
it concerns TAM therapy for the prevention of breast cancer, women who received
long-term TAM therapy had an increased risk of invasive endometrial cancer (Risk
rate = 3.28, 95% CI = 1.87 to 6.03) [32]. However, in this study, the cancer risk is
lower in women aged 49 year or younger, while it is higher in women aged 50 years
or older (Risk rate = 5.33, 95% CI =2.47 to 13.17). Anyhow, another study has
reported that women who received long-term TAM therapy had no increased risk of
developing EC [33].

8.8.2 Cytological Findings in Endometrial Mucosa after
TAM Therapy

In some postmenopausal breast cancer patients receiving TAM therapy, the endo-
metrial mucosa does not show any pathologic change, and is referred to as atrophic
endometrium (AE). Cytological findings in such cases include uniform sheets of
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small endometrial clusters without atypia in a background of macrophages. In other
instances, however, large 3D clusters such as those seen in PE or hyperplasia appear
due to the effect of an estrogen-agonist activity. Therefore, patients receiving TAM
therapy may show various endometrial cytological findings ranging from atrophic
to proliferative changes.

8.8.3 Cytological Endometrial Findings after TAM Therapy

Cytological findings in patients undergoing TAM therapy may show one of the fol-
lowing changes: 1)-3)
1) Atrophic endometrium (AE) (Fig. 8.41).

e Endometrial cells appear as monolayered sheets of various sizes with < 3 layers
of nuclear overlapping in a background of macrophages.

¢ Endometrial stromal cells generally appear in small clusters or as isolated cells;
individual cells are round to oval with bare nuclei.

e These cases are diagnosed as negative for malignancy.

2) Proliferative endometrium (PE) (Fig. 8.42)

e Endometrial cells appear in large clusters with <3 layers of nuclear overlapping.
e Nuclear findings are consisting with PE rather than AE.
e This case is diagnosed as negative for malignancy.

3) Reactive changes of endometrial cells with enlarged nuclei (Fig. 8.43)

e Endometrial cells show nuclear enlargement and anisonucleosis with an evident
nucleolus.

Fig. 8.41 Cytological
findings of a
postmenopausal woman
after TAM therapy for
breast cancer: Atrophic
endometrium shows a
sheet pattern with a
background of
macrophages (arrows).
This case was diagnosed as
negative for malignancy.
(Papanicolaou stain,
original magnification 40x)
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Fig.8.42 Cytological findings of a postmenopausal woman after TAM therapy for breast cancer:
Endometrial cells with proliferative changes appear as large clusters and nuclear atypia is not
observed. This case was diagnosed as negative for malignancy. (Papanicolaou stain, original mag-
nification a; 10x, b; 40x)

Fig.8.43 Cytological findings of a postmenopausal woman after TAM therapy for breast cancer:
A large sheet of atypical endometrial cells may be observed (right side of the image) showing
nuclear enlargement and anisonucleosis with an evident nucleolus in a background of atrophic
endometrial cells (arrow). However, due to the absence of high grade atypia and <3 layers of over-
lapping nuclei, this case was diagnosed as negative for malignancy. Whenever the presence of
cytological atypias precludes the diagnosis of “negative for malignancy” (TYS1), the case should
be interpreted as ATEC-US (TYS4). (Papanicolaou stain, original magnification 40x)
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e Endometrial cells are observed as sheets with <3 layers of nuclear overlapping.
o If these findings should be not entirely consistent with “negative for malignancy”
(TYS1), the case should be interpreted as ATEC-US (TYS4).

8.9 Arias-Stella Reaction (ASR)
8.9.1 Background

The Arias-Stella reaction (ASR) is a physiologic response to the presence of chori-
onic tissue either in the uterus or in an ectopic site [34]. In 1954, Arias-Stella [35]
first described certain endometrial glandular changes as pathognomonic of intra- or
extra-uterine pregnancy, or as result of trophoblastic disease. The characteristic his-
tologic features of the ASR include large cells with abundant eosinophilic or vacu-
olated cytoplasm, nuclear enlargement, and hyperchromasia [36]. The appearance
of the hypertrophic nuclei may vary widely from round or ovoid nuclei with a vesic-
ular chromatin pattern to irregular nuclei with a compact, pyknotic appearance
(Fig. 8.44). Some variants exhibit prominent intranuclear cytoplasmic invaginations
or pseudoinclusions. The nuclei may protrude into the glandular lumen creating a
hobnail appearance [37]. There may be loss of cell polarity with papillary projec-
tions and epithelial tufting. Usually, mitotic activity is absent [36]. When presenting
in extra-uterine sites, the differentiation of ASR from other more ominous clear cell
lesions may pose significant difficulties [38]. The incidence of the ASR in conjunc-
tion with an ectopic or other pregnancy has been reported as ranging from 5% to
74% [39, 40]. In 1981, Schneider [41] retrospectively studied hysterectomy speci-
mens obtained during pregnancy; the ASR was found in the endocervix in 9% of
cases. However, as only 3—4 blocks of the cervix had been obtained, and as the

Fig. 8.44 Endometrial
histology showing

ASR. ASR with
hyperchromatic nuclei that
bulge into the glandular
lumen. The glands also
show marked vacuolated
hypersecretory cellular
tufts. (H&E stain, original
magnification; 20x)
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lesions were remarkably focal, often limited to 1 or 2 glands, he believed that the
figure of 9% was likely to be an underestimate of the true prevalence of the condi-
tion in the endocervix. ARS is also well known to occur in non-pregnant patients
taking various types of hormonal preparations. Felix et al. [42] reported that the
finding of cervical ASR in a patient taking phytoestrogenic treatment highlights the
fact that the source of hormonal exposure may not always be immediately evident;
the unusual histology of the lesion led to an erroneous diagnosis of papillary serous
carcinoma in the biopsy.

8.9.2 Cellular Changes of Arias-Stella Reaction (ASR)

Exfoliative cytology has proven to be an efficient technique for the detection of
precancerous and cancerous squamous lesions of the cervix. However, this is not
true for glandular lesions of endocervical and especially endometrial origin.
Glandular changes resembling the ASR are very unusual in nonpregnant women. In
this clinical settings, Arias-Stella cells have been rarely described and are difficult
to differentiate from other atypical cell types in cervical and endometrial samples
[43]. They are relatively easy to appreciate in endometrial samples containing tissue
fragments, and in these cellular samples they lack the cytologic features of malig-
nancy. Ferguson [44] described the cytological features of ASR, even before Arias-
Stella’s original article; he reported that atypical glandular cells were recognizable
in vaginal smears in cases of abortion or endometritis, although their origin was
unknown at that time. Others have described glandular changes in cytologic smears
that might have been related to the ASR, but the corresponding tissue samples were
lacking. This lack of histologic correlation has been a continuing concern until a
case report by Mulvany et al. was published [45], in which cytologic and histologic
samples confirming the features of the ASR were obtained. Bonoit and Kini [46]
further studied the cytologic features of ASR in 1996. As a general rule, in case of a
cytologic picture consistent with ASR the referring clinician must be informed that
the above described changes may be related to pregnancy. It is of paramount impor-
tance that these cells are identified, as reactive and unequivocal diagnoses of malig-
nancy are avoided.

A false diagnosis of malignancy, especially during pregnancy, will place the
mother and the fetus at unnecessary risk because of further invasive procedures
[45-48]. It has been pointed out that there is some similarity between the atypical
endometrial cells seen in smears from IUD users and the endometrial cells in smears
from patients who have had a miscarriage [48, 49]. The cytopathologists should be
conversant with the degree of glandular atypia and with the possible occurrence of
endocervical ASR [50]. The cytologic features of the ASR in cervicovaginal cytol-
ogy smears obtained from women with tubal pregnancy were reported [49-51].
Based on the cytologic evidence, the ASR-associated cells were divided into 2
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groups [49]. Striking cellular changes occurred in the cytoplasm, which contained
many vacuoles; these changes seemed to reflect mucus production (Fig. 8.45). Some
cells of this type also had intranuclear inclusions (Fig. 8.46). The second group of
ARS-associated cells had naked nuclei and the nuclei were relatively hyperchro-
matic [51], they had homogeneous chromatin distribution, were oval or ellipsoid,
varied markedly in size, and appeared singly or grouped (Fig. 8.47). These cellular
changes mimic those found in epithelial atrophy accompanied by inflammatory
changes. Nucleoli were present but were identified only with difficulty.

Fig.8.45 Typical
appearance of Arias-Stella
cells arranged in a cluster.
The nuclei are large and of
variable size with
irregularly clumped
chromatin. (Papanicolaou
stain, original
magnification; 100x)
Reprinted with permission
from Kobayashi et al. [49].
Acta Cytol 1980)

Fig. 8.46 Arias-Stella
reaction: Endometrial
smear showed atypical
glandular cell clusters with
enlarged nuclei and
prominent intranuclear
inclusions that could be
mistaken for a glandular
epithelial abnormality.
(Papanicolaou stain,
original

magnification; 40x)
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Fig. 8.47 Exfoliated

naked-nuclei, ASR. Notice .‘
a relatively hyperchromatic .
and homogeneous

chromatin distribution with . ,

an oval or ellipsoidal

shape. Nuclei of this type
vary greatly in size.

(Papanicolaou stain,

original magnification;
40x.) Reprinted with
permission from
Kobayashi and Okamoto
[52]. (Am J Clin Pathol
2000)
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Endometrial Hyperplasia without Atypia 9

Yoshinobu Maeda, Takeshi Nishikawa,
and Yoshiaki Norimatsu

9.1 Background

Endometrial hyperplasia without atypia is a condition in which the endometrial
gland/stromal ratio increases far beyond that one observed in the proliferative phase
of the endometrium. It is believed that prolonged unopposed estrogen exposure is
necessary for the development of endometrial hyperplasia. In addition to hyperplas-
tic changes, this pathological condition includes small numbers of potentially neo-
plastic lesions.

This condition has been referred to by multiple names such as cystic glandular
hyperplasia and adenomatous hyperplasia, which have generated confusion in the
understanding and terminology of this condition.

Kurman et al. reported that glandular structural and cellular atypia correlates
with the risk of developing endometrioid carcinoma [1]. In 1994, the World Health
Organization (WHO) classified endometrial hyperplasia into four subtypes in terms
of complexity of glandular architecture and the presence or absence of nuclear
atypia: simple hyperplasia without atypia, complex hyperplasia without atypia,
simple hyperplasia with atypia, and complex hyperplasia with atypia [2]. This clas-
sification has been widely adopted. These four subtypes of endometrial hyperplasia
were included in the third edition of the WHO classification in 2003 [3]. It has been
reported that cell atypia is prevalent over glandular architecture in predicting the
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risk of malignancy of a given lesion, but some cases of endometrial hyperplasia
without cell atypia also exhibit neoplastic potential.

In fact, 1-3% cases of endometrial hyperplasia without cell atypia progress to
well-differentiated endometrioid carcinoma.

In the fourth edition of the WHO classification in 2014, conventional simple
endometrial hyperplasia and complex endometrial hyperplasia without atypia were
simplified to endometrial hyperplasia. The degree of endometrial proliferation (in
response to prolonged estrogen stimulation) is one of the criteria to classify this
lesion [4]. In the fifth edition of the WHO classification in 2020, this condition was
simply classified as endometrial hyperplasia without atypia [5].

9.2 Definition

Endometrial hyperplasia without atypia (as in the 2020 WHO classification) is
defined as the proliferation of endometrial glands of irregular size and shape with-
out significant cytological atypia [5].

The endometrial mucosa of the uterine corpus consists of glandular lumens of
varying shape (from tubular to elongated or dilated, according to the day of the men-
strual cycle), each of them consisting of a “basalis” layer (containing weakly prolif-
erative glands with dense spindled stroma abutting on the myometrium) and of a
“functionalis,” which is the most dynamic portion. This latter has a regular arrange-
ment in the form of single gland units facing the uterine cavity in early proliferative
endometrium. In endometrial hyperplasia without atypia, endometrial glands that
vary in size and shape are admixed with branching and/or dilated glands with irregu-
lar proliferation and distribution. The ratio of glands to stroma increases compared to
the normal proliferative phase endometrium, exceeding the ratio of 3:1 in hyperpla-
sia. Furthermore, as the degree of complexity of the glandular architecture increases,
the glands show more complex and irregular outlines. As the stroma decreases and
glands become more crowded, a so-called back-to-back pattern may be observed.
Glandular epithelial cells are columnar to tall shape, with oval to elongated nuclei
and delicate cytoplasm. The nuclei are stratified but are regularly arranged along the
basement membrane. Papillary infoldings into the glandular lumen are also occa-
sionally observed. In addition to morule-like nests, ciliated cell metaplasia, and
eosinophilic metaplasia, secretory changes may also be observed [6].

9.3 Diagnostic Criteria [7-12] (Figs. 9.1,9.2,9.3,9.4,9.5, 9.6,
9.7,9.8 and 9.9)

e Number of clumps showing dilation and branching (as mentioned in Chap. 5,
with maximum width of a gland is more than twice that of its minimum width
and the cohesion of the endometrial stromal cells to the margins of the gland are
characteristic).

¢ Increased branching and papillary infolding into the lumen;
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Fig.9.1 Endometrial
hyperplasia without atypia.
Dilated or branched gland
pattern. (Papanicolaou stain,
original magnification 4x)

Fig.9.2 Endometrial
hyperplasia without atypia.
Dilated or branched gland
pattern. (Papanicolaou
stain, original
magnification 4x)

e Glandular cells appear in clusters of approximately 2—3 layers (not exceeding 3
layers), with cohesion of stromal cells around the clusters.

» Epithelial cells show a regular arrangement.

» Epithelial cells have generally uniform nuclei and no significant atypia.

e Occasionally, mitosis is observed.

* When 5 or more clusters of dilated glands are observed, complex endometrial
hyperplasia should be suspected.

9.4  Explanatory Note

As mentioned in the diagnostic criteria, endometrial hyperplasia is characterized by
the appearance of clusters of dilated glands without cellular atypia. However, owing
to the varying degrees of appearance of dilated and branched clusters, some
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Fig. 9.3 Endometrial
hyperplasia without atypia.
Epithelial cells show no
atypia, no significant
nuclear overlapping not
more than three layers.
(Papanicolaou stain,
original magnification 40x)

Fig. 9.4 Endometrial
hyperplasia without atypia.
Corresponding histologic
preparation shows crowded
glands to fulfill the criteria
for endometrial hyperplasia
without atypia. (HE stain,
original magnification 4x)

Fig. 9.5 Endometrial
hyperplasia without atypia.
Same sample as Fig. 9.4.
Glands show dilation,
branching, and simple
tubular pattern. (HE stain,
original magnification 20x)
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Fig. 9.6 Endometrial
hyperplasia without atypia.
Dilated or branched gland
pattern. (Papanicolaou
stain, original
magnification 10x)

Fig. 9.7 Endometrial
hyperplasia without atypia.
Histological specimen
corresponding to Fig. 9.6,
glands are mildly crowded,
and are dilated. (HE stain,
original magnification 10x)

Fig. 9.8 Endometrial
hyperplasia without atypia.
Dilated or branched gland
pattern. (Papanicolaou
stain, original
magnification 10x)
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Fig. 9.9 Endometrial
hyperplasia without atypia.
Histological specimen
corresponding to Fig. 9.8,
glands are crowded. Nuclei
are elongated, arranged
perpendicularly to the
basement membrane.

(HE stain, original
magnification 20x)

Fig.9.10 Disordered
proliferative phase
endometrium. Dilated
glands and irregular shaped
glands are present, with
typical proliferative phase
endometrial glands.

(HE stain, original
magnification 4x)

non-hyperplastic lesions are difficult to distinguish from endometrial hyperplasia
without atypia. These lesions include “disordered proliferative phase (DPP) endo-
metrium as a benign reactive change.” DPP is a lesion caused by the repeated,
sequentially occurring anovulatory cycle and appears as one of the functional bleed-
ing disorders.

Histologically, the proliferative endometrial glands show focal and irregular cys-
tic dilation and irregular branching due to prolonged estrogen exposure. Although
they show irregular shape and little architectural disorder, some normal proliferative
phase endometrial glands are often intermingled to them and the ratio of glands to
stroma is approximately 1:1. Endometrial glandular epithelial cells show mild
nuclear swelling and stratification and may sometimes show ciliated cell metaplasia
and eosinophilic metaplasia [13] (Fig. 9.10).

The cell image includes the following findings: (Figs. 9.11 and 9.12)
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Fig. 9.11 Disordered proliferative phase endometrium. Corresponding cytologic preparation
Fig. 9.10, (a): dilated gland pattern should been seen. (b): dilated and branched gland pattern with
cohesion of endometrial stromal cells should been seen. (Papanicolaou stain, original magnifica-
tion a, b: 20x)

Fig.9.12 Disordered
proliferative phase
endometrium. Cytological
specimen corresponding to
Fig. 9.10, (a): dilated gland
pattern should been seen.
Nuclear atypia is absent,
and nuclear overlapping
does not excess three
layers. (Papanicolaou stain,
original magnification 40x)

e Often lacking characteristic findings;

» Epithelial cell clusters show an increase in diameter indicating dilatation;

* Nuclear overlapping in clusters is inconspicuous, and stromal cell cohesion is
observed in the periphery of the glands;

o Epithelial cell clusters of endometrial glandular cells in the proliferative phase
are Admixed to the former;
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In this chapter we have illustrated the definition and morphology of DPP, which
can usually be differentiated from endometrial hyperplasia without atypia.

However, in cytological preparations, dilated and branching epithelial cell clus-
ters may be commonly observed in both lesions. Even though the two lesions have
different histopathological features, in cytologic preparations of directly sampled
endometrial mucosa, it may be difficult to discriminate clearly between these two
lesions. We believe that a comprehensive diagnostic judgment should be reached
only when clear-cut diagnostic criteria for each of the illustrated conditions are
found and verified.
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10.1 Background

In 1985, Kurman et al. reported that the frequencies of endometrial hyperplasia
progressing to endometrial carcinoma were 1% for endometrial hyperplasia without
atypia, simple, 3% for endometrial hyperplasia without atypia, complex, 8% for
endometrial hyperplasia with atypia, simple, and 29% for endometrial hyperplasia
with atypia, complex, respectively [1]. Therefore, it was assessed that the risk of
developing endometrial carcinoma correlates with the degree of glandular architec-
tural abnormalities and cellular atypia, and the latter two aforementioned subtypes
were categorized as atypical endometrial hyperplasia.

The WHO classification in 1994 introduced the four subtypes of endometrial
hyperplasia, namely simple hyperplasia without atypia, complex hyperplasia with-
out atypia, simple hyperplasia with atypia, and complex hyperplasia with atypia;
these subtypes were also included in the third edition WHO classification in
2003 [2, 3].

In addition to the risk of developing endometrial carcinoma, endometrial hyper-
plasia with atypia is associated with the risk of coexisting endometrial carcinoma.
According to some reports, the frequency of the coexistence of endometrioid carci-
noma in patients who underwent a hysterectomy after being diagnosed with endo-
metrial hyperplasia with atypia in biopsy or curettage specimens was approximately
40%. This is the reason why most endometrial hyperplasias with atypia, are
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presumed to have a neoplastic potential, and it is considered clinically important to
separate endometrial hyperplasias without atypia from them [4, 5].

In 2000, Mutter et al. originally defined endometrial intraepithelial neoplasia
(EIN) as a new pathologic entity having clonal and neoplastic features. EIN is diag-
nosed based on the following three criteria (1).: in terms of architecture, the ratio of
glandular to stroma exceeds 55%, and individual glands exhibit a severe degree of
cytological atypia; (2). The cytology of EIN lesions is different from that of the
background endometrial mucosa (polymorphism and loss of polarity); and (3) the
lesion size is 1 mm or more [6].

According to the conventional criteria, 5%, of simple endometrial hyperplasias,
44% of complex endometrial hyperplasias without atypia, and 79% of endometrial
atypical hyperplasias, respectively, represent EIN. In fact, 38% of endometrial atyp-
ical hyperplasias fulfilling the EIN criteria progressed to endometrioid carcinoma,
but no case of endometrial atypical hyperplasia not fulfilling the criteria progressed
to endometrioid carcinoma. Therefore, EIN and endometrial atypical hyperplasia
are not essentially the same lesion [6-8].

In the fourth edition of the WHO classification in 2014, endometrial hyperplasia
was positioned as a precursor lesion, and only two subcategories in the classifica-
tion were considered: endometrial hyperplasia without atypia and atypical hyper-
plasia/EIN. It is in this way rather surprising how conventional endometrial atypical
hyperplasia and EIN, which have different pathobiology as mentioned above, were
clustered into the same category. The presence or absence of cellular atypia is the
most important finding for the evaluation and classification of endometrial hyper-
plasia in this classification [9].

10.2 Definition

Endometrial hyperplasia with atypia may currently be defined as an “overgrowth of
endometrial glands with cell atypia.” In the fifth edition of the WHO classification
in 2020, endometrial atypical hyperplasia (EAH)/EIN is defined as the simultane-
ous appearance of cytological atypia in endometrial glands and an increased ratio of
endometrial glands to stroma (crowded gland architecture) within a morphologi-
cally defined region, distinct from the surrounding endometrium or from entrapped
normal glands [10] (Figs. 10.1 and 10.2).

The glandular architecture is more irregular than that of complex endometrial
hyperplasia without atypia and often shows a back-to-back pattern. Papillary infold-
ings into the glandular lumen are also common. Another feature associated with
endometrial hyperplasia with atypia is the presence of various metaplastic changes
such as eosinophilic metaplasia, ciliated cell metaplasia, squamous metaplasia, and
secretory change.

In addition, it is necessary to exclude endometrioid carcinoma grade 1 (G1). It is
known that endometrial atypical hyperplasia sometimes shows more severe nuclear
atypia than that of endometrial carcinoma GI. If the degree of nuclear atypia in
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Fig. 10.1 EAH/

EIN. Lesion consists of
crowded tubular glands
with little intervening
stroma and exceeds | mm
in maximum size. (HE
stain, original
magnification 10x)

Fig. 10.2 EAH/EIN. (a): The nuclei are enlarged, of round-oval or square shape hyperchromatic,
with granular chromatin. (b): The cytologic features of crowded glands differ from neighboring
normal endometrial gland (Bottom). (HE stain, original magnification, a and b: 20x)

lesions without stromal invasion is similar to or more severe than that of G1 endo-
metrial carcinoma, it should be classified as endometrial atypical hyperplasia. This
means that endometrial hyperplasia with atypia even includes the concept of endo-
metrial carcinoma in situ that is not comprised in the classification [11-13]
(Fig. 10.3).
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Fig. 10.3 EAH/

EIN. Nuclei are enlarged,
of rounded/irregular shape,
with granular chromatin
and conspicuous nucleoli,
and show stratification and
loss of polarity. (HE stain,
original magnification 40x)

Fig. 10.4 EAH/EIN. This
cytological preparation
was obtained from a
40-y-o woman with
irregular genital bleeding.
Many clusters show
dilations and branching.
(Papnicolaou stain, original
magnification 4x)

10.3 Cytological Diagnostic Criteria [14-18] (Figs. 10.4, 10.5,
10.6,10.7,10.8,10.9, 10.10, 10.11, 10.12 and 10.13)

* Many clusters showing dilation and branching (maximum width of the gland
lumen being more than twice the minimum width).

* An irregular protrusion pattern is sometimes present.

* The nuclear overlapping in epithelial cell clusters exceeds three layers, and the
cohesion of stroma cells around the clusters may be indistinct.

* Occasionally, epithelial cell clusters show an increase of glandular complexity.

* The arrangement in the epithelial cell clusters may be irregular, and the nucleus
may protrude toward the periphery of clusters.

e Glandular epithelial cells with nuclear swelling, anisonucleosis, increased chro-
matin granularity, and conspicuous nucleoli are observed.

¢ Sometimes, mitoses are also observed.
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Fig.10.5 EAH/ P Ty z .7
EIN. Dilated or branched w A, -
gland pattern. (Papnicolaou &S v s
stain, original
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Fig.10.6 EAH/

EIN. Similar to Fig. 10.5,
it shows a dilated or
branched gland pattern.
(Papnicolaou stain, original
magnification 20x)

Fig.10.7 EAH/

EIN. Epithelial cluster
shows significant nuclear
overlapping and cohesion
of stromal cells in the
periphery of cluster
(arrows). (Papnicolaou
stain, original
magnification 40x)
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Fig.10.8 EAH/

EIN. Nuclei show three
degrees of overlapping,
vary from rounded to ovoid
in shape and display fine
granular chromatin and
conspicuous nucleoli.
(Papanicolaou stain,
original magnification 60x)

Fig. 10.9 EAH/

EIN. Atypical epithelial
cells with vacuolated
cytoplasm are seen in
cluster (arrows). These
cells suggest secretory
change. (Papanicolaou
stain, original
magnification 60x)
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Fig.10.10 EAH/EIN. Histological images corresponding to Fig. 10.8(a) and Fig. 10.9(b). Dilated
and irregular shaped glands are present (a). Secretory change, crowded glands have supranuclear
vacuoles (b). (HE stain, original magnification a and b: 20x)

Fig.10.11 EAH/EIN.
Atypical epithelial cells
with cilia are intermingled
in cluster (arrows).
(Papanicolaou stain,
original magnification 60x)
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Fig. 10.12 EAH/EIN.
Nuclei are enlarged, have
large evident nucleoli and a
few mitotic figures
(arrows). (Papanicolaou
stain, original
magnification 60x)

Fig.10.13 EAH/

EIN. Histlogical images
corresponding to

Fig. 10.12. (HE stain,
original magnification 40x)

10.4 Explanatory Note

In endometrial hyperplasia with atypia, the definition of cellular atypia has not yet
reached a definitive consensus. It remains somewhat subjective and problematic. It
is well known that the following findings; “nuclear swelling showing round to oval
shape,” “anisonucleosis,” “increased chromatin granularity,” “conspicuous and
enlarged nucleoli,” and “pseudostratification and loss of polarity of the nucleus”
were mentioned as parameters for cellular atypia, but no complete agreement even
among gynecological pathologists has ever been achieved. Kendall et al. reported
that “clear and large nucleoli, and increased number of nucleoli” are helpful in dis-
tinguishing endometrial hyperplasia with atypia from endometrial hyperplasia with-

out atypia [19].
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Since the evaluation of cellular atypia is somewhat subjective, the current diag-
nostic criteria for EAH/EIN emphasize the distinction from the surrounding endo-
metrium. Any case with a mild degree of nuclear atypia could theoretically be
included in the classification of EAH/EIN (Fig. 10.14). Therefore, the differential
diagnosis between endometrial hyperplasia and EAH/EIN is more difficult in the
corresponding cytological preparations. The ATEC category will hence be useful in
the cytological diagnosis when the differential is EAH/EIN [20, 21].

EAH/EIN has a number of molecular genetic alterations including microsatellite
instability, PAX2 inactivation, PTEN and B-catenin mutation. Immunocytochemically,
loss of expression for PTEN, PAX2 and mismatch repair protein may be helpful
ancillary findings in the cytological diagnosis of EAH/EIN [10, 22-24] (Figs. 10.15,
10.16, 10.17 and 10.18).

Fig. 10.14 EAH/EIN.
This cytological
preparation is obtained
from a 50-y-o woman with
irregular genital bleeding.
An irregularly shaped
cluster with nuclear
protrusion at the periphery
is seen. (Papanicolaou
stain, original
magnification 40x)

Fig. 10.15 EAH/EIN.
Same sample as Fig. 10.14.
Irregularly shaped lumens
are seen within a cellular
cluster (arrows).
(Papanicolaou stain,
original magnification 40x)
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Fig. 10.16 EAH/EIN. Same sample as Figs. 10.14 and 10.15. (a): On immunocytochemistry,
both PTEN expressing clusters (upper left) and clusters with loss of PTEN expression (lower left),
with a small number of PTEN expressing stromal cells can be seen. (b): tumor cells show complete
loss of MLH-1 expression. (ICC, original magnification a and b: 40x)

Fig.10.17 EAH/EIN.
Histological specimen
corresponding to

Figs. 10.14 and 10.15. (HE
stain, original
magnification 40x)
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Fig. 10.18 EAH/EIN. Same sample as Fig. 10.17. (a): EAH/EIN with a discrete area with PTEN
loss of expression (left). (b): Atypical glands with complete loss of MLH-1 expression.
(IHC, original magnification a and b: 20x)
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11.1 Endometrial Endometrioid Carcinoma
11.1.1 Background

Endometrial endometrioid carcinoma (EEC) is the most common histological type
of endomerial carcinoma (EC), accounting for more than 75% of all endometrial
carcinomas. The incidence of endometrial carcinomas varies globally, with age-
standardized incidence rates varying from 1 to 25 cases per 100,000 person-years in
2018. In Japan, the incidence of endometrial carcinomas has steadily increased in
recent years.

The median patient age at the onset of EEC was 63 years [1]. It is well known
that irregular genital bleeding is observed in postmenopausal women. The highest
incidence rates occur in North America and Europe. The lowest incidence rate (4-5
times lower) is found in countries with low human development index [1, 2].

A major cause of the development of EEC is prolonged exposure to unopposed
estrogen stimulation associated with an ovulation disorder such as polycystic ovar-
ian syndrome, estrogen replacement therapy, tamoxifen treatment for breast cancer,
and estrogen-producing neoplasms (e.g., ovarian thecoma and granulosa cell tumor.)
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Early menarche, late menopause, nulliparity, obesity, and diabetes are well-known
risk factors for EEC. In addition to these factors, Lynch syndrome with a mutation
in DNA mismatch repair genes and Cowden syndrome caused by PTEN mutation
are associated with familial endometrioid carcinoma [1, 2].

In the 1980s, ECs were classified as estrogen-dependent type I or estrogen-
independent type II tumors by Bokhman [3]. Representative subtypes of type I are
approximately corresponding to EECs, gradel (G1) and grade2 (G2), which develop
from endometrial atypical hyperplasia/endometrioid intraepithelial neoplasia (EIN).
On the other hand, EEC, grade3 (G3) is classified as type II, which arises de novo
from atrophic endometrium [2, 4].

In 2013, The Cancer Genome Atlas (TCGA) study divided endometrioid carci-
noma into four subgroups, integrating genomic profiles, such as “ultramutated,”
“hypermutated,” “copy number low,” and “copy number high.” [5]

11.1.2 Definition

EEC is a malignant epithelial neoplasm displaying varying proportions of glandu-
lar, papillary, and solid architecture, with neoplastic cells showing endometrioid
differentiation. These tumors are referred to as “endometrioid” due to their similar-
ity to proliferative phase endometrium [1, 2].

EEC is typically composed of columnar cells with eosinophilic and granular
cytoplasm and has a low account of mucin. Histologically the tumor displays glan-
dular, papillary with fine fibrovascular stroma, and solid pattern (Fig. 11.1). Nuclear

Fig. 11.1 EEC, G1. Histologic preparation shows irregularly shaped glands (a) and papillary
architecture (b). (HE stain, original magnification a and b: 20x)
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pseudostratification is usually observed and nuclear atypia is mild to moderate.
Nucleoli are mostly inconspicuous [1, 2].

EECs were divided into three grades (G1, G2 or G3) according to the FIGO grad-
ing criteria. They are based on histological architecture and cellular atypia.

The architectural grade was determined according to the presence of a solid com-
ponent without squamous differentiation. EEC, G1; the proportion of solid compo-
nents is no more than 5%. EEC, G2; the proportion of solid growth is 6-50%, and
EEC, G3; the glandular structure remains irregularly in some areas but is extremely
obscured, and more than half is composed of the solid component.

Alternatively, if the rate of solid component is less than 5% and 6-50%, but the
cell atypia is remarkable, raise G2, G3 instead of G1, G2, respectively [1, 2].

EECs have some histological and cytological variants. Squamous differentiation
is composed of keratinizing cells and/or eosinophilic cells, including as morules
occurring in 10-25% of endometrioid carcinomas. Other histological patterns
include a secretory pattern in which the majority of tumor cells resemble early
secretory phase endometrial glands, ciliated pattern, microglandular pattern, spin-
dle cell pattern, sertoliform pattern, and mucinous pattern in various proportions in
tumors [1, 2].

11.1.3 Cytologic Diagnostic Criteria [6-10] (Figs. 11.2,11.3,11.4,
11.5,11.6,11.7,11.8and 11.9)

e Almost all clusters show an irregular protrusion pattern.

e The nuclear overlap in epithelial cell clusters exceeds three layers, and the cohe-
sion of stroma cells around the clusters is absent.

e Usually, epithelial cell clusters show glandular complexity with an increasing
number of lumens, observed as a cribriform pattern in histologic preparation.

Fig.11.2 EEC, GI1. Same
sample as Fig. 11.1. This
cytological preparation
was obtained from a 40 y-o
woman with irregular
genital bleeding. Many
clusters show various sizes
and irregular shapes.
(Papanicolaou stain,
original magnification 4x)
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Fig. 11.3 EEC, Gl. Same sample as Fig. 11.1. (a): An irregularly shaped cluster with lumens
(arrowheads) is seen. (b): Fine strands consisted spindle cells (arrows) are seen in cellular clusters
and nuclei of tumor cells are arranged perpendicular to strands. (Papanicolaou stain, original mag-
nification a and b: 40x)

Fig. 11.4 EEC, G1. An irregularly shaped cluster with lumens (arrows) and nuclear overlapping
is seen. Nuclei are enlarged, have conspicuous nucleoli. (a) Corresponding to histologic prepara-
tion (b), dilated and irregular shaped glands are present. (a: Papanicolaou stain, original magnifica-
tion 60x, b: HE stain, original magnification 20x)
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Fig. 11.5 EEC, Gl. Irregularly shaped lumens (arrows) increase numbers in cellular clusters. (a)
Corresponding to histologic preparation (b), irregular shaped fused glands are present (arrow-
heads). (a: Papanicolaou stain, original magnification 40x, b: HE stain, original magnification 40x)

Large and irregular clusters - -
can be seen. (Papanicolaou
stain, original
magnification 10x)

Fig.11.6 EEC, G1, with 4" =&
squamous differentiation. . ‘ -
B

* The arrangement in the epithelial cell clusters becomes irregular, and the nucleus
frequently protrudes toward the periphery of the clusters.

e Glandular epithelial cells with nuclear swelling, anisonucleosis, increased chro-
matin granularity, and conspicuous nucleoli are observed.

* Mitosis can be occasionally observed.

* Hemorrhagic and necrotic exudate can be seen in the background.
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Fig. 11.7 EEC, Gl, with squamous differentiation. (a): Tumor cells with light-green cytoplasm
show a low N/C ratio, and nuclei are located centrally. (b): Corresponding to histologic preparation
shows squamous differentiation with single-cell keratinization (upper right). (a: Papanicolaou
stain, original magnification 40x, b: HE stain, original magnification 40x)

a®%i

Fig. 11.8 EEC, Gl, with ciliated change. Neoplastic epithelial cells (a) with cilia are intermin-
gled in cellular clusters (arrowheads). Corresponding to histologic preparation (b), ciliated neo-
plastic cells are seen along luminal aspect (arrows). (a: Papanicolaou stain, original magnification
60x, b: HE stain, original magnification 40x)
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Fig. 11.9 EEC, G1, with microglandular pattern. Medium-sized epithelial cluster shows mild
nuclear overlapping (a) and tiny irregular lumen (arrow) is seen in cluster (b). Corresponding to
histologic preparation (¢) show microglandular pattern and contain a number of neutrophils in
lumens. (a and b: Papanicolaou stain, original magnification 40x, ¢: HE stain, original magnifica-
tion 20x)

The method of evaluation of neoplastic epithelial clusters is mentioned in Chap.
5, as an algorithmic interpretational approach of endometrial cytology for the
Yokohama System.

11.1.4 Explanatory Note

Several previous studies have identified genetic alterations of ECs, such as micro-
satellite instability and mutation in the PTEN, PIK3CA, CTNNBI, ARIDIA, KRAS,
TP53 genes. In the Bokhman classification, each subtype shows characteristic fre-
quencies of molecular alterations, with type I tumors having more mutation in genes
for PTEN, PIK3CA, CTNNBI, ARIDIA, KRAS, whereas type II having more TP53
mutations [4].

Profiling the notable pattern of somatic genomic alterations, based on TCGA
study revealed that EECs were divided into four molecular subtypes: ultramutated
(POLE hotspot mutation), hypermutated (microsatellite instability), copy number
low, and high copy number [7]. These four subtypes show characteristic gene muta-
tions, histological features, clinical features, and prognosis [4, 5, 11, 12].
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As mentioned in the definition, EECs are divided into three grades using the
FIGO grading criteria in the fifth WHO Classification. When severe cellular atypia,
inappropriate for architectural grade, is seen in more than 50% of tumor cells, G1
and G2 tumors are considered one grade higher. The cellular atypia of EEC is gener-
ally evaluated according to the degree of nuclear size, shape, anisonucleosis, pseu-
dostratification and loss of polarity of nucleus, chromatin distribution, and nucleolus
size and numbers. Zaino et al. defined large, pleomorphic nuclei with coarse chro-
matin, and large irregular nucleoli, as the notable atypia to raise a grade of tumors
[13] (Fig. 11.10). Recently Norimatsu et al. evaluated nuclear morphometry by
using an image analysis software, and observed that endometrial LBC samples
exhibit an increase in nuclear enlargement, anisonucleosis, chromatin distribution
and structure, nuclear shape, nuclear arrangement, and nucleolar size in comparison
with EEC, G1, EEC, G3 and serous carcinoma [14]. Although the evaluation of cel-
lular atypia is somewhat subjective, the objective measurement of nucleolar size
could be indicative of cellular atypia and distinction between low-grade EEC and
high-grade EEC in endometrial LBC samples [14].

In the fifth WHO Classification, EECs are divided into four molecular classifica-
tions: POLE-ultramutated EEC, mismatch repair (MMR)-deficient EEC, p53-
mutant EEC, and no specific molecular profile (NSMP) EEC.

Among these four subgroups, POLE-ultramutated EEC, MMR-deficient EEC,
and p53-mutant EEC exhibit high-grade histological appearance, and NSMP EC are

Fig. 11.10 EEC, G2, with severe nuclear atypia. Many tumor cells have enlarged nuclei with
large and eosinophilic Nucleoli (a). Corresponding to histologic preparation shows an inconspicu-
ous glandular pattern. (b) (a: Papanicolaou stain, original magnification 60x, b: HE stain, original
magnification 40x)
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mostly as low-grade feature with squamous differentiation or morules. However,
the frequency of NSMP EC is approximately 30-40%, and other low-grade EECs
belong to three different subgroups (Figs. 11.11, 11.12, 11.13 and 11.14). In con-
trast, high-grade EECs were found in all four subgroups. Although the morphologi-
cal features of high-grade EECs are overlapped between these subgroups, clinical
outcomes show distinctive differences [15]. However, POLE-ultramutated EEC has
an excellent prognosis. This subtype shows frequently increasing nuclear size,
irregular nuclear contours, striking hyperchromasia, prominent nucleoli [16, 17]. As
mentioned above, accurate evaluation of the degree of nuclear atypia is considered
an indicative finding in estimating the biological features of tumors [13, 18], but in
the diagnosis of EEC, an approach from the aspect of tumor morphology alone may
be insufficient [19, 20]. The algorithm for diagnosis of EEC, using molecular and
immunohistochemical surrogate markers for each subgroup such as POLE hotspot
mutation, MSI assay, MMR-deficient, TP53 mutation, and p53 immunohistochemis-
try, has also been proposed [21] (Figs. 11.15, 11.16, 11.17, 11.18, 11.19 and 11.20).

Recently in LBC endometrial sample, PTEN mutation and loss of expression,
p53 overexpression and f-catenin nuclear expression could be evaluated by immu-
nocytochemistry or molecular techniques [22-24]. Application of DNA analysis
using LBC endometrial samples has been reported [25], and it will be possible to
consider cytological approaches including immunocytochemical and molecular
analysis in near future.

Fig. 11.11 EEC, G2. This cytological preparation was obtained from a 50 y-o woman. Clusters
show irregular shapes and marked overlapping (a and b). Irregularly shaped lumens are seen
within a cellular cluster (arrows). (b) (Papanicolaou stain, original magnification a and b: 40x)
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Fig.11.12 EEC, G2. Histological specimen corresponding to Fig. 11.11. Solid nest with lympho-
cytes infiltration is present (a). Complex papillary and glandular architecture can be seen (b). (HE
stain, original magnification a: 40x, b: 20x)
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Fig. 11.13 EEC, G2. Same sample as Fig. 11.12. (a): On immunocytochemistry (ICC), clusters
with loss of PTEN expression (upper), with a small number of PTEN expressing stromal cells can
be seen (lower). (b): tumor cells show complete loss of MLH-1 expression (upper). MLH-1
expressing atrophic endometrial epithelial cells can be seen (lower). (ICC, original magnification
a and b: 40x)
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Fig. 11.14 EEC, G2. Same sample as Fig. 11.11. On immunohistochemistry (IHC), neoplastic
glands show complete PTEN loss of expression (a) and loss of MLH-1 expression (b) (IHC, origi-
nal magnification a and b: 20x)

Fig. 11.15 EEC, G3. Nuclear overlapping and loose connection in cluster can be seen (a). Nuclei
show enlarged, various shapes, and display fine granular chromatin and conspicuous nucleoli (b).
(Papanicolaou stain, original magnification a and b: 60x)
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Fig. 11.16 EEC, G3 (same sample as Fig. 11.15) (a): On ICC, neoplastic clusters with loss of
PTEN expression, with numbers of PTEN expressing stromal cells, can be seen (bottom) (b):
almost neoplastic cells exhibit weak expression of p53. (ICC, original magnification a and b: 40x)

Fig. 11.17 EEC, G3 (same sample as Fig. 11.15). Corresponding to histologic preparation (a)
shows solid nests with lymphocytes infiltration. (b): Tumor nests show PTEN loss of expression.
(¢): Tumor nests show with complete loss of MLH-1 expression. (a: HE stain, original magnifica-
tion 20x%, b and ¢: IHC, original magnification 20x)
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Fig. 11.18 EEC, G3. Cluster shows an irregular shape. Significant nuclear overlapping in cluster
can be seen. Nuclei show enlarged, various shapes, and display granular chromatin and conspicu-
ous nucleoli. (Papanicolaou stain, original magnification a and b: 60x)
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Fig. 11.19 EEC, G3 (same sample as Fig. 11.18). (a): On ICC, PTEN expressing clusters. (b):
almost all tumor cells exhibit strong and diffuse nuclear expression of p53. (ICC, original magni-
fication a and b: 40x)
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Fig.11.20 EEC, G3 (same sample as Fig. 11.18). Corresponding histological specimen (a) shows
sheet-like solid nests. (b): Tumor nests show PTEN expression. (¢): Tumor nests show exhibit
strong and diffuse nuclear expression of p53. (a: HE stain, original magnification 20x, b and ¢:
IHC, original magnification 20x)

11.2 Serous Carcinoma, Including Serous Endometrial
Intraepithelial Carcinoma (SEIC)

11.2.1 Background

In the 1980s, ECs were classified as estrogen-dependent Type I or estrogen-
independent Type II. G1 and G2 EECs, which develop from endometrial atypical
hyperplasia/endometrioid intraepithelial neoplasia (EIN), are representative sub-
types of Type I. On the other hand, serous carcinoma (SC) and EEC, G3, are typical
subtypes of Type II. However, Type II tumors are infrequent and often develop in
postmenopausal women with underlying atrophic endometrium [26].

SC was first described by Hendrickson et al. in 1982, and has aggressive biologi-
cal features and poor prognosis [27, 28]. It has a relatively low prevalence, account-
ing for 2-10% of all ECs, and approximately half of all EC-related deaths [29].
Some studies have reported that p53 mutations are common in endometrial serous
carcinoma, and occur early in carcinogenesis [30, 31]. Recently, the Cancer Genome
Atlas (TCGA) study placed SC in the copy-number-high subgroup [32].
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11.2.2 Definition

In the fifth edition of the WHO classification in 2020, SC is defined as a carcinoma
with diffuse, marked nuclear pleomorphism, and a typical papillary and/or glandu-
lar growth pattern. In addition to arising in the atrophic endometrium, development
within endometrial polyps is also possible [33].

SC shows papillary structures with delicate fibrovascular stroma or thick fibrous
strands and, sometimes, tubular structures or slit-like spaces. Tubular structures
composed of columnar tumor cells needing to be differentiated from ECC are some-
times recognized. A solid pattern can also be present. Tumor cells are polygonal to
columnar and show high-grade nuclear atypia, with a high N/C ratio. Psammoma
bodies are occasionally encountered [34].

11.2.3 Cytologic Diagnostic Criteria (Figs. 11.21,11.22, 11.23,11.24,
11.25,11.26 and 11.27)

¢ Frequent hemorrhagic background.

e Frequent occurrence of small to medium-sized 3D clusters showing irregular
structure.

e Nuclear overlapping of three or more layers and irregular cellular arrangement in
the clusters.

e Light-green cytoplasm in almost all tumor cells.

e Nuclei show the increased size and marked pleomorphism with coarse nuclear
chromatin and large and eosinophilic nucleoli; cells with bizarre nuclei and/or
multinucleated syncytial tumor cells are frequently found.

e Mitotic activity is usually high and atypical mitoses are easily recognized.

e Psammoma bodies are present in approximately 30% of cases.

Fig.11.21 SC. Irregularly y

shaped 3D cluster of tumor

cells showing disordered B F ‘ ‘
cellular arrangement.

(Papanicolaou stain,
original magnification 40x) F
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Fig. 11.22 Serous
carcinoma. Tumor cell
clusters are small to
medium-sized and show
nuclear overlapping of
three or more layers.
(Papanicolaou stain,
original magnification 40x)

Fig.11.23 SC. Tumor
cells with light-green
cytoplasm show increased
N/C ratio,
Hyperchromasia,
conspicuous nucleoli, and
pleomorphism.
(Papanicolaou stain,
original magnification 40x)

Fig. 11.24

SC. Corresponding
histologic preparation
shows a complex papillary
pattern. Dissociated tumor
cells and necrotic debris
are also seen. (HE stain,
original magnification 20x)
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A

Fig. 11.25 SC (tiny lesion). 60 y-o patient (a): a medium-sized irregular cluster of tumor cells
from small lesion of serous carcinoma shows pleomorphic, enlarged nuclei. (b): small-sized clus-
ters show nuclear overlapping of more than three layers. (Papanicolaou stain, original magnifica-
tion a and b: 40x)

Fig.11.26 SC (tiny
lesion). Corresponding
histologic preparation
shows complex papillary
and tubular structures.
Tumor is confined to an
endometrial polyp and

4 mm in maximum size.
(HE stain, original
magnification 4x)

In the fourth edition of the WHO classification, serous endometrial intraepithe-
lial carcinoma (SEIC) is described as an immediate precursor lesion of SC that has
no stromal invasion [35]. Similar to SC, the background consists of atrophic endo-
metrium and endometrial polyps. SEIC and serous carcinoma less than 1 cm in
maximum size, without myometrial and vascular invasion or extrauterine metasta-
ses, have a favorable prognosis [36-38]. Unlike EEC, there is a potential for
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Fig.11.27 SC (tiny lesion). Same case as Fig. 11.26. (a): showing small papillary structures with
fibrovascular stroma. (b) tumor cells show enlarged and pleomorphic nuclei. (HE stain, original
magnification a and b: 20x)

extrauterine metastasis to the abdominal cavity. In the fifth edition of the WHO clas-
sification in 2020, SEIC is included in the SC group. SEIC is synonymous with SC;
and should therefore be used as a descriptive, not diagnostic term [39]. Endometrial
cytology plays an important role in diagnosing SEIC, which is often asymptomatic
and has a small size.

In SEIC, tumor cells replace the normal endometrial lining (refer to Chap. 12).
In addition to showing a tubular structure that retains the original glandular shape,
small papillary and sieve-like structures are also seen. There may be a distinctive
front at the non-neoplastic endometrial glandular epithelium. Tumor cells are
polygonal, hobnail-like, and columnar. Nuclear atypia is marked, similar to that of
SC, and the N/C ratio is high. Neoplastic nuclei are 4-5 times larger than atrophic
endometrial glandular nuclei in the background.

The cytologic findings in SEIC are almost the same as those of SC described
above, except that the background is clear and the degree of nuclear overlapping is
often one or two layers [40, 41] (Figs. 11.28, 11.29, 11.30 and 11.31).

11.2.4 Explanatory Note
Zheng et al. reported that approximately 90% of SCs show mutation-pattern over-

expression of p53 protein, with a frequency of TP53 gene mutations of 96%. The
estrogen receptor (ER) is expressed in less than 30% of cases, and insulin-like
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Fig. 11.28
SEIC. Medium-sized
clusters derived from
SEIC, show nuclear
overlapping of more than
three layers, in contrast to
an atrophic endometrial
cell cluster (lower left).
(Papanicolaou stain,
original magnification 40x)

Fig. 11.29

SEIC. Medium-sized
irregular cluster of tumor
cells from SEIC shows
enlarged and pleomorphic
nuclei. (Papanicolaou
stain, original
magnification 40x)

Fig.11.30 SEIC. Large
and eosinophilic nucleoli
are seen in many tumor
cells of

SEIC. (Papanicolaou stain,
original magnification 60x)
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Fig. 11.31 SEIC. (a): corresponding histologic preparation Figs. 11.10, 11.11 and 11.12, shows
glandular structures with no evidence of stromal invasion. (b): tumor cells are confined to the
glands in atrophic endometrium and detached tumor cell clusters. (¢): almost all tumor cells exhibit
strong and diffuse nuclear expression of p53. (a and b: HE stain, original magnification 20x,
c: IHC, original magnification 20x)

growth factor II mRNA-binding protein 3 (IMP3), which is an oncofetal protein
expressed during the fetal period, is overexpressed in 91% of cases. Furthermore,
the labeling index of Ki-67 is as high as 30-50% or more, and p16 expression is
observed in more than 90% of cases [39, 42, 43].

When diagnosing SC, marked nuclear atypia and irregular-shaped tumor cell
clusters are important clues. However, villoglandular-type EEC, high-grade EEC,
and clear cell carcinoma should be differentiated from SC.

Using LBC preparations, it is easy to prepare unstained samples for ancillary
tests, such as immunocytochemistry. Positive stains for p53, p16, ER, and IMP3;
can be used to support the diagnosis (Figs. 11.32 and 11.33).

SEIC also frequently shows mutation-pattern overexpression of p53 protein, and
TP53 gene mutations are seen in 63—72% of cases. ER are also expressed in less
than 30% of cases, similar to serous carcinoma.



11 Malignant Neoplasm 143

Fig. 11.32 SC. (a): small to medium-sized irregular clusters of tumor cells show enlarged, pleo-
morphic nuclei, with conspicuous nucleoli, and overlapping of more than three layers. (b): corre-
sponding histologic preparation shows papillary structures and detached tumor cells clusters. (a:
Papanicolaou stain, original magnification 40x, b: HE stain, original magnification 20x)

Endometrial glandular dysplasia (EmGD), a precancerous lesion of endometrial
serous cancer, has been proposed to be a possible precursor of serous cancer (both
SEIC and SC) [39, 44], judging from the occurrence of p53 abnormalities in the
resting atrophic endometrium (so-called “p53 signature”) [45]. This condition
shows coexistence and transition from the surrounding atrophic endometrial glands
or SEIC. The histopathologic features of EmGD consist of nuclear hyperchromasia
with inconspicuous nucleoli and no atypical mitoses. The size of the lesion may be
as small as 1 mm or less. Many of them show a mutation-pattern overexpression of
p53 protein, and the frequency of TP53 gene mutations is 43%. ER and PgR are
expressed in 70-95%, 60-90% of cases, respectively. Cytological examination
plays an important role in the detection of this state and may assist appropriate clini-
cal management in order to prevent the development of endometrial serous cancer
(Figs. 11.34, 11.35 and 11.36).
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Fig. 11.33 SC (same cases as Fig. 11.32). Immunocytochemical staining (a): tumor cells do not
express or show reduced expression of ER (inset; IHC staining) (b): almost all tumor cells exhibit
strong and diffuse nuclear expression of p53 (inset; IHC staining) (c¢): almost all tumor cells show
cytoplasmic expression of IMP3 (inset; IHC staining). (d): increased ratio of Ki-67 labeled tumor

cells in cluster (inset; IHC staining, original magnification 20x) (ICC, original magnification
a—d: 40x)

Fig. 11.34 A sheet-like - » . * a
epithelial cell cluster is

seen. Epithelial cells show

increased nuclear size with

anisonucleosis and .
hyperchromasia,

suggesting neoplastic

nature. (Papanicolaou .
stain, original

magnification 40x)




11 Malignant Neoplasm 145

Fig. 11.35 Same cases as , e
Fig. 11.14; showing mild
nuclear overlapping. -
(Papanicolaou stain,
original magnification 40x)
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Fig. 11.36 Cytologic preparation from the same sample of Figs. 11.34 and 11.35, (a): ER is
expressed in almost all cells. (b): almost all tumor cells exhibit strong and diffuse expression of
pl6. (¢): almost all tumor cells exhibit strong and diffuse nuclear expression of p53. (d): IMP3 is
not expressed. (ICC, original magnification a—d: 40x)
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11.3 Clear Cell Carcinoma
11.3.1 Background

Clear cell carcinoma (CCC) was first described in 1973 and classified as an estrogen-
independent endometrial carcinoma [46]. The prevalence of CCC is approximately
1-6%. Similar to SC, CCC occurs in patients aged 65 years or older, and postmeno-
pausal irregular uterine bleeding is a frequent symptom. CCC tends to show a high
nuclear grade and is associated with deep myometrial invasion and vascular inva-
sion. Occasionally endometrial polyps occur. It is worth mentioning that the risk of
venous thromboembolism increases in patients with CCC. Studies have reported the
overall 5-year survival rate to range from 55% to 78% [47—49].

DeLair et al. reported that genetic mutations occur in POLE, MMR-D, and p53
in endometrial CCC [50]. Although it had been considered a Type 2 endometrial
carcinoma, its genomic profile shows that endometrial CCC can be regarded as a
tumor with intermediate features between EEC and SC.

11.3.2 Definition

In the fifth edition of the WHO classification of 2020, CCC is defined as a carci-
noma with a papillary, tubulocystic, and/or solid architectural pattern and variably
pleomorphic, cuboidal, flat, or hobnail cells with clear or eosinophilic cytoplasm
[49]. Nuclear atypia is generally moderate to severe, with anisonucleosis and dis-
tinct eosinophilic large nucleoli. Atypical mitoses are rarely seen. Deposits of base-
ment membrane-like substances, including type IV collagen and laminin, are found
in the stroma in form of eosinophilic hyalinized material [51, 52].

11.3.3 Cytologic Diagnostic Criteria (Figs. 11.37,11.38,11.39, 11.40
and 11.41)

* Sheet-like clusters or small papillary clusters with mild nuclear overlapping.

e Tumor cells have abundant and clear cytoplasm with oval to round nuclei with
eosinophilic large nucleoli, and finely granular chromatin.

* Hobnail tumor cells protruding from the margin of clusters and a low N/C ratio.

11.3.4 Explanatory Note

EEC with clear cell areas secondary to secretory changes and squamous differentia-
tion should be differentiated from CCC.

Immunohistochemically, endometrial CCC shows usually a negative or reduced
expression of estrogen receptor (ER) and progesterone receptor (PgR), whereas it is
frequently positive for hepatocyte nuclear factor-1 beta (HNF-1p) and Napsin A;
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Fig. 11.37

CCC. Irregularly shaped
sheet-like cluster of tumor
cells is seen. Almost all
tumor cells have abundant
clear cytoplasm.
(Papanicolaou stain,
original magnification 40x)

Fig.11.38

CCC. Corresponding
histologic preparation
shows a complex papillary
pattern and tubular
structures. (HE stain,
original magnification a
and b: 20x)

Fig. 11.39 CCC. Tumor
cells have abundant clear
or pale eosinophilic
cytoplasm, and also show
increased nuclear size
with, anisonucleosis.
(Papanicolaou stain,
original magnification 40x)
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Fig. 11.40 CCC. Tumor
cell cluster shows mild
nuclear overlapping.
(Papanicolaou stain,
original magnification 40x)

Fig.11.41 CCC. Tumor
cell clusters show mild
nuclear overlapping.
Tumor cells show.
Increased nuclear size,
pleomorphism, fine
granular chromatin, and
conspicuous nucleoli.
(Papanicolaou stain,
original magnification 40x)

these frequencies are 67-100% and 56-93%, respectively. Overexpression of p53 is
found in approximately 22-72% of these cases [49, 53]. A study by Lim et al.
reported that the positivity of HNF-1f, Napsin A, ER, and PgR was 43%, 14%,
86%, and 75%, respectively, in cases of EEC with clear cell areas [54]. Therefore,
the use of immunocytochemical panels composed of HNF-1f, Napsin A, ER, and
PgR is useful for distinguishing EEC with clear cell areas from CCC. However, it
has also been reported that HNF-1f expression tends to be also frequent in SC and
high-grade EEC, and it is hence necessary to pay attention to the differential diag-
noses (Figs. 11.42 and 11.43).
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Fig. 11.42 CCC. Cytologic preparation from the same sample of Figs. 11.39, 11.40 and 11.41,
(a): approximately half of tumor cells exhibit strong nuclear expression of p53. (b): tumor cells are
stained for Napsin A. (¢): tumor cells have PAS-positive glycogen in cytoplasm. (a and b: ICC,
original magnification 40x, ¢: PAS reaction, original magnification 40x)

The Arias-Stella reaction (ASR) and metaplastic changes due to hormonal or
irritative stimulation are also difficult to differentiate from CCC. Because these are
benign lesions, overdiagnosis should be avoided. In ASR, epithelial cell clusters are
composed of cells with clear or vacuolated abundant cytoplasm containing glyco-
gen. The nuclei show some degree of atypia, with an irregular shape, anisonucleo-
sis, relative hyperchromasia, and presence of intranuclear cytoplasmic inclusions
[55]. Philip et al. reported that HNF-1f and Napsin A are highly expressed in ASR
(100% and 96%, respectively). Expression of the ER and PgR is also reduced or
absent [56]. Because of the overlapping IHC profile of ASR, immunohistochemical
studies for differentiated CCC are limited. Clinical information, such as the pres-
ence or absence of pregnancy or hormonal drug use, is important. On the other
hand, metaplastic changes with large nucleoli mimicking CCC are positive for ER,
PgR, and negative for Napsin A and HNF-1p. This expression pattern is a useful
ancillary finding for distinguishing CCC (Figs. 11.44 and 11.45).
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Fig.11.43 CCC. Corresponding histologic preparation Figs. 11.39, 11.40 and 11.41, (a): approx-
imately almost tumor cells exhibit strong nuclear expression of p53. (b): tumor cells are stained for
Napsin A. (IHC, original magnification a and b: 20x)
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Fig. 11.44 (a) Metaplastic epithelial cells with abundant pale eosinophilic cytoplasm should be
differentiated from CCC. (b) These epithelial cells show nuclear enlargement with prominent
nucleoli. (Papanicolaou stain, original magnification a and b: 40x)
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11.45 Cytologic preparation from the same sample of Fig. 11.44, (a): approximately almost

all epithelial cells show expression of ER. (b): Napsin A is not expressed. (ICC, original magnifi-
cation a and b: 40x)
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IMP3 Insulin-like growth factor-II mRNA-binding protein 3
LBC liquid-based cytology

LGB light green body

MCIP metaplastic clusters with irregular protrusion

SPSC Surface Papillary Syncytial Change

WT-1 Wilms’ tumor 1 protein

12.1 Background

Uterine bleeding that occurs at irregular intervals (which can be prolonged and
excessive, or scanty and prolonged) is considered dysfunctional uterine bleeding
(DUB) if there is no easily assignable cause. Anovulatory cycles may lead to DUB
with changes in the endometrium; in these cases, DUB occurs frequently and many
patients are referred to the gynecology outpatient clinics for evaluation [1]. At the
time of menopause, anovulatory cycles frequently cause changes in simple atrophic
endometrium leading to abnormal bleeding in many cases.

Anovulatory DUB due to raised estrogen levels is more often associated histo-
logically with persistent Proliferative Endometrium (PE) and Endometrial
Hyperplasia (EH); they may both lead to breakthrough bleeding [2]. The origin of
breakthrough bleeding in PE and EH can be traced to stromal breakdown, which is
associated with pools of extravasated erythrocytes following the disruption of the
capillaries plugged by platelet/fibrin thrombi [3, 4]. In this aspect, cytologic find-
ings of anovulatory DUB may simulate EH, leading to difficulty in interpretation of
directly sampled endometrial mucosa. Hence, correct recognition of the cytologic
findings in anovulatory endometrium is also required to rule out EH.

The appearance of atypical glandular cells in cervicovaginal smears was reported
in 1975 by Ehrmann [5] in 2 cases with false-positive cytology, which were retro-
spectively thought to be associated with endometrial stromal breakdown. Since
then, there has been no description of atypical cells in the anovulatory endometrium.

12.2 Definition

The cytological features of the detached endometrial fragments that reflect the his-
tological architecture of EGBD are described below.

12.2.1 Condensed Stromal Clusters (CSC)

There are various references to the histological features of DUB [1-4]. The changes
associated with anovulatory bleeding, which are referred to as EGBD, are charac-
terized by extensive fragmentation of PE; as the ground substance undergoes dis-
solution, the normal architecture collapses; isolated, fragmented glands come to lie
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haphazardly, without any surrounding stroma (Figs. 12.1, 12.2, 12.3 and 12.4).
These degenerative stromal cells condense and form compact nests of cells with
hyperchromatic nuclei and little or no cytoplasm (Figs. 12.5 and 12.6). The cytoar-
chitectural features reflecting these histological changes are defined as “condensed
stromal clusters (CSC)” (Figs. 12.7 and 12.8) [6-8]. This characteristic cellular
finding is significant for the cytologic diagnosis of EGBD and is found rather
commonly.

12.2.2 Metaplastic Clusters with Irregular Protrusion (MCIP)

This definition comprises various types of hormonally induced metaplastic changes
in the endometrium observed both in benign and premalignant or malignant condi-
tions [9-11]. Frequently, in histological samples of EGBD, metaplastic changes

Fig.12.1 EGBD. There is
extensive fragmentation of
endometrial glands. Strips
of surface epithelium
showing SPSC are present
(yellow arrows). The
stromal cells are condensed
into tight clusters (green
arrows). These findings are
typically found in
association with
anovulatory cycles. (H&E
stain, original
magnification 4x)

Fig.12.2 EGBD. There is
extensive fragmentation of
endometrial glands. Strips
of surface epithelium
showing SPSC are present
(yellow arrows). The
stromal cells are condensed
into tight clusters (green
arrows). Thin-walled
ectatic venules may
contain prominent fibrin
thrombi (*). (H&E stain,
original magnification 4x)
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Fig. 12.3 EGBD. There is
extensive fragmentation of
proliferative glands,
stromal necrosis, and
hemorrhage. (H&E stain,
original magnification 4x)

Fig. 12.4 EGBD. There is
extensive fragmentation of
proliferative glands,
stromal necrosis, and
hemorrhage. The glandular
crowding results from the
breakdown and dissolution
of the intervening stroma;
this should not be confused
with crowding as a result
of hyperplasia. (H&E stain,
original magnification 4x)

Fig. 12.5 EGBD.
Frequently, in the
histological samples of
EGBD, these degenerative
stromal cells condense and
form compact cell balls.
(H&E stain, original
magnification 40x)
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Fig. 12.6 EGBD. The
condensed stromal cells
show hyperchromatic
nuclei with little or no
cytoplasm. (H&E stain,
original magnification 40x)

Fig. 12.7 EGBD-
condensed stromal clusters
(CSC). The
cytoarchitectural features
reflecting histological
findings of Figs. 12.5 and
12.6 are defined as

CSC. This characteristic
cellular finding is
significant for the cytologic
diagnosis of

EGBD. (Papanicolaou
stain, original
magnification 40x)

Fig. 12.8 EGBD-CSC. In
cytologic samples,
irregular protrusion pattern
and nuclear overlapping
with more than 3 layers are
recognized; additionally
reniform or spindle nuclei
with little or no cytoplasm
are observed. The arrow
indicates a light green
body (LGB).
(Papanicolaou stain,
original magnification 40x)
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occur also in the endometrial surface epithelium (Figs. 12.9 and 12.10) [1, 10, 11].
These latter are collectively referred to as Surface Papillary Syncytial Change
(SPSC), also known as papillary metaplasia, eosinophilic syncytial change, and sur-
face syncytial change.

Although in SPSC the formation of true papillae is lacking (due to the absence of
a fibrovascular core), the cells show eosinophilic cytoplasm, indistinct cell mem-
branes, and moderately prominent nucleoli. Occasionally, the nuclei can be enlarged
and contain a single prominent nucleolus. Hence SPSC in EGBD may mimic some
of the atypical cytologic features found in endometrial intraepithelial carcinoma
(EIC) or endometrial atypical hyperplasia.

In a previous study, Norimatsu et al. [7, 12] have found that a higher frequency
of metaplastic changes in cellular samples was found in EGBD. In cytologic prepa-
rations, these latter consist of glandular cells with thick cytoplasm and spindled or
round nuclei with slight to moderate swelling; moderately enlarged nucleoli may be

Fig.12.9 EGBD.
Frequently, in the
histological samples of
EGBD, metaplastic
changes (arrows) occur
also in the endometrial
surface epithelium. They
are called SPSC, also
known as papillary
metaplasia, eosinophilic
syncytial change, and
surface syncytial change.
(H&E stain, original
magnification 10x)

Fig.12.10 EGBD.
Although SPSC is lacking
the formation of true
papillae (since they lack a
fibrovascular core), the
cells show eosinophilic
cytoplasm, indistinct cell
membranes, and
moderately prominent
nucleoli. (H&E stain,
original magnification 60x)




12 Endometrial Glandular and Stromal Breakdown (EGBD) as Benign Mimics... 161

found as sometimes associated with some irregular small epithelial projections
which can be seen bulging from the edges of the cell clusters. These findings were
defined as “Metaplastic Clusters with Irregular Protrusion (MCIP)” (Figs. 12.11
and 12.12).

In EGBD cases, MCIP appears to be common, occurring in 90.6% of our cases,
and they are rather characteristic in comparison with other lesions [7, 12]. Sherman
et al. [1] noted that SPSC is an epithelial change that is associated with stromal
breakdown and that these lesions typically involve the surface epithelium.
Histopathological findings of acute endometrial breakdown, as previously shown by
Zaman and Mazur [11] who reported such changes, were intimately admixed with
foci of SPSC along the surface epithelium. Due to the similarity between SPSC in
histopathology and MCIP, these latter were considered as corresponding to SPSC in
cytologic preparations.

Fig.12.11 EGBD-
metaplastic clusters with
irregular protrusion
(MCIP). The
cytoarchitectural features
reflecting histological
findings of Figs. 12.9 and
12.10 are defined as
MCIP. This characteristic
cellular finding is
significant for the cytologic
diagnosis of

EGBD. (Papanicolaou
stain, original
magnification 40x)

Fig.12.12 EGBD-
MCIP. In cytologic
samples, irregular
protrusion pattern and
nuclear overlapping with
more than 3 layers are
recognized, additionally
also spindled or round
nuclei with wide and thick
cytoplasm are observed.
(Papanicolaou stain,
original magnification 40x)
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There still remains the problem of understanding the pathogenesis of these
changes. Several studies [11, 13, 14] reported that “condensed stromal cells” were
contained within SPSCs in histopathological samples of EGBD (Figs. 12.13 and
12.14). Sherman et al. described that SPSC forms microscopic protrusions on the
endometrial surface overlying condensed stromal cells or envelop clusters of stro-
mal cells [1]. Zaman and Mazur [11] have shown that the presence of dense clusters
of endometrial stroma often with a cap of epithelium is the defining feature of the
process of acute endometrial breakdown. Lehman and Hart [14] noted that the pres-
ence of rounded clusters of endometrial stromal cells associated with nuclear debris
and neutrophils is a characteristic feature. As it concerns the nature of these lesions,
it seems that, however, they are neither pathological nor metaplastic, and rather
represent a tissue repair response/process following bleeding endometrial
breakdown.

Fig.12.13 EGBD.
Frequently, in the
histological samples of
EGBD, SPSC form
microscopic projections on
the endometrial surface
overlying condensed
stromal cells (yellow
arrows) or enveloping
cluster of stromal cells (*).
(H&E stain, original
magnification 20x)

Fig.12.14 EGBD. The
dense clusters of
endometrial stroma (*)
often with a cap of SPSC
epithelium are the defining
features of the process of
EGBD. (H&E stain,
original magnification 40x)
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Fig. 12.15 EGBD-MCIP with CSC. When, in cytologic samples, an irregular protrusion pattern
with nuclear overlapping >3 layers and nuclear atypia (enlarged nuclei and a single prominent
nucleolus) are observed, differential diagnosis with malignancy is necessary. The recognition of an
attachment or inclusion of CSC (*) on MCIP can be of great help in confirming the cytologic
diagnosis of EGBD. (Papanicolaou stain, original magnification a: 40x, b: 60x)

Association or co-existence of CSC with MCIP was recognized in 93.1% of
EGBD cases [7, 12], and it was a statistically highly significant feature compared to
other lesions. Therefore, it is believed that “MCIP with CSC” (Figs. 12.15 and
12.16) originate from SPSC on the endometrial surface epithelium as a response
tissue repair following bleeding endometrial breakdown. Their joint finding can
hence be of great help in confirming the suggestion of EGBD [7, 12].

12.2.3 Light Green Body (LGB)

In the CSC or background, “Light Green Bodies (LGB)”, defined as light green
amorphous substance blocks with patchy granular or fibrillary staining pattern, may
also be observed [15] (Fig. 12.17). As for the histopathological features of EGBD,
it was reported that the endometrium often displays thin-walled ectatic venules that
may contain prominent fibrin thrombi, a feature seldom encountered in normal
menstrual mucosa (Fig. 12.18) [1-4].

Likewise, Maksem et al. [16] showed that fibrin thrombi are often intimately
associated with discrete areas surrounding stromal breakdown in histopathologic
preparations, and fibrin thrombi decorated by adherent stromal cells were also iden-
tified in cytologic preparations. We speculated that those fibrin thrombi and LGB
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Fig. 12.16 EGBD-MCIP with CSC. The recognition of attachment or inclusion of CSC (*) on
MCIP can be of great help in confirming the cytologic diagnosis of EGBD endometrium.

(Papanicolaou stain, original magnification a and b: 40x)

Fig.12.17 LGB of
EGBD. In the CSC or in
the background of
cytologic samples, LGB
(light green amorphous
substance blocks with
patchy granular or
fibrillary staining pattern)
may also be observed.
Identification of LGB may
be another useful
diagnostic cytological
criterion of

EGBD. (Papanicolaou
stain, original
magnification 40x)
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were identical™!. The occurrence of CSC including an LGB was 44.8% and an aver-
age of 2 LGBs was found per case. In addition, the occurrence of LGBs in the
background was 91.4% and an average of 4 LGBs was found per case. Identification
of LGB seems to be another useful diagnostic cytological criterion of EGBD.
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Fig.12.18 EGBD. In the
histological samples of
EGBD, thin-walled ectatic
venules that may contain
fibrin thrombi can often be
found, reflecting the LBG
of Fig. 12.17. (H&E stain,
original magnification 40x)

12.3 Criteria

12.3.1 Condensed Stromal Clusters (CSC)

e Degenerative stromal cells condense and form compact nests.

* High diagnostic value in EGBD.

12.3.2 Metaplastic Clusters with Irregular Protrusion (MCIP)

e Metaplastic changes are recognized as structural atypia in cytological

preparations.
e MCIP may mimic cell clusters of endometrial carcinoma.

12.3.3 MCIP with Condensed Stromal Clusters (CSC)

* Response of tissue repair following bleeding endometrial breakdown.
* High diagnostic value in EGBD.

12.3.4 Light Green Body (LGB)

e Thrombi mainly formed by clustered platelets.
e A patchy granular or fibrillary staining pattern is observed.
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12.4 How to Classify EGBD in the “Algorithmic Approach
to the Yokohama System (TYS)”

EGBD, a non-pathological endometrium, must be classified as TYS1. For that rea-
son, it is important to identify the CSC, MCIP, and LGB. As for CSC or MCIP in
EGBD, microscopically, an irregular protrusion pattern (Fig. 12.19) and nuclear
overlapping with more than 3 layers (Figs. 12.20 and 12.21) may be observed. As
for the identification of CSC, the observation of the reniform (Figs. 12.22 and 12.23)
or spindle nuclei with little or no cytoplasm is important. As for the identification of
MCIP, the observation of spindle nuclei (Fig. 12.24) with wide and thick cytoplasm
and/or/with cilia (Fig. 12.25), and/or/with condensed stromal clusters is important.
In addition, blood and/or LGB is observed in the background.

Finally, when various proportions of the main three cytological criteria of CSC,
MCIP, LGB are verified, a diagnosis of EGBD may be postulated. However, opera-
tors unfamiliar with endometrial cytology and the TYS classification may actually
classify the CSC or MCIP as TYS4 or TYS5/6 because of an irregular protrusion
pattern and nuclear overlapping with more than 3 layers.

Fig. 12.19 EGBD. At low power microscopic evaluation, an irregular protrusion pattern is recog-
nized. (Papanicolaou stain, original magnification a: 4x, b: 10x)
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Fig. 12.20 CSC of EGBD. At intermediate microscopic magnification, by fine focusing, nuclear
overlapping amounts to more than 3 layers. (Papanicolaou stain, original magnification a—d: 40x)

12.5 Differential Diagnosis

As stated before, CSC and MCIP in EGBD cases may simulate the clusters of can-
cer cells (CCC) in endometrial carcinoma (EC), leading to difficulty in cytological
interpretation [10, 12, 17, 18]. Criteria based on the nuclear findings and molecular
biology in addition to the cytoarchitectural criteria are hence necessary for a further
improvement of the diagnostic accuracy.

12.5.1 Nuclear Findings in LBC: Discrimination Between EGBD
and G1-EEC

In order to accurately perform this differential diagnosis, several detailed nuclear
criteria must be found in liquid-based cytology (LBC) samples in addition to the
cytoarchitectural criteria for EGBD and grade 1-endometrial endometrioid
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Fig. 12.21 MCIP of EGBD. An irregular protrusion pattern with nuclear overlapping with more
than 3 layers is recognized. (Papanicolaou stain, original magnification a—d: 40x)

carcinoma (G1-EEC). The following discriminating nuclear findings™ should be
highlighted [17, 18]: (1) in CSC of EGBD, the nuclei are characteristically small, of
reniform or spindle shape, nuclear chromatin tends to be hyperchromatic (Figs. 12.22
and 12.23); (2) in MCIP of EGBD, larger spindle-shaped nuclei are characteristic
(Fig. 12.24); (3) as it concerns CCC in G1-EEC, round-oval nuclei appear to
predominate.

12.5.2 Immunocytochemical Findings in LBC: Discrimination
Between EGBD and EEC

12.5.2.1 CSC of EGBD versus CCC of EEC

CD10 is stated to be a reliable and sensitive immunohistochemical (IHC) marker of
normal endometrial stroma and both CD10 [19] and Wilms’ tumor 1 protein (WT-1)
[20] expression may be of value in diagnosis. Cytokeratin CAM 5.2 (CAM 5.2) may
be used as a negative marker in the discrimination between endometrial stromal and
smooth muscle tumors of the uterus [21]. Norimatsu et al. [17] studied the immuno-
cytochemical (ICC) expression of these markers and found that CSC of EGBD was
positive for CD10 and WT-1, while CCC of EEC was positive for CAMS.2. In this



12 Endometrial Glandular and Stromal Breakdown (EGBD) as Benign Mimics... 169

Fig. 12.22 EGBD. At high microscopic magnification, “reniform (arrows) or spindle nuclei with
little or no cytoplasm” are observed and a presumptive diagnosis of CSC is made. (Papanicolaou
stain, original magnification a—c: 100x)

way, a combination of WT-1, CD10 (Fig. 12.26), and CAMS5.2 (Fig. 12.27) is useful
for the discrimination between CSC of EGBD and CCC of EEC.

12.5.2.2 SPSC (MCIP) of EGBD versus CCC of EEC/ESC

Since MCIP (Figs. 12.28b and 12.29b) of EGBD may occasionally display papillary-
like arrangement and some nuclear atypia, resembling endometrial serous carci-
noma (ESC) (Fig. 12.28a) or EEC (Fig. 12.29a), it may be misdiagnosed as
malignancy [22, 23]. To this concern, pS3 overexpression occurs more frequently in
non-endometrioid type or poorly differentiated ECs with p53 mutation, so this stain
might usefully be exploited for the identification of high-grade ECs [24, 25].

In addition, invasive and noninvasive ESC showed significant overexpression of
p53 and Ki-67. Cyclin A expression was involved in the progression to malignancy
of the endometrium and was correlated with proliferative activity and prognostic
features including histological grade [26]. In previous studies, Zaman et al. [11]
reported that SPSC has a low Ki67 index on IHC, and p53 shows a weak and het-
erogeneous pattern. Norimatsu et al. [27-30] studied the ICC expression of p53
(Fig. 12.30) and cyclin A (Fig. 12.31) for the discrimination between MCIP of
EGBD and CCC of EEC/ESC. As a result, since MCIP of EGBD showed a
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Fig. 12.23 Characteristics of nuclear findings in CSC of EGBD. The adoption or refined nuclear
findings is indispensable for accurate LBC differential diagnosis between EGBD and G1-EEC. In
CSC of EGBD, the nuclei are characteristically small, of reniform (arrows) or of spindled shape,
nuclear chromatin tends to be hyperchromatic. (Papanicolaou stain, original magnification 100x)

significantly lower immunoreactivity for both markers compared with CCC of EEC,
they may be helpful for discrimination between EGBD and EEC/ESC.

However, due to the consistent nuclear and cytoplasmic expression of pl6
(INK4A) by SPSC, this lesion may be misdiagnosed, in some cases, as surface ESC
[31, 32]. Therefore, it is necessary to demonstrate the double negativity of both
markers in SPSC. Several authors [33-36] reported that “insulin-like growth factor-
II mRNA-binding protein 3 (IMP3)” is a useful ICC marker to distinguish between
ESC and EEC (G1, G3). Very recently, Norimatsu et al. [37] also found that IMP3™3
is one of the helpful ICC markers to distinguish ESC from EEC (G1, G3) or MCIP.

When the score > 3 threshold for IMP3 ICC expression was used, only ESC
cases (Fig. 12.32a) showed significantly higher expression than G3- (Fig.12.32b)
and G1- (Fig.12.33a) EEC cases, while all of the benign endometrium cases includ-
ing MCIP showed negative cytoplasmic staining (Fig. 12.33b). This study is the first
evaluation in the literature of the ICC expression of IMP3 in a relatively large series
of not only EECs but also MCIP. A combination of IMP3 and other biomarkers may
be necessary as an ancillary tool in routine endometrial cytology (Figs. 12.34 and
12.35), and this approach seems to represent a promising role in the enhancement of
diagnostic reproducibility.
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Fig. 12.24 Characteristics of nuclear findings in MCIP of EGBD. Large spindle-shaped nuclei
should also be searched and identified in MCIP. (Papanicolaou stain, original magnification a
and b: 60x)

r

Fig. 12.25 MCIP of EGBD. Ciliated epithelia may also be observed (arrows) is observed in
MCIP. (Papanicolaou stain, original magnification a and b: 60x)
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Fig. 12.26 ICC findings (CD10) in CSC of EGBD. As for CD10 immunoreactivity, CSC of
EGBD shows brown cytoplasmic staining (a), while CCC of G1-EEC shows negative staining (b).
(ICC stain, original magnification a and b: 40x)

Fig.12.27 ICC cytokeratin findings in CSC of EGBD. Cytokeratin CAM 5.2 is typically positive
for the cytoplasms in CCC of G1-EEC (a), while CSC of EGBD shows negative staining (b). (ICC
stain, original magnification a and b: 40x)
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Fig.12.28 MCIP of EGBD vs CCC of ESC. Since MCIP of EGBD (b) may occasionally display
papillary-like arrangement and some nuclear atypia, mimicking CCC of ESC (a), it may be misdi-
agnosed as malignancy. (Papanicolaou stain, original magnification a and b: 40x)

b 4

Fig.12.29 MCIP of EGBD vs CCC of EEC. MCIP of EGBD (b) may occasionally display papil-
lary arrangement and some nuclear atypia, resembling CCC of EEC (a), hence it may be misdiag-
nosed as malignancy. (Papanicolaou stain, original magnification a and b: 40x)
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Fig. 12.30 ICC findings (p53) in MCIP of EGBD. As for p53immunoreactivity, MCIP of EGBD

(b) shows a weak and heterogeneous pattern of nuclei, while CCC of ESC (a) shows strong nuclear
staining. (ICC stain, original magnification a and b: 40x)

Fig. 12.31 ICC findings (Cyclin A) in MCIP of EGBD. As for cyclin A immunoreactivity, MCIP
of EGBD (b) shows moderately intense nuclear staining with <5% nuclear labeling index. In con-
trast, CCC of ESC (a) shows moderate to strong nuclear staining with > 50% nuclear labeling
index. (ICC stain, original magnification a and b: 40x)
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Fig.12.32 IMP3 ICC findings in MCIP of EGBD. In ESC cases (a), tumor cells show diffuse and
intense positive cytoplasmic staining, while in G3-EEC (b), tumor cells show low-frequency and
intensity of the nuclear stain. (ICC stain, original magnification a and b: 20x)

Fig.12.33 IMP3 ICC findings in MCIP of EGBD. In G1-EEC (a) and MCIP of EGBD (b), tumor
cells show negative staining. (ICC stain, original magnification a and b: 20x)
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Fig. 12.34 Query G3-EEC or SEC. The case concerns a 68 Y-O woman diagnosed with malig-
nant neoplasm (TYS6) by endometrial cytology. On cytological examination, G3-EEC or SEC was
suspected since neoplastic cells in clusters enlarged nuclei (a). ICC staining showed strong expres-
sion of IMP3 by the neoplastic cells (b), and a diagnosis of SEC was strongly favored (Papanicolaou
stain (a), ICC stain (b), original magnification a and b: 40x).

THC examination on tissue biopsy showed diffuse expression of the neoplastic cells for IMP3 (d)
and p53 (e), partial expression for estrogen receptor, and no expression for vimentin. ESC was
suggested (c). The subsequent radical hysterectomy sample showed tubo-ovarian ESC. (H&E stain
(¢), IHC stain (d and e), original magnification c—e: x20)
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Fig.12.35 Query MCIP in EGBD. The case concerns a 55 Y-O woman. The endometrial cytology
sample shows a few clusters with irregular protrusion patterns (a), and nuclear overlapping with >
3 layers in a hemorrhagic background (b). Since the spindle-shaped nuclei (¢) were observed, MCIP
of EGBD was suspected. However, the diagnosis of EGBD could not be confirmed because CSC
was not found. (Papanicolaou stain (a—c), original magnification a: x10; b and ¢: x40).

In the ICC study, IMP3 staining (d) was negative and p53 (e) showed a weak and heterogeneous
pattern. The cytological sample was diagnosed as consistent with MCIP, and subsequent biopsies
confirmed the diagnosis of EGBD (f). (ICC stain (d and e), H&E stain (f), original magnification
d and e: x40, f: x20)



178 Y. Norimatsu et al.

12.6 Explanatory Note
12.6.1 *1:Light Green Body (LGB)

As for the nature of LGB (Fig. 12.36a), IHC on paraffin-embedded tissue sections
gave positive results for CD31, factor VIII (Fig. 12.36b) and CD42b (Fig. 12.36¢),
but fibrinogen (Fig. 12.36d) staining gave a negative or weakly positive reaction.
The results of ICC on LBC preparations were comparable: LGB stained positively
for CD31, factor VIII (Fig. 12.37a, b) and CD42b (Fig. 12.37¢c, d). In particular,
CD42b acts as an adhesion receptor for the von Willebrand factor and thrombin [38].

These above-mentioned results indicate that LGB in an EGBD case were thrombi
mainly formed by clustered platelets. The non-uniform granular pattern or mesh-
like fiber pattern in LGB could be explained with mesh-like fibrin net entrapping
platelets.

Fig.12.36 EGBD-LGB. As for the nature of LGB (a), IHC gave positive results for CD31, factor
VIII (b) and CD42b (c¢), while fibrinogen (d) staining gave a negative or weakly positive reaction.
(H&E stain (a), IHC stain (b—d), original magnification a—d: 40x)
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Fig. 12.37 EGBD-LGB. The results of ICC on LBC are comparable: LGB stained positively for
factor VIII (a and b) and CD42b (¢ and d). (Papanicolaou stain (a and ¢), ICC stain (b and d), origi-
nal magnification a—d: 20x)

12.6.2 *2: Comparison of the Frequency of Nuclear Shape

As for the 30 cases in each group in the quoted study, five clusters were selected in
every case for each group (PE, CSC of EGBD, MCIP of EGBD, and CCC of
G1-EEC) at random. With respect to nuclear shape, 50 cells per cell cluster were
classified into three subtypes: (1) round-oval, (2) spindle, and (3) reniform, then 5
cell clusters in each case were examined, and the frequency of nuclear shape of 250
cells was calculated.

As for the round-oval shape parameter, CCC of G1-EEC (95.9%) had a signifi-
cantly higher value in comparison with CSC of EGBD (70.5%) and MCIP of
EGBD (82.9%), respectively. As for the spindle shape parameter, its frequency in
MCIP of EGBD (17.1%) was significantly higher in comparison with other
groups, respectively. As for the reniform shape parameter, its frequency in CSC of
EGBD (20.6%) was significantly higher in comparison with other groups,
respectively.
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12.6.3 *3:IMP3 Immunocytochemical Expression in LBC Samples

ICC expression of IMP3 was evaluated in LBC samples to support differential diag-
nosis of EEC, ESC, and MCIP of EGBD. In total 333 LBC samples were studied,
made up of 97 EEC (83 G1-ECC, 14 G3-ECC), 35 ESC, and 201 benign endometria
(51 proliferative, 42 secretory, 38 atrophic, 70 MCIP of EGBD).

The staining intensity was classified as follows: absent = 0, weak = 1+, moder-
ate = 2+ and strong = 3+ reaction and the frequency of positive staining cells was
classified as 0% = 0, 1-5% = 1, 6-50% = 2 and > 50% stained/% cells = 3. For
statistical analysis, a quantitative scoring method (percentage x intensity) was used,
which ranged from 0 to 9, as previously described. Any score > 3 was considered to
be positive.

ICC cytoplasmic expression of IMP3 was found in all of the ESC cases. The
frequency of positively staining tumor cells was more than 50% in 24 cases (68.6%),
6-50% in six cases (17.1%), and 1-5% in five cases (14.3%). As for the staining
intensity, 21 cases (60%) showed strong staining of tumor cells and seven cases
(20%) showed moderate or weak staining. IMP3 staining in G3-ECC cases was
negative in 10 cases (71.5%), and positive in four (28.5%) cases. Among these four
cases, one (7.1%) showed variable positivity in 6-50% of tumor cells according to
the selected microscopic fields, and three cases (21.4%) showed positivity in 1-5%
of tumor cells. Weak staining was found in only four (28.6%) cases.

IMP3 staining in G1-ECC cases was negative in almost all of the cases (81 cases;
97.6%) and positive only in two (2.4%) cases. Of the two positive cases, one (1.2%)
had positive staining in 6-50% or 1-5% of tumor cells according to the selected
microscopic fields. IMP3 staining was absent in almost all of G1-ECC cases (81
cases; 97.6%) and only two (2.4%) cases had weak staining. All of the 201 benign
endometrial cases including MCIP of EGBD cases showed negative ICC expression
of IMP3.

As for the distribution of positive IMP3 expression (with score > 3), only ESC
cases showed positive ICC expression (28/35 cases; 80%). These findings were
present at a significantly higher frequency in comparison with all the other diagnos-
tic categories (p <0.0001).
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Atypical Endometrial Cells (ATEC) 1 3

Kenji Yanoh

13.1 Background

In the 1988 Bethesda System for reporting cervical/vaginal cytologic diagnoses
[1], the Papanicolaou classification was abolished because the Papanicolaou clas-
sification had no equivalent in diagnostic histopathologic terminology. In the
1988 system, the new diagnostic terms “low-grade and high-grade squamous
intraepithelial lesions” were adopted. Additionally, “Atypia” was defined for use
with those cases in which the cytologic findings are of undetermined significance.
“Atypia” should not be used as a diagnosis for otherwise defined inflammatory,
pre-neoplastic, or neoplastic cellular changes. To assist the referring physician, a
report in which cells are described as “atypical” should include a recommendation
for further evaluation that may help to determine the significance of the atypical
cells. As a result, in the classification of squamous cell abnormalities, “Atypical
squamous cells of undetermined significance” (ASCUS), “Squamous intraepithe-
lial lesion” (SIL), and “Squamous cell carcinoma” were proposed. In the 2001
Bethesda system (TBS 2001) [2], the term “atypical squamous cells” was quali-
fied as “of undetermined significance” (ASC-US) or “cannot exclude high-grade
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SIL” (ASC-H). Eliminating the “Atypical squamous cells” (ASC) category by
classifying every specimen as “negative for intraepithelial lesion/malignancy”
(NILM) or “SIL” using light microscopy alone is not feasible. However, misclas-
sification may lead to loss of both sensitivity and positive predictive value.
Therefore, in TBS 2001, the category “Atypical squamous cells” (ASC) was
retained.

Regarding endometrium, there was an increasing need in Japan for a new
reporting format to replace the classical reporting format, which used terms such
as “Negative,” “Suspicious”, and “Positive.” In 2012, a study group of The
Japanese Society of Clinical Cytology (JSCC) published a descriptive reporting
format for endometrial cytology in the Bethesda style [3]. A category designated
“Atypical endometrial cells” (ATEC) was newly adopted in this reporting format.
The ATEC category has to be applied when, for any reason, a histological diagno-
sis cannot be assigned, for instance, due to inflammatory changes, metaplastic
changes, iatrogenic effects, or any other changes with some cytomorphologi-
cal impact.

Another descriptive reporting system for endometrial cytology was advocated by
a committee in Greece [4]. Both reporting systems employ a “Bethesda-style” for-
mat. As a result, these two reporting systems have similar diagnostic algorithms,
including the use of the ATEC term. After intensive discussion during and after the
ICC 2016 symposium held in Yokohama, Japan, we, attendants of this symposium,
have combined the two reporting systems to generate TYS “the Yokohama System
for reporting directly sampled endometrial cytology” [5].

According to the TYS, ATEC includes ATEC-US “Atypical endometrial cells,
of undetermined significance” and ATEC-AE “Atypical endometrial cells, cannot
exclude endometrial atypical hyperplasia/endometrioid intraepithelial neoplasia
(EAH/EIN) or malignant conditions”. ATEC-US is selected when atypical endo-
metrial cells are observed. However, in ATEC-US, the diagnostic significance of
these atypical endometrial cells cannot be determined due to cytomorphological
changes that may be associated with inflammation, hormonal imbalance, or other
phenomena. ATEC-AE is selected when the possibility of atypical endometrial
hyperplasia or malignant tumor is not excluded. However, cytologic changes are
qualitatively or quantitatively insufficient to permit definitive diagnosis as EIN or
malignant neoplasm. While a more detailed cytological diagnosis can be selected
for cases of “Negative for malignancy,” “endometrial hyperplasia,” “atypical
endometrial hyperplasia,” or “malignant tumor” with endometrial cytology, for
cases evaluated as ATEC/either ATEC-US or ATEC-AE must be selected, without
exception.

The ATEC category does not represent a single biological entity. Moreover, this
category comprises two subcategories, including ATEC-US and ATEC-AE. In TYS,
ATEC-US includes a wide spectrum of conditions, ranging from benign conditions
to neoplastic changes. In future work, scientific verification research, like that of the
ASCUS/LSIL triage study (ALTS), is expected to render the ATEC-US classifica-
tion more definite and easier to use.

2
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13.2 Definition

ATEC, which refers to cytologic changes suggestive of abnormal endometrial con-
ditions including endometrial carcinoma, does not represent a single biological
entity. Accordingly, ATEC includes a wide spectrum of conditions ranging from
benign changes resulting from inflammation, abnormal hormonal circumstances,
iatrogenic effects, or intrauterine device (IUD), to neoplastic changes. Pre-neoplastic
conditions may be included. This category was devised to designate the cellular
interpretation of an entire specimen, not that of individual cells. While rigid clinical
triage methods exist for ASC, no clinical triage methods have been proposed for
ATEC. As for ATEC-AE, endometrial biopsy or curettage is considered to be neces-
sary, because atypical endometrial hyperplasia or carcinoma might be included.
Given that ATEC-US is expected to include a wide spectrum of conditions ranging
from a benign endometrium to neoplastic changes, it is difficult to determine a tri-
age method for such cases at the present time. Currently, repeated endometrial
cytology during 2 or 3 months or endometrial biopsy is recommended. To avoid
abuse of this category, ATEC-US should be used in less than 5% of the total results.
In Chap. 13, some microscopic images are shown as a result of the OSG training
activities. The OSG (Osaki study group) was established in May 2012 as a non-
profit organization in Japan with the purpose of conducting research and training
activities to contribute to the dissemination of knowledge and skills related to endo-
metrial cytology. Basically, a set of several images of endometrial cells from LBC
preparations was chosen, which had been preliminarily examined by a group of
experienced cytopathologists, and classified as most possibly representing the
“ATEC” category of the TYS. The images were circulated to 14 OSG volunteers,
and diagnosed according to the criteria of “The Yokohama System for Reporting
Endometrial Cytology”. The only clinical information provided was the patient’s
age. The results were tabulated using “The Yokohama System for Reporting
Endometrial Cytology”. Each panel member worked blindly and the individual
diagnostic considerations were tabulated before the final cytological interpretation.
The percentage in parentheses in the figures in Chap. 13 shows the results of the
relative percentage of diagnostic observations.

13.3 ATEC-US

The term ATEC-US (TYS2) is used when atypical endometrial cells are observed
but the significance of such cells cannot be determined because of interference by
inflammatory, abnormal hormonal environmental, or iatrogenic effects. For cases
within the cytological categories mentioned above, ATEC-US (TYS2) should be
selected. When referring to the ATEC-US category, the reason for cytological diag-
nosis should be described. Usually, in ATEC-US, cell clusters consist of fewer than
three layers. In these cells, metaplastic change usually is observed in the cytoplasm.
Necrotic background or isolated atypical cells usually are not present.
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13.4 ATEC-AE

ATEC-AE (TYS4) is applied when endometrial atypical hyperplasia/endometrioid
intraepithelial neoplasia (EAH/EIN) or malignant neoplasm is suggested, but the
findings are not sufficient to interpret these events as malignant neoplasms (TYS6).
The inability to interpret these events may be because the number of atypical cells
is too small for cytologic decision, or because the atypia is caused by interference
associated with inflammatory, abnormal hormonal environmental, or iatrogenic
effects. At low-power microscopic magnification, cell clusters with an irregular pro-
trusion pattern show nuclear overlapping of three or more layers. ATEC-AE should
be applied when cell clumps with irregular protrusion patterns composed of meta-
plastic cells are detected at medium-power microscopic magnification. In this case,
typical EGBD findings cannot be observed (Figs. 13.1, 13.2, 13.3, 13.4, 13.5, 13.6,
13.7,13.8,13.9, 13.10, 13.11, 13.12 and 13.13).

Fig.13.1 ATEC - US (78.6%). 50s. Small atypical cell clusters of less than three layers. Polygonal
cells with large nuclei, distortion of nuclear axis, increased chromatin, and prominent nucleoli are
observed compared with adjacent normal cell cluster. Ciliary metaplastic change is also present
(red arrow). This metaplastic finding is usually seen in endometrial glandular and stromal break-
down (EGBD) cases. In this case, no typical EGBD finding was seen in any other field except
bloody background. Although these findings in this figure are often observed in atrophic endome-
trium, “Negative for malignancy” should not be applied in this case, because they are occasionally
observed in serous EIC too. (Papanicolaou stain, original magnification 40x)
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Fig.13.2 ATEC-US (78.6%). Late 50s. Prominent large nuclei are observed. Cellular overlapping
is not observed. A remarkable polygonal cell with hyperchromatic nuclei and metaplastic change
can be observed in a and b. Histology test after endometrial cytology confirmed atrophic endome-
trium. (Papanicolaou stain, original magnification a, b: 40x)

Fig. 13.3 ATEC-US (64.3%). 70s. Endometrial cell cluster less than two layers without endome-
trial stromal cells is observed. Prominent nucleoli are observed. On the contrary, nuclear findings
and size are almost the same. In this case, the effect of abnormal hormonal environment was sus-
pected because intermediate squamous cells of the uterine cervix are accompanied. In this case,
“Negative for malignancy; atrophic endometrium” was also suspected. This cellular sample was
collected from operative material in which findings of partial p53 positive area were diag-
nosed. (Papanicolaou stain, original magnification 40x)
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Fig. 13.4 ATEC-US (78.6%). Early 70s. Cell cluster composed with metaplastic cells without
cellular overlapping is observed accompanied with typical atrophic cell cluster. Though nucleoli
are observed, these are not so prominent as observed in the malignant nucleus. Many OSG mem-
bers hesitated to interpret it as “Negative for malignancy.” In this case, following endometrial
biopsy was done. However, histological diagnosis was not able to be done because of an unsatis-
factory specimen. In an aged woman, obtained specimen of biopsy is sometimes insufficient.
Repeat endometrial cytological test and/or ultrasonographic test will be desired to be considered in
such a case. (Papanicolaou stain, original magnification a and ¢: 20x, b: 40x)

Fig. 13.5 ATEC-US (42.9%), ATEC-AE (35.7%). 50s. Small cell cluster which is consisted of
less than three atypical cell layers is observed. Metaplastic changes, anisocytosis of the nucleus,
prominent nucleoli are observed. Though the malignant tumor was suspected because of scattered
isolated endometrial cells, 42.9% of OSG members interpreted as ATEC-US while 35.7% inter-
preted as ATEC-AE, because the cell cluster consisted of more than three layers was not observed.
In the case of fewer cells in specimen, even though malignant tumor is suspected, ATEC-US rather
than ATEC-AE tends to be interpreted. In this case, pathological diagnosis with following endome-
trial biopsy was endometrioid carcinoma, gradel. (Papanicolaou stain, original magnification
a, b: 40x)
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Fig. 13.6 ATEC-US (42.9%), ATEC-AE (42.9%). Late 50s. Cluster of metaplastic cells with
anisocytosis of the nucleus, prominent nucleoli, invaded neutrophils, karyotype irregularity.
Interpretation was divided ATEC-US and ATEC-AE depend on the recognition that this cell cluster
consisted of two cell layers or three. (a and b) are both the same field of view, on a different focus.
Focusing up and down could clarify the interpretation. In this case, normal endometrium that was
affected with drugs or abnormal hormonal effect was suspected. Final pathological diagnosis with
following endometrial biopsy was atrophic endometrium. (Papanicolaou stain, original magnifica-
tion a, b, ¢: 80x)
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Fig. 13.7 ATEC-AE (35.7%), ATEC-US (28.6%). Early 60s. Attention should be paid to high
cellularity in spite of the menopausal case. The effect of abnormal hormonal environment on atro-
phic endometrium is suspected because of metaplastic change and clinical information. Many
irregular-shaped clusters consisted of large cells, anisocytosis of the nucleus, increased chromatin,
more than three layers are observed. Final pathological diagnosis with endometrial biopsy was
endometrial hyperplasia accompanied by endometrial polyp. (Papanicolaou stain, original magni-
fication a: 4x, b: 20x%, ¢ and d: 40x)

Fig.13.8 ATEC-AE (64.3%). Early 60s. Abnormal cell cluster with irregular protrusion. Focusing
up and down may clarify the interpretation. Metaplastic cytoplasmic change is observed. This
change might be caused due to inflammation because of inflammatory reactive changes. While
findings of anisocytosis of the nucleus, and prominent nucleoli are observed, nuclear size is almost
the same. In this case, typical EGBD findings were not observed any other field. (Papanicolaou
stain, original magnification a: 10x, b: 40x)



13 Atypical Endometrial Cells (ATEC) 191

a ”

Fig. 13.9 ATEC-AE (71.4%). Early 70s. Medium size cell cluster consisted of cells with a dense
metaplastic cytoplasm and prominent nucleoli. This cell cluster shows more than three layers with-
out endometrial stromal cells. Though nuclear axis is not the same, protrusion of cell from cluster
or isolated cell is not isolated. Malignant tumor such as endometrioid carcinoma is not difficult to
be interpreted because bloody/necrotic background was not observed, and relatively uniform pat-
tern of nuclear findings. Following endometrial biopsy revealed endometrioid carcinoma, grade 1.
(Papanicolaou stain, original magnification a, b: 40x)

Fig. 13.10 ATEC-AE (71.4%). Late 50s. Abnormal cell cluster showing irregular protrusion
without endometrial stromal cells. Possible interpretation is a malignant tumor for more than three
layers, irregular cell array. Moreover, there is no typical EGBD finding. Interpretation as atypical
endometrial hyperplasia or malignant neoplasm were a few because of underestimation for meta-
plastic cytoplasm. Following endometrial biopsy and operation revealed atypical endometrial
hyperplasia with endometrial hyperplasia without atypia. (Papanicolaou stain, original magnifica-
tion a, b, ¢: 40x)
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Fig.13.11 ATEC-AE (71.4%). Early 80s. Abnormal cell cluster showing irregular protrusion and
three layers without endometrial stromal cells. Because this cluster consisted of large nuclei, pos-
sible interpretation should be atypical endometrial hyperplasia or malignant tumor. In this case,
because these abnormal cell clusters were seldom observed, many OSG members interpreted as
ATEC-AE. Remaining members were interpreted as malignant tumors. Following histological test
was endometrioid carcinoma, gradel. (Papanicolaou stain, original magnification a: 10x, b: 40x)

Fig. 13.12 ATEC-AE (71.4%). Late 50s. More than three layers could be identified by focusing
up and down (a, b and ¢). Nuclear enlargement, irregular array, prominent nucleoli were observed
in each cell layer. Metaplastic change is identified in the cytoplasm. In this case, because no typical
EGBD findings were not observed, many OSG members choose ATEC-AE. Following endome-
trial biopsy could not be available because collected specimen was not enough. Repeat cytological
test was “Negative for malignancy”. (Papanicolaou stain, original magnification a, b, ¢: 80x)
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Fig. 13.13 ATEC-AE (57.1%) vs Malignant tumor (35.7%). Late 50s. Many abnormal cell clus-
ters consisted of atypical cells and more than three layers were seen in the specimen. As no necrotic
background was identified, possible interpretations include atypical endometrial hyperplasia and
early, high-grade endometrioid carcinoma. In this case, however, columnar cells showing palisade
arrangement were also observed. Because this finding is not typical in endometrioid carcinoma,
many OSG members could not decide cytological result as “Malignant tumor.” Final histological
diagnosis obtained from operative material was endometrioid carcinoma grade 2, which shows
protruded lesion (8 x 6 x 3 mm in size) accompanied with pseudomyxoma peritonei (a, b and ¢ are
the same field). (Papanicolaou stain, original magnification a, b, ¢: 40x)
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“How delightful is a human being, if he really is human”.

(Menandros [Greek writer, 342-292 B.C.])

This chapter is dedicated to the loving memory of Professor Petros Karakitsos, MD,
PhD, former Head of the Department of Diagnostic Cytopathology, National and
Kapodistrian University of Athens Medical School (“Attikon” University Hospital), who
passed away suddenly on June 26, 2017: a dedicated doctor, a Pythagorean teacher, an
outstanding scientist, and a cherished friend and collaborator.

14.1 Cell Block Preparation and Techniques
14.1.1 Cell Block Preparation

Cell block (CB) preparation is a well-established technique for cytological material
preparation [1, 2]. Residual material can be used to obtain cell blocks as a comple-
mentary technique to cytological slides (Figs. 14.1 and 14.2). Preparation of CB:s in
addition to liquid based cytology increased the ability to diagnose malignancy by
67% when compared to liquid based cytology alone [3].
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Fig. 14.1 Case examples of endometrial lesions prepared with the cell block technique (particu-
larly the Cellient technique) and their histologic diagnoses. H&E stain, x40. (a) a case of atypical
hyperplasia, (b) a case of serous carcinoma showing also characteristics of clear cell carcinoma, (¢
and d) a case of proliferative endometrium and polyp on histology

The overall diagnostic accuracy of endometrial cytology is 96% and 100% for
benign lesions and adenocarcinoma, respectively, when cell blocks are prepared
from the residual material, whereas the diagnostic accuracy exceeds 90% in cases
of hyperplasia [4]. Zhang et al. examined CB preparations on residual cytological
material; in their study the diagnostic accuracy was 95.1%, with a sensitivity of
82.8% and specificity of 98.3%. In the same study combination of liquid based
cytology and CB presented a diagnostic accuracy of 95.8%, a sensitivity of 89.7%,
and specificity of 97.4% [5].

CB preparation on residual cytological material offers the advantages of valuable
diagnostic evidence, maintenance of architecture, preservation of nuclear and cyto-
plasmic characteristics, and the presence of tissue fragments that cannot be obtained
by cytology alone. The increasing demand of the clinicians for the application of
ancillary tests in order to determine the profile of the lesions and their optimal treat-
ment calls for the development of accurate techniques on cytological material. In
addition to their significant role in diagnosis, many ancillary techniques may be
performed out of CB preparations, such as immunocytochemistry and molecular
techniques, including polymerase chain reaction (PCR), fluorescent in situ hybrid-
ization (FISH) determining the biological behavior of the lesion [6, 7] and, recently,
artificial intelligence [8].
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Fig. 14.2 A case prepared with the cell block technique diagnosed as endometrioid carcinoma
grade 3 on histology (x40, H&E staining)

The first step for the preparation of a CB is the collection of cells by centrifuga-
tion to form a cell pellet, which is subsequently immersed into a fixative solution.
Following material processing, according to the technique used, the pellet is trans-
ferred to a cassette for paraffin embedding and sectioning.

Different fixatives may be used for material collection prior to CB preparation,
such as buffered formalin, ethanol, methanol, picric acid, or Bouin:s solution. It is
important to validate the fixative prior to use, since both the type of fixative and time
of fixation may affect immunocytochemistry and molecular studies.

14.1.2 Cell Block Techniques
Several techniques have so far been described:

(a) Fixed sediment method: the material is mixed with 96% ethyl alcohol and 4%
buffered formalin and centrifuged for 10 min. The supernatant is then discarded
and the sediment is placed into a filter paper. The wrapped filter paper is subse-
quently placed into a cassette and processed as a paraffin-embedded tissue
specimen.

(b) Bacterial Agar method: the material is centrifuged and the supernatant dis-
carded. Solid 3% agar medium within a tube is melted in boiling water,
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according to manufacturers instructions, and 4 ml of molten agar medium is
added to a sterile tube, from which it is poured within another tube containing
the sediment; stirring and cooling of the mixture follows. Excess of agar should
be gently removed. The cell button is subsequently placed into a cassette and
processed as a paraffin-embedded tissue specimen. Lege artis solidification of
the agar medium prevents heating related artifacts, such as bubbles or
shrunken cells.

(c) Plasma-thrombin clot method: the material is centrifuged and the supernatant
discarded. The sediment is mixed with the same amount of blood plasma and
thrombin, whereupon a clot is formed. This is subsequently placed into a cas-
sette and processed as a paraffin-embedded tissue specimen.

(d) Shandon cytoblock method is a manual cell block preparation technique using
the Thermo Shandon Cytospin to concentrate cells within the cell block. The
mixture is subsequently placed into a cassette and processed as a paraffin-
embedded tissue specimen. The technique requires phosphate-free fixatives or
buffered formalin.

(e) Cellient is an automated cell block system applied on ThinPrep material [1],
using vacuum-assisted filtration to concentrate available cells within the cell
block. The processor automatically aspirates material from the specimen col-
lected in the vial containing the PreservCyt solution, an alcohol-based solution
(methanol). Following dehydration with isopropyl alcohol (99.8%) and dispen-
sation of xylene (98.5% minimum), the sample is heated and paraffin is added.
Serial sectioning of the cell block provides several slides: one is stained with
Hematoxylin and Eosin (H&E), whereas the remaining may be used for immu-
nocytochemistry and other molecular techniques.

(f) Other cell block techniques include Simplified cell block technique, compact
cell block technique, microwave technique for rapid processing of cell blocks,
cell block from Millipore [1].

14.2 Immunocytochemistry

14.2.1 Application of Inmunocytochemistry
in Endometrial Cancer

Immunocytochemistry may be performed in cell block preparations to increase
diagnostic accuracy and facilitate differential diagnosis, as well as to assess the
status of markers related to prognosis and/or response to various treatment
modalities.

Endometrioid adenocarcinomas typically co-express cytokeratins 8/18 and
vimentin. Vimentin is positive in more than 90% of endometrial carcinomas, with a
wide range of expression from focal to diffuse [9]. CEA immunostaining is usually
negative or may show a focally positive cytoplasmic staining in endometrioid carci-
nomas. Mucinous variants, as well as areas with squamous differentiation may be
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positive. Endometrial carcinomas show a positive cytoplasmic immunostaining for
CA-125. The combination of low CEA and high CA-125 is more compatible with
an endometrial or ovarian origin [1].

PTEN is a tumor suppressor gene that antagonizes the PI3K-AKT
(phosphatidylinositol3-kinase/protein kinase B) signaling pathway. It is frequently
altered in many cancers such as in endometrial cancer. For the evaluation of PTEN
immunoreactivity, a staining reaction of brown granules in the cytoplasm and
nucleus can be considered positive, and the loss of staining is considered negative.
In addition, PTEN signals in stromal cells or in vascular endothelial cells can be
used as internal positive controls. In fact, normal endometrial epithelium and stroma
present strong immunoreactivity for PTEN protein during the proliferative phase,
whereas it is decreased during the secretory phase. PTEN mutations have been
described by Mutter et al. in 83% of endometrioid adenocarcinomas and in 55% of
precancerous lesions [10]. In the same study, cases of proliferative endometrium
and hyperplasia without atypia were positive for PTEN immunostaining; hyperpla-
sia without atypia showed a less homogenous staining pattern, with a few negative
hyperplastic glands among positive ones. Maxwell et al. found PTEN mutations in
20% of endometrial hyperplasias, suggesting that its inactivation occurs in early
stages of carcinogenesis [11]. Norimatsu et al. examined immunocytochemical
expression of PTEN in liquid based preparations [12]; they demonstrated that a
cutoff value of 50% was necessary for accurate diagnosis of endometrial carcinoma.
Djordjevic et al. examined immunohistochemical expression of PTEN in endome-
trial carcinomas, using stromal cells as internal positive controls; cases with diffuse
positive cytoplasmic and nuclear staining in more than 90% of malignant cells were
considered positive. They also confirmed that PTEN mutations occur more fre-
quently in endometrioid carcinomas than in other types, with 51% and 28%, respec-
tively [13].

p53 gene is activated by cell stress and its protein accumulates in the nucleus,
resulting in nuclear positive stain, although cytoplasmic staining with concomitant
variable nuclear staining has been described in some cases. Complete loss of stain-
ing (“null pattern”) may also be associated with p53 mutations. p53 positive immu-
nostain is typically found in high-grade endometrioid carcinomas and serous
carcinomas [14]. Only a small number of low-grade endometrioid carcinomas pres-
ent p53 mutation-type immunoreactivity. It is an important marker, because
mutation-type p53 null staining is associated with an unfavorable survival outcome.
Garg et al. examined p53 overexpression using immunohistochemistry. They con-
sidered the marker to be overexpressed only in cases with strong and diffuse stain-
ing in at least 75% of tumor cells, although other studies define a cutoff value of
50% of cells [15]. In a recent work, Norimatsu et al. reported the evaluation of
intensity of nuclear staining and the nuclear labeling index (N-LI). The intensity of
nuclear staining was scored as negative (0), weak (1), moderate (2), or strong (3).
The N-LI was scored as <10% (0), from 10% to 25% (1), from 26% to 50% (2),
or > 50% (3). The final p53 score was calculated by the summation of both scores.
If total scores were > 1, then the sample was considered positive [12].
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14.2.1.1 Beta-Catenin

Catenin beta-1, also known as B-catenin, is a protein encoded by the CTNNB1 gene.
It is a dual function protein, involved in regulation and coordination of cell adhesion
and gene transcription. B-catenin is a subunit of the cadherin protein complex and
acts as an intracellular signal transducer in the Wnt signaling pathway.

Beta-catenin is widely expressed in many tissues. Mutations and overexpression
of B-catenin are associated with many cancers. Presence or absence of nuclear stain-
ing is evaluated and percentage of tumor demonstrating nuclear staining should be
recorded. For the evaluation of B-catenin immunoreactivity, a staining reaction of
brown granules in cells should be considered positive, whereas the loss of staining
is considered negative. Positive immunoreactivity can usually be membranous,
cytoplasmic, and nuclear. If both the cytoplasm and the nucleus are stained, cell is
classified as positive. Membranous staining for vascular endothelial cells and epi-
thelial cells can be utilized as an internal positive control [16].

In endometrial cytology, a panel made up of these biomarkers can be used for
EIN diagnosis. Norimatsu et al. reported loss of PTEN and positive nuclear staining
of B-catenin frequently seen in EIN but not in normal proliferative cases. The com-
bination of PTEN negative/B-catenin-positive results can be applied for detecting
EIN. Because the overexpression of gene products of types I and IT ECs correlates
with clinico-pathological factors and prognosis, it is also important to evaluate the
immunocytochemical expression of endometrial malignancy markers including
precursor lesions on LBC samples. In literature the usefulness of PTEN staining
was also confirmed by different studies. Both nuclear and cytoplasmic B-catenin
should be underexpressed in type II carcinomas. In a study, Kosmas et al. reported
that the ICC positive expression of p53 on imprint cytologic smears was correlated
with surgical-pathological stage, histological grade, and lymph node metasta-
ses [17].

Endometrioid tumors stage 1 and 2 according to FIGO show strong and diffuse
positivity for estrogen receptors (ER) and progesterone receptors (PR) in 80% of
cases, whereas in FIGO 3 stage tumors positivity is found to be 15% to 50% [18].
Kuramoto et al. examined the immunohistochemical expression of ER and PR in
endometrial carcinomas, showing this to decrease with increase of tumor grade and/
or depth of myometrial invasion [19]. Hormone receptor (HR) expression is also
required by clinicians for treatment in order to predict response to endocrine therapy
and it is the most validated prognostic biomarker for endometrial cancer, being
associated with favorable survival outcome [18]. According to the ASCO CAP
guidelines, as for breast cancer diagnosis, HR immunoreactivity is evaluated by
counting the number of positively staining neoplastic nuclei (expressed as a per-
centage) and by scoring the degree of positive immunoreactivity, respectively, as
weak or strong). The staining intensity can be affected by the amount of protein
present, by the clone of the antibody used, and the antigen retrieval system used. In
most cancers, there is heterogeneous immunoreactivity with weakly to darkly stain-
ing nuclei. Guan et al. proposed a cutoff value of 1% for the interpretation of ER and
PR staining, although a cutoff point of 10% was set by other authors [19]. They
suggested that the values between 1% and 9% for ER positive cancer cells might
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have been underestimated. Moreover, patients whose carcinomas had a percentage
of 1% or more positive nuclei showed a better survival related to patients with nega-
tive values [19]. ER/PR expression in serous carcinoma is similar to FIGO grade 3
endometrioid carcinomas and the staining rate and intensity of positive cases are
lower than in endometrioid well differentiated carcinomas. Indeed, in the carcino-
sarcoma cases, it should be remembered that the epithelial component rarely
expresses ER/PR as in clear cell carcinomas.

Endometrioid carcinomas typically present either a patchy pl6 staining or no
staining at all. However, weak focal positive staining has been described in a few
cases of FIGO 1 and 2 endometrioid carcinomas and stronger staining has been
found in 25% of grade 3 carcinomas [9]. Carcinomas with squamous differentiation
may have a more diffuse positive staining (Fig. 14.3).

Serous carcinomas most commonly present a diffuse and strong p53 expression
and a high percentage of Ki-67 labeling, whereas hormone receptor immunostain-
ing is usually negative, seldom weak or positive. However, some cases may present
a phenotype with negative p53 expression and positive hormone receptors.
Yemelyanova et al. examined the value of p16 in differential diagnosis of serous
carcinomas; serous carcinomas showed a diffuse, either moderate or strong p16
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Fig. 14.3 Case examples of immunocytochemical staining in endometrial lesions prepared with
the cell block technique (particularly the Cellient technique) and their histologic diagnoses. H&E
stain, x40. (a) Ki-67, a case of endometrioid carcinoma grade 3, (b) ER, a case of endometrioid
carcinoma grade 1, (¢ and d) p53 and H&E, a case of endometrioid carcinoma grade 1
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expression, whereas in cases of endometrioid carcinomas expression was less dif-
fuse and less intense. In 92% of serous carcinomas there is a diffuse immunoreactiv-
ity for p16, in contrast to low- and high-grade endometrioid carcinomas, where p16
immunostaining is found in 7% and 25%, respectively [20, 21]. PTEN expression is
also retained in serous carcinomas; H-J An et al. found most serous carcinomas to
have an intense PTEN expression, in contrast to endometrioid carcinomas, where
PTEN loss or decreased expression is seen in 66% of cases [22]. Serous carcinomas
more commonly present a different immunohistochemical profile compared to
grade 3 endometrioid carcinomas: the former are positive for PTEN, negative for
ER/PR, diffusely positive for p16, and have an aberrant mutation-type expression
for p53, whereas the latter are negative for PTEN, positive for ER/PR, focally posi-
tive for p16, and present a wild type absence of staining for p53 [23].

As endometrioid and serous subtypes, clear cell carcinoma expresses pan-
cytokeratins, CK7, CA125, and vimentin. Clear cell carcinoma is usually negative
for ER/PR, though positive staining may be found in a small percentage of cases
with a weak and focal staining. They are also typically negative for CK20 and WT1.
Napsin A is a cytoplasmic marker found to be positive in 67%—-88% of clear cell
carcinomas, in contrast to 0-0.5% of endometrioid carcinomas [21]. HNFI1B is a
useful nuclear marker typically presenting a strongly positive staining in clear cell
carcinomas; however, it has a high sensitivity but a low specificity. Némejcova et al.
examined its expression in 320 endometrial lesions; it was found to be expressed in
28% of endometrioid carcinomas, 26% of serous carcinomas, 88% of hyperplasias
with atypia, and 91% of hyperplasias without atypia, though it was strongly
expressed mostly in clear cell carcinomas [24]. Expression of mutational type p53
is found in up to one third of clear cell carcinomas [25]. In this carcinoma subtype,
p16 is less commonly expressed compared to serous carcinomas and PTEN expres-
sion is also retained [22].

Indeed, neuroendocrine carcinomas and small cell carcinomas have been reported
and classified separately. In addition to morphological features, neuroendocrine
markers (chromogranin, synaptophysin, and CD56 together with proliferative index
as Ki67) are mandatory for a final diagnosis [26].

14.2.2 Distinguishing Endometrioid Carcinoma
from Endocervical Carcinoma

In gynecological pathology, the most common challenging diagnosis that requires
the use of immunocytochemistry is to distinguish endometrial from endocervical
adenocarcinoma especially in endocervical and endometrial cytological samples.
Although the most common carcinoma subtypes are, respectively, endometrioid in
endometrium and mucinous in cervix, endometrioid carcinoma can arise in the cer-
vical tract and mucinous adenocarcinomas can be found in endometrium. This dif-
ferentiation is clinically important, because it indicates to the gynecological
surgeons the surgical planning and subsequent treatment approach. In this situation,
it is really important to consider the patients age and the clinical features [27].
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In fact, in general, samples from post-menopausal patients with endometrial
hyperplasia and/or squamous morules indicate an endometrial origin, while samples
from premenopausal patients with cervical squamous dysplasia favor an endocervi-
cal lesion. However, in the cases in which morphology alone is not conclusive, the
use of ancillary techniques is mandatory. The use of a panel of markers, instead of
a single biomarker, is encouraged because any analysis can produce unexpected
positive or negative (aberrant) staining reactions using a single biomarker but gener-
ally this is not possible with a panel of markers. In routine practice, a few selected
biomarkers can help to distinguish most cases of low-grade endometrial endometri-
oid adenocarcinoma and high-risk HPV-related endocervical adenocarcinoma.
Carcinoembryonic antigen (CEA) and vimentin have traditionally been used for this
differential diagnosis, while the most useful markers, currently recommended, are
p16 and hormone receptors (estrogen and progesterone) [27].

Endometrioid carcinomas typically express vimentin and estrogen receptors
(ER) with a diffuse and strong staining, in contrast to endocervical adenocarcino-
mas that are negative for vimentin and ER although some cases may be focally
weakly positive for the latter.

CEA is diffusely positive in most cases of endocervical adenocarcinomas with a
cytoplasmic or membranous staining. In contrast, it is negative or focally positive in
endometrioid carcinomas. In literature, there are discordant studies showing that
both endometrial and endocervical mucinous carcinomas can express CEA. However,
the type of antibody used (polyclonal vs monoclonal) has some significance.
According to previous data, although endometrial adenocarcinomas were largely
negative for CEA, the rate of CEA positivity varied in endocervical adenocarcino-
mas, with significantly higher rates observed with monoclonal CEA as compared to
polyclonal CEA [28].

Vimentin is a type III intermediate filament protein that is expressed in mesenchy-
mal cells. Vimentin characteristically shows cytoplasmic expression in endometrial
cancer. However it has a heterogeneous distribution and staining patterns, also seen in
many carcinomas. Indeed, a number of endometrial cancer cases showed only weak
and focal vimentin staining. In small biopsy or in cell blocks, its value as a discrimina-
tory marker for gynecologic carcinomas could represent a problem, so that it is rec-
ommended to include this biomarker in a panel of different antibodies [28].

pl6 is positive in high-risk HPV-related endocervical adenocarcinomas. It is
expressed in a diffuse pattern, either moderately or strongly; its expression is related
to Rb tumor suppressor pathway and triggered by the E7 HPV protein. On the other
hand, endometrioid carcinomas express p16 in a weak and patchy pattern. The pat-
tern of staining is critical for interpretation. High-risk HPV-related endocervical
adenocarcinomas have diffuse and moderate to strong p16 expression (essentially
all tumor cells are positive, “block positivity””) because it is correlated with HPV-
mediated molecular alterations, resulting in p16 overexpression. So, diffuse moder-
ate to strong pl6 staining can be used as a surrogate marker for high-risk HPV in
this setting. However, it should be also noted that diffuse and strong p16 expression
can also be found in serous and undifferentiated carcinomas, as well as in rare cases
of endometrioid carcinomas [29].
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Table 14.1 Distinguishing endometrial carcinoma from endocervical carcinoma

HPV-related Non-HPV-related Low-grade High-grade Endometrial
endocervical endocervical endometrial endometrial serous
Markers adenocarcinoma adenocarcinoma adenocarcinoma adenocarcinoma adenocarcinoma
ER/PR Negative (rarely  Negative Positive Usually positive  Negative (rarely
weakly positive (decreases as the  positive)
only focally) grade increases)
p53 Wild type Wild type or Wild type Usually wild type Mutation type
mutation type
plé Positive (diffuse) Negative or Usually negative ~ Variable positive  Positive (diffuse)
focally positive or patchy staining
High-risk Positive Negative Negative Negative Negative
HPV
testing

HPYV testing has a critical role in the diagnosis of cervical adenocarcinoma, its
16, 18, and 45 genotypes being the most frequent ones. Nevertheless, one should
remember that not all cervical adenocarcinomas are HPV related. Also in these
cases, most of the times, pl6 immunocytochemistry is more readily available and
constitutes a reasonable surrogate to HPV testing [30].

p53 expression in endocervical carcinomas is usually patchy and weak, in con-
trast to strong expression in serous and high-grade endometrioid carcinomas
(Table 14.1).

14.2.2.1 NON-HPV-Related Carcinomas.

Some cervical adenocarcinomas are unrelated to high-risk HPV. These include
gastric-type adenocarcinomas, mesonephric adenocarcinomas, most clear cell carci-
nomas. In distinguishing these tumor types from a primary endometrial adenocarci-
noma, different panels of markers need to be evaluated which depend on the subtype
of the cervical and endometrial adenocarcinoma considered. These non-HPV-related
cervical adenocarcinomas are almost always p16-negative or focally positive. There
are also rare cases with diffuse positivity, related to non-HPV causative mechanisms.
Gastric-type cervical adenocarcinomas are mucinous adenocarcinomas. Gastric-type
adenocarcinomas exhibit negative hormone receptor expression as high-risk HPV-
related endocervical adenocarcinomas. Rare subtypes display aberrant (mutation-
type) p53 expression, while usual-type HPV-related adenocarcinomas have a
heterogeneous p53 expression. A challenging differential diagnosis is between endo-
metrial mucinous adenocarcinoma and gastric-type cervical adenocarcinoma. In this
situation, hormone receptor assessment can be of use because endometrial mucinous
adenocarcinomas or adenocarcinomas with mucinous differentiation are ER/PR pos-
itive whereas gastric-type cervical adenocarcinomas are negative.

The rare form of mesonephric adenocarcinoma can be identified by morphology,
negativity for ER and PR, and positivity for other markers as GATA3. Cervical
adenocarcinomas (HPV-related and HPV-non-related cancers) such as endometri-
oid adenocarcinoma are usually GATA3 negative. Exceptions have been described
in high-grade tumors, including grade 3 endometrioid, serous and clear cell carcino-
mas, that can also express this marker [31].
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14.2.3 Distinguishing Endometrial Carcinoma
from Colonic Adenocarcinoma

Differentiation of colorectal adenocarcinoma from adenocarcinoma arising at other
sites can sometimes be challenging. Carcinoembryonic antigen (CEA) is diffusely
expressed, depending on the type of antibody used, from 83.8% (CEA D14) to
90.3% (mCEA) of colonic carcinomas, but is negative or focally positive in endo-
metrial carcinoma [31].

Vimentin is typically positive in endometrioid carcinomas and negative or rarely
positive in colonic adenocarcinomas [31].

Endometrial carcinomas are most commonly CK 7 positive and CK 20 negative,
whereas the reverse is true for 75% of colorectal carcinomas. However, CK 7 (-)/
CK 20 (=) or CK 7 (+)/CK 20 (+) colorectal carcinomas occur in 15% and 10%,
respectively (Koss, p1663). The stain is cytoplasmic and/or membranous.

Colonic adenocarcinomas are also positive for CA 19-9 (83%), CA 15-3 (85%),
EMA (88%) [1].

Pax8 is a nuclear marker typically expressed in carcinomas of Miillerian origin
[32]. It is positive in endometrial carcinoma and commonly negative in colorectal
carcinomas. CDX2 is a useful marker for colorectal carcinomas, with nuclear
immunoreactivity; however, it may be positive in endometrial carcinomas, espe-
cially in cases with mucinous metaplasia. Finally, ER/PR are usually found in endo-
metrial carcinomas.

14.2.4 Distinguishing Endometrial Carcinoma
from Ovarian Carcinoma

Most ovarian carcinomas present a diffuse and strong positive reaction for WT-1
[33]. WT-1 is usually negative or only focally positive in serous endometrial carci-
noma and negative in endometrioid carcinoma. However, some studies have found a
significant percentage of endometrial serous carcinomas (up to 44%) to be positive
for WT-1. In the same study they also found WT-1 to be a marker with a prognostic
value, its expression being associated with a shorter disease-free survival [34]. Fadare
et al. examined the combination of ER, PR, and WT-1 immunostaining for the dif-
ferential diagnosis of ovarian serous from endometrial serous carcinomas; they con-
cluded that a ER(—), PR(—), WT1(—) profile favors an endometrial origin, while a
ER(+), PR(+), WT1(+) profile favors an ovarian origin [35]. However, a simultane-
ous involvement of the uterine corpus and one or both ovaries by an otherwise not
otherwise specified adenocarcinoma may occur. Most commonly, it is an endometri-
oid subtype but sometimes it can be serous. With endometrioid adenocarcinomas
involving the uterus and one or both ovaries, immunohistochemistry is of little or no
value to establish the relationship between carcinomas also because the immunophe-
notype of a primary ovarian and uterine endometrioid adenocarcinoma is essentially
identical and comprehensive molecular studies showed that these tumors are clonally
related in almost all cases irrespectively of their clinico-pathological features [36].



206 N. Margari et al.

References

1. Koss LG, Melamed MR, Koss LG. Koss’ diagnostic cytology and its histopathologic bases.
5th ed. Philadelphia: Lippincott Williams & Wilkins; 2006.

2. Rabban J, Soslow R, Zaloudek C. Immunohistology of the female genital tract. In: Dabbs
D, editor. Diagnostic immunohistochemistry: theranostic and genomic applications. 3rd ed.
Philadelphia, PA: Saunders/Elsevier; 2010. p. 690-720.

3. Jain D, Mathur SR, Iyer VK. Cell blocks in cytopathology: a review of preparative methods,
utility in diagnosis and role in ancillary studies. Cytopathology. 2014;25:356-71. https://doi.
org/10.1111/cyt.12174.

4. Maksem J, Robboy S, Bishop J, et al. Endometrial cytology with tissue correlations. New
York: Springer US; 2009.

5. Zhang H, Wen J, Xu PL, et al. Role of liquid-based cytology and cell block in the diag-
nosis of endometrial lesions. Chin Med J (Engl). 2016;129:1459-63. https://doi.
0rg/10.4103/0366-6999.183431.

6. Satturwar S, Malenie R, Sutton A, et al. Validation of immunohistochemical tests per-
formed on cytology cell block material: practical application of the College of American
pathologists’ guidelines. Cytojournal. 2019;16:6. https://doi.org/10.4103/cytojournal.
cytojournal_29_18.

7. Briffod M, Hacene K, Le Doussal V. Immunohistochemistry on cell blocks from fine-needle
cytopunctures of primary breast carcinomas and lymph node metastases. Modern Pathol.
2000;13:841-50. https://doi.org/10.1038/modpathol.3880149. An official journal of the
United States and Canadian Academy of Pathology, Inc.

8. Pouliakis A, Margari N, Karakitsou E, et al. Artificial intelligence via competitive learn-
ing and image analysis for endometrial malignancies: discriminating endometrial cells and
lesions. Int J Reliab Qual E-Healthc (IJRQEH). 2019;8:38-54. https://doi.org/10.4018/
IJRQEH.2019100102.

9. Reid-Nicholson M, Iyengar P, Hummer AJ, et al. Immunophenotypic diversity of endometrial
adenocarcinomas: implications for differential diagnosis. Mod Pathol. 2006;19:1091-100.
https://doi.org/10.1038/modpathol.3800620.

10. Mutter GL, Lin MC, Fitzgerald JT, et al. Altered PTEN expression as a diagnostic marker
for the earliest endometrial precancers. J Natl Cancer Inst. 2000;92:924-30. https://doi.
org/10.1093/jnci/92.11.924.

11. Maxwell GL, Risinger JI, Gumbs C, et al. Mutation of the PTEN tumor suppressor gene in
endometrial hyperplasias. Cancer Res. 1998;58:2500-3.

12. Norimatsu Y, Miyamoto M, Kobayashi TK, et al. Diagnostic utility of phosphatase and tensin
homolog, beta-catenin, and p53 for endometrial carcinoma by thin-layer endometrial prepara-
tions. Cancer. 2008;114:155-64. https://doi.org/10.1002/cncr.23495.

13. Djordjevic B, Hennessy BT, Li J, et al. Clinical assessment of PTEN loss in endometrial carci-
noma: immunohistochemistry outperforms gene sequencing. Mod Pathol. 2012;25:699-708.
https://doi.org/10.1038/modpathol.2011.208.

14. Kobel M, Ronnett BM, Singh N, et al. Interpretation of P53 Immunohistochemistry
in Endometrial Carcinomas: Toward Increased Reproducibility. Int J Gynecol Pathol.
2019;38:S123-S31. https://doi.org/10.1097/PGP.0000000000000488.

15. Garg K, Leitao MM Jr, Wynveen CA, et al. p53 overexpression in morphologically ambig-
uous endometrial carcinomas correlates with adverse clinical outcomes. Mod Pathol.
2010;23:80-92. https://doi.org/10.1038/modpathol.2009.153.

16. Norimatsu Y, Moriya T, Kobayashi TK, et al. Immunohistochemical expression of PTEN and
beta-catenin for endometrial intraepithelial neoplasia in Japanese women. Ann Diagn Pathol.
2007;11:103-8.

17. Kosmas K, Stamoulas M, Marouga A, et al. Expres-sion of p53 in imprint smears of endome-
trial carcinoma. Diagn Cytopathol. 2014;42:416-22.


https://doi.org/10.1111/cyt.12174
https://doi.org/10.1111/cyt.12174
https://doi.org/10.4103/0366-6999.183431
https://doi.org/10.4103/0366-6999.183431
https://doi.org/10.4103/cytojournal.cytojournal_29_18
https://doi.org/10.4103/cytojournal.cytojournal_29_18
https://doi.org/10.1038/modpathol.3880149
https://doi.org/10.4018/IJRQEH.2019100102
https://doi.org/10.4018/IJRQEH.2019100102
https://doi.org/10.1038/modpathol.3800620
https://doi.org/10.1093/jnci/92.11.924
https://doi.org/10.1093/jnci/92.11.924
https://doi.org/10.1002/cncr.23495
https://doi.org/10.1038/modpathol.2011.208
https://doi.org/10.1097/PGP.0000000000000488
https://doi.org/10.1038/modpathol.2009.153

Cell Block Techniques for Endometrial Cytology Technical Procedures, Role... 207

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wei JJ, Paintal A, Keh P. Histologic and immunohistochemical analyses of endometrial car-
cinomas: experiences from endometrial biopsies in 358 consultation cases. Arch Pathol Lab
Med. 2013;137:1574-83. https://doi.org/10.5858/arpa.2012-0445-0A.

Kuramoto H, Hata H, Kato Y, et al. Mechanism of action of endocrine therapy of endometrial
carcinoma. Gan To Kagaku Ryoho. 1989;16:1851-7.

Zhang Y, Zhao D, Gong C, et al. Prognostic role of hormone receptors in endometrial can-
cer: a systematic review and meta-analysis. World J Surg Oncol. 2015;13:208. https://doi.
org/10.1186/512957-015-0619-1.

Guan J, Xie L, Luo X, et al. The prognostic significance of estrogen and progesterone
receptors in grade I and II endometrioid endometrial adenocarcinoma: hormone recep-
tors in risk stratification. J Gynecol Oncol. 2019;30:e13. https://doi.org/10.3802/jgo.
2019.30.e13.

Yemelyanova A, Ji H, Shih Ie M, et al. Utility of p16 expression for distinction of uterine serous
carcinomas from endometrial endometrioid and endocervical adenocarcinomas: immunohisto-
chemical analysis of 201 cases. Am J Surg Pathol. 2009;33:1504—14. https://doi.org/10.1097/
PAS.0b013e3181ac35f5.

Deavers M, Coffey D. Precision molecular pathology of uterine cancer. New York:
Springer; 2017.

An HJ, Lee YH, Cho NH, et al. Alteration of PTEN expression in endometrial carcinoma is
associated with down-regulation of cyclin-dependent kinase inhibitor, p27. Histopathology.
2002;41:437-45. https://doi.org/10.1046/j.1365-2559.2002.01455 x.

Gilks CB, Oliva E, Soslow RA. Poor interobserver reproducibility in the diagnosis of high-
grade endometrial carcinoma. Am J Surg Pathol. 2013;37:874-81. https://doi.org/10.1097/
PAS.0b013e31827f576a.

Nemejcova K, Ticha I, Kleiblova P, et al. Expression, epigenetic and genetic changes of
HNFI1B in endometrial lesions. Pathol Oncol Res. 2016;22:523-30. https://doi.org/10.1007/
$12253-015-0037-2.

Murali R, Davidson B, Fadare O, et al. High-grade endometrial carcinomas: morphologic and
immunohistochemical features, diagnostic challenges and recommendations. Int J Gynecol
Pathol. 2019;38:S40-63. https://doi.org/10.1097/PGP.0000000000000491.

HuR, Jiang J, Song G, et al. Mixed large and small cell neuroendocrine carcinoma of the endo-
metrium with serous carcinoma: A case report and literature review. Medicine (Baltimore).
2019:;98:e16433.

Lee S, Rose MS, Sahasrabuddhe VYV, et al. Tissue-based immunohistochemical biomarker
accuracy in the diagnosis of malignant glandular lesions of the uterine cervix: a systematic
review of the literature and meta-analysis. Int J] Gynecol Pathol. 2017;36:310-22.

Malpica A. How to approach the many faces of endometrioid carcinoma. Mod Pathol.
2016;29:529-44. https://doi.org/10.1038/modpathol.2015.142.

Stewart CJR, Crum CP, McCluggage WG, et al. Guidelines to aid in the distinction of endo-
metrial and endocervical carcinomas, and the distinction of independent primary carcinomas
of the endometrium and adnexa from metastatic spread between these and other sites. Int J
Gynecol Pathol. 2019;38:S75-92. https://doi.org/10.1097/PGP.0000000000000553.

Mahajan A. Practical issues in the application of pl6 immunohistochemistry in diagnostic
pathology. Hum Pathol. 2016;51:64-74.

Rabban JT, Longacre TA. Chapter 18: Immunohistology of the female genital tract. In: Dabbs
DJ, editor. Diagnostic immunohistochemistry theranostic and genomic applications. 4th ed.
Philadelphia, PA: Saunders Elsevier; 2014. p. 653-709.

Laury AR, Perets R, Piao H, et al. A comprehensive analysis of PAX8 expression in
human epithelial tumors. Am J Surg Pathol. 2011;35:816-26. https://doi.org/10.1097/
PAS.0b013e318216¢112.

Al-Hussaini M, Stockman A, Foster H, et al. WT-1 assists in distinguishing ovarian from uter-
ine serous carcinoma and in distinguishing between serous and endometrioid ovarian carci-
noma. Histopathology. 2004;44:109—15. https://doi.org/10.1111/j.1365-2559.2004.01787 ..


https://doi.org/10.5858/arpa.2012-0445-OA
https://doi.org/10.1186/s12957-015-0619-1
https://doi.org/10.1186/s12957-015-0619-1
https://doi.org/10.3802/jgo.2019.30.e13
https://doi.org/10.3802/jgo.2019.30.e13
https://doi.org/10.1097/PAS.0b013e3181ac35f5
https://doi.org/10.1097/PAS.0b013e3181ac35f5
https://doi.org/10.1046/j.1365-2559.2002.01455.x
https://doi.org/10.1097/PAS.0b013e31827f576a
https://doi.org/10.1097/PAS.0b013e31827f576a
https://doi.org/10.1007/s12253-015-0037-2
https://doi.org/10.1007/s12253-015-0037-2
https://doi.org/10.1097/PGP.0000000000000491
https://doi.org/10.1038/modpathol.2015.142
https://doi.org/10.1097/PGP.0000000000000553
https://doi.org/10.1097/PAS.0b013e318216c112
https://doi.org/10.1097/PAS.0b013e318216c112
https://doi.org/10.1111/j.1365-2559.2004.01787.x

208 N. Margari et al.

36. Hedley C, Sriraksa R, Showeil R, et al. The frequency and significance of WT-1 expression
in serous endometrial carcinoma. Hum Pathol. 2014;45:1879-84. https://doi.org/10.1016/j.
humpath.2014.05.009.

37. Fadare O, James S, Desouki MM, et al. Coordinate patterns of estrogen receptor, proges-
terone receptor, and Wilms tumor 1 expression in the histopathologic distinction of ovarian
from endometrial serous adenocarcinomas. Ann Diagn Pathol. 2013;17:430-3. https://doi.
org/10.1016/j.anndiagpath.2013.04.011.

38. Hajkova N, Tichd I, Hojny J, et al. Synchronous endometrioid endometrial and ovarian carci-
nomas are biologically related: a clinico-pathological and molecular (next generation sequenc-
ing) study of 22 cases. Oncology Letters. 2019;17:2207-14.


https://doi.org/10.1016/j.humpath.2014.05.009
https://doi.org/10.1016/j.humpath.2014.05.009
https://doi.org/10.1016/j.anndiagpath.2013.04.011
https://doi.org/10.1016/j.anndiagpath.2013.04.011

Check for
updates

Molecular Pathology of Endometrial 1 5
Carcinoma: A General Appraisal

Alessia Di Lorito, Fernando Schmitt, Milo Frattini,
Luca Mazzucchelli, and Franco Fulciniti

15.1 Introduction

Traditionally, endometrial carcinomas (EC) have long been classified into two groups
(types I and IT) as Bockman reported in 1983 [1]. This first classification was based on
metabolic, clinic and endocrine features of epithelial tumors. Type I carcinomas
(70%) have been correlated with hyperlipidemia, diabetes, caused by hyperestrogen-
ism due to anovulatory uterine bleeding, infertility or late onset of menopause and
have a good prognosis. These latter usually of low grade, moderately/highly differen-
tiated, arise from hyperplasia and show immunoreactivity for estrogen receptors.

In contrast, type II ECs arise from atrophic endometrium, are independent of
metabolic or endocrine pathologies and are usually found in non-obese women.
This type of EC consists of poorly differentiated tumors that are characterised by a
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non-favourable prognosis. Type II tumors are diagnosed in the advanced stages of
the disease, are clinically aggressive, with a tendency to give metastases. On the
contrary, type I tumors are more likely to be diagnosed in the early stage. Type I
carcinomas generally arise from a sequence of premalignant conditions ranging
from complex endometrial hyperplasia with atypia to EIN (endometrial intraepithe-
lial neoplasia) while type II are preceded by EIC (endometrial serous and clear cell
intraepithelial carcinoma) [2].

During the years, the first subtype was mainly represented by the endometri-
oid subtype, while the second group consists of serous and clear cells carci-
nomas [2].

In the past, therapeutic options were based only on histology, grade and stage
based on surgical procedures, and women were stratified in risk group staging, these
latter indicating which women should receive adjuvant therapy [radiation (vaginal
or external beam), chemotherapy or both]. Additional features, such as patient age,
depth of myometrial invasion, endocervical stromal involvement, lymph node sta-
tus, and LVSI (lymphovascular space invasion), are increasingly being incorporated
in pathological reports [3].

However, in the last years, the morphological and clinical differences between
the two types are also well mirrored by different molecular changes, so data from
literature established that type I and II cancers carry mutations in independent sets
of genes.

15.1.1 Molecular Alterations in Endometrioid Carcinoma

A series of studies have reported that endometrioid carcinomas are highly mutated
tumors, especially in PTEN, PIK3CA, CTNNBI, ARIDIA and KRAS genes.
Furthermore, a non-negligible number of cases is characterised by microsatellite
instability (MSI) [4, 5].

The downstream receptor tyrosine kinases pathways, such as the MAP kinase
pathway and the PI3K/mTOR pathway, are often dysregulated in endometrioid carci-
noma, with the second one playing the most relevant role in endometrioid carcinogen-
esis. In the PI3K pathway, in fact, two actors are frequently altered: PTEN and
PIK3CA, the last one encoding for the p110alpha subunit of PI3K protein. The expres-
sion of PTEN, which is a negative regulator of the PI3K/AKT/mTOR pathway lead-
ing to the hyperstimulation of the PI3K/mTOR axis, is frequently lost in endometrioid
carcinomas following mutations inactivating the protein, and it is frequently altered in
endometrial hyperplasia as well. As a consequence, this event is widely considered an
initial and early step in the pathogenesis of endometrioid carcinoma [5].

PIK3CA mutations, causing the hyperactivation of PI3K and, then, Akt and
finally mTOR, leading to deregulation of cell proliferation and apoptosis, are
observed in 20% of endometrioid carcinomas.

The other pathway, the MAP kinase axis, is constitutively activated at the RAS
level, typically after the occurrence of KRAS mutations. KRAS encodes for the



15 Molecular Pathology of Endometrial Carcinoma: A General Appraisal 21

small GTPase K-Ras protein, which is an oncoprotein involved in the activation of
several signalling pathways, including the PI3K pathway, and in the activation of
other small GTPases, such as RalA. KRAS mutations, resulting in Ras proteins with
constitutively bound GTP, consequently activating these downstream oncogenic
pathways [6]; they have been described, although at low frequencies, in both
EC types.

Another alteration detected in endometrial carcinogenesis is represented by
mutations in the CTNNBI1 gene, which causes the Wnt/p-catenin pathway dysregu-
lation. CTNNB]I gene encodes for B-catenin, the key regulator enzyme of the whole
pathway. Activation of the pathway leads to the accumulation of -catenin and its
migration into the nucleus, which leads to upregulation of many target genes such
as cyclin D, VEGFE, Myc, and E-cadherin [7]. CTNNBI1 mutations have been
observed almost exclusively in endometrioid carcinomas.

Finally, ARID1A encodes for the BAF250A tumor suppressor gene and is func-
tionally involved in the SWI/SNF chromatin-remodelling complex. ARID1A muta-
tions are commoner in type I than in type II ECs. Interestingly, ARID1A mutations
can result in PI3K pathway activation via downregulation of PI3K interacting pro-
tein 1 (PIK3IP1). It is noteworthy that, at the preclinical level, it has been demon-
strated that inhibition of the EZ2H methylesterase in ARIDIA mutated ovarian
cancer cells results in synthetic lethality, suggesting EZ2H as a potential new thera-
peutic target for ARID1A mutated tumors [8].

The last alteration frequently associated with endometrial carcinogenesis
(detected in approximately 20-30% of cases) is microsatellite instability (MSI),
which occurs secondary to sporadic mutations or epigenetic silencing in genes
encoding for the DNA mismatch repair (MMR) enzymes. Microsatellites are short
segments of repetitive DNA sequences found predominantly in non-coding DNA of
the genome. MSI causes an increased possibility to develop changes in the number
of repeat elements as compared with normal tissue. This is caused by DNA repair
errors occurring during replication. These events have two possible causes. The first
one is sporadic or germline mutations in at least one of the DNA mismatch repair
enzymes (MMR), the second one is an epigenetic silencing due to MLH gene pro-
moter hypermethylation [9, 10]. The system of MMR proteins plays a key role in
maintaining genomic stability, recognizing and repairing base—base mismatches
and deletion/insertion of DNA generated during replication and recombination.
Defects in MMR genes are associated with genome-wide instability and the pro-
gressive accumulation of mutations, especially in regions of microsatellites, leading
to MSI. When the MMR system is altered, tumor develops through the selection of
cancer-promoting mutations in pathways involved in apoptosis and cell growth. In
addition to sporadic alterations, MMR genes can be altered through germline muta-
tions, thus conferring a genetic predisposition to cancers referred to as Hereditary
Non-Polyposis Colorectal Cancer (HNPCC) Syndrome or Lynch Syndrome.
Women with this such an inherited disorder have an increased risk to develop ECs
as well as colorectal carcinomas and other cancer types as stomach, small bowel,
lower urinary tract and ovary.
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15.2 Molecular Alterations in Non-endometrioid Carcinomas

Non-endometrioid carcinomas are characterised by different molecular altera-
tions, such as p53 mutations (90%), inactivation of p16 (40%) and E-cadherin
(80-90%), c-erbB2 gene amplification (30%), alterations in genes involved in
the regulation of the mitotic spindle checkpoint (STK-15) and loss of heterozy-
gosity at multiple loci, reflecting the presence of chromosomal instability. 7P53
gene encodes for the tumor suppressor protein p53, which plays a fundamental
role in conserving stability in the human genome. TP53 mutations decrease cell
ability to repair damage to DNA before entry to S-phase, leading to a higher
possibility that mutations will be present in the genome and passed to succes-
sive generations of cells. TP53 mutations have been detected in up to 90% of
serous carcinomas and in 10-20% of endometrioid carcinomas, which are
mostly grade 3 tumors.

Inactivation of the cell cycle regulator p16 is another frequent alteration, reported
in 40% of non-endometrioid carcinomas. Reduced expression of E-cadherin is fre-
quent in EC and may be caused by LOH (loss-of-heterozygosity) or promoter
hypermethylation. In fact, LOH atl6q22.1 is observed in almost 60% of non-
endometrioid carcinomas. Moreover, c-erbB2 protein overexpression (HER2) and/
or gene amplification are also associated more frequently with non-endometrioid
carcinomas (43% and 29%) than endometrioid ones. HER2 is encoded by the
c-erbB2 gene and is a member of the human epidermal growth factor receptor
(HER/EGFR/ERBB) family [2, 11] for which targeted therapies are available in
other tumor types, such as breast and gastric cancers.

The most typical molecular feature found in non-endometrioid tumor samples is
chromosomal instability. This phenomenon is due to the presence of widespread
chromosomal gains and losses, which reflect the presence of aneuploidy. Moreover,
numerous up-regulated genes (STK-15, BUB1, CCNB2) are also reported in this
group that are involved in the functioning of the mitotic spindle checkpoint. One of
them, STK-15 is essential for chromosome segregation and centrosome functions
and it is frequently amplified [2, 11].

15.3 New Perspectives after TCGA Classification

At the present time, the improvement of polymerase chain reaction-based clonal
assays and new molecular high-sensitivity technologies as Next Generation
Sequencing platforms (NGS) have led to the discovery of relevant biomarkers, facil-
itating a molecular approach to cancer diagnosis and treatment. In fact, by using
integrated genomics and epigenomic, transcriptomic, and proteomic techniques,
during the last years, the Cancer Genome Atlas (TCGA) has published the results
from an integrated endometrial cancer classification. The TCGA project demon-
strated that EC can be classified into four categories based on distinct molecular
subgroups recognized by the number of gene alterations and tumor mutational bur-
den. The four groups are Polymerase Epsilon (POLE) ultramutated, Microsatellite
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Instability hypermutated, copy-number low, and copy-number high serous-like car-
cinomas [12].

The first molecular subgroup showed copy number-stable and ultra-mutated car-
cinomas with recurrent mutations in the exonuclease domain of DNA polymerase
epsilon (POLE). This gene is involved in nuclear DNA replication and repair. The
tumors belonging to the POLE group are characterized by very high somatic muta-
tion frequencies, exceeding 100 mutations per megabase (Mb) in the majority of
cases. Subsequent studies showed that, at the histological point of view, POLE-
mutant ECs are typically high-grade endometrioid carcinomas with a superficial
broad front of invasion pattern and the presence of prominent tumor-infiltrating
lymphocyes (TILs) with tumor giant cells. However, it has also been noted that
POLE mutant carcinomas are morphologically difficult to be classified.

The second molecular EC subgroup reported by the TCGA are hypermutated,
MSI-high carcinomas caused by alterations of mismatch repair proteins. The pre-
dominant underlying mechanism is epigenetic silencing of MLHI by promoter
hypermethylation, but tumors associated with Lynch syndrome also fall into
this group.

MMR system deficiency leads to high mutation frequencies, usually exceeding
10 mutations per Mb. Carcinomas with MSI or with an MMR deficient system, in
general, are mostly endometrioid; however, non-endometrioid subtypes have been
also reported. In this group of tumors, the presence of TILs and a microcystic elon-
gated and fragmented (MELF) pattern of invasion and LVSI have been described.

The third molecular subgroup is genomically relatively stable, MMR-proficient
carcinomas. They are characterized by having a moderate number of mutations,
mostly within the PI3K/Akt and Wnt signalling pathways. This subgroup is almost
exclusively composed of neoplasms expressing both estrogen- (ER) and progester-
one receptor (PR).

The fourth subgroup has high somatic copy number alterations, very similar to
high-grade serous ovarian carcinomas, and shows frequent 7P53 mutations (92%).
Morphologically, these carcinomas are of high-grade (grade 3), including most
serous endometrial carcinomas, and they are commonly reported as ‘serous-like
cancers’ [12, 13].

15.4 Technical Analyses

The TCGA-based classification can be easily performed using the NGS approach.
Indeed, by using large panels (e.g.: Foundation One from Roche, Oncomine
Comprehensive assay version 4 Plus from Thermo Fisher, TSO500 from
Illumina), a combined analysis of gene mutations, copy number variations and
microsatellite instability evaluation can be done in a single experiment, with
progressively decreasing costs with the passage of time. However, these large
panels may show failure in small biopsies for two main reasons: an insufficient
number of cancer cells or an insufficient percentage of tumor cells in the tissue
available for molecular characterization. In these cases, smaller, customized
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panels are very useful to perform molecular characterization even in these diffi-
cult cases.

On the other hand, standard and “old” techniques such as Sanger sequencing
and Fragment analysis/immunohistochemistry, for assessing gene mutations
and the status of the MMR repair system may be used as well, with good
results. However, if Sanger sequencing is time consuming even if the analysis
is limited to POLE gene mutations (due to the large spectrum of POLE muta-
tions that must be analysed), the combination of fragment analysis for assess-
ing MSI and immunohistochemistry for the evaluation of expression of the
proteins of the MMR system still represents the gold standard method: indeed,
the international guidelines recommend to use these two approaches, by apply-
ing recognized panels or molecular antibodies. As it concerns protein expres-
sion, normal expression indicates that a protein is functional and, if all the four
proteins are expressed as in the internal controls, the overall MMR system is
considered intact. When at least one protein is absent or heavily underex-
pressed, the MMR shows a deficiency in a member and is overall inactive, with
the following evaluation criteria: when the downregulation is limited to PMS2
or MSH6, it means that the corresponding gene is altered; on the contrary, since
MLH1 dominates over PMS2 and MSH2 over MSH6, when the genetic inacti-
vation is at MLH1 or MSH2 level, pathologists observe the absence of a couple
of proteins, MLH1/PMS2 and MSH2/MSHS6, respectively. The precise identifi-
cation of the altered proteins is of absolute relevance for the identification of
the majority of Lynch-syndrome-associated cases: in fact, PMS2, MLH2 and
MSHS6 are almost exclusively altered as a result of inherited genetic mutations,
and therefore only in Lynch syndrome patients. On the contrary, MLH]1 can be
deregulated in both inherited and sporadic cases, always showing protein
downregulation. However, molecular analyses can provide a substantial help:
promoter hypermethylation has been observed in a substantially exclusive
association with sporadic cases.

In general, immunohistochemistry may, therefore, provide the precise identifica-
tion of the member of the MMR system that is altered in a given case and, in the
majority of patients, may also subdivide inherited from sporadic cases. However,
this technique is often challenging, because of some technical problems due to the
intrinsic features of the proteins belonging to the MMR system: these proteins are
located in the nucleus and antigen retrieval or accessibility to the reagents cannot be
efficient always. The molecular analysis of MSI may bypass this problem, because
MSI evaluation represents a more objective technique, although it is not able to
identify which protein is precisely altered. A tumor is typically classified as having
MSI if changes are detected in at least 2 of 5 loci using the PCR method. The use of
NCI (BAT-25, BAT-26, D2S123, D5S346 and D17S250) and Promega (BAT-25,
BAT-26, NR-21, NR-24 and MONO-27) panels in PCR and the use of MLHI,
MSH2, MSH6 and PMS2 proteins in IHC are currently the gold standard
approaches [10].
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15.5 Clinical Relevance of Molecular Characterization

The molecular characterization of EC is clinically relevant at the prognostic level:
the four groups are associated with a different course of the disease. POLE mutant
patients, irrespectively on MSI status (in rare cases both POLE mutations and MSI
have been observed), display the best follow-up period with nearly 100% of patients
alive 5 years after the first diagnosis. In POLE wild-type, MSI patients, the course
of the disease is still very good, with more than 80% of the 5-year survival rate.
Starting from the third group, the possibility to be alive 5 years after disease diag-
nosis decreases significantly, with the worse situation observed in the fourth group.

In parallel, the molecular classification has opened new findings of the possibil-
ity to use new therapies in advanced/metastatic and high aggressive cancers [12].
Indeed, among patients with metastatic cancer, cancers with MSI may be efficiently
addressed to the administration of immune checkpoint inhibitors, including anti-
PD-1 antibody and anti-PD-L1 antibody immunotherapies, especially with pembro-
lizumab. In fact, the approval of immune checkpoint inhibitor pembrolizumab
(anti-PD-1), for all solid tumors with defective DNA MMR system, could lead to a
benefit for 20-30% of patients with advanced EC [14].

In addition, due to the role of the PI3K/mTOR pathway in endometrial carcino-
genesis, it has been proposed, and now it is under evaluation in several clinical tri-
als, the use of mTOR inhibitors [13].

Finally, the application of an NGS approach may lead to the discovery of new
potential molecular targets, in a subgroup of EC patients: in this way, it has been
proven that patients with relevant genomic alterations may respond to other targeted
therapies such as BGJ-98 (in FGFR2 altered cases) or pazopanib (in POLE mutant
cases) [15]. Molecular analyses may be also successfully performed on Liquid
Based Cytology (LBC) samples [16] (See also Chap. 16 of this book for further
information).
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16.1 Introduction

Stratification of Endometrial Carcinoma (EC) is an essential criterion for the accurate
evaluation of prognosis, and its ultimate goal is to improve the outcome of patients
through the optimization of treatment guidelines. There are presently two kinds of
stratification systems, the conventional pathology assignment and the emerging
molecular classification proposed by The Cancer Genome Atlas (TCGA) [1, 2]. In the
past, endometrial cancer diagnosis and treatment has been driven by histopathological
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subtype, grade, stage, myometrial invasion, and lymphovascular invasion [1].
Although histopathologic prognostic factors are associated with the risk of recurrence
and the response to adjuvant therapy in EC, none of the current risk stratification sys-
tems has a satisfactory predictive power for the identification of patients at risk for
recurrence or metastatic disease [3]. Inaccurate EC histopathologic classification,
imprecise risk stratification, and diverse treatment strategies [4] are the main causes of
the poor predictive power of this prognostic system [5]. Furthermore, heterogeneity of
EC is ignored in this traditional system [6], resulting in cancers of the same stage and
histology having very distinct molecular and genomic profiles. Translational research
is progressing rapidly and EC specific precision medicine is evolving. Molecular
characterization of EC is advancing rapidly, and understanding how a specific subset
of mutations or combinations of molecular characteristics can lead to targeted thera-
peutics may have an utmost importance in the treatment of advanced or recurrent EC
[7]. Molecular prognostic factors, such as POLE mutation, copy number variation
(CNV), and genetic instability related to an abnormal expression of mismatch repair
proteins, were able to classify EC into four molecular subtypes: POLE-mutant, mic-
rosatellite instability (MSI), low copy number variation (CNV-L), and high copy num-
ber variation (CNV-H) [2]. Molecular characterization of EC into subgroups has
prognostic and therapeutic implications. Further development of an integrated molec-
ular risk profile may identify patients who could benefit from additional treatment
because of a higher risk of recurrence [3].

16.2 Liquid-Based Cytology and Cell Blocks in Endometrial
Cancer Diagnosis

To diagnose EC, transvaginal ultrasound, hysteroscopy, endometrial biopsy, dilata-
tion, and curettage are the most commonly used strategies. Although endometrial
hysteroscopy and/or curettage remains the most common diagnostic modality, it is
anyhow an invasive procedure with the risk of infection and perforation [8]. The
cytological diagnosis of endometrial lesions offers a valuable alternative to biopsy
and it may be useful in obtaining material to study prognostic and predictive mark-
ers [9, 10]. Endometrial cytology allows cytomorphologic interpretation of a wide
range of lesions, using a lesser amount of cells [11], showing a sensitivity of 79%
and a specificity of 99% [12, 13]. However, its main limitations are represented by
artefacts associated with conventional smear quality, the presence of excess blood,
and presence of 3D dense overlapping cell clusters [14]. The introduction of liquid-
based cytology (LBC) and the experience acquired in specimen collection, process-
ing, and interpretation represents an opportunity to reconsider endometrial cytology
as a means of obtaining morphological diagnosis [14]. LBC represents a great
advantage in cell preservation and clearance of background, critical for an accurate
diagnosis [15]. Since satisfactory sampling is one of the major factors affecting the
quality of the cellular sample in endometrial cytology, several endometrial samplers
have been developed, such as Endoflower, the Tao brush, and Endocyte [16, 17]. A
recent study compared the effectiveness between Li brushes and Tao Brushes for the
diagnosis of endometrial lesions. The results suggest that cytologic samples obtained
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by both Li brushes and Tao brushes have a high accuracy with optimal cyto-
histologic correlation in detecting EC and the Li brush may be a better endometrial
cell collector [18]. Endometrial cytology seems to be a reliable approach for evalu-
ating endometrium with a lower insufficient sample rate; anyhow the sensitivity of
LBC for the detection of endometrial cancer is between 70% and 96% and, hence,
still unsatisfactory [13]. Moreover, in the endometrial cytologic samples, the evalu-
ation of glandular architecture relies indirectly on the morphology of cell clusters
and LBC alone may not be sufficient for the detection [13] of early EC, hence the
development of new diagnostic tools is urgently needed.

Cell blocks or Cytoblocks (CBs) are an important diagnostic tool in cytopathol-
ogy and are already a well-established technique for cytological material prepara-
tion [11]. They are a type of preparation by which cytological material is compacted
into a pellet, fixed in buffered formalin, and embedded in paraffin blocks for further
processing as a histological specimen [19]. Using residual cytological material
offers the advantage of resolving the complexity of dense cellular clusters on thin-
layer preparations and adds valuable diagnostic evidence by producing tissue frag-
ments that cannot be obtained by cytology alone and has the further diagnostic
advantage of permitting architectural study [19]. Some optimization is required due
to the diversity of cell block techniques: fixed sediment method, Agar embedding
method, plasma-thrombin clot method, or even automated method. However, it is
self-evident that they offer many advantages over other cytological preparations and
represent their invaluable complement [20]. Multiple serial sections may be obtained
by cell blocks for performing special stains, immunocytochemistry (ICC), and
molecular tests (MT), utilizing formalin-fixed paraffin-embedded (FFPE) tissue
sections, allowing microscopic examination of the tumor and also quantification of
tumor fraction. They can also be used for microarray construction in the study of
immunomarkers [21]. In fact, an immunohistochemistry antibody panel has been
exploited to perform differential diagnosis of endometrial lesions using: ER, PR,
Phosphate and Tensin homologue (PTEN), p53, Ki-67, p16 between endometrial
and endocervical adenocarcinoma and of endometrioid carcinoma from serous and
clear cell carcinoma [19].

16.3 Molecular Tests in Liquid-Based Cytology and Cell
Blocks: A New ERA

Molecular cytopathology is a rapidly evolving field of modern cytopathology, which
underlines the effective interplay between genomics and cytology [22]. The devel-
opment of personalized medicine, including the cancer gene testing on cytological
samples from patients with surgically unresectable, high-stage, locally advanced,
and metastatic malignancies is crucial [23].

DNA extracted from cytology preparations is, in general terms, better in quality
than histology due to lack of stroma with resultant increase in the cancer cells frac-
tion and, consequently, lower amounts of DNA may be sufficient for routine molec-
ular tests [24]. CBs are most commonly used for molecular tests [19, 25], although
smears and LBC allow comparable amounts of DNA [26, 27].
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However, CBs present nucleic acid preservation issues similar to those of histologi-
cal FFPE material. Neutral buffered formalin, the most commonly used fixative for
tissue preservation, induces methylene bridging of bases and the formation of cross-
links between nucleic acids and available proteins [27]. With regard to RNA extraction,
the addition of proteinase K digestion followed by heating steps is employed in an
effort to break the methylene bridges and optimize the quality. Even with optimized
digestion and heating steps, however, it is not always possible to remove all modifica-
tions such as residual methyl groups from FFPE-extracted RNA [28].

Cellularity is also an important issue in CBs; it is evaluated through the examina-
tion of an H&E-stained section prepared from the CB. The percentage of tumor
cells for molecular testing is extrapolated based on the H&E section, which consti-
tutes a disadvantage, especially when the cellularity is low [29]. In a CB with low
tumor content, some practices including additional dedicated steps for cellular
enrichment are needed [30, 31], due to the fact that the analytical sensitivity of
molecular diagnostic assays depends on the percentage of tumor cells vs. the total
number of cells in the preparation [26].

Several studies have described using LBC specimens for molecular analysis [26,
32]. The issues regarding LBC mainly concern the DNA preservation/RNA preserva-
tion and the amount of tumor cells [26]. The alcohol-based fixative has a direct effect
on DNA preservation. For example, LBC samples fixed with CytoRich Red have
shown worse DNA preservation due to the presence of a small amount (<1%) of form-
aldehyde that may cause DNA degradation and modification [29]. Also, material from
CytoLyt samples has demonstrated optimal RNA integrity being suitable for nucleic
acid isolation and subsequent analysis by reverse transcription-PCR (RT-PCR) [33].
In a study, the authors assessed LBC samples to verify the concordance with the FFPE
DNA results. The results obtained were concordant; the wild type cases in FFPE were
also wild type in LBC and vice versa for the mutated case [26].

When a low-sensitive direct sequencing method is used, neoplastic cell enrich-
ment is mandatory [34]. However, manual or laser microdissection on LCB slides
remains difficult and time consuming [26]. Alternatively, molecular techniques,
such as real-time PCR methods, can be used directly on the DNA extracted from the
preserving solution, without slide preparation [35], suggesting LBC as a valuable
method for molecular testing.

16.4 NGS (Next-Generation Sequencing)

More recently, cytological specimens have also been validated for next-genera-
tion sequencing (NGS) assays to simultaneously screen different types of muta-
tions in multiple genes and in multiple patient samples using small amounts of
material [36]. NGS has also enabled the detection of somatic mutations at low
frequencies in cancer tissues, and the identification of tumor DNA derived from
cancer tissues (ctDNA) in circulating peripheral blood. Genomic profiles of
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ctDNA have been shown to closely associate with those of the malignant tumor,
suggesting that ctDNA could contribute to the diagnosis and personalized treat-
ment of cancer [37]. NGS and fully automated platforms may need specific sam-
ple requirements. In fact, establishing the number of cells needed to perform
NGS from a cytology sample is crucial. The studies that applied NGS to cyto-
logical material had usually needed/exploited at least 20% neoplastic cellularity
[38]. Moreover, sample requirements depend on target capture, gene panel, and
platform types. For example, NGS assays from illumin a usually require more
cells and/or higher DNA input than Ion Torrent NGS, due to the different chem-
istry that is the base of the two methodologies (Hybrid capture vs amplicon-
based) [38]. The success of molecular testing on cytology is strongly dependent
on standardized pre-analytical protocols. Besides specific analytical issues,
dependent on the given molecular technique, appropriate test request, specimen
collection, fixation, processing, staining, tumor fraction enrichment, DNA qual-
ity/quantity assessment, and storage conditions are also crucial [26]. In fact, a
recent study compared the efficacy of LBC with liquid-based genetic diagnosis
(LBGDx) by amplicon sequencing of five genes including PTEN, PIK3CA,
CTNNBI1, KRAS, and TP53 in LBC subjects who underwent endometrial screen-
ing [26]. The results show that LBGDx could diagnose EC at a sensitivity of
85%. Among the EC cases diagnosed by LBGDx, a few were cytologically nega-
tive, corroborating the fact that it is difficult to diagnose EC by cytology alone
[39]. The study suggests that, if the cytological examination was combined with
LBGDx, all ECs could be correctly diagnosed and additional histological exami-
nation is not necessary for five of the six suspicious cases on cytological exami-
nation alone [13]. Moreover it was prospected that, by increasing the number of
genes studied, the sensitivity of the genetic diagnosis could, in turn, further be
increased, suggesting that the combination of LBC and LBGDx was able to diag-
nose all EC cases, supporting the assertion that LBGDx is a useful strategy to
improve the sensitivity of screening of EC by LBC [13]. A recent study proposed
chromosomal instability (CIN),(i.e.: an increase in rate of addition or loss of
entire chromosomes or sections thereof) as a biological mechanism for the evolu-
tion of different histopathologic and molecular pathologic prognostic factors and
may be applicable to the risk stratification system of EC [40]. The results suggest
that CIN was associated with unfavourable prognosis in EC. Moreover, the com-
bination of pathology, CIN signatures and molecular classification proposed by
TCGA, leads to a further refinement of prognostic scores, with potential clinical
utility in EC. This integrated risk model holds promise to reduce both overtreat-
ment and undertreatment [40].

Based on the above, and although further studies are needed to support this
important studies, it is expected that the implementation of genetic analysis in LCB
and CB for screening of endometrial cancer will contribute to reduce the mortality
in patients with EC by early detection of neoplastic lesions.
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17.1 Background

In recent years, liquid-based cytology (LBC) has replaced conventional smears as
the method of choice for clinical cytological evaluation of various organs. This
approach has much improved the cytomorphological evaluation of endometrial cells
in health and disease and has permitted to use residual cellular material to prepare
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cell blocks for subsequent morphological and immunocytochemical studies as well
as to examine the molecular pathological changes associated to endometrial
malignancies.

However, an additional possibility with LBC is that to exploit the advantages of
computer-based image analysis technology for assistance in the interpretation of
various types of cytologic samples. To this concern, the experience with cervical
cytology has matured sufficiently to enter routine clinical laboratory use. Such
interpretation support devices are being manufactured by several companies and are
already in use in large cytology laboratories around the world. They are indispens-
able for maintaining the accuracy of daily cytological interpretation. Up to now, the
commonest application of image analysis has been cervical cytology, due to the
large number of specimens available.

The present chapter deals with the current states and future perspectives of digi-
tal cytology and the morphometric approach to endometrial cytology interpretation.
Appropriate technological progress in these areas will significantly improve the
future utility of endometrial cytology. Subsequently, we will discuss the current
state of flow cytometry (LC-1000)-assisted endometrial cytology interpretation.
This topic is rarely discussed elsewhere in this book. Finally, we will discuss the
latest advances in the value of cell-free DNA samples in the follow-up of endome-
trial malignancies.

17.2 Current Status and Future Perspectives
of Digital Cytology

Digital cytology is a technique for converting microscopic images of cytologi-
cal specimens into digital data and observing them using a computer. The break-
down of the technology includes still images, moving images, and whole slide
imaging (WSI), which can virtually freely observe fields in the magnification
and Z-axis directions by converting the entire field of view into digital data.
These technologies are developing rapidly and various apparatuses are being
developed.

Applications of digital cytology include cytodiagnosis, remote cytodiagnostic,
conferences, control surveys, education, remotely administered e-learning and
quantification of morphological images, objective differential diagnosis [1, 2] by
digital image analysis (DIA).

Among future perspectives in this field, automatic DIA by artificial intelligence
(AI) based on the image analysis developed with the spread of liquid-based cytol-
ogy (LBC), automated interpretation and reporting of immunocytochemical stain-
ing genetic diagnosis by in situ hybridization (FISH, CISH ISH, etc.), network
construction of remote cytodiagnosis and international standardization of cytodiag-
nosis, etc., are expected.
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17.3 The Morphometric Approach to Endometrial
Cytology Interpretation

According to the International Federation of Gynecology and Obstetrics (FIGO)
histologic grading system [3], nuclear atypia should be also evaluated in endome-
trial cytology samples, as its recognition and grading are critical for a diagnosis.
However, the assessment of nuclear atypia is highly subjective in the FIGO histo-
logic grading [4]. Lax et al. [5] reported an interobserver agreement of 35% (0.22),
while Sagae et al. [6] showed a 49% agreement (0.23).

In several studies evaluating endometrial cytology, evaluation of nuclear atypia
includes several objective variables as: evaluation of the nuclear area and nuclear
roundness, nuclear pleomorphism (anisonucleosis), nuclear size, chromatin struc-
ture and distribution, size of nucleoli, and mitoses [7-9].

However, to avoid the negative impact of subjectivity in endometrial cytological
samples, it would be useful, at least for some of these latter, like nuclear area and
nuclear roundness, to use objective data obtained from morphometric evaluation
when applying the FIGO grading system.

Since the liquid-based cytology (LBC) technique—originally developed for
gynecologic cervical smears—permits a standardized specimen preparation, the
application of morphometric analysis on these samples becomes a real possibility.

Recently, Norimatsu et al. [10] investigated whether an objective evaluation of
nuclear findings in endometrial cytology could be more accurate than the simple
cytomorphological evaluation. Nuclear image morphometry for geometric and tex-
ture features (area, grey value, aspect ratio, internuclear distance, nucleolar diame-
ter) was performed using the ImagelJ software (version 1.51) by the U.S. National
Institutes of Health (http://rsbweb.nih.gov/ij/).

Consequently, it became obvious that image morphometry is more useful than
simple microscopic evaluation to score nuclear atypia in LBC of directly sampled
endometrial mucosa.

In this regard, Pouliakis et al. [11] have attempted to reduce the human subjectiv-
ity, by exploiting a more objective methodology using a classification and regres-
sion trees (CARTSs) system. The proposed methodology gave encouraging results in
the discrimination between the nuclei from cases of hyperplasia with cytological
atypia and carcinoma, from those of benign endometrial cases and cases without
cytological atypia.

Pouliakis et al. also underlined that LBC facilitates the application of objective
criteria since it permits a standardized procedure of fixation, transfer, and cytologi-
cal preparation of the material which can be easily deployed in any cytopathology
laboratory, and, moreover, enables the application of ancillary techniques.

In retrospect, according to Baak’s definition [12], morphometry is a quantitative
description of the form, and unlike other morphological methods, it enables the
findings to be numerically expressed. The method is inexpensive and technically
simple, thus being applicable on the material processed by standard procedure while
morphometric parameters are objective and reproducible.
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Meanwhile, Al, currently a hot and controversial topic, has been introduced into
many aspects of our everyday life, including medicine. Compared with other appli-
cations in the treatment of diseases, Al is more likely to enter the diagnostic disci-
plines based on image analysis such as pathology, included cellular pathology,
ultrasound, radiology, and skin disease diagnosis. Among these applications, the
implementation of Al in cellular pathology represents a special challenge due to the
complexity and great responsibility of the cytopathologic diagnosis of endometrial
precancerous and cancerous lesions.

17.4 Current Status and Future Perspectives of Flow
Cytometry (LC-1000)-Assisted Endometrial
Cytology Interpretation

The LC-1000 (Japanese notification number: 28B1X10014000038) exfoliated cell
analyzer developed by the Sysmex Corporation is a medical device that calculates
the cell proliferation index (CPIx). This is a unique value reflecting proliferative
capacity as a proxy for the neoplastic tendency of exfoliated (e.g., endometrial)
cells suspended in an alcohol-based preservative solution. Efficacy of the LC-1000
for cervical cancer screening has recently been reported by a Japanese Society of
Clinical Cytology study [13] and also from Korea [14].

Currently, endometrial cancer screening by means of endometrial cytology is
rarely performed in Western countries other than Japan; such countries favor instead
endometrial aspiration biopsy only in high-risk groups. Recently a pilot study on
efficiency of the LC-1000 in the detection of endometrial cancer in directly sampled
endometrial cells has been conducted by ourselves with the cooperation of Sysmex
corporation. The result data are currently being prepared for publication. The pre-
liminary results were as follows:

I. The manufacturer’s recommended ultrasonic dispersion setting was effective
for measuring LC-1000 endometrial cell samples.

II. According to the results of the measurement using LC-1000 of endometrial cell
samples taken from clinical cases, the detection sensitivity of cancer cases was
100%, specificity was 92%, positive predictive value was 73%, and negative
predictive value was 100%.

III. Although the number of samples measured was limited, measuring endometrial
cell samples using LC-1000 was suggested to be useful in screening cancer
groups from non-cancer groups.

As mentioned above, LC-1000 is suggested to provide supplemental information
for detecting endometrial cancer based on a principle different from that of endome-
trial cytology. Because only a small volume of endometrial cell suspension is
required for analysis by the LC-1000, a single endometrial cell collection is suffi-
cient for both LBC and LC-1000 analysis.
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A large-scale study is currently underway in Japan to evaluate the utility of
LC-1000 by comparing its performance in the detection of both endometrial precur-
sor and cancerous lesion with that of endometrial aspiration biopsy or cytology. If
the large-scale study supports above mentioned our results of LC-1000 study,
LC-1000 analysis in screening for endometrial cancer in a high-risk group com-
bined with endometrial cytology is likely to significantly improve the detection effi-
ciency of endometrial cancer.

17.5 Value of Cell-Free DNA Samples in the Follow-Up
of Endometrial Malignancies

One of the most important developments in therapeutic medicine in the last decade
has been the routine introduction of genomic detection and analysis technologies,
which have further widened the already known complexities of molecular changes
in human neoplasms. Cell-free DNA (cf-DNA) is released into the peripheral blood
by tumor cells and cells in the tumor microenvironment that undergo apoptosis or
necrosis. A number of recent publications have documented the utility and feasibil-
ity of mutational analyses in cf-DNA in lung cancer [15], pancreatic cancer [16],
and colorectal cancer [17]. Recently, the FDA (Food and Drug Administration) has
also approved the use of cell-free extracts for the study of EGFR mutations as a
guide to the treatment of Non-small cell lung cancer (NSCLC) patients with EGFR
inhibitors [18]. Nonetheless, while the detection of known mutations or of resis-
tance mutations is feasible by using cell-free extracts from plasma and other bio-
logical fluids, the study of cf-DNA extracts cannot yet be applied to the primary
molecular diagnosis of tumors, due to the very low amount of cf-DNA in biological
fluids, requiring targeted enrichment for accurate detection. Several previous reports
have used malignant pleural supernatant for EGFR mutation analysis, and Liu et al.
report that malignant pleural supernatants may be a potential substitute for meta-
static pleural tumor tissue study in EGFR mutational testing [19]. In 2018, Kawahara
et al. [20] have had the opportunity to assess the EGFR mutational status using
pleural effusion cytology samples. In his study he concluded that the combined test
using both cell sediment DNA and supernatant cf-DNA of the same samples
increases the concordance rate of EGFR mutation between primary tumor as deter-
mined in tissue and its corresponding pleural localizations. Supernatant cf-DNA
may help in this way to compensate for the lack of sufficient DNA in EGFR muta-
tional analysis, allowing to detect EGFR mutations in a similar way to cancer cell
sediments.

In recent years, the concept of “liquid biopsy” has been rapidly applied also
to the field of gynecologic oncology [21-23]. In 2017, Cicchillitti et al. [24]
demonstrated that significantly elevated cf-DNA levels were detected in an endo-
metrial cancer group compared with controls, with higher levels in high-grade
groups (G2 and G3). An earlier investigation by Dobyrzycka et al. [25] has shown
that a considerable difference exists between the mean level of cf-DNA in
patients with type 1 and type 2 endometrial cancer. Recently, Vizza et al. [26]
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adopted a special calculation method which is called Alu-quantitative real-time
PCR (qPCR) analysis to investigate the role of cf-DNA in patients with endome-
trial carcinoma. This method compares two variables, of which one is a quantita-
tive parameter (Alu 115) (total cf-DNA) and another is a quantitative one (Alu
247), which represents the degree of integrity of cf-DNA. They found a signifi-
cantly increased ratio of total cf-DNA content in high-grade endometrial cancer
patients, with a parallel decrease of the DNA integrity index in patients with
lympho-vascular invasion or unfavorable prognostic features (obesity or
hypertension).

The detection of cf-DNA has also been carried out in non-blood-derived samples
such as pleural fluid, urine, and uterine lavage [22, 23, 27]. This latter samples were
used not only in the management of endometrial cancer but also in ovarian cancer
patients [22, 23, 26]. In 2019, Ponti et al. noted that compared to bloodstream, the
levels of cf-DNA detected in non-blood-derived fluids can be higher in certain can-
cer types. However, more experience and research is needed to improve the reliabil-
ity of these data for cancer molecular profiling in clinical pathology and
oncology [28].

17.5.1 Molecular Study of Liquid-Based Pap Samples and of cf-
DNA in Uterine Lavage Fluid

Recently, genetic analysis on Papanicolaou test (Pap smear) samples using liquid-
based cytology rather than traditional Pap smears showed potential advantages in
early detection of both ovarian carcinoma and endometrial cancer patients. In 1943
Papanicolaou and Traut’s published their landmark monograph entitled “Diagnosis
of Uterine Cancer by the Vaginal Smear” [29]. This was undoubtedly a founda-
tional work in gynecologic cytopathology. It is noteworthy that already at that time
they suggested that endocervical sampling could in theory be used to detect not
only cervical cancers but also other cancers arising in the female reproductive tract,
including endometrial and ovarian carcinomas [30]. Accumulated recent research
moves us much closer to that goal. In honor of Papanicolaou’s pioneering contribu-
tion to the field of early cancer detection, Kinde et al. also have named the approach
described as the “PapGene” test in his recent report [31]. In their study, these
authors used liquid-based cytologic samples (LBC) Pap (test) samples, (which are
routinely used for human papillomavirus detection) and showed that cancerous
cells shedding from the upper gynecological tract can be present in the uterine
cervix [31]. Massive parallel sequencing for tumor-specific mutations was per-
formed on DNA from LBC Pap smear specimens. This technique was successfully
applied to 24 (100%) of 24 patients with endometrial cancer, in which cancer-
associated mutations were identified in all cases. However, the sensitivity was
lower in ovarian cancer patients, with mutations identified in 9/22 patients (41%).
It is now clear enough that, in the future, molecular genetic analysis of the Pap test
using LBC samples, may help in the early detection of endometrial cancer and
ovarian cancer patients [31-33].
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Uterine fluid is the term used to describe the fluid found in the uterine cavity; its
cellular composition has been extensively investigated by Casslen et al. [27]. A
similar diagnostic approach to LBC samples of Pap smears has already been applied
for the demonstration of genomic mutations using uterine lavage fluid or uterine
aspirates in order to detect early cancers, in addition to cyto/histopathological
examination [34-36]. Tumor cells which shed from both ovarian and endometrial
cancer can be in fact collected through lavage of uterine cavity. Maritschnegg et al.
[35] performed lavage of the uterine cavity to obtain samples from 65 patients with
ovarian cancer (n = 30), endometrial cancer (n = 5), other malignancies (n = 3), or
benign lesions of the gynecologic organs (n = 27). They used next-generation
sequencing to examine these samples along with the corresponding tumor tissue for
the presence of somatic mutations. Molecular pathologic examination of uterine
lavage samples led to the detection of ovarian cancer, endometrial cancer, and clini-
cally occult ovarian cancer, suggesting its potential usage as an additional diagnos-
tic tool for an early diagnosis. They also emphasized that although they analyzed
uterine lavage samples of only five patients with endometrial cancer, the diagnostic
potential of the uterine lavage technique is obvious.

Currently, the above described research field is extraordinarily active and it is
warmly expected that genetic profiling techniques will significantly increase the
diagnostic specificity and sensitivity of precision medicine in gynecologic oncology.
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The Future Direction in Endometrial 1 8
Oncology through the Liquid Biopsy

Natalia Malara, Tadao K. Kobayashi, Akihiko Kawahara,
Alarice C. Lowe, and Arrigo Capitanio

18.1 Introduction
N. Malara

Liquid Biopsy is defined as a non-invasive and repeatable test that evaluates bio-
markers released by diseased tissue and found in peripheral blood samples or in
other liquid matrices which may be cerebrospinal fluid, urine, secretions, effusions,
etc. In clinical practice, the currently validated liquid biopsy is based on the analysis
of circulating molecular biomarkers as analysis of circulating tumor DNA (ct-DNA)
and of cellular biomarkers as circulating tumor cells (CTCs) [1, 2]. Oncological
research is focused on identifying and validating further circulating biomarkers,
alone or in combination, including molecular ones such as transcriptomics (i.e.,
specific miRNA, etc.) [3], proteomics (i.e., CEA, etc.) [4], metabolomics (i.e.,
methylglyoxal, etc.) [5, 6] and cellular ones as circulating endothelial cells [7, 8], in
order to improve early diagnosis and personalized monitoring of the cancer patient
through liquid biopsy.
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Fig. 18.1 Schematic Liquid Biopsy
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The circulating biomarkers pertaining to endometrial cancer (EC) can be found
mainly in two types of liquid matrices, i.e. in samples of peripheral blood and uter-
ine fluid, respectively. In both matrices, it is possible to collect molecules and cells
released by the endometrial tumor tissue. In particular, in the peripheral blood sam-
ples the circulating biomarkers collected are representative of primary and second-
ary EC while those collected from uterine fluid are representative only of primary
EC disease. The main clinical applications of liquid biopsy are diagnosis, monitor-
ing of minimal residual disease, risk assessment, and unmasking patients at high-
risk of recurrence [9, 10] (Fig. 18.1).

18.2 Circulating Tumor DNA (ct-DNA) Evaluation
for Monitoring Endometrial Cancer

T. K. Kobayashi, A. Kawahara, and N. Malara

One of the most important developments in therapeutic medicine in the last decade
has been the routine introduction of molecular genetic detection and analysis tech-
nologies, which have further widened the already known complexities of molecular
changes in human neoplasms.

Cell-free DNA (cf-DNA) originates from any type of cell found in body fluids
and refers to extracellular DNA molecules (double-stranded DNA and mitochon-
drial DNA). It was detected in the blood of patient and healthy individuals by
Mandel and Metais in 1948 [11]. In prenatal diagnostics, cf-DNA analysis repre-
sents now a routine clinical practice [12]. Cf-DNA is prevalently released by the
cells of the hematopoietic system and it still remains a challenge to determine the
relative contribution to the overall amount of cf-DNA of different tissues in health
and pathological conditions [13]. Cells release cf-DNA into the fluids of the proxi-
mal microenvironment in free form or as inclusions in extracellular vesicles, by
apoptosis or necrosis, senescence, ferroptosis, neutrophil extracellular trap
(NETosis), phagocytosis, active secretion, expulsion of mature nuclei by erythro-
blasts, management of mitochondrial DNA or Vital NETosis [14].
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Cf-DNA is passively transported by local fluids to reach the blood circulation,
where it is subjected to extra- and intracellular mechanisms regulating its catabo-
lism. Fragmented cf-DNA can be eliminated directly from the renal emunctorium,
by becoming a substrate of enzymatic excision mechanisms or by degradation by
the hepatocytic filter, especially when it is organized into nucleosomal complexes
[15]. A number of recent publications have documented the utility and feasibility of
mutational analyses in cf-DNA in lung cancer [16], pancreatic cancer [17], and
colorectal cancer [18]. Recently, the FDA has also approved the use of cell free
extracts for the study of EGFR mutations as a guide to the treatment of Non-Small
Cell Lung Cancer (NSCLC) patients with EGFR inhibitors [19]. Nonetheless, while
the detection of known mutations or of resistance mutations is feasible by using cell
free extracts from plasma and other biological fluids, the study of cf-DNA extracts
cannot yet be applied to the primary molecular diagnosis of tumors. In particular,
the quantitative interpretation in the peripheral blood of the cf-DNA of tumor origin
is not yet clear. In fact, the kinetic of cf-DNA does not depend exclusively from
dead cancer cells, being also strongly influenced by the tumor volume, metabolism,
and proliferation rate [20]. Furthermore, it is not yet entirely clear how cancer cells
surviving chemotherapy can modify their active secretion of extracellular vesicles
incorporating circulating tumor-DNA (ct-DNA) [21].

Further studies need to define the clinical potential and diagnostic sensitivity of
cf-DNA, also in function of the anatomic tumor site. This variable can influence the
concordance between plasma and tumor data by causing lower amounts of ct-DNA
into the bloodstream. In these cases the sources of ct-DNA, such as effusions, secre-
tions, can represent precious sources to obtain a molecular profile [22]. Several
previous reports have used supernatant from malignant pleural effusions for EGFR
mutation analysis, and Liu et al. report that malignant pleural effusion supernatants
may be a potential substitute for metastatic pleural tumor tissue study in EGFR
mutational testing [23]. In 2018, Kawahara et al. [24] have had the opportunity to
assess the EGFR mutational status using pleural effusion cytology samples. In his
study they concluded that the combined test using both cell sediment DNA and
supernatant cf-DNA of the same samples increases the concordance rate of EGFR
mutation between primary tumor as determined in tissue and its corresponding
pleural localizations. Supernatant cf-DNA may help in this way to compensate for
the lack of sufficient DNA in EGFR mutational analysis, allowing to detect EGFR
mutations in a similar way to cancer cell sediments.

In recent years, the concept of “liquid biopsy” has been rapidly applied also to
the field of gynecologic oncology [25-27]. In 2017, Cicchillitti et al. [28] demon-
strated that significantly elevated cf-DNA levels were detected in an endometrial
cancer group compared with controls, with higher levels in high-grade groups (G2
and G3) (Fig 18.2). An earlier investigation by Dobyrzycka et al. [29] has shown
that a considerable difference exists between the mean level of cf-DNA in patients
with type 1 and type 2 endometrial cancer. Recently, Vizza et al. [30] adopted a
special calculation method which is called Alu-quantitative real-time PCR (qPCR)
analysis to investigate the role of cf-DNA in patients with endometrial carcinoma.
This method compares two variables, of which one is a quantitative parameter (Alu
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Fig. 18.2 Schematic overview on circulating tumor-DNA biomarkers in endometrial cancer.
Prevalent matrices used are plasma and uterine fluid (Pap-sample). It can be in two alternative
formats, free (non-encapsulated) or encapsulated (within extracellular membrane)

115) (total cf-DNA) and another is a qualitative one (Alu 247), which represents the
degree of integrity of cf-DNA. They found a significantly increased ratio of total
cf-DNA content in high-grade endometrial cancer patients, with a parallel decrease
of the DNA integrity index in patients with lympho-vascular invasion or unfavor-
able prognostic features (obesity or hypertension). The detection of cf-DNA has
also been carried out in non-blood-derived samples such as pleural fluid, urine, and
uterine lavage. This latter samples were used not only in the management of endo-
metrial cancer but also in ovarian cancer patients. In 2019, Ponti et al. noted that
compared to bloodstream, the levels of cf-DNA detected in non-blood-derived flu-
ids can be higher in certain cancer types. However, more experience and research is
needed to improve the reliability of these data for cancer molecular profiling in
clinical pathology and oncology [31].

18.3 Liquid-Based Pap Samples and ct-DNA in Uterine Fluid
N. Malara and T. K. Kobayashi

Recently, genetic analysis on Papanicolaou test (Pap smear) samples using liquid-
based cytology rather than traditional Pap smears showed potential advantages in
early detection of both ovarian carcinoma and endometrial cancer patients. In 1943
Papanicolaou and Traut published their landmark monograph entitled “Diagnosis of
Uterine Cancer by the Vaginal Smear” [32]. This was undoubtedly a foundational
work in gynecologic cytopathology. It is noteworthy that already at that time they
suggested that endocervical sampling could in theory be used to detect not only
cervical cancers but also other cancers arising in the female reproductive tract,
including endometrial and ovarian carcinomas [33]. Accumulated recent research
moves us much closer to that goal. In honor of Papanicolaou’s pioneering contribu-
tion to the field of early cancer detection, Kinde et al. also have named the approach
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described as the “PapGene” test in his recent report [34]. In their study, these authors
[34] used liquid-based cytologic samples (LBC) Pap (test) samples, (which are rou-
tinely used for human papillomavirus detection) and showed that cancerous cells
shedding from the upper gynecological tract can be found in cervical smears.

Massive parallel sequencing for tumor-specific mutations was performed on cf-
DNA from LBC Pap smear specimens. This technique was successfully applied to
24 (100%) of 24 patients with endometrial cancer, in which cancer-associated muta-
tions were identified in all cases. However, the sensitivity was lower in ovarian
cancer patients, with mutations identified in 9/22 patients (41%). It is now clear
enough that, in the future, molecular genetic analysis of the Pap test using LBC
samples may help in the early detection of endometrial cancer and ovarian cancer
patients [34, 35].

Uterine fluid is the term used to describe the fluid found in the uterine cavity;
its cellular composition has been extensively investigated by Casslen et al. [36]. A
similar diagnostic approach to LBC samples of Pap smears has already been
applied for the demonstration of mutations using uterine lavage fluid or uterine
aspirates in order to detect early cancers, in addition to cyto/histopathological
examination [37-39]. Tumor cells which shed from both ovarian and endometrial
cancer can be in fact collected through lavage of uterine cavity. Maritschnegg
et al. [38] performed lavage of the uterine cavity to obtain samples from 65
patients with ovarian cancer (n = 30), endometrial cancer (n = 5), other malignan-
cies (n = 3), or benign lesions of the gynecologic organs (n = 27). They used next-
generation sequencing to examine these samples along with the corresponding
tumor tissue for the presence of somatic mutations. Molecular pathologic exami-
nation of uterine lavage samples led to the detection of ovarian cancer, endome-
trial cancer, and clinically occult ovarian cancer, suggesting its potential usage as
an additional diagnostic tool for an early diagnosis. They also emphasized that,
although they analyzed uterine lavage samples of only five patients with endome-
trial cancer, the diagnostic potential of the uterine lavage technique is obvious.
Ct-DNA can be present in the uterine fluid also in encapsulated form within extra-
cellular vesicles. Extracellular vesicles are small cell-derived vesicles containing
a range of molecular information comprised in DNA, RNA, and proteins.
Depending on their size and biological role generally, the extracellular vesicles
are referred to as microvesicles, ectosomes, exosomes, apoptotic bodies, shedding
vesicles, or microparticles among others [39].

Recently, the isolation and analysis of exosomes from uterine fluid in pregnant
women has opened new possibilities for the non-invasive gynecological cancer
diagnostics. The analysis of the content of the isolated exosomes allowed access to
molecular information of the host organism. The molecules of DNA, RNA, and
proteins encapsulated within the exosomal lipid bilayer were protected from degra-
dation [40].

Similarly in the oncology field, this procedure has opened up new possibilities
to access directly to molecular and biological profile of gynecological diseases,
and in particular endometrial carcinomas, for screening and cancer risk monitor-
ing [41].
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Currently, the above described research field is extraordinarily active and it is
warmly expected that genetic profiling techniques will significantly increase the
diagnostic specificity and sensitivity of precision medicine in gynecologic oncol-
ogy [42].

18.4 Circulating Tumor Cells (CTCs) Evaluation
for Monitoring Endometrial Cancer Patients

N. Malara and A. C. Lowe

The circulating tumor cells, (CTCs) are released from the tumor tissue into the
proximal microenvironment through passive and active mechanisms. The passive
mechanism is closely linked to the high proliferative rate, hallmark of cancer [43].
The high proliferation favors the detachment of the endometrial cancer cells and
their release into the uterine cavity or into the bloodstream. The passive release in
the systemic circulation is permitted by the fenestrated endothelial wall of the intra-
lesional vessels [44]. The active mechanism presupposes the activation of signaling
pathways that make the cancer cell capable of intra and extravasation and inva-
sion [45].

The CTCs are cells structurally similar to the resident tumor cells in the neoplas-
tic tissue. When in the blood, CTCs are detectable as single elements with a globular
shape and/or as multi-cellular groups or clusters characterized by a 3D spherical
structure. The destiny of single CTC is to undergo a form of programmed cell death
occurring in anchorage-dependent cells after loss of contact with extracellular
matrix, defined anoikisis [45]. Moreover, CTC can be destroyed by the lymph nodes
or tissue immune system, return to the primary lesion or display bone marrow hom-
ing [46]. The endometrial CTCs display bone marrow homing remaining as dor-
mant Disseminated Tumor Cells (DTCs). The DTCs exhibit a quiescent state for
months or years and are not detectable. The metastatic CTCs have active signaling
pathways to sustain tumorigenic abilities to re-form a tumor similar to the primary
one [47].

Tumorigenic CTCs are also defined as cancer stem cells because they have
molecular characteristics similar to normal stem cells, are prevalently character-
ized by a hybrid phenotype, and induce epithelial-mesenchymal transition [48].
Based on these concepts, it is easy to understand why, in order to monitor and to
prognostically define the patient with EC, the isolation and analysis of CTCs
directly from peripheral blood is needed, rather than that of CTCs floating in the
uterine fluid. The detection in the peripheral blood of CTCs in patients with EC is
an indication of myometrial and/or lymph node invasion up to the presence of
distant metastases [49]. The detection of CTCs in uterine fluids is suggestive of
the presence of endometrial cancer disease and therefore has a greater diagnostic
than prognostic value.

The problem of isolating CTCs from peripheral blood samples of patients with
EC is similar for all types of solid tumor, and is due to the rarity of this population
in the blood with respect to the hematological cell population [50].
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The US Food and Drug Administration (FDA) has approved the CellSearch®
system (Janssen Diagnostics), a validated biomarker assay as an analytical test for
clinical use to detect CTCs in peripheral blood. The CTCs are recognized and cap-
tured according to the expression of antigens expressed on the surface that identify
their epithelial nature. In particular, for patients with EC the CTCs are identified by
the CellSearch® using Epcam expression [51]. The limit of this methodological
approach is related to the immuno-selection, which guarantees a specific but not
very sensitive approach. The circulating tumor population is a non-homogenous
population, which is, nonetheless, representative of the systemic dimension of the
tumor, being inclusive of information derived by all cancer lesions present in the
patient’s body at the time of the liquid biopsy collection. In this context, selecting
the CTCs by using an epithelial specific antibody restricts the view on the heteroge-
neous circulating cell population, only partially represented by the epithelial pheno-
type. To this concern, the choice of the right methodology to capture CTCs by
preserving their natural heterogeneity permits an optimal exploitation of liquid
biopsy in order to minimize the two main causes of therapeutic cancer failure: i.e.:
the intra-patient heterogeneity (due to the heterogeneous cellular composition of
primary and metastatic lesions) and by the inter-patient heterogeneity (due to the
different clinical outcome in patients with same type and stage of the disease) [52].

The study by Dockery and co-workers collects CTCs from blood with the ISET
(isolation by size of epithelial tumor cells) device for early identification of the
20-25% of stage I EC patients who will develop extrauterine pathology. The study
demonstrates that CTCs are useful indicators of poor post-surgical prognosis [53].
Another study uses the polymerase chain reaction directly on the blood to identify
the presence of CTCs in patients with EC and, subject with the results, gives an
indication to candidate these patients for an adjuvant therapy [54].

Studies specifically conducted on EC DTCs in bone marrow have confirmed the
close correlation between DTC with stage and recurrence rate [55]. Finally, in
advanced EC cases, monitoring with CTCs, and the use of Veridex has given satis-
factory results [56]. In this direction, methodologies able to isolate CTCs in respect
to their heterogeneity, as the Charactex protocol [49], represent promising solutions
to enhance the quality for monitoring advanced EC through CTCs evaluation.

18.5 Circulating Tumor Cells (CTCs) Evaluation for Early
Cancer Detection of Endometrial Cancer

N. Malara and A. C. Lowe

Endometrial cancer releases cancer cells through the cervical canal into the genital
tract. In fact, in 45% of women with endometrial cancer, cancer cells were diagnosed
on routine cervical cytology. Endometrial cytology offers many advantages including
low cost, quick turn-around times with personalization of tumor surveillance and pre-
vention times, but is currently based at least on an endometrial mucosa direct brush-
ing. It has recently been shown that it is possible to find cancer cells in the lower
urogenital tract. In particular, an early diagnosis of endometrial cancer could even be
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Fig.18.3 Short-time
cultured CTCs, by applying
the Charactex protocol, were
identified through
immunocytochemistry with
a monoclonal antibody
against pan-CK
(magnification 20x)

Circulating Endometrial Tumor Cells

possible by the cytological examination of avoided urine and non-invasive vaginal
samples (i.e., post-menopausal bleeding), offering a potential liquid biopsy with high
diagnostic accuracy [57]. Furthermore, subclinical ECs can release tumor cells
directly into the peripheral blood in the absence of clinically documented lesions, as
also reported in other types of solid tumors [49, 58]. Figure 18.3 reports a case of
subclinical EC in which isolated and short-time cultured CTCs were identified by
applying the Charactex protocol and surface immunocytochemical expression for
pan-cytokeratin (pan) CK, one year before the clinical manifestation of the disease.
Further studies are needed to verify whether non-invasive endometrial cytology has
the same diagnostic sensitivity of traditional invasive procedures and if it can be con-
sidered as a screening examination able to identify high-risk EC women and to candi-
date them for a subsequent invasive endometrial diagnostic procedure.

18.6 Digital Imaging and Deep-learning Model
and Liquid Biopsy

A. Capitanio and N. Malara

Studies on circulating tumor cells (CTCs) morphology and on their molecular land-
scape variations are paramount to access real-time information on this heteroge-
neous population of cells. This forms the basis for early diagnosis of new or
relapsing lesions [49, 59]. The ability to define cellular characteristics of CTCs, in
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order to eliminate the need for costly and time-consuming labeling protocols,
requires sufficient statistical power and sensitivity, nowadays, achievable and
depending only on current sophisticated technologies. Combination between deep
neural network and transfer learning demonstrates the power of delineating the
physical and functional signatures to detect rare cell populations in heterogeneous
cytological samples. This technique could guide in the next future, the development
of cellular imaging assays that stratify cytological endometrial derived-preparation,
preferring those cytology samples obtainable by non-invasive procedures such as
from peripheral blood or uterine fluid/brushing samples. The goal is to identify
selected cytological phenotypes linked to a high probability of primary-recurrent
cancer diagnosis; on this basis, the patient selection process would be more specifi-
cally oriented and directed towards patients necessitating further instrumental and
even invasive procedures to confirm and establish the stage and grade of endome-
trial disease.

The operational tools to achieve the results mentioned above are based on the
application of digital imaging technologies. Nowadays, the so-called digital pathol-
ogy is based on digital Whole Slide Imaging (WSI). Digital scanning of histological
preparations in everyday use in many centers for teaching, research, documentation
and, increasingly, primary diagnosis [60—62]. The same cannot be said for cytopa-
thology. Indeed, many teaching and research programs make extensive use of digital
cytological preparations [63], but diagnostic applications are still limited [64—66].
The reason for this is to be found in the very nature of the cytological preparation.
When observed under the microscope, a histological section does not require exten-
sive micro-focusing as the structural, morphological elements are more or less all on
the same focal plane.

On the other hand, the cytological preparation consists of cells dispersed in the
mounting medium and arranged on several focal planes. This three-dimensional
structure, to be reproduced digitally, requires scans on multiple z-stack focal planes.
The digital files resulting from this scan mode are much larger than those obtained
by scanning a single focal plane. Furthermore, the time required for multiple-level
screening becomes incompatible with the need for rapid diagnostic.

The final solution to this problem will be achieved by developing hardware capa-
ble of performing simultaneous scans of different z-stack levels. There are already
examples of digital scanners for microscopy that allow this result [67, 68], but their
use and diffusion are minimal.

An acceptable non-hardware related solution is the use of software that analyzes
the different z-stack levels, choosing the perfectly focused portions of the image in
each level and reconstructing with them a new image where all the cells appear in
focus [65]. In practice, the software splits the digital image of each z-stack layer
into small tiles. Then, it examines the corresponding tiles in each level by calculat-
ing the parameter—usually, the Laplacian Variance Analysis or the Gray Level
Co-Occurrence Matrix (GLCM contrast analysis) [69—73]—which allows deciding
which tile expresses the best focus. At the end of the process, these tiles build up the
new digital image where all the cytological details are sharp.
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This brief excursus on digital cytology techniques, of which the liquid biopsy is
an expression, is essential to frame the perspectives introduced by Artificial
Intelligence (Al) in cytology and, therefore, in liquid biopsy.

According to Britannica Encyclopedia, Al is defined as “...the ability of a digital
computer or computer-controlled robot to perform tasks commonly associated with
intelligent beings.” In our specific field, we ask Al to recognize and classify cancer
cells in digital images of liquid biopsies by practically replicating the mental pro-
cess we apply to our observations under the microscope. Therefore, it is intuitive
that the previously exposed methods aimed at producing excellent digital images
form the basis of every Al procedure. It is equally intuitive that if the purpose of Al
is to replicate human capabilities, possibly improving them, the steps to be taken are
in order:

1. Learn from reality to observe the objects’ characteristics to be recognized (in our
case, the cancer cells).

2. Memorize and process knowledge.

3. Apply the models and categories of knowledge resulting from the previous step
to recognize the diagnostic elements autonomously.

Machine Learning (ML) is an Al method founded on the analysis of sets of
known data (known characteristics and features of tumor cells) and using the
extracted pieces of information to make decisions at the analysis of new unknown
data [74, 75].

Deep Learning (DL) is a kind of ML based on neural networks and, mainly, on
the so-called Convolutional Neural Network (CNN). In the last twenty years, DL
became a tool of paramount importance for image classification [76].

The first step of the DL-CNN process is the so-called training dataset. It consists
of sets of digital images with known input (they are cells) and known output (they
are tumor cells). Filters and convolutional algorithms are applied to each image to
allow the network to learn which cell features are associated with the wanted output.

An intermediate step between the training and the final use of the network for
diagnostic decision is the use of validation datasets. It means that the network is
tested with datasets with unknown output during the training to verify and calibrate
its performances. This calibration is necessary because in some circumstances (for
example, in small training sets) the network over fits the training data but often fails
the final decision test.

In liquid biopsies and, more generally, in cytology, the amount of data available
for training sets can be small. In some cases, such as liquid biopsies, this is because
there are few diagnostic cells. In other cases, it may be rare diseases or diseases
rarely investigated with cytology. In all these cases, the DL can be performed using
“data augmentation“‘methods. The data augmentation technique involves increasing
the data present in training set by slightly modifying the existing data. For example,
in digital images, it is possible to change the resolution, size, and orientation of the
images themselves [77]. In doing so, it may appear that falsehoods and bias are
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being introduced into the data under consideration. In reality, if the changes are not
to distort the meaning of the data, new variables are simply introduced, which
increase the robustness of the dataset.

In conclusion, the methods briefly mentioned above can potentially constitute a
powerful tool in cytological diagnostics, especially in diagnostic difficulty areas
such as liquid biopsy. At the moment, however, the experience is still minimal. With
the sole exception of studies published in the field of cervicovaginal cytology [78—
84], the studies published in recent years illustrating AI’s diagnostic applications
with DL and CNN are few [85-91]. But they are increasing, as is the awareness
among pathologists that such methods can achieve excellent reliability levels.
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