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Foreword

Although only 2 cm separate the cervical mucosa from the lining
of the uterine cavity, the endometrium has not been screened for
neoplasms to the same extent as has the uterine cervix. As a result,
endometrial cancers are now the most common malignancies of the
female reproductive organs in the United States. Two factors have
long been blamed as the reason to bypass cytological examination of
endometrial tissue in favor of biopsy: inadequate material to reliably
categorize the sample, and inadequate experience by cytopatholo-
gists to accurately triage the patient for further management.
Maksem and his colleagues provide convincing evidence, both by
data and by superb micrographs, that good material can be har-
vested and experience can be acquired to direct clinicians in man-
aging their patients. In an era in which cost containment is essential,
the ability to adequately sample a potentially malignant tissue in
an office setting without sedation or anesthesia is a bonus.

The Editorial Board of the EIC Series predicts that this volume will
become a seminal work. We look forward to reading about your
experience with this long-neglected frontier in cytopathology.

Dorothy L. Rosenthal, M.D., F1.A.C.
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Series Preface

The subspecialty of cytopathology is 60 years old and has become
established as a solid and reliable discipline in medicine. As expected,
cytopathology literature has expanded in a remarkably short period
of time, from a few textbooks prior to the 1980’s to a current and
substantial library of texts and journals devoted exclusively to
cytomorphology. Essentials in Cytopathology does not presume
to replace any of the distinguished textbooks in cytopathology.
Instead, the series will publish generously illustrated and user-friendly
guides for both pathologists and clinicians.

Building on the amazing success of The Bethesda System for
Reporting Cervical Cytology, now in its second edition, the Series
will utilize a similar format, including minimal text, tabular criteria,
and superb illustrations based on real-life specimens. Essentials in
Cytopathology will, at times, deviate from the classic organization of
pathology texts. The logic of decision trees, elimination of unlikely
choices, and narrowing of differential diagnosis via a pragmatic
approach based on morphologic criteria will be some of the strategies
used to illustrate principles and practice in cytopathology.

Most of the authors for Essentials in Cytopathology are faculty
members in The Johns Hopkins University School of Medicine,
Department of Pathology, Division of Cytopathology. They bring
to each volume the legacy of John K. Frost and the collective
experience of a preeminent cytopathology service. The archives
at Hopkins are meticulously catalogued and form the framework
for text and illustrations. Authors from other institutions have been
selected on the basis of their national reputations, experience. and
enthusiasm for cytopathology. They bring to the series complementary

ix



X Series Preface

viewpoints and enlarge the scope of materials contained in the
photographs.

The editor and authors are indebted to our students, past and
future, who challenge and motivate us to become the best that we
possibly can be. We share that experience with you through these
pages, and hope that you will learn from them as we have from
those who have come before us. We would be remiss if we did not
pay tribute to our professional colleagues, the cytotechnologists
and preparatory technicians who lovingly care for the specimens
that our clinical colleagues send to us.

And finally, we cannot emphasize enough throughout these
volumes the importance of collaboration with the patient care
team. Every specimen comes to us as a question begging an answer.
Without input from the clinicians, complete patient history, results
of imaging studies and other ancillary tests, we cannot perform
optimally. It is our responsibility to educate our clinicians about
their role in our interpretation, and for us to integrate as much
information as we can gather into our final diagnosis, even if the
answer at first seems obvious.

We hope you will find this series useful and welcome your feed-
back as you place these handbooks by your microscopes, and into
your book bags.

Dorothy L. Rosenthal, M.D., FIAC
Baltimore, Maryland
drosenthal @jhmi.edu

July 15, 2004
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Introduction

Direct cytological sampling and examination of the endometrium
is not generally practiced, which is surprising as the endometrium
is exceedingly easy to sample. Over the years, as we gained more
experience with specimen acquisition, processing, and interpreta-
tion, we found endometrial cytology to be an effective method both
for ensuring endometrial normalcy and for discovering and diag-
nosing malignant and premalignant states. In comparing endome-
trial cytology to biopsy, we found that, among samples obtained by
individuals experienced in specimen collection, cytology outperforms
outpatient biopsy in terms of tolerance of the procedure by the
patient, adequacy of the sample among postmenopausal women,
and detection of occult neoplasms.

By using the Tao brush (also known as the Indiana Univer-
sity Medical Center endometrial sampler) and devising a tech-
nical strategy to ensure the simultaneous creation of cell blocks
and cytological samples from a single collection, we moved our
appreciation of endometrial brush collection into an arena whose
significance equals other methods of specimen collection and inter-
pretation. Cytology performs equally as well as biopsy in detecting
hyperplasia and carcinoma. If nothing else, by reliably identifying
benign normal endometrial states, it serves to confidently exclude
more than 70% of women from unnecessary follow-up testing.

Because the Tao brush samples only the superficial 2 mm of
the endometrium, the method is not designed to detect endome-

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 1
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_1,
© Springer Science + Business Media, LLC 2009



2 Introduction

trial polyps, leiomyomas, stromal tumors, and tumors of the uter-
ine wall musculature. However, it is useful for detecting benign
estrogen-excess states such as disordered proliferation and vari-
ous degrees of benign hyperplasia and for separating these from
neoplastic states such as endometrial intraepithelial neoplasm
(EIN), endometrial gland dysplasia (EmGD), and cancer. None-
theless, it cannot always subclassify benign hyperplastic states of
the endometrium without the aid of cell blocks.

When endometrial brushing is combined with liquid fixation
and with other techniques such as immunohistochemistry, cell
block examination, hysteroscopy, or sonohysterography, endome-
trial benignancy can be confidently assured. In a woman with a
patent cervix, endometrial brushing successfully collects material,
even from late postmenopausal atrophic endometrium. It detects
serious low-volume diseases such as endometrial intraepithelial
carcinoma (serous surface carcinoma, or EIC) under conditions
where suction biopsy may have missed or otherwise obviated the
diagnosis.

This monograph focuses on the background, collection tech-
nique, and reliability of endometrial cytology. It overviews diag-
nostic criteria and diagnostic pitfalls encountered in practicing this
art. Because endometrial cytology interpretation relies heavily on
intuiting tissue patterns from cytology preparations, emphasis is
placed on cytohistological correlations with cell block material,
and, where effective as part of a diagnostic strategy, on ancil-
lary immunohistochemical staining. The discussion moves from
normal states, through otherwise benign changes induced by an
altered hormonal milieu or surface irritants, into precancerous and
malignant endometrial conditions. Finally, it covers fixative and
slide preparation methods for the benefit of those who wish to
repeat this work in their own practice.

Suggested Reading

Maksem JA, Knesel E. Liquid fixation of endometrial brush cytology
ensures a well-preserved, representative cell sample with frequent tissue
correlation. Diagn Cytopathol 1996; 14: 367-73.
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Yang GC, Wan LS, Del Priore G. Factors influencing the detection of
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ration from thin-layer endometrial cytology: a feasibility study. Acta
Cytol 2006; 50: 63-9.

Maksem JA, Meiers I, Robboy SJ. A primer of endometrial cytology with
histological correlation. Diagn Cytopathol 2007; 35: 817-44.



1
Office-Based Endometrial
Sampling

Outpatient biopsy has replaced dilatation and curettage for evaluat-
ing most endometrial disorders, including hyperplasia and cancer.
The literature is replete with arguments that support its accuracy,
convenience to the patient and physician, and cost containment
benefits. The most common option for outpatient sampling is the
suction biopsy device, best exemplified by the Unimar Pipelle.
A meta-analysis of 142 published studies ranked the success of
endometrial sampling methods in women with abnormal vaginal
bleeding and showed that outpatient endometrial biopsy adequately
samples the uterus from 24% to 97% of the time and detects from
67% to nearly 100% of endometrial cancers.

This work presents direct cytological sampling of the uterine
cavity as another diagnostic tool available to clinicians and pathol-
ogists alike. As with suction biopsy, its purpose is the assurance of
endometrial benignity and the detection of endometrial neoplasm.
Cytological sampling of the endometrium is a gentle method that
is less painful than suction biopsy. Our intention is to show that in
experienced hands direct cytological sampling is at least as thor-
ough and as accurate as suction biopsy.

Endometrial sampling is generally performed as a response to
abnormal vaginal bleeding of endometrial origin. Abnormal vagi-
nal bleeding may be caused by anything from a physiological event
such as dysfunctional uterine bleeding resulting from endometrial
atrophy, to a benign tumor such as a polyp or leiomyoma, or

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 5
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_2,
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6 1. Office-Based Endometrial Sampling

neoplastic disease such as endometrial intraepithelial neoplasm
(EIN) and cancer. Persistent postmenopausal bleeding in the
setting of an endometrial stripe in excess of 4-mm thickness
imposes a greater than 60-fold-increased risk for endometrial
cancer, and some investigators report that combining suction curet-
tage with endometrial cytology is the best strategy for examining
outpatients with abnormal uterine bleeding.

Endometrial sampling may be used to screen or monitor selected
“at-risk” populations. For example, because of an increase in the use
of hormones as adjuvant therapy in both postmenopausal women
and women with breast cancer, endometrial sampling has become
a mainstay of therapeutic monitoring. It is also useful for monitor-
ing women with premalignant endometrial changes who have been
treated with hormones to assess their response to therapy.

Endometrial cytology is a reliable and well-tolerated method of
detecting uterine pathology in tamoxifen-treated women. In one
study of 687 tamoxifen-treated women, 189 had a double-layer
endometrial thickness (i.e., stripe) of more than 8 mm. Of these,
150 underwent cytological endometrial sampling followed by
hysteroscopy and curettage. The cytological and histological findings
correlated well in 145 cases, leading investigators to recommend
the combination of ultrasonography and brush cytology as a moni-
toring strategy for women treated with this drug.

When coupled to ultrasonography, liquid-based cytology, and
cell block examination, endometrial cytology is at least as sensi-
tive and specific as other office-based biopsy methods. The advan-
tage of liquid-based processing is that it affords standardized and
reproducible endometrial preparations, which in turn fosters the
application of common diagnostic criteria among cytopatholo-
gists. For example, in a study of 162 endometrial samplings fixed
in CytoLyt and processed with ThinPrep, nearly perfect interob-
server diagnostic agreement was achieved.

A study of abnormal uterine bleeding using PreservCyt fixa-
tive and ThinPrep recorded a 96% overall specificity for endome-
trial cytology, a 78% positive predictive value and a 96% negative
predictive value for atypical hyperplasia and adenocarcinoma,
and a 15% unsatisfactory rate, about half that of endometrial
biopsy (26%). Another study evaluated the accuracy of liquid-
based endometrial cytology as compared to biopsy in 670 women
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scheduled for hysteroscopy because of thickened endometrium.
Endometrial biopsy detected pathology in 41 (6%) cases (21 of
which were adenocarcinomas). Cytological study found pathol-
ogy in 62 (9%) cases (19 of which were adenocarcinomas). Two
hundred ninety-one biopsies (43%) and 28 (4%) cytologies were
inadequate. Cytology provided sufficient diagnostic material more
often than biopsy (P < 0.01).

The same investigators subsequently evaluated 917 women sched-
uled for hysteroscopy by sequentially performing hysteroscopy,
endometrial cytology, and biopsy sampling. Cytohistological cor-
relations were possible in 519 cases (57%). In 361 (39%) cases the
biopsy was inadequate, in 15 (2%) the cytology was inadequate,
and in 22 (2%) both were inadequate. Again, cytology provided
sufficient material more often than did biopsy (P < 0.04). Its sensi-
tivity for atypical hyperplasia and adenocarcinoma was 96%, spe-
cificity was 98%, positive predictive value was 86%, and negative
predictive value was 99%.

Although unpopular in the United States until recently, cytol-
ogy has been recognized as an acceptable diagnostic method for
endometrial assessment. A Health Technology Assessment report
issued to the National Health Service of the United Kingdom
compared outpatient methods of endometrial evaluation in terms
of performance, patient acceptability, and cost-effectiveness. An
endometrial cytology sampling device, the Tao brush, was as effec-
tive as the Pipelle device in obtaining tissue from moderate-risk
(premenopausal and perimenopausal) women (77% vs. 79% effec-
tive, respectively) and far more effective in obtaining tissue from
high-risk (postmenopausal) women (72% vs. 49% effective, respec-
tively). Women preferred the Tao brush as it caused less discomfort.

The report concluded that Tao brush cytology should be the
method of choice for endometrial sampling of postmenopausal
women and that it should be available as backup in premeno-
pausal and perimenopausal women if the Pipelle biopsy fails to
obtain tissue. In short, it affirmed that endometrial cytology is
diagnostically reproducible, as reliable as biopsy in case-finding,
and generally more reliable than biopsy in obtaining sufficient
diagnostic material.

Others have reported similar experiences with the Tao brush. By
using both the Tao brush and the Pipelle, investigators achieved a
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highly effective strategy for both diagnosing and excluding uterine
cancer, approaching nearly 100% specificity and sensitivity. The
contribution of simultaneously examined cell block material was
underscored in one study in which cell block diagnoses from 263
endometrial samplings perfectly matched the diagnoses of control
hysterectomy specimens. By adding cell block histology to endome-
trial cytology, investigators increased the overall diagnostic accu-
racy of endometrial cytology to 96% and 100% for benign/atrophic
endometrium and adenocarcinoma, respectively, and increased the
diagnostic accuracy for hyperplasia to more than 95%.

Suggested Reading

Buccoliero AM, Gheri CF, Castiglione F, Garbini F, Fambrini M, Bargelli G,
Barbetti A, Pappalardo S, Taddei A, Boddi V, Scarselli GF, Marchionni M,
Taddei GL. Liquid-based endometrial cytology in the management of
sonographically thickened endometrium. Diagn Cytopathol 2007; 35:
398-402.

Buccoliero AM, Gheri CF, Castiglione F, Garbini F, Barbetti A, Fam-
brini M, Bargelli G, Pappalardo S, Taddei A, Boddi V, Scarselli GF,
Marchionni M, Taddei GL. Liquid-based endometrial cytology: cyto-
histological correlation in a population of 917 women. Cytopathology
2007; 18: 241-9.

Chambers JT, Chambers SK. Endometrial sampling: when? where? why?
with what? Clin Obstet Gynecol 1992; 35: 28-39.

Critchley HO, Warner P, Lee AJ, Brechin S, Guise J, Graham B. Evalua-
tion of abnormal uterine bleeding: comparison of three outpatient pro-
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Garcia F, Barker B, Davis J, Shelton T, Harrigill K, Schalk N, Meyer J,
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Tao Brush and Endometrial
Cytology

The traditional method of endometrial biopsy uses a specialized
catheter to simultaneously suction and slice away a portion of the
uterine lining. Tissue is collected through a small orifice present
near the catheter tip. In comparison, the Tao brush method uses a
small, flexible brush to gently brush the inside of the uterus. Thus,
the Tao brush gathers a complete sampling of the uterine lining,
removes tissue in a less traumatic fashion, and, as there is no need
for continuous movement of the device across the cervical canal,
is less painful than suction biopsy. Because the Tao brush method
is able to collect samples from a 3-cm or greater length of the
midportion of the uterine corpus without significant discomfort to
the patient, it is an excellent method for early detection, therapeutic
monitoring, and, among selected women, screening.

When cell blocks are added into the diagnostic algorithm, the
Tao brush becomes an endometrial cytology and histology collec-
tion device whose distinguishing features include a long brush
that allows a substantial length (3 cm) and thickness (2 mm) of
the endometrium to be sampled without excessive manipulation.
The Tao brush has an outer sheath of similar outer diameter to the
Pipelle that reduces endocervical and vaginal cell contamination,
a smooth, rounded end that minimizes uterine wall injury or inad-
vertent myometrial perforation, and a flexible wire core that acts as
a guidewire and allows the sampling portion of the device to move
easily through uterine cavity irregularities. The wire is of proper

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 11
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_3,
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length to enable precise retraction of the outer sheath of the device
to the level of the internal os of the uterine cervix (Fig. 2.1).

The brush is an easy-to-employ device designed for office use;
however, cervical patency and cleanliness is a necessary precon-
dition for successful uterine sampling. If cervical mucus heavily
coats the brush’s cannula, then, on insertion of the device into the
endometrial cavity, the mucus may displace endometrial material
and be substituted in its place.

After cervical patency has been ensured and after excessive
mucus has been cleared from the endocervical canal, the sheathed
Tao brush is inserted to the level of the uterine fundus. Its overly-
ing sheath is retracted to expose the brush bristles to the uterine
cavity. Then, because the brush’s bristles are arrayed in a helical
pattern, after the fashion of an augur, the brush is rotated several
(at least four to six) times in one direction using an action similar
to that used in winding a wristwatch. The sheath is replaced over
the brush’s bristles, and the closed assembly is removed from the
uterus. Finally, the brush is then pushed from its cannula, cut off,
and, in our approach to the art, placed in an appropriate liquid-
based cytology fixative.

Suggested Reading

Del Priore G, Williams R, Harbatkin CB, Wan LS, Mittal K, Yang GC.
Endometrial brush biopsy for the diagnosis of endometrial cancer. J
Reprod Med 2001; 46: 439-43.

Firat P, Mocan G, Kapucuoglu N. Liquid-based endometrial cytology:
endometrial sample collection by using Tao brush. Diagn Cytopathol
2002; 27: 393-4.

F1G. 2.1. The Tao brush (Indiana University Medical Center endometrial
sampler manufactured by Cook OB/GYN®) has an outer sheath, of similar outer
diameter to other endometrial collection devices, that reduces endocervi-
cal and vaginal cell contamination; a smooth, rounded end that minimizes
uterine wall injury or inadvertent myometrial perforation; and a flexible
wire core that acts as a guidewire and allows the sampling portion of the
device to move easily through uterine cavity irregularities. The wire is of
proper length to enable retraction of the outer sheath of the device to the
level of the internal os of the uterine cervix.
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Yang GC, Wan LS, Del Priore G. Factors influencing the detection of
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Cytoarchitecture and Nuclear
Atypia as the Bases

for the Cytology Risk-Stratification
of Endometrial Samplings

Many tend to think of cytology as a nucleus-centered diagnostic
method that gives little consideration to tissue structure. However, as
the Gynecologic Oncology Group’s pathology committee moved
its diagnostic benchmarks of endometrial cancer from a purely
tissue-pattern approach to grading and included nuclear features
as an adjunct to cancer diagnosis, so cytopathologists moved from
a nucleus-centered diagnosis of endometrial abnormalities to one
that considered definable three-dimensional patterns. Confocal
microscopy, an optical imaging technique whose concept was pat-
ented by Marvin Minsky in 1957, has been used to reconstruct
three-dimensional images of specimens that are thicker than the
focal plane. Confocal microscopic “sectioning” of endometrial
cytology microbiopsies present on thick smears showed, in addi-
tion to mitotic figures and altered chromatin patterns, glandular
architecture and the shattered remnants of tissue patterns.

The nucleus also represents an important part of the whole of any
endometrial cytology diagnostic algorithm. Atrophic and proliferative
endometrial epithelial nuclei may be taken as benchmarks of normal
nuclear morphology (Fig. 3.1). Among tumor nuclei, FIGO grade 1
nuclei are uniform, round to oval nuclei, with inconspicuous nucleoli,
and occasionally resemble the nuclei of functional endometrium, not
greatly exceeding the variability of proliferative endometrial nuclei
(Fig. 3.2). Grade 2 nuclei are irregular or oval with moderate-size
nucleoli (Fig. 3.3). Grade 3 nuclei are large and pleomorphic and
with moderate to large irregular nucleoli (Fig. 3.4).

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 15
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_4,
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F1G. 3.1. Inactive endometrial epithelial nuclei are shown splayed out
(top) and en face (bottom). Although many authors describe these bench-
mark nuclei as round, they are actually shaped more like rugby balls. In
their ideal form, they are highly regular; but, in practice, they may show
moderate variation derived, for example, from foci of variable proliferative
activity, senile associated symplastic change, and epithelial metaplasia.
These images represent the “ground zero” from which other endometrial
epithelial nuclear changes may be judged and graded.



F16.3.2. Grade 1 nuclei are uniform, round to oval nuclei, with inconspicu-
ous nucleoli, and occasionally resemble the nuclei of functional endometrium,
not greatly exceeding the variability of proliferative endometrial nuclei.
Nuclei of this type may be seen with lesions ranging from hyperplasia and
endometrial intraepithelial neoplasm (EIN) to well-differentiated type 1
endometrioid endometrial adenocarcinoma. They differ from the nuclei
of inactive endometrium, but may be seen in some benign proliferative
states.



F16.3.3. Grade 2 nuclei are irregular or oval with moderate-size nucleoli. Although
they stand out as neoplastic appearing and are the type of nuclei seen among many
of the endometrioid neoplasms, they may also be seen in activated endometrial
epithelium and be associated with, for example, polyps or the pressure irritation
caused by submucous fibroid tumors. When nuclei of this sort largely represent
the endometrium, consider endometrioid neoplasia; and, when they represent a
minor component of the brush sampling, consider EIN or its mimics.



FI1G. 3.4. Grade 3 nuclei are large and pleomorphic and have moderate to
large irregular nucleoli. Cells with grade 3 nuclei generally derive from
neoplasms and may even indicate serous carcinoma or its antecedent
lesions such as endometrial intraepithelial carcinoma (EIC) or endometrial
gland dysplasia (EmGD). When grade 3 nuclei are seen in any numbers,
pS3 and Ki-67 immunostaining may be useful to exclude these lesions as
their diagnosis may warrant hysterectomy and extended surgical staging,
even in the absence of measurable endometrial thickening.
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By benchmarking the nuclear atypia of endometrial cells to the
nucleus of the inactive or proliferative gland cell, nuclear changes
can be designated as progressively atypical for pathological states
beyond anovulatory endometrium and simple hyperplasia. The prob-
lem with relying on nuclear atypia for triaging cytology cases into
“benign” versus “benign abnormal” versus “neoplastic” categories is
that about one-quarter of endometrial cancers, specifically, those with
FIGO grade 1 nuclei, show pale-staining nuclei without coarse
chromatin or prominent nucleoli. In those endometrial adenocar-
cinomas where dyskaryosis is at a minimum, the tissue diagnosis
of “cancer” defaults to pattern recognition. Pattern recognition is
feasible in cytology collections, and it is made easier and more
accurate when diagnoses are augmented by the examination of cell
blocks.

Gland diameter and nuclear characteristics have been used to
classify endometrial cytology into normal endometrium, altered
endometrial proliferative states, and neoplasia. There is progres-
sive enlargement of proliferative gland diameter through anovu-
latory endometrium to simple hyperplasia. Variability of gland
shape and nuclear enlargement typify endometrial intraepithelial
neoplasm (EIN)/endometrioid neoplasia, whereas the loss of gland
structure characterizes outspoken adenocarcinoma.

Cell aggregates with tube or sheet patterns are universally present
innormal proliferative endometrium. Dilated orirregularly branched
patterns are seen in many endometrial hyperplasias without atypia.
Cellular aggregates (microbiopsies) with irregular protrusions or
tubulopapillary structures occur in many atypical hyperplasias and
most low-grade endometrial carcinomas. When the small amounts
of cellular material that sticks to endometrial sampling tools are
used to create cell blocks and demonstrate endometrial structural
abnormalities, the accuracy of endometrial cytology increases.

Investigators have developed criteria for endometrial cytology
diagnoses based on nuclear atypia, stromal clustering, and epithe-
lial cell clustering and tested the applicability of these criteria to
typical cases of normal endometrium, simple endometrial hyper-
plasia without atypia, complex endometrial hyperplasia without
atypia, and grades 1 and 2 adenocarcinomas. In one study, epithelial
clustering was classified as simple, large and regular, large and
irregular, and small and irregular. Nuclear atypia was significantly
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more frequent in grade 2 adenocarcinoma than in any of the other
four categories (P < 0.001). Stromal clustering was significantly
more frequent in normal endometrium and simple endometrial
hyperplasia without atypia than in the other three categories (P <0.001).
Adenocarcinoma showed a significantly higher frequency of large
and irregular epithelial clusters than the other three categories
(P < 0.001). Complex endometrial hyperplasia without atypia
exhibited a significantly higher frequency of large and regular epithelial
clusters than the other four categories (P < 0.001).

It is interesting to compare the foregoing observations based,
literally, on small fragments of tissue material observable on cytol-
ogy slides to the three-dimensional reconstructions of normal and
abnormal endometrial states based on serially examined tissue sections
that were illustrated by Hendrickson and Kempson about 25 years
earlier. By doing so, one appreciates how much was already known
about endometrial microbiopsy structure and how much could have
been anticipated about the translation of this knowledge between
histology and cytology.

The sensitivity and specificity of endometrial cytology are
enhanced by combining cytology patterns and nuclear features.
Building on the pioneering observations of Tao and others, we pro-
pose a pattern/dyskaryosis-based risk-ranking strategy for endome-
trial cytodiagnosis that combines cytoarchitecture and nuclear
features to rank the relative risk of a cytology slide for being
diagnostic of a cancer or a precancerous state. Our definitions of
nuclear atypia follow those proposed by the Gynecologic Oncol-
ogy Group and are described and illustrated above. Our cytology
patterns reflect low-power morphological changes, which can be
seen in histology, cell block, and cytology preparations, and which
progressively evolve along the spectrum of benign to malignant
endometrial states.

Flat epithelial sheets and uniform epithelial tubules define the
low-power morphology of benign endometrium, variably modified
by its hormonal milieu. Cystic epithelial glands, bulbous irregu-
larities of glands, cup-shaped epithelial sheets, and smoothly
contoured multiply outpouched glands are the hallmark changes
of endometrium that has resided in an environment of unopposed
estrogens, ranging from disordered proliferation and posthyper-
plastic atrophy to frank hyperplasia. Tufted epithelial cell cluster,
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pseudopapillae, and balled-up epithelial cell groups may be seen
with endometrial breakdown, with polyps, or in atypical hyper-
plastic and cancerous states of the endometrium. Bridge-like
connections composed of epithelial cells or cell clusters with
intraepithelial soap-bubble-like lumens with or without acini that
have been distorted by tight epithelial packing with little stromal
cushioning are seen in low-grade neoplastic endometrial states
including low-grade adenocarcinomas. Cribriform structures,
solid clusters of epithelial cells (excluding morules and metaplas-
tic squamous cells), or dyshesive epithelial cells generally indicate
outspoken endometrial cancer.

Although imperfect, this pattern/dyskaryosis-based approach to
cytology risk-ranking allows for a coarse separation of specimens
into categories of normal endometrium, benign endometrial abnor-
malities, and neoplastic endometrium (comprising the spectrum of
EIN to outspoken adenocarcinoma) with some degree of certainty.
This approach, outlined in Table 3.1 and tested against more than
2,000 hysterectomy controls, allows for the exclusion of numerous
women with totally normal-appearing endometrium from further
invasive testing.
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Performance Characteristics
of Endometrial Cytology

in a Hysterectomy-Controlled
Environment

This section concerns estimating the degree of confidence that can
be placed in endometrial cytology diagnoses. It asks, “How does
an endometrial cytology diagnosis compare with the actual state
of the endometrium?” and, “Does the diagnosis that we render
on cytology material alone give the clinician sufficient data upon
which to counsel and/or treat a woman, and does it allow the
clinician to confidently decide whether ancillary procedures should
be performed or not?” Studies designed to answer these questions
have generally compared the outcomes of using various sampling
devices to some gold standard such as dilatation and curettage or
hysterectomy.

In our data set, about 90% of the office-based cytology collections
have comprised diagnostic endometrial studies, less than 10% have
been cellular studies limited to the endocervix and low uterine seg-
ment, and only 0.2% have been hypocellular and nondiagnostic. The
difference between the Tao brush and standard tissue biopsy devices
is that a failure to collect cytology or histology material (in the form
of a cell block) is neither a function of advanced patient age nor of
endometrial thickness. The thin endometria of elderly women can
still yield adequate and informative cytology material. This char-
acteristic is important when assessing benign endometrial states or
thin endometrial lesions such as endometrial intraepithelial cancer
or endometrial gland dysplasia (EIC/EmGD).

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 25
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_5,
© Springer Science + Business Media, LLC 2009
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Arriving at a diagnosis that is based on the successful sampling
of an organ and actually knowing the condition of the organ are two
entirely different things. Any diagnosis that we render is limited by
what is collected, its quantity, quality, and representative nature,
and how the collection is interpreted. Comparing two sample-based
biopsy methods does little to determine the actual condition of an
organ, whether normal or pathological. This information is prob-
ably best achieved by completely examining the extirpated organ,
but even this approach is limited by the amount of histological sampling
that can be performed. Nonetheless, considering the breadth of
diagnoses that can be made by cytological methods, hysterectomy
is probably the best benchmark against which to measure biopsy-
sampled or cytology-sampled endometrial diagnoses.

We present such a comparison herein by combining our data on
Tao brush hysterectomy samplings (that are further considered in
subsequent sections of this volume) with material derived from a
previously published series of endometrial samplings obtained by
brushing 656 hysterectomy specimens with a cytobrush (Tables
4.1, 4.2). Using this comparative series, we can work toward some
understanding about the limitations inherent in purely cytology-based

TABLE 4.1. Hysterectomy outcomes of endometrial brushings: source of
material.

Diagnosis Tao Brush Cytobrush Total
Proliferative 347 263 610
Interval 25 25
Secretory 310 165 475
Menstrual 47 3 50
Inactive/atrophic 235 100 335
Benign NOS 48 48
Disordered proliferative 150 150
Nonatypical hyperplasia 68 78 146
Noncyclical bleeding 15 15
Polyp 44 44
Carcinoma 93 29 122
EIN (atypical hyperplasia) 54 18 72
EIN (other) 15 15
EIC/EmGD 6 6
Total 1,457 656 2,113

NOS, not otherwise specified; EIN, endometrial intraepithelial neoplasm; EIC/
EmGD, endometrial intraepithelial cancer or endometrial gland dysplasia.
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TaBLE 4.2. Hysterectomy outcomes of endometrial brushings: risk strati-
fication of hysterectomy diagnoses by cytology findings.

Benign Probable  Probable
Hysterectomy Diagnosis Normal Abnormality Precancer Cancer
Proliferative 580 30
Interval 24 1
Secretory 475
Menstrual 33 17
Inactive/atrophic 258 71
Benign NOS 43 5
Disordered proliferative 40 109 1
Nonatypical hyperplasia 24 119 2 1
Noncyclical bleeding 1 7 6 1
Polyp 6 29 8 1
Carcinoma 2 33 87
EIN (atypical hyperplasia) 13 29 30
EIN (other) 10 5
EIC/EmGD 5 1

endometrial diagnoses and learn something about the predictive
value of an endometrial diagnosis that is based solely on examin-
ing cytological material.

The analysis presented in this section is limited to cytology—
hysterectomy comparisons, which means that it represents the
“worst possible scenario” for the cytopathologist, because ancil-
lary cell block material and specimen immunochemistry, both of
which are available in many office-based biopsy specimens, are
omitted from this analysis.

Histologically Normal Endometria

The endometria of 1,543 (of 2,113 total) hysterectomies were normal
by histological examination of hysterectomy specimens. Cyto-
logical examination of 91.6% of these cases was simultaneously
benign and normal, 8.4% was considered to represent a benign
abnormality, and no cases were diagnosed as neoplastic. A stro-
mal component was well represented among all cases of cycling
endometrium and a fibrous stromal component was seen with most
collections from atrophic endometrium. The details of these data
are presented in Table 4.3.
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Among 610 uteruses with proliferative endometrium, 580 compara-
tive cytology cases showed flat epithelial sheets and uniform epi-
thelial tubules with banal to proliferative-appearing nuclei. In 30
cases, occasional epithelial sheets and/or tubules showed more
activated, grade 2, nuclei; 22 of these 30 cases showed uterine
distortion by fibroids and/or adenomyosis. In the remaining 8
(1.3%) cases, no explanation for nuclear activation was apparent. A
similar finding was seen in 1 of 24 cases of interval endometrium,
and this uterus showed concomitant adenomyosis. All the 475
cases of secretory endometrium appeared cytologically benign.

Proportionally, menstrual endometrium was the commonest type
of benign endometrium that was misclassified, often mistaken for
noncyclical breakdown and bleeding, probably because in the
latter stages of menstruation the pars basalis was abraded and the
endometrial cytology was interpreted as showing the breakdown
of either proliferative or disordered proliferative endometrium.

Following this, inactive or atrophic endometrium, having the pro-
pensity to show either cystic glands (22%) or minimally to mod-
erately symplastic nuclei (1.8%), was misclassified as benign but
abnormal. It is possible that some cases with symplastic nuclei repre-
sented cytological endometrial intraepithelial neoplasm (EIN); however,
we did not perform p53/Ki-67 staining on these cases or embed the
entire endometrium, and, in the absence of gross neoplasm, a
misclassification would not have significantly affected treatment.

The few unclassified benign endometria generally represented
physiologically unclassifiable postmenopausal states of the endo-
metrium; and, similarly, those cases that showed either cystic
glands (6%) or minimally to moderately symplastic nuclei (6%),
were classified as benign but abnormal.

In summary, about 92% of uteruses with histologically normal
endometrium afforded totally normal cytological outcomes. None
of the cases was classified as neoplastic.

Benign Endometrial Abnormalities

The endometria of 355 hysterectomies were benign, disclosing
only abnormalities such as disordered proliferation, benign hyper-
plasia, noncyclical bleeding, or polyp. Cytological examination
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classified 20% as normal, 74% disclosed a benign abnormality,
and 6% showed what was cytologically interpreted as the presence
of neoplasm, with less than 1% mistakenly thought to represent
carcinoma (Tables 4.4, 4.5.)

The most common undercall in cytology material was underesti-
mating hypermature endometrium (either disordered proliferation
or hyperplasia) as benign proliferative endometrium; this occurred
22% of the time. Overestimation of the diagnosis occurred in four
(1.4%) instances. All cases involved finding moderately to mark-
edly atypical nuclei in isolated epithelial aggregates or cystic
epithelial structures. In these instances, the hyperplasia was diag-
nosed as “atypical.” It is possible that some of the cases with sym-
plastic nuclei represented cytological EIN, but we did not perform
confirmatory p53/Ki-67 staining. Interestingly, this degree of over-
estimation is equivalent to the long-term risk of cancer emergence
reported for nonatypical hyperplasia. Furthermore, in a recent
assessment of the hyperplasia problem, even the intraobserver
agreement between nonatypical and atypical hyperplasia often
remained problematical.

Only 15 cases of active noncyclical bleeding were diagnosed on
hysterectomy material. This finding is more common among office
biopsy specimens. One case that showed only mild residual changes
of dysfunctional uterine bleeding was cytologically normal appear-
ing. Cytologically, 7 of the 15 cases showed features of underly-
ing pathology, generally hypermature endometrium with residual
cystic glands (6 cases), and 2 of these 7 cases also showed marked
syncytial change. An additional 6 cases showed the epithelial tuft-
ing of syncytial change that was indistinguishable from the epithe-
lial tufting of endometrioid neoplasia. In practice, we would have
used ancillary Ki-67 in the workup of such a case. In one case, there
was significant neutrophilic emperipolesis among the cellular tufts,
and this change was interpreted as suspicious for carcinoma. These
cases show that active endometrial bleeding may occasionally have
florid syncytial change simulating neoplasm. In about 90% of cases,
office samplings of actively bleeding endometria afford ample cell
blocks that are helpful in clarifying the situation.

Forty-four hysterectomy specimens contained polyps. The second
most common underestimation and perhaps the most common
overestimation of risk involved this category. Cytology does not



31

Benign Endometrial Abnormalities

190ued ¢)) ‘raouedald O Aieurouqe uSiueq ‘v ‘uSiuoq ‘g

D 1 ¢N  sdnoi3 1o rerjoyide dn-pojreq pue ‘sefidedopnosd ‘1psnpo 100 [erjeysids payny,
Od 1 7N sdnoi3 [12o rereypide dn-paqreq pue ‘cejidedopnasd 1oysnyo [120 ferjeynids payng,
spue[S payonodino Ajdnnuw paInojuod A[yjoows pue ‘sjaays [erayids
od z N padeys-dno ‘spue[3 jo sanue[n3aur snoqing ‘spue[3 [eraypide onsc)
spue[3 payonodino Ajdnnw paInojuod A[yjoows pue ‘sjays rereyide
vd 87T INS padeys-dno ‘spue[3 jo sanue[ndaur snoqing ‘spue(3 ferjayide onsky 96¢
WNLIOWOPUd
q +9 INS sornqn) rereyiida wiojiun pue s3a3ys [eryida jerg amjeuddAy [y
sdnoi3
D 1 N 1190 rerpeyiide dn-paqeq pue ‘oeidedopnosd ‘193sn[o [[90 [eroyiide payng,
spue[3 payonodino Ajdnnw paInojuod A[yjoows pue ‘sjaays [ereyide
Od z N padeys-dno ‘spue[3 jo sanue[ndau snoqing ‘spue(3 ferjayide onsky
spue[3 payonodino A[dnnw paInojuod A[yjoows pue ‘sjaays [ereyide
vd 611 INS padeys-dno ‘spue[3 jo sanue[n3au snoqing ‘spue[3 [eraypids onsk) 1Al
q ' INS sornqn) rereyiide wiojiun pue sja9ys [erayda jer eisejdiodA g
sdnoi3
Od 1 N 1120 rerpeyida dn-pajeq pue ‘oeidedopnasd ‘191sn[o [[90 [eroyiida payng,
spue[S payonodino A[dnnuw paInojuod A[yjoows pue ‘sjaays [erayids
vd 601 INS padeys-dno ‘spue[3 jo sanue[n3aur snoqing ‘spue[3 [eraypide onsc) 0S1
q oy INS sornqn) rereyiida wiojiun pue s33ys [erRyida je  oAanerajijold paropiosiq
K103918D) Pquny - 9pein Jed[onN waned AsdorqoIorjn sisouger(

‘sasougeIp Awo03oa191sAY (Wwniowopua danjewrodAy)

eise[drod£y uoneroijord paropiosip 0} paredwod se opeid Jesponu pue wraped Asdoiqororu £30[0140 Jo Aouonbarg ¢4 a14v],



4. Performance Characteristics of Endometrial Cytology

32

“190ued ¢)) f1oduedald Od (Aewrouqe uSiueq ‘v ‘usuoq ‘g

sdnoi3 [[oo

D 1 N rerpoyide dn-pajreq pue ‘oejidedopnasd ‘xa3snpo 129 eroyiide payng,
sdnoi3 [[20
od gJjo¢ N rerfoyiide dn-pajreq pue ‘oefidedopnasd ‘xaysnpo 120 erjoyiide payny,
spue[3
payonodino Ajdnnw painojuod Ajyioows pue ‘s3oays [eroyiide
od 8309 N padeys-dno ‘spue[3 jo senue[n3aur snoqing ‘spue[3 [erayide onsk)
vd 6C309¢C <N so[nqn) [er[oyiido wojrun pue s199ys [er[aytda Jer
spue[S
payonodino A[dnnuw paInojuod A[yjoows pue ‘sjaays [ereyide
vd 6230 €l INCINS  padeys-dno ‘spue[s jo soniensoLr snoqnq ‘spue(s ferjayido onsky 44
q 9 INS sarnqn) rereyiids wiojiun pue $3a9ys [erayda jer dAod
TUIOR PAYIOISIP ‘suawn| ayI[-o[qqnq-deos [eroydoenur
o) 1 TN I SI9ISNYo [[99 “s[[ed rerjaypide Jo pasodwod suonoouuod oyI-e3pLg
sdnoi3 [[20
od 9 N rerfoyiide dn-pajreq pue ‘oefjidedopnasd ‘xaysnpo 120 erjoyiide payny,
sdnoi3 [0
vd LJoT INS rerpayida dn-pajeq pue ‘eeidedopnasd ‘19)sn[o [[90 [eroyiida payny,
spue[3
payonodino Ajdninw painojuod Ajyyoowrs pue ‘soays [eroyiide
vd LJO9 N ‘INS padeys-dno ‘spue[3 jo sanue[ndaun snoqing ‘spue(3 [erjayids onsky S
Surpeajq
q 1 INS sornqn) [erjoyyide wirojun pue s309ys [erfeyids ey [eor[oKouoN
K103918D) STy IqunN 9peID) Ied[ONN wned AsdorqoIorn sisougeI(

"sasouSeIp Awo0)oa1sAY A)euiouqe uguaq o) paredwod se opeid Jesponu pue wiaped Asdoiqoronu £30[0149 jo Aouanbar] ¢4 AT4V],



Endometrial Neoplasms 33

identify polyps, although polyps may be associated with hyperplastic
features and may irritate the endometrial surface epithelium or its
immediate subsurface stroma to the point that it is mistaken for
neoplasm. Nonetheless, some polyps remained undetectable by
cytological methods. Polyps and noncyclical bleeding appear to be
among the most common reasons for overestimating an endome-
trial neoplasm, including cancer.

When cytological material is risk stratified as a benign abnor-
mality, additional testing such as immunohistochemistry, sonohys-
terography, or hysteroscopy helps to determine the type of lesion.
When cytological material from histologically benign abnormali-
ties is interpreted as “normal,” the abnormalities generally entail
benign altered physiological states, dysfunctional bleeding, or
benign polyp. Under such circumstances, interpreting these situa-
tions as benign cytological outcomes does not harm the patient.

Endometrial Neoplasms

The endometria of 215 hysterectomies disclosed neoplasms ranging
from cytological EIN (discussed below) to outspoken endometrial
carcinoma. Reassuringly, no case was interpreted as cytologically
“normal.” Cytologically, 11.6% of endometrial neoplasms were
interpreted as a benign abnormality and 88.4% as neoplasms.

All EIC/EmGD lesions discovered by cytology were confirmed
by p53/Ki-67 immunohistochemistry of decolorized cytology slides
and/or hysterectomy sections. Two (1.6%) of 122 hysterectomy-
confirmed endometrial cancers were classified as benign abnor-
malities. One of these neoplasms was localized to the uterine
fundus whereby cytological underestimation may have represented
a sampling problem. Thirteen (18%) of 73 atypical hyperplasias
were classified as benign abnormalities (either nonatypical hyper-
plasia or breakdown bleeding). This proportion of variance among
hyperplasia cases is within the reported range of intraobserver
reproducibility. Only 5 of 15 cytological EIN lesions were recog-
nized as neoplastic on the basis of cytological examination alone.
The rest appeared indistinguishable from symplastic changes asso-
ciated with inactive or atrophic endometrium, causing their mis-
classification into a benign atypical category (Tables 4.6-4.8).
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The lesson learned from this exercise is that cytology alone
detects most cancers and EIC lesions, but to find all cancers and
EINs, additional testing is necessary. Women with cytological
material that is risk stratified as a “benign abnormality” should
be tested further (for example, with either sonohysterography
or hysteroscopy). These latter two techniques assess the uterine
fundus, which generally escapes adequate study by simple ultra-
sonography. These data also stress the need for confirmatory p53/
Ki-67 staining among cases with dichotomous nuclear atypia that
presents in sheets, glands, or cystic epithelial structures.

Conclusion

From our data, when a diagnosis is limited to the examination of
cytological material, clinical decision making is optimized at the
level of normal versus abnormal, with “abnormal” including both
“benign abnormality” and “neoplasm.” Stratifying diagnoses at this
level show that 70% of brushings are normal and require no further
workup. Among the remaining 30% of cytologies diagnosed as
either abnormal but benign or as frankly neoplastic, 34% proved
to be neoplasms on hysterectomy. At the level of benign versus
abnormal, endometrial cytology when unaided by cell block exam-
ination or immunochemistry has a sensitivity of 88%, specificity
of 92%, positive predictive value of 79%, and negative predictive
value of 95% (Tables 4.9, 4.10).

What modifies this performance estimate in practice is that
about 80% of our office biopsy collections afforded cell blocks
for contemporaneous examination. Others have reported that a cell
block may be obtained in up to 87% of cases. By adding cell block
examination, others report that the overall diagnostic accuracy

TaBLE 4.9. Hysterectomy outcomes of endometrial brushings: decision
matrix.

Histology
Endometrial Cytology “Abnormal +” Histology Normal Totals
Cytology “abnormal +” 499 130 629
Cytology normal 71 1,413 1,484

Totals 570 1,543 2,113
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TaBLE 4.10. Hysterectomy outcomes of endometrial
brushings: decision matrix.

True “abnormal +” cytology 499
True normal cytology 1,413
False “abnormal +” cytology 130
False normal cytology 71
Sensitivity 87.5%
Specificity 91.6%
Positive predictive value 79.3%
Negative predictive value 95.2%

of endometrial cytology increases to 96% and 100% for benign/
atrophic endometrium and adenocarcinoma, respectively, and the
diagnostic accuracy for hyperplasia increases to more than 95%.
We would add to this that with the addition of p53/Ki-67 immu-
nostaining to cases where nuclear atypia appears in only a small
proportion of the collected material, the sticky issue of cytological
EIN and EIC/EmGD can oftentimes be resolved.
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Normal Endometrium

During the reproductive years, normal endometrium comprises
glands, stroma, and vascular elements that synchronously proliferate,
differentiate, and then disintegrate at roughly 28-day intervals.
During a menstrual cycle, the epithelium lining the glands, stroma,
and vasculature of the functional layer of the endometrium under-
goes well-defined morphological changes. At the same time, the
glands and stroma of the basal portion of the corpus endometrium
and the lower uterine segment endometrium show no significant
morphological changes. Our descriptions of normal endometrium
are based on 1,012 contemporaneously gathered hysterectomy-
controlled cases and 1,690 office-based samplings (Table 5.1).

Proliferative Endometrium

During its proliferative phase, the endometrium responds to increas-
ing estrogen levels by the synchronous proliferation of glands,
stroma, and blood vessels. 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.
Because of persisting estrogens, perimenopausal endometrium is
generally indistinguishable from proliferative endometrium. During
the early proliferative phase, the growth of all three endometrial
components is coordinated. Later, both gland and blood vessel

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 39
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_6,
© Springer Science + Business Media, LLC 2009
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TABLE 5.1. Normal endometrium.

Average Office Biopsy Average Age

Diagnosis Hysterectomy Age (years) (% with cell block) (years)
Proliferative 347 46 500 (90%) 42
Interval 25 41 61 (97%) 41
Secretory 310 42 481 (97%) 42
Menstrual 47 41 76 (97%) 41
Mixed function 29 (87%) 48
Inactive/atrophic 235 55 433 (51%) 58
Benign NOS 48 45 110 (71%) 45
Total 1,012 1,690

NOS, not otherwise specified.

development outpace the development of the stroma, and, as a
result, glands and blood vessels become coiled.

The epithelium of early proliferative endometrium typically
shows narrow, straight glands (Fig. 5.1) and cohesive, flat sheets
(Fig. 5.2) that exhibit mild nuclear crowding and overlapping
which reflects nuclear pseudostratification. Although the epithelial
cell layer of early proliferative endometrium is only one cell thick,
its pseudostratification results from and reflects resting nuclei
occupying a basal position within the cell’s apical-to-base axis and
actively dividing nuclei occupying an apical position (Fig. 5.3).
Epithelial cell nuclei are oval to cigar shaped, with smooth con-
tours, evenly dispersed chromatin, and small, conspicuous nucle-
oli. The nuclear-to-cytoplasmic ratio is relatively high. Mitotic
figures, although present, are less conspicuous in early than in mid
and late proliferative periods. The background of cytology prepa-
rations is clean. Because of persisting endometrial breakdown and
remodeling, some stromal/epithelial exodus-like structures, simi-
lar to the stromal—epithelial aggregates seen in contemporaneously
collected cervicovaginal smears, are seen. This finding does not
indicate noncyclical endometrial breakdown and bleeding.

Mid and late proliferative endometrium resembles early prolif-
erative endometrium except that glandular cells show slightly more
prominent small nucleoli and more frequent mitoses. The nuclear
size of dividing cells varies (anisonucleosis) because dividing cells
have 2N or 4N chromatin in addition to mitotic figures. The cells’
nuclei may resemble those of a benign hyperplasia and, rarely,
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F1G. 5.1. A cell block (top) and brush cytology preparation (bottom) show
the organization of the proliferative endometrial gland. The nuclei are
tightly packed and pseudostratified. Apical mitoses are seen. The glands of
proliferative endometrium replicate one another in size and in proliferative
activity in that they are regularly regular. One of the subtlest keys to the
cytological recognition of disordered proliferative states is up to threefold
size variability between otherwise architecturally preserved glands.



F1G. 5.2. An en face view of surface proliferative endometrium is not
unlike that seen in surface epithelium of the early postmenopausal years.
Nuclei appear crowded because of pseudostratification. The top image
shows occasional interspersed ciliated cells that appear larger with more
voluminous nucleoplasm. The bottom image shows how cell crowding
with pseudostratification causes nuclei to appear as if they are mounted
one over another. Pseudostratification should not be misinterpreted as loss
of polarity; rather, it reflects the functional status of the epithelial sheet.



FiG. 5.3. A cell block (top) and brush cytology preparation (bottom) show
the organization of the proliferative endometrial gland. The nuclei are
tightly packed and pseudostratified. Apical mitoses are seen. Pseudostrati-
fication results from and reflects resting nuclei occupying the basal position
within the cell’s apical-to-base axis and actively dividing nuclei occupying
the apical position. The rather tight but orderly nuclear packing of prolif-
erative endometrium reflects the functional nuclear-dominant metabolism
enjoyed by these cells. More mitotic figures may be seen among the glands
of proliferative endometrium than in endometrial cancer.



44 5. Normal Endometrium

even those of FIGO (International Federation of Gynecology and
Obstetrics) grade 1 adenocarcinoma. Mitoses are localized to the
apical part of the epithelial cell, effecting even more prominent
stratification as nuclei migrate from their basal location to the cell
apex in the course of epithelial cell division. The S-phase fraction,
mitotic index, and number of surface ciliated cells reach their high-
est values during the mid to late proliferative phase.

Intact proliferative glands are tubular in both cytology and
histology preparations. After about day 7, the glands broaden and
begin to gently zigzag or coil. As do perimenopausal or lower
uterine segment endometrial glands, early proliferative glands
show little evidence of estrogen stimulation, whereas mid and late
proliferative glands show increasing degrees of nuclear crowding
and overlapping, nuclear enlargement, nucleolar prominence, and
mitotic activity.

Because of cell crowding, it becomes difficult to focus through
these tubular glands in Papanicolaou-stained cytology prepara-
tions, although gland interiors may be seen by rinsing the cytology
slide with 10% acetic acid and then staining it with hematoxylin
alone, omitting counterstains. We find this “acid-hematoxylin”
staining methodology useful for defining the three-dimensional
arrangement of nuclei in epithelial aggregates and determining
their three-dimensional structure. We apply this technique, in addi-
tion to the Papanicolaou stain, to all our cases, which is reflected
by the several illustrations presented in this monograph that show
only a blue color, without interfering cytoplasmic staining.

In late proliferative and in interval endometria, occasional cells,
while maintaining their proliferative activity, exhibit perinuclear
and subnuclear clearing that corresponds to small subnuclear vacu-
oles seen on histological sections (Fig. 5.4). This appearance results
from accumulated glycogen that may be confirmed using periodic
acid—Schiff (PAS) staining with and without diastase digestion.
Ciliated cells are present in endometrium under estrogenic control
and, during the late proliferative phase, about 25% of endometrial
surface cells are ciliated. Ciliated cells are exquisitely sensitive to
estrogens. When estrogen levels drop, cells lose their cilia.

When seen en face, ciliated cells stand out, displaying large,
round nuclei with clear cytoplasm, and have a “fried egg” appear-
ance as they intercalate with smaller nonciliated endometrial cells



F1G. 5.4. Because of an accumulation of cytoplasmic glycogen in late
proliferative and in interval endometrium, occasional cells show peri-
nuclear and subnuclear clearing that corresponds to small subnuclear
vacuoles seen on histological sections while some cells maintain their
proliferative activity. This point is well demonstrated in the cell block
section (top) and the in the corresponding brush cytology preparation
(bottom), where subnuclear clearing and mitotic figures are seen. These
changes are not to be taken as indicative of ovulation; indeed, they may be
seen in some estrogen-excess states.
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in cytology preparations of epithelial sheets. Thus, the presence
of cilia in proliferative endometrium is physiological and does not
constitute a form of metaplasia. Persisting unopposed estrogen
effect is seen in the perimenopause, with endometrial hyperpla-
sia, or with some well-differentiated endometrioid neoplasms, and
may be associated with increased numbers of ciliated cells as well
as with their accumulation within glands. In contrast to their pres-
ence in other organ sites, the presence of ciliated cells does not
exclude the diagnosis of endometrial adenocarcinoma.

Stromal cells show no substantial changes throughout the prolif-
erative phase. Periglandular stromal cell condensation is not seen.
Stroma varies from dense and spindly to edematous with nuclei
varying from fusiform to oval. Oval nuclei are more common in
the mid and late proliferative phase. In liquid-fixed preparations,
the fusiform nature of stromal cells is best seen among the cells that
align themselves in apposition to thin-walled vessels (Fig. 5.5).

Weakly proliferative endometrium may be seen immediately
following menstruation, in women with anovulatory cycles, in
perimenopausal or postmenopausal women whose endometria
are weakly supported by low levels of endogenous or exogenous
estrogen, or in women using oral contraceptives. Weakly prolifera-
tive endometrium shows short, stubby, straight proliferative glands
with rare mitotic figures that are admixed with a tattered fibrous
stroma. Nuclear pseudostratification is reduced over that seen in
the mid to late stages of cyclical proliferation. Occasionally, small
cystic glands and misshapen bifid glands may be seen. In cell
block preparations, the stroma appears compact and collagenous,
often resembling the stroma of pars basalis endometrium; this is
especially common with endometrial hypermaturity because of a
weak estrogenic effect that is unopposed by progesterone. Under
this circumstance, thin-walled venules may dilate and may appear
larger than their accompanying glands.

Secretory Endometrium

The endometrial lining undergoes cyclic regeneration. Humans
and the great apes have a menstrual cycle, whereas most other
mammals have an estrous cycle. In both cases, the endometrium



FiG. 5.5. The fusiform nature of proliferative phase stromal cells is best
seen among the stromal cells that align themselves in apposition to thin-
walled stromal vessels. If there is persistent unopposed estrogen effect,
many of these vessels dilate; and, with injury, undergo thrombosis. Very
little is generally said about endometrial stroma in most articles that deal
with endometrial cytopathology other than it is present or absent; however,
the stroma carries within its structure clues as to whether the endometrium
is affected by estrogen, progesterone, or an excess of these hormones.
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initially proliferates under the influence of estrogen. However,
once ovulation occurs, in addition to estrogen, the ovary also pro-
duces progesterone. This changes the proliferative pattern of the
endometrium to a secretory pattern. Eventually, the secretory lining
provides a hospitable environment for one or more blastocysts.

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, the early
predecidual and late predecidual/exhaustive phase, respectively)
phases. In cytology preparations, cyclical secretory endometrium
is fully differentiated. Even though there may be slight variation in
nuclear size, the cells show no nuclear anaplasia.

Glandular and stromal cells of the immediate ovulatory or
interval period resemble those of the late proliferative phase.
Rare mitoses are seen in both glands and stroma. Glandular cells
become slightly less crowded and show incomplete perinuclear and
subnuclear clearing that becomes especially prominent and gener-
alized on postovulatory day 3 (Figs. 5.6, 5.7). Specific morpho-
logical changes that indicate ovulation lag for 3648 h following
ovulation. Before 3648 h, no morphological endometrial features
establish whether ovulation has actually occurred.

During the secretory phase, the endometrial epithelial cell
moves from a state of “nuclear dominance” to one of “cytoplasmic
dominance.” The replication of cells is replaced by the amplifica-
tion of gland size, the production of secretory product, and the
reengineering of stromal architecture. As part of its antagonism
to estrogen, progesterone causes ciliary lysis, although the reten-
tion of ciliated cells in the face of weak stromal/epithelial secre-
tory changes may occur with an inadequate ovulatory effect or as a
consequence of combined estrogen/progestin medicaments. In the
immediate postovulatory period, ciliated cells become nondescript
eosinophilic cells, some of which display apical snouts and then
seem to disappear. Perhaps the most characteristic feature of estab-
lished ovulatory effect is the emergence of a honeycomb-surface
epithelium with uniform, rounded-up nuclei (Fig. 5.8).

Early secretory endometrium resembles late proliferative
endometrium but with a lower nuclear-to-cytoplasmic ratio, small
nucleoli, decreased mitoses, and greater internuclear distance. During
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FiG. 5.6. In secretory endometrium, glandular cells become slightly less
crowded and show incomplete perinuclear and subnuclear clearing that
becomes fully developed and complete on postovulatory day 3. Note also
that in these images the nuclei appear round and uniform as opposed to
compressed. The secretory phase of the endometrium is one of cytoplas-
mic functional dominance that comes about in preparation for implanta-
tion of the blastocyst.
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F1G. 5.7. In this image it is clear that both the cell block preparation and
the brush cytology preparation show distinct subnuclear clearing. Glyco-
gen has not been extracted in the cytology preparation (bottom); hence, the
bubble-like accumulation of subnuclear glycogen is not seen in the cytology
preparation as it is in the histology preparation (fop). As this change repre-
sents the bulk of the sampled endometrium, the early vacuolar interval of
the secretory phase can be firmly established on morphological grounds.



F1G. 5.8. Perhaps the most characteristic cytological feature of established
ovulatory or gestagenic effect is the emergence of a honeycomb-surface
epithelium with uniform, rounded-up nuclei. This appearance of surface
endometrium persists rather steadily throughout the secretory phase from
about postovulatory day 4 (top) to about postovulatory day 12 (bottom);
this means that surface sheets of endometrial epithelium are less informa-
tive about where in the secretory cycle the endometrium lies than is the
appearance of the glands of the functional endometrial compartment and
of the stroma.
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the early secretory phase, glands enlarge and display moderate
amounts of well-defined, clear cytoplasm. Cell sheets and cells
within glands begin to assume a honeycomb pattern (Fig. 5.9).
Cells are larger because their cytoplasmic machinery is amplified
and geared to produce secretory substances, which in cell blocks
and in direct smear preparations begin to appear at about day 16
but generally are not appreciated in liquid-fixed cytology prepara-
tions. The stroma of early secretory endometrium resembles that
of late proliferative phase stroma.

Mid-secretory glands become more dilated, making them appear
more coiled as cell sheets take on a wavy topography. Nuclei are
more uniform than those of proliferative endometrium. The nuclei
appear rounded and vesicular with fine chromatin. Nucleoli are
small and inconspicuous. Nuclei are more widely separated from
one another, reflecting increased cell cytoplasm (Fig. 5.10). Stro-
mal cells begin to display oval to plump nuclei, the nucleoplasm
of which is vesicular. Despite nuclear changes, the stroma, with
the exception of immediate periarteriolar and subsurface stroma,
resembles that of the proliferative phase.

In the late secretory phase, glands exhaust, cease their secretory
activity, and collapse, thus appearing smaller than the glands of the
mid-secretory phase. The nuclei come to approximate one another.
There is no significant variability of nuclear size, and in contrast
to proliferative endometrium, there is no nuclear pseudostratifica-
tion (Fig. 5.11, top). In paucicellular collections, sheets of both
late secretory phase epithelium and inactive/weakly proliferative
endometrial epithelium appear to resemble each other. During this
period of glandular exhaustion and epithelial collapse, some of the
glands and epithelial sheets may tear apart and their cytoarchitec-
tural features may become distorted.

Just before the onset of menstruation, lymphocytes (including
recognizable granulated NK cells), polymorphonuclear leukocytes,
and the apoptotic dust of these inflammatory cells and of endome-
trial cells may be seen in endometrial gland walls and lumens, a
change not to be misinterpreted as endometritis. Human endome-
trial epithelial cells undergo apoptosis immediately before the
menstrual period, and apoptosis plays a critical role in maintaining
tissue homeostasis, representing a normal function that eliminates

excess or dysfunctional cells. Apoptosis helps to maintain cellular



FiG. 5.9. During the early secretory phase, glands enlarge and display a
moderate amount of well-defined, clear cytoplasm by which cell sheets and
cells within glands begin to assume a honeycomb pattern. Also note that
the nuclei appear rounder than those of proliferative endometrium. In the
early portion of the mid-secretory phase, the extreme curvilinear nature of
the gland is not yet well seen. Liquid-based cytology preparations do not
show intraglandular secretory substance, but they reflect the cytoplasmic
dominance that characterizes the normal mid-secretory phase.



FiG. 5.10. Mid-secretory glands eventually become coiled, as can be
seen by the frequent “indentations” that are present in both the cell block
(top) and brush cytology (bottom) preparations; cell sheets take on a
wavy topography. Nuclei are more uniform than those of proliferative
endometrium. They appear rounded and vesicular with fine chromatin.
Nucleoli are small and inconspicuous. Nuclei are more widely sepa-
rated from one another than they are in the proliferative phase, reflecting
increased cell cytoplasm.



FiG. 5.11. In the late secretory phase, on around postovulatory day 12 to 13,
glands exhaust, cease their secretory activity, and collapse, appearing
smaller than the glands of the mid-secretory phase. Their nuclei come
to approximate one another. There is no significant variability in nuclear
size, and in contrast to proliferative endometrium, there is no nuclear
pseudostratification (fop). In collections of surface epithelial sheets, occa-
sional granulated cells with features of granulated NK lymphocytes can be
recognized (bottom) and can be seen percolating through both the stroma
and epithelium.
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homeostasis during the menstrual cycle by eliminating senescent
cells from the functional layer of the uterine endometrium dur-
ing the late secretory and menstrual phases of the cycle. The
endometrium undergoes continuous cyclic changes of cell death
and proliferation. Apoptosis is seen in the stromal cells through-
out the menstrual cycle, but is scarce in the glands of proliferating
endometrium, becoming maximal only in the glands of menstruating
endometrium.

Morphologically, some glandular cells degenerate into cells with
small, round, or oval nuclei with homogeneous, dense chromatin
and a moderate amount of well-defined, dense cytoplasm that we
interpret as apoptosis. Cells with apoptotic nuclei may intermix
with glandular cells similar to those of mid-secretory endometrium.
Endometrial glandular apoptosis is present in most collections of
normal endometrium, but it appears both increased in amount
and earlier in some cases of dysfunctional uterine bleeding. The
significance of this finding is not known, but increased apopto-
sis may serve as a morphological marker of abnormal endome-
trial development in otherwise normal endometrial collections. On
the other hand, downregulated apoptosis has been implicated in
endometriosis and apoptosis indices in the eutopic endometrium
of women with endometriosis have been reported as lower than
apoptosis indices of women without endometriosis.

NK cells, the “granulocytes” of the endometrium, reside in vari-
ous female reproductive tract tissues, and their phenotype and reg-
ulation are largely dependent upon their geographic location. They
are admixed with endometrial epithelium and stroma in brushings
of late secretory endometrium (Fig. 5.11, bottom). The number
of NK cells varies with the menstrual cycle in the endometrium
(but not in the cervix), suggesting that unique characteristics of the
tissues may account for specific localization of different NK cell
subsets. Uterine NK cells rapidly increase in number after ovula-
tion and come to represent a major population of leukocytes in the
endometrium, playing a role in uterus-specific events such as preg-
nancy and menstruation. Decreased cytotoxic capability of decid-
ual NK cells from spontaneous aborters has been taken to indicate
that a functional deficiency of these cells may be associated with
early pregnancy loss. Evidence indicates that these cells may be
involved in the reorganization of blood vessels during pregnancy.
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Before the fertilized ovum reaches the uterus, the mucous
membrane of the uterine body undergoes important changes and
is then known as the decidua. Stromal changes characterize the
late secretory phase. In its broadest sense, decidualization could
be viewed as endometrial remodeling in preparation for pregnancy,
which includes secretory transformation of the uterine glands,
influx of specialized uterine NK cells, and vascular remodeling
(Figs. 5.12, 5.13). With a more restricted definition, reprogram-
ming of the endometrial stromal compartment has the decidual-
ized stromal cells acquire the unique ability to regulate trophoblast
invasion, resist inflammatory and oxidative insults, and dampen local
maternal immune responses.

In humans, the stromal compartment decidualizes in the mid-
luteal phase of the menstrual cycle and is independent of preg-
nancy. Stromal cells in the functional endometrial compartment of
the upper endometrium undergo predecidual change and acquire
abundant well-defined, dense cytoplasm and centrally located
round or oval, vesicular nuclei (Fig. 5.13). The immediate sub-
epithelial stroma can be dislodged as sheets of cells with epithe-
lioid features, showing ample, granular cytoplasm and large, clear,
uniform nuclei with prominent nucleoli. These stromal cell sheets
should not be taken for immature metaplastic or neoplastic squa-
mous epithelium. Similar sheets of deciduoid cells may be seen
with endometrial irritation caused, for example, by polyps or leio-
myomas. In such cases nuclear changes can be severe, leading to
misinterpretation of these cell sheets as neoplastic.

Implantation of a blastocyst is associated with resurgence of
glandular secretion and stromal decidualization. The presence
of decidual cells is important for the cytological identification
of pregnancy-related cells (Figs. 5.14, 5.15). In a retrospective
analysis of pregnancy-related cells, 12 of 4,429 endometrial smear
samples disclosed eight spontaneous abortions, three placental site
nodules, and one partial hydatidiform mole. Decidual cells were
observed in all cases, trophoblasts in 5, syncytiotrophoblasts in 1,
and nonsyncytiotrophoblasts in 5 of the 12 cases. These cells were
prospectively identified in 7 cases and retrospectively discovered
in the remaining 5 cases. Pregnancy-related cells may be over-
looked because they are difficult to identify or may be surrounded
by clusters of endometrial cells.



F1G. 5.12. One of the earliest stromal changes induced by progestins is
perivascular stromal compaction with condensation and vascular thicken-
ing. Both stromal venules (top) and arterioles (bottom) are decorated by
plump stromal cells. These images should be compared to those of Fig.
5.5. Stromal compartmentalization may be studied immunohistochemi-
cally, but just observing the cycle-dependent changes of stromal compac-
tion and the variable geographic emergence of deciduoid stromal cells
seems sufficient to convince anyone about the complexity of the func-
tional stromal compartment.



FiG. 5.13. In the late secretory phase, stromal cells in the functional
endometrial compartment of the upper endometrium undergo uniform
predecidual change and acquire abundant well-defined, dense cytoplasm
and centrally located round or oval, vesicular nuclei. In this figure, a cell
block section (fop) is compared to a cytology microbiopsy of deciduoid
stroma (bottom). Deciduoid cells have epithelial characteristics, including
immunostaining with some epithelial markers. They undergo sheet-like
organization along the epithelial surface and may occasionally be col-
lected as sheets of epithelioid cells.



FiG. 5.14. The presence of decidual cells is an important clue to look
for the cytological identification of other pregnancy-related cells. The
decidual cells of pregnancy are very plump and may display a degree of
nuclear heterogeneity. As with their epithelial counterparts, 4N and higher
forms may be seen. During pregnancy, especially in the region of stromal
vessels, bizarre epithelioid cells may be seen; these represent extravillous
(intermediate) trophoblasts. As opposed to decidual cells, extravillous tro-
phoblasts stain for pankeratin (AE 1/3).
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FI1G. 5.15. These images show chorionic villi from a case of spontaneous
abortion. Although heavy uterine bleeding generally is taken to herald
early fetal loss among young women, pregnancy in the near-perimenopause
may be clinically overlooked, mistaken for anovulatory cycling and
dysfunctional uterine bleeding. In this case, relatively avascular chorionic
villi are diagnostic of intrauterine implantation and subsequent spontane-
ous abortion.
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An Arias—Stella reaction (focally altered endometrial epithelium
displaying intraluminal budding, nuclear enlargement, and hyper-
chromatism with cytoplasmic swelling and vacuolation) is found in
80% of intrauterine abortions in which a secretory/hypersecretory
pattern appears. A similar pattern is seen rarely in women evalu-
ated for infertility or on hormonal therapy with oral progestational
agents for the management of dysfunctional uterine bleeding. As
a cautionary note, the Arias—Stella reaction can be mistaken for
malignancy, including secretory and clear cell carcinoma of the
endometrium (Fig. 5.16). Because the Arias—Stella change occurs
in fully differentiated cells, no increased proliferative activity is
seen in its epithelium.

The heterogeneity of stromal cells is not readily exemplified by
their morphology during the proliferative phase, but it becomes
apparent throughout the secretory phase. Human endometrial
stroma initially exhibits rather uniform morphology. Predecidua
initially develops around vessels and subsequently around glands
and under surface epithelium, demonstrating that regional differ-
ences exist among stromal cells.

Immunoreactivity of the stromal cells likewise varies during
the differing phases of the menstrual cycle. Phenotypically dis-
tinct subsets of stromal cells, including cells expressing epithelial
markers, are confined to unique microenvironments throughout
the menstrual cycle. All stromal cells strongly express vimentin
and weakly express cytokeratin. Ber-EP4-positive stromal cells are
confined around glands and to the subluminal regions of the sur-
face epithelium. HLA-DR-positive stromal cells are characteristi-
cally present around glands and under surface epithelium, around
blood vessels, and around HLA-DR-positive lymphoid cells. Stro-
mal cells in the proliferative and early secretory phases are VLA-1
(integrin alpha 1, beta 1) negative. VLA-1 reactivity appears ini-
tially in the HLA-DR-positive cells around vessels and then in
HLA-DR/Ber-EP4-positive cells around glands and under surface
epithelium. In the late part of the secretory phase, all stromal cells
in the upper functionalis express VLA-1.

In cases in which the secretory phase has been altered, for exam-
ple, by advancing age, luteal phase defect, or as a result of exog-
enous medicaments, the endometrial stroma may appear either
uncharacteristically immature and fibrous with well-developed
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FI1G. 5.16. Changes of the Arias—Stella reaction in endometrial glands may
be observed in up to 80% of intrauterine abortions in which a hypersecretory
pattern appears. The Arias—Stella reaction can be mistaken for malignancy,
including secretory and clear cell carcinomas. As opposed to their small,
round contour, the epithelial cells of the Arias-Stella reaction are hyperdip-
loid and, even when the nuclei are enveloped by secretory cytoplasm, they
may appear bizarre enough to raise the specter of malignancy.
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secretory gland changes or, in the case of progestins, deciduoid
with atrophic glands (Fig. 5.17) and thick-walled vessels
(Fig. 5.18) whose diameters equal or exceed those of the endome-
trial glands.

Menstrual Endometrium

Overt menstruation is found primarily in humans and close
evolutionary relatives such as chimpanzees. In contrast, the
females of other species of placental mammals have estrous cycles
in which the endometrium is reabsorbed by the animal at the end
of its reproductive cycle. Some speculate that the energy savings
of not having to continuously maintain the uterine lining offsets
the energy cost of having to rebuild the lining in the next fertility
cycle. Menstruation may represent a form of endometrial economy
that is of ancient evolutionary origin.

The endometrial microvasculature is designed to provide the
blood supply to the endometrium and the placenta, and external
bleeding appears to be a side effect of endometrial regression that
arises when there is too much blood and other tissue for complete
reabsorption. The relatively copious bleeding of humans and chim-
panzees relates to the large uterine size relative to adult female
body size and to the design of the uterine microvasculature.

As the late secretory phase ends and menstruation begins, pre-
decidual cells of the upper endometrium separate from each other
and are shed, in large numbers, into the endometrial cavity. Soli-
tary predecidual cells have rounded, ovoid, or bean-shaped nuclei
and variable amounts of relatively well defined, opaque, foamy, or
finely granular cytoplasm. The plump nature of predecidual cells is
best appreciated when they are in apposition to stromal arterioles
or when they are loosely balled up.

As related earlier, the late secretory phase features increas-
ing numbers of NK lymphocytes that contain relaxin, a naturally
occurring hormone known to modulate connective tissue remod-
eling in the uterine corpus and cervix. This hormone may dissolve
the reticulum fibers surrounding the stromal cells, fostering stro-
mal cell dissociation and cyclical shedding of the endometrium.

Menstrual endometrium shows the greatest structural poly-
morphism that is seen with any of the defined phases of cycling
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F1G.5.17. An endometrium with progestin effect shows deciduoid endome-
trial stroma and collapsed, small glands with inactive-appearing nuclei.
This is a classical example of the “pill effect.” With the popular use of
endometrial ablation for the control of uterine bleeding, many practition-
ers are modulating the endometrium with gestagens as an intermediate
step to control bleeding and to thin the endometrium for more effective
thermal injury and removal. The result comprises the triad of deciduoid
stroma, thin glands, and prominent vessels.
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F1G. 5.18. An endometrium with progestin effect shows deciduoid endome-
trial stroma and prominent vessels whose diameters equal those of small
inactive-appearing glands. In these images, the stroma is more fibro-decid-
uoid than the stroma of Fig. 5.17. Stromal vascular networks that appear
in the absence of prominent secretory glands are a signature change of
“pill effect.” Again, the result of progestational agents comprises the triad
of deciduoid stroma, thin glands, and prominent vessels.
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endometrium, meaning that it unwittingly may be overdiag-
nosed as endometrial cancer. As a corollary, some endometrial
cancers may be underdiagnosed as menstrual endometrium. 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. Piled-up dyshesive
epithelium may lose nuclear polarity and acquire prominent
nucleoli, but menstrual endometrium lacks the coarse chroma-
tin and nuclear pleomorphism of malignancy, and both lack a
genuine cribriform pattern and invasion. Cytoplasmic vacuoles
may be present in some of the predecidual cells of menstrual
endometrium and may mimic the lumens of signet ring cell
adenocarcinoma, including lobular breast cancer and gastric
cancer, both of which have a propensity to metastasize to the
endometrium. Not uncommonly, intact neutrophils are found
within the vacuoles of these predecidual cells, a change mimick-
ing the neutrophilic emperipolesis of endometrial adenocarci-
noma. Encouragingly, correlative cell blocks were available for
examination in 97% of office samplings that we diagnosed as
menstrual endometrium and in 91% of cases that we diagnosed
as carcinoma.

The distinction between cyclical menstrual endometrium and
endometrium with noncyclical glandular and stromal breakdown
is difficult. Unless the pars basalis is sampled in late menstrua-
tion, menstrual endometrium lacks mitotic activity. The glands of
menstrual endometrium 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 noncyclical endometrial breakdown bleeding. Further-
more, a predecidual component is not part of irregular shedding
resulting from noncyclical endometrial breakdown.

Slides show collapsed, benign glands with intraepithelial poly-
morphonuclear neutrophils, nuclear dust, fibrin strands, and “dis-
solved” or “ripped-apart” stromal aggregates (Figs. 5.19-5.23).
There are many ball-like tissue fragments containing degenerating
glandular and predecidual cells, small nonpredecidualized stromal
cells from the basal layer of the endometrium, and predecidual
cells admixed with leukocytes (Figs. 5.24-5.26).
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F1G. 5.19. Among the earliest changes seen with menstruation is the influx
of polymorphonuclear leukocytes (PMNs) along the basal aspect of the
endometrial glands (fop). The collapsed glands appear to be structurally
destabilized, and frequent gland ruptures and tears appear in brush
cytology preparations of early menstrual endometrium (bottom).



F1G. 5.20. As the stromal—epithelial destabilization of the endometrium
increases, both the gland and stromal integrity are compromised and
glands begin to shatter, involute, fold over themselves, and take on bizarre
shapes. This change is obvious in cell block preparations. Sometimes,
unless one takes into account patient age and history of last menstrual
period, these complex disorganizational changes along with the bleeding,
fibrin, and cellular dyshesion that accompanies them may lead one into a
false diagnosis of malignancy. Every endometrial study should be inter-
preted with knowledge of menstrual history.



FiG. 5.21. The involution and fracturing of glands are seen in brush cytol-
ogy preparations as well. Even though gland collapse is obvious, the regu-
lar polarity of the epithelial cell nuclei within the collapsed glands begins
fading, and it becomes possible to misinterpret these changes as an expres-
sion of dedifferentiation. Menstrual endometrium is an attribute of cycling
endometrium, but it may also accompany erratic ovulation. The difference
from anovulatory bleeding is that the latter generally lacks residual ves-
sels decorated by plump deciduoid stromal cells.



F1G. 5.22. As epithelial sheets and their accompanying stroma tear apart,
pseudocribriform arrangements may emerge (top). Some fragments of
endometrial glands complexly fold over upon themselves and begin to
take on odd shapes that may also be seen with endometrioid neoplasms,
mimicking irregular acinar structures (bottom). Menstrual collapse is not
an indication of dedifferentiation or of fractal complexity within pre-
formed epithelial structures; rather, it is the result of a programmed cycli-
cal destructive implosion of previously normal structures.
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FiG. 5.23. As menstrual stroma and glands separate, dyshesive stromal
fragments mimic changes that may be seen with dyshesive cells of outspo-
ken carcinomas that have a solid pattern (top); and, when this is accom-
panied by epithelial aggregates that show what appear to be rings upon
rings of epithelial cells in acinus-like arrangements, mimicking cribriform
architecture, a false suspicion for carcinoma may come about (bottom).
Luckily, most collections of menstrual endometrium are copious enough
that correlative cell blocks are available for review.



F1G. 5.24. Menstrual brushings show ball-like tissue fragments containing
degenerating glandular and predecidual cells, small nonpredecidualized
stromal cells from the basal layer of the endometrium, and predecidual
cells admixed with leukocytes. What is witnessed in these images is the
birth of exodus balls. Because stromal-glandular modeling persists beyond
the period of endometrial shedding, exodus balls persist for several days
beyond the typical menstrual period. Similar structures are seen with non-
cyclical bleeding as well.
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FiG. 5.25. Tissue microfragments seen in endometrial brush cytology
specimens of menstrual endometrium show stromal-epithelial cell clus-
ters, either budding off of larger microbiopsies (fop), or floating freely,
having been shed as exodus balls (bottom).



F1G. 5.26. Exodus balls of endometrial stroma and epithelium are similar
in appearance to those found in cervicovaginal cytology preparations and
are also similar to those seen in cases of noncyclical endometrial break-
down and bleeding; but, in the latter situation, deciduoid stromal cells are
generally not seen and the mechanism of bleeding is different than that of
menstrual shedding. It is sometimes difficult to distinguish these products
from the epithelial surface tufts of syncytial metaplasia; and, oftentimes,
both structures are admixed with each other.
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Endometrial Atrophy

An age-related morphological continuum extends from weak prolif-
eration in the perimenopause to atrophy in the late postmenopause.
This transformation takes years, which is why weak prolifera-
tive features persist after the menopause. Inactive or atrophic
endometrium may resemble the early phase of cycling prolifera-
tion but with less epithelial pseudostratification, shorter apical—
base epithelial cell axes, and greatly reduced to absent mitoses. The
close nuclear packing of inactive endometrium may resemble that
seen in epithelial sheets derived from late secretory endometrium,
following secretory exhaustion (Figs. 5.27-5.31).

In more than half of specimens, classification into well-defined
functional categories is impossible as epithelial cell sheets show
such variable admixtures of pseudostratification and honeycomb-
ing, comprising a mixed-function appearance. For example, in one
study of 142 adequate endometrial biopsies taken from perimeno-
pausal women by suction curettage and assessed by light micros-
copy, 82 (58%) specimens defied classification into the well-defined
categories of the fertile period because of mixed histological pat-
terns; 59 (42%) showed abnormal secretory endometrium, 3 (2%)
had disordered proliferative endometrium, and 20 (14%) showed a
mixture of nonsecretory and secretory endometrium.

The stromal cells of atrophic endometrium are often fibroblast
like, similar to the fibrous stroma of the lower uterine segment
(Fig. 5.32). Fibrous stroma does not readily give up its glands,
which is why epithelial sheets outnumber tubular glands in brush
preparations of atrophic endometrium and the epithelial/stromal
ratio favors flat sheets of surface epithelium.

Because the stroma is more fibrous than that of cycling
endometrium, it is also less abundant on brush preparations. Stro-
mal cells have oval, fusiform, or pyknotic nuclei and scant, poorly
defined cytoplasm. These cells may occur in loose groupings and
occasionally support a myxoid interstitial substance. Crushed,
blue stromal debris sometimes litters the background of the slide
and appears “torn up” or “ratty.” Pipes or columns of collagenous
material may be seen (Fig. 5.33).

Inactive or atrophic endometrial glands comprise a single layer
of flattened to cuboidal cells. Some glands are small and cystic
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F1G. 5.27. Inactive or atrophic endometrium may resemble the early phase
of cycling proliferation but with less epithelial pseudostratification,
shorter apical-to-base epithelial cell axes, and greatly reduced to absent
mitoses. Endometrial inactivity is not always age qualified. For example,
women using birth control pills or those with early ovarian failure, caused
for example by pelvic irradiation or chemotherapy, may show changes of
endometrial atrophy.
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FiG. 5.28. As is shown in these cell block preparations, the glands of
atrophic endometrium are short, stubby, and show tightly packed nuclei,
generally lacking the pseudostratification that characterizes actively
proliferating or early postmenopausal endometrium. Nuclei are packed, not
in the nuclear-dominant fashion of proliferative endometrium; rather, there
is neither nuclear or cytoplasmic functional dominance, just small resting
cells resembling those typically found in the lower uterine segment.
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FiG. 5.29. Glands appearing similar to those of Fig. 5.27 are also seen in
cytology brush preparations (fop). Sometimes these glands may mimic the
collapsed glands of the late secretory phase (bottom). Gland morphology
should not be interpreted without an eye on stromal and vascular tissue. In
atrophy, the stroma is fibrous; but, in the late secretory phase, the stroma
is deciduoid and the vessels are plump.
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Fi1G. 5.30. The close nuclear packing of inactive endometrium may resem-
ble that seen in glands derived from late secretory endometrium, follow-
ing secretory exhaustion. In secretory endometrium, surface epithelium
retains its honeycomb appearance; but, in atrophy, the surface epithelium
packs tightly, following the example of its accompanying glands. There-
fore, the functional role typically assigned to glands over surface epithe-
lium in the cycling endometrium is not seen in atrophic endometrium.



Endometrial Atrophy 81

FiG. 5.31. In addition to truncated glands, small cystic glands may be seen
in both histology (fop) and cytology brush preparations (bottom) of inac-
tive endometrium. Note that the nuclei of these glands appear similar to the
nuclei of the surface epithelium. These glands are small, cystic, and smoothly
contoured and vary, for example, with the small irregularly contoured glands
found in endometrioid neoplasia. Stroma may be poorly represented in brush
cytology preparations because it is now fibroblastic and collagenous.
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F1G. 5.32. The stromal cells of atrophic endometrium are often fibroblast
like, similar to the fibrous stroma of the lower uterine segment. Stromal
cells have oval, fusiform, or pyknotic nuclei and scant, poorly defined
cytoplasm. They may occur in loose groupings, occasionally supporting a
myxoid interstitial substance.
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F1G. 5.33. Crushed, blue stromal debris of atrophic endometrium some-
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times litters the background of the slide and appears “torn up” or “ratty.
Pipes or columns of collagenous material may be seen.
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(Fig. 5.34). Clustered large epithelial cysts lined by low cuboidal
epithelium embedded in a fibrous stroma are interpreted to repre-
sent posthyperplastic (“Swiss cheese”) atrophy (Figs. 5.35, 5.36).
Giant histiocytes are often admixed with the benign endometrial
epithelium of atrophic endometrium, and sometimes they are more
numerous when there is endometrial epithelial activation, caused,
for example, by sessile or pedunculated polyps or submucous
fibroids (Fig. 5.37). Condensed spheroids of proteinaceous mate-
rial resembling prostatic corpora amylacea may also occupy the
cavitary spaces of otherwise inactive epithelial cysts and serve as a
clue to their presence (Fig. 5.38).

Epithelial cell nuclei of atrophic endometrium are of variable
size, but they are regularly distributed within epithelial sheets,
generally as small islands of similar appearing nuclei. Nuclei vary
from round, to wrinkled, to proliferative like, but they lack pseu-
dostratification or increased mitoses (Fig. 5.39). The nuclear/
cytoplasmic ratio is increased over secretory endometrium because
the overall cell size is smaller. Nuclear size variability, especially
over small domains within an epithelial sheet, may occasionally be
substantial and afford a differential diagnosis that includes cyto-
logical EIN, endometrial gland dysplasia (EmGD), and, rarely,
endometrial intraepithelial carcinoma (EIC) (Fig. 5.40). Because
changes of this type reside in oftentimes senile, symplastic, non-
proliferating epithelium, weak focal p53 nuclear decoration may
be seen, but not concomitantly substantial proliferative reactivity,
as demonstrable by Ki-67 labeling (Fig. 5.41). We speculate that
changes of this sort may signify nothing, or they may represent a
nonproliferative form of endometrial preneoplasia wherein the
accumulation of further mutations might lead to the emergence of
an estrogen-independent clone of epithelial cells of the type generally
identified as EmGD/EIC.

In cytology preparations, atrophic endometrium is fully differ-
entiated about 70% of the time. Endometrial glandular and stromal
breakdown is the most common reason that atrophic endometrium
is biopsied, and it shows significant numbers of stromal cells
condensed and formed into compact nests with hyperchromatic
nuclei and little or no cytoplasm. These structures are often associ-
ated with fragmented clusters of endometrial glands. This cyto-
logical pattern comprises a benign functional abnormality of the
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F1G. 5.34. This small inactive cystic gland shows tightly packed banal
nuclei that are similar to the nuclei of the surface epithelium that is seen
at high magnification in the left upper corner of the bottom image. The
stromal component that is seen in the right lower corner of the top image
appears sparse and breaks apart as small fibrous aggregates.



Fi1G. 5.35. Clustered large epithelial cysts lined by low cuboidal epithe-
lium embedded in a fibrous stroma are interpreted to represent posthyper-
plastic (“Swiss cheese”) atrophy. When these are admixed with smaller
cystic glands, the endometrium, as with benign hyperplasia, takes on a
“regularly irregular” appearance. The actual origin of Swiss cheese or
cystic atrophy is uncertain, but, given the appearance of its cystic glands,
it is not a far stretch to imagine that these glands represent the ghosts of
benign hyperplasia that has finally “given up its estrogen.”



F1G. 5.36. Intermediate- (fop) and large- (bottom) sized and irregularly
outpouched cystic structures lined by inactive, atrophic-appearing epithe-
lial cells are illustrated in these images of a woman with “Swiss cheese”
endometrium. These findings do not carry with them any increased cancer
risk, and, to avoid unnecessary follow-up studies, if there is no epithelial
atypia, their presence should not be misinterpreted as benign hyperplasia.
Similar changes, often with epithelial activation, can be seen with polyps,
a situation seen in some women who have been treated with tamoxifen.



F1G.5.37. Giant histiocytes are often admixed with the benign endometrial
epithelium of atrophic endometrium; sometimes they are more numerous
when there is endometrial epithelial activation, caused by, for example,
sessile or pedunculated polyps, endometritis, or submucous fibroids.
These giant histiocytes must live somewhere, and at times corresponding
tissue sections shows them within the glands of atrophic endometrium.
We do not take this finding as diagnostic of endometritis or as an indica-
tion to recommend further studies to search for malignancy.
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F1G. 5.38. Along with foamy and fused giant histiocytic cells, condensed
spheroids of proteinaceous material, resembling prostatic corpora amyla-
cea, may also occupy the cavitary spaces of otherwise inactive epithelial
cysts and serve as a clue to the presence of these cysts.



Fi1G. 5.39. Epithelial cell nuclei of atrophic endometrium may sometimes
be of variable size, but they are regularly distributed within epithelial
sheets, generally as small islands of similar-appearing nuclei. Nuclei
vary from round, to wrinkled, to proliferative like, but, even though they
appear odd, they lack pseudostratification or increased mitoses. In cases
like this, we stain additional slides with anti-p53 and anti-Ki67 so as to not
overlook the possibility that we are dealing with cytological endometrial
intraepithelial neoplasm (EIN) or EIC/EmGD, both of which represent
preneoplastic epithelial changes.



F1G. 5.40. Nuclear size variability and atypia, especially over small
domains within an epithelial sheet, may occasionally be substantial and
afford a differential diagnosis that includes cytological EIN, endometrial
gland dysplasia (EmGD), and, rarely, endometrial intraepithelial carci-
noma (EIC). Under such circumstances, Ki-67 and p53 immunostaining
may be necessary to sort out the diagnosis and to suggest appropriate
clinical responses to this finding. We believe that EIN may be respon-
sive to progestin-containing intrauterine devices (IUD), but a diagnosis
of EIC/EmGD indicates pre- or surface-serous carcinoma, and we advise
that hysterectomy be considered as a therapeutic option.



FI1G. 5.41. Senile, symplastic, nonproliferating epithelium may show p53
nuclear decoration (top), and this may be disconcerting; however, con-
comitant proliferative activity is not demonstrated with Ki-67 staining
(bottom); thus, a diagnosis of EIC/EmGD cannot be rendered. Whether
this represents a benign oddity or a nonproliferative form of preneoplasia
is unknown, but this phenomenon would certainly present a topic for fur-
ther research into endometrial preneoplasia. For example, if cumulative
defects of the p53 gene accumulate in such an epithelium, one could posit
the eventual emergence of EIC in this setting.
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endometrium. Sometimes, atrophic endometrium is mildly dysdifferen-
tiated, showing epithelial cystic structures. Rarely, it may show
unexplained nuclear anaplasia (symplastic nuclei) without evi-
dence of upregulated epithelial proliferation (low to absent Ki-67
labeling index) but, now and again, with spotty weak to moderate
P53 nuclear decoration.

Associated endometrial metaplasia is commonly encountered in
patients with endometrial atrophy and dysfunctional uterine bleed-
ing (DUB), and occasionally it may be difficult to distinguish these
cases from cases of atypical endometrial hyperplasia or carcinoma.
On occasion, associated metaplastic tissue shows overexpression
of p53. For example, in one study, weak and heterogeneous p53
immunoreactivity was present in 10 of 22 (45%) papillary meta-
plasias, four of five (80%) tubal metaplasias, and four of seven
(57%) eosinophilic metaplasias. The presence of weak and hetero-
geneous p53 immunoreactivity in metaplastic endometrium might
be a consequence of DNA damage, but, in contrast with EIN and
EmGD/EIN, it is unaccompanied by upregulated Ki-67.

In a study of 237 uteri in which we performed complete embed-
ding and sectioning of the endometrium, 27 atypical cytology cases
led to the discovery of 22 abnormal histology cases that comprised
6 cases of EIC/EmGD, 12 cases of “adenomatous change” com-
prising small foci architecturally resembling EIN, and 4 endome-
trioid microcancers, all measuring less than 2 mm. In 5 cases,
nuclear anaplasia remained unexplained but lacked strong, conflu-
ent p53 nuclear decoration, thus excluding EIC/EmGD. “Cancer-
like” nuclei can also occur when the specimen includes symplastic
low uterine segment epithelium with enlarged, sometimes bizarre
nuclei or when there is surface endometrial irritation as caused, for
example, by polyp or leiomyoma.

Various changes accompany the administration of hormone replace-
ments in the perimenopause and postmenopause, as shown by a
cytological and histological study of 164 women receiving hor-
monal therapy, comprising 138 benign cases and 26 abnormal
cases (24 cases with disordered proliferative phase and 2 cases
with simple endometrial hyperplasia). Among benign cases, sin-
gle hormone replacement showed atrophy or proliferative phase
changes with the co-presence of ciliated cell metaplasia. Cyclical
hormone replacement showed a biphasic response. The first half of
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the administration term showed proliferative phase changes, and
in the latter half secretory phase changes with curvilinear glands
and subnuclear vacuolization occurred. Atrophy developed with
continuous hormone replacement.

Endometrial atrophy may also occur in young women taking
oral contraceptives or progestational agents for extended periods
of time. With progestational agents, decidualized stroma accom-
panies glandular atrophy. This combination of findings defines
the consequence of sustained progestin effect and comprises a
unique form of glandular and stromal dissociation with atrophic
glands and deciduoid to fibro-deciduoid stroma, often with numer-
ous, prominent, thickened vessels whose diameter exceeds that of
accompanying atrophic glands (see Figs. 5.17, 5.18).
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Benign Endometrial
Abnormalities

Benign endometrial abnormalities entail those conditions in which
the endometrium is neither physiologically cycling nor atrophic, but
where changes in hormonal milieu, infection, or structural abnormali-
ties of the stroma or myometrium lead to secondary morphological
changes of the endometrium. Benign endometrial abnormalities imply
those alterations of endometrial structure and function that have no
intrinsic malignant potential. Our descriptions of benign endometrial
abnormalities rest on 277 contemporaneously gathered hysterectomy-
controlled cases and 535 office-based samplings (Table 6.1).

Hypermature Endometrium Comprising
Disordered Proliferation and Nonatypical
Hyperplasia

Benign endometrial hyperplasia, also referred to as nonatypical
hyperplasia, comprises a functional class of diffuse estrogen-
induced lesions exhibiting irregular remodeling of glands that is
variably accompanied by vascular thrombi, stromal breakdown,
and randomly scattered cytological changes. It is preceded by a
phase of disordered proliferative endometrium, an intermedi-
ate step between normal proliferative and benign hyperplastic
endometrium. Benign endometrial hyperplasia is most frequently
encountered around the time of the menopause or postmenopause,
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TaBLE 6.1. Benign endometrial abnormality.

Office Biopsy

Average (% with cell ~ Average
Diagnosis Hysterectomy Age (years) block) Age (years)
Disordered prolifera- 150 45 144 (89%) 46
tive
Disordered secretory 10 (80%) 45
Simple hyperplasia 60 52 45 (82%) 50
Complex hyperplasia 8 50 786%) 49
Proliferative cystic 36 (47%) 52
Inactive cystic 132 (35%) 58
Noncyclical bleeding 15 47 143 (88%) 47
Polyp 44 48 3 (100%) 40
Endometritis 10 (30%) 54
Pyometra 4 (100%) 64
Hematometra 1 (0%) 80
Total 277 535

when the normal cycle of sequentially regulated estrogen and
progesterone is perturbed. It can also occur in young women
and teenagers with anovulatory cycles. In a woman of childbearing
age, there is often prolonged or excessive bleeding.

In an anovulatory cycle, the failure of ovulation leads to exces-
sive and prolonged estrogen stimulation, with absence of the
postovulatory surge in progesterone levels. This event results in a
disordered proliferative endometrium. The spiral arterioles do not
develop properly in the absence of progesterone. When estrogen
levels decline, there is loss of stromal fluid causing collapse of the
poorly developed spiral arterioles, vascular stasis, and thrombosis,
and breakthrough bleeding occurs. In some cases, there is no drop
in estrogen levels, and bleeding occurs because adequate blood
supply to the proliferating endometrium cannot be maintained.

As the endometrial bulk increases through proliferation, the
bleeding may become more frequent and almost continuous.
Dilated and delicate superficial blood vessels undergo thrombosis,
and this contributes to intermittent bleeding, for as the condition
depends upon estrogen stimulation for its development, the fluc-
tuating estrogenic support results in irregular episodic extensive
apoptotic endometrial stromal cell death and tissue breakdown.

Disordered proliferative endometrium is an exaggeration of the
normal proliferative phase; and, as such, much of the tissue is similar
to that seen in normal proliferative endometrium. The pathognomonic



Hypermature Endometrium Comprising 99

feature of persistent estrogen stimulation is architectural changes
of individual glands distributed randomly throughout the entire
hormonally responsive region of the endometrium (Fig. 6.1).
The overall glandular: stromal ratio is not significantly increased
from that of a normal proliferative phase. The changes involve the
entire functional endometrial compartment, and are evident at low
magnification as sac-like dilations and irregular glandular branch-
ing and reduplication randomly scattered amongst tubular glands
(Fig. 6.2). The mitotically active glands resemble proliferative
phase glands, composed of a pseudostratified epithelium. Nuclear
shape and stromal characteristics resemble those of proliferative
endometrium (Fig. 6.3), and gland density is low. Ciliated cell
change of endometrial glandular cells is common and involves the
glands and glandular saccules as well as the endometrial surface,
reflecting the pivotal role of estrogen in the process. Characteristi-
cally, glands affected by ciliated cell differentiation are randomly
interspersed among proliferative glands, and these glands may also
demonstrate tubular, branching, or cystic architecture.

As with proliferative endometrium, nuclear pseudostratification
and mitotic activity are present. In cytology preparations correlated
to hysterectomy specimens, disordered endometrium appeared fully
differentiated about 30% of the time, meaning that in about one-third
of cases it was diagnosed as benign proliferative endometrium on
the basis of cytology examination alone. Disordered endometrium is
mildly dysdifferentiated and shows an accumulation of either com-
pletely or partly disrupted enlarged cystic or multipart, smoothly
contoured, branched glands on the cytology slide (Fig. 6.2). Even
straight proliferative glands may show up to threefold variation in
gland diameter and demonstrate variability in diameter along the
length of the gland. The correct diagnosis of disordered prolifera-
tion is generally augmented by evaluation of cell block preparations,
which may be obtained in about 90% of cases.

Benign endometrial hyperplasia develops from disordered prolifera-
tive endometrium under the continued influence of unopposed estro-
gens. The entire endometrial compartment contains variable gland
densities caused by remodeling of stroma and glands. It is the vari-
ability in gland density that, in histological preparations, sets off benign
hyperplasia from disordered proliferative endometrium (Fig. 6.4).
This feature is generally not appreciated in cytology preparations in the
absence of cell blocks, which may be obtained in about 85% of cases.



F1G. 6.1. Disordered proliferative endometrium s an exaggerated or hyper-
mature version of normal proliferative endometrium, and, as such, much
of the tissue is similar to that seen in normal proliferative endometrium
(which is shown in the fop image). The pathognomonic feature of per-
sistent estrogen stimulation is architectural changes of individual glands
distributed randomly throughout the entire hormonally responsive region
of the endometrium (bottom). These changes express themselves as vari-
ability in gland size and in gland distribution.



FiG. 6.2. The changes of disordered proliferation involve the entire func-
tional endometrial compartment, and are evident, even in cytology brush
preparations, at low magnification, where sac-like dilations and irregular
glandular branching and reduplication are seen randomly scattered among
tubular glands. These features are admixed with otherwise prototypical
proliferative glands. As can be seen in these low-power images, the gland
superstructure is altered but gland contours remain smooth and regular.
Nuclear size appears relatively constant.



FiG. 6.3. The mitotically active glands of disordered proliferative endo-
metrium are similar to proliferative phase glands, with which they are
generally admixed (top); both components are composed of a simple
pseudostratified epithelium. Nuclear shape and stromal characteristics of
disordered proliferative endometrium as well as those of hyperplasia are
generally similar to those of proliferative endometrium as well. Indeed,
it is the time over which epithelial growth is allowed that distinguishes
disordered proliferation and hyperplasia from normal proliferation; thus,
hyperplasia can be thought of as “hypermature” proliferation (bottom).
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F1G. 6.4. Benign endometrial hyperplasia develops from disordered pro-
liferative endometrium under the continued influence of unopposed
estrogens. The entire endometrial compartment contains variable gland
densities caused by remodeling of stroma and glands to the extent that in
some areas the gland to stroma ratio exceeds 1 (botfom); it is the change
in gland density that sets off benign hyperplasia from disordered prolifera-
tive endometrium.
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Individual glands of benign endometrial hyperplasia may be
tubular, cystic, or branching and are generally commingled, afford-
ing a “regularly irregular” pattern. Again, these features lay
beyond the scope of cytological examination that is not augmented
by cell block examination. The cytology of benign endometrial
hyperplasia does not change between architecturally dispersed and
crowded areas, and this speaks for the systemic hormonal etiol-
ogy of the process that similarly exposes the entire endometrium
(Figs. 6.5-6.7).

Absolute cytological presentation may change over time with
the evolving hormonal state of the patient and with the superim-
position of local factors such as breakdown and repair. During the
established phase of active estrogen effect, glands are proliferative
and interposed ciliated cell change is common, extending below
the level of the endometrial surface, coming to involve both tubular
and dilated cystic glands.

Sometime after the initiation of cystic gland dilation, exagger-
ated vascular dilation occurs and the endothelial lining of dilated
superficial endometrial venules may be damaged, leading to lumi-
nal fibrin thrombosis (Fig. 6.8). In contrast to the short-lived venu-
lar thromboses that may be seen with menstruation, the thromboses
of hyperplasia may persist and show evidence of recannalization,
which speaks to the chronicity of the process. Unopposed estro-
gen states such as those related to benign endometrial hyperplasia
are the most common setting in which fibrin thrombi are seen in
the endometrium. Fibrin thrombi are rarely seen in architectur-
ally normal late secretory endometrium, and there is no evidence
that vascular thrombosis is a primary mechanism of cyclical syn-
chronized menstrual shedding. Fibrin thrombi are often intimately
associated with discrete areas of surrounding stromal breakdown,
affording nonsynchronous endometrial breakdown that is clini-
cally expressed as spotting and intermenstrual bleeding (Fig. 6.9).

When the estrogen level declines slowly, massive breakdown
does not occur. As the glands become inactive, the endometrium
retains the architectural features of thickness with altered gland
architecture, but the glands demonstrate an inactive appearance.
With prolonged low estrogen levels, endometrial bulk declines
toward an atrophic pattern, sometimes with cysts, so-called “Swiss
cheese” endometrium (see Figs. 5.35, 5.36).
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FiG. 6.5. The cytology of benign endometrial hyperplasia does not change
between architecturally dispersed and crowded areas, and this speaks for
the systemic hormonal etiology of the process that similarly exposes the
entire endometrium. For example, in this case, the cellular morphology of
tubular proliferative glands (fop) and tightly packed hyperplastic glands
(bottom) is essentially equivalent.
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FiG. 6.6. Low-power views of brush cytology preparations from a case of
hyperplasia show partly fractured cystic glands with cellular characteristics
of otherwise benign proliferative endometrium. If one imagines these glands
as variably sized glass balls with smooth contours; and, if one imagines the
process of brush collection as equivalent to dropping a box of these balls;
then, the products of the collection process can be thought of as the variably
shattered remnants of smashed glass balls, with portions of their walls miss-
ing because of the traumatic force of the collection process.



Fic. 6.7. High-power views of brush cytology preparations from a case
of hyperplasia show partly fractured cystic glands with cellular charac-
teristics seen in otherwise benign proliferative endometrium and disor-
dered proliferative endometrium. If the diagnosis disordered proliferation/
hyperplasia is limited to those cases whose nuclear features do not exceed
changes generally associated with proliferative-phase endometrium, then
these entities are slightly undercalled; but, this is not a problem, because
they are physiological events—not preneoplastic lesions.



Fic. 6.8. Sometime after initiation of cystic gland dilation, exaggerated
vascular dilation occurs and the endothelial lining of dilated superficial
endometrial venules may be damaged leading to luminal fibrin throm-
bosis. What is unique about the microthrombi of dysfunctional uterine
bleeding is that they may last long enough to reorganize before the process
of vascular thrombosis leads to stromal—epithelial infarction and bleeding.
This is not the case with menstrual endometrium, which is a programmed
physiological event dependent more on apoptosis than on infarction.



Fig. 6.9. Fibrin thrombi are often intimately associated with discrete
areas of surrounding stromal breakdown, affording nonsynchronous
endometrial breakdown that is clinically expressed as spotting and inter-
menstrual bleeding. The upper image is that of a stromal fibrin thrombus.
The lower image shows a fibrin thrombus decorated by adherent stromal
cells. Dysfunctional uterine bleeding derives from vascular injury and
waning hormonal support for the endometrium. It comprises an admixture
of ischemia and, to a lesser extent, apoptosis.
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Histological preparations of women with dysfunctional uterine
bleeding resulting from anovulation usually disclose endometrial
glandular and stromal breakdown products similar to those seen in
early menstrual endometrium (Fig. 6.10) and papillary syncytial
metaplasia (Figs. 6.11-6.13), generally on the endometrial surface
epithelium. Cytopathology slides show abnormal cell clumps com-
posed of metaplastic cells that support irregular small projections.
The metaplastic epithelial clumps seen with irregular protrusions
and condensed stromal clusters in women with dysfunctional uter-
ine bleeding originate from syncytial metaplasia. Chronic bleed-
ing may eventuate in the accumulation of either hemosiderin-laden
macrophages (Fig. 6.14) or stromal hemosiderin (Fig. 6.15).

Disordered endometrium rarely shows nuclear anaplasia, the
exception being activated epithelial sheets that may be associated
with epithelial irritation caused by polyp or leiomyoma. In our
matched hysterectomy series, only 1 of 117 cases histologically
diagnosed as disordered proliferative endometrium showed any
significant degree of nuclear atypia in mildly dysdifferentiated
epithelium. Disordered endometrium and nonatypical hyperplasia
form a continuum of anatomic changes associated with endome-
trial hypermaturity and accounted for 79% of all benign atypia in
our hysterectomy cases. Disordered endometrium, nonatypical
hyperplasia, as well as other benign changes exhibiting the accu-
mulation of cystic glands comprised 74% of all benign atypia in
our office biopsy cases.

What distinguishes disordered proliferation and benign hyper-
plasia from benign proliferative endometrium is a dichotomy of
gland size and structure. Thin, straight, tubular glands of varying
diameter coexist with cystic, dilated, bulbous glands. Large, bulbous
gland structures may be traumatically ruptured by brush collection
and may present as broad cups or sheets of endometrial epithelium
whose edges are raised up and appear out of the plane of focus.
Estrogen-associated cellular metaplastic changes may occur within
these bulbous structures, ciliated cell metaplasia being among the
most common, and nuclear atypia may be seen. Coexisting noncyc-
lical gland and stromal breakdown is common and may, at times, be
florid, eventuating in syncytial change. Because syncytial change can
give rise to clusters or tufts of surface epithelium, it may be mistaken
for neoplasm. Sometimes, spurious ovulation or the administration
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FiG. 6.10. Surface endometrial changes of dysfunctional uterine bleeding
are not dissimilar from those seen with menstruation; however, they occur
in the absence of cyclical bleeding. Stromal and epithelial cell aggregates
with features of exodus balls are seen and may appear in gynecological
cytology preparations of women with noncyclical endometrial breakdown
and bleeding.
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FiG. 6.11. Metaplastic, or perhaps more correctly retrogressive, epithelial
clumps with irregular protrusions comprise the usual changes of papil-
lary syncytial metaplasia, also known as syncytial metaplasia or change.
The change is represented by sheet-like plaques of regenerating epithelial
cells, often eosinophilic, without discrete cell boundaries. Nuclear debris,
neutrophils, and rounded clumps of endometrial stromal cells usually are
present; however, there are no true papillae with fibrovascular cores, and
this is more a reparative process than a form of metaplasia.
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FiG. 6.12. Metaplastic epithelial clumps with irregular protrusions comprise
the usual changes of papillary syncytial metaplasia. Sometimes, syncytial
change presents as an overwhelming epithelial-proliferative phenomenon
and can be mistaken for surface-proliferative changes that may be seen with
endometrioid neoplasms. In contrast to neoplastic epithelium, the Ki-67
labeling index of syncytial change is low. The literature refers to its confu-
sion with lesions such as serous carcinoma, but rarely if ever does syncytial
change show nuclear features otherwise associated with type 2 cancers.
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Fic. 6.13. Epithelial clumps with irregular protrusions comprise the usual
changes of papillary syncytial metaplasia. These images illustrate how
budded-off structures of syncytial change can be misinterpreted as the
epithelial tufting of endometrioid neoplasms. In addition to dedifferentiation,
these structures also may show clustered polymorphonuclear leukocytes
(PMNs) and present in a dirty and bloody background. Both these images
show grade 1 nuclei, and the lower image shows features of hobnailing at
the epithelial tuft’s 3 o’clock position.



FiG. 6.14. In this case of protracted, chronic endometrial bleeding, foamy
macrophages are laden with finely granular hemosiderin pigment. As can be
surmised from the atrophic features of the endometrium, this change occurred
in a postmenopausal woman who presented with a brown, watery discharge.
Brown watery discharge may also be seen in women with endometrial intraep-
ithelial cancer (EIC), again, probably caused by low-level chronic bleeding;
a careful search of the slide for nuclear atypia is warranted in such cases.
If malignancy is not discovered, another examination may be advisable.
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Fic. 6.15. With chronic, prolonged bleeding, hemosiderin granules may
be found in the endometrial stroma, probably representing the deposits of
long-dead hemosiderin-laden macrophages. Iron stains are not generally
applied to endometrial biopsies, but they may be useful when assessing
intermittent or prolonged bleeding. Rarely, stromal pigmentation may be
caused by nevus cells.
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of progestins may initiate the appearance of endometrial cycling,
and the resultant “secretory” epithelium may appear disordered and
show an admixture of smooth cystic glands and curvilinear tubular
glands. Generally, gland/stromal dyssynchrony is seen.

The proliferative characteristics of benign hyperplasia vary,
ranging from few to many mitoses and from sporadic to significant
nuclear labeling with Ki-67. Variations depend on the woman’s
age and on her degree of estrogen stimulation. Cytologically, the
continuity of structure that comprises the spectrum of disordered
proliferation and endometrial hyperplasia conforms to a stable
nuclear morphology and an intact epithelial polarity in the context
of ever-increasing quantities of mildly dysdifferentiated glands
that afford cystic epithelial glands, bulbous irregularities of glands,
cup-shaped epithelial sheets, or smoothly contoured and/or multi-
ply outpouched glands.

There is no useful cytological parameter that differentiates
disordered proliferative endometrium from benign hyperplasia.
This differentiation is generally accomplished by examining the
cell blocks, which are available in about 85%-90% of cases.
Although benign hyperplasia shows cellular aggregates with
dilated glandular borders in cellular sheets along with multipart
branching of tubuloglandular structures, no useful cytological
parameter differentiates simple hyperplasia from what the World
Health Organization (WHO) calls “complex” hyperplasia. Again,
this differentiation generally requires examination of cell blocks.

Based on histopathologists’ inability to consistently separate
the spectrum of lesions ranging from disordered proliferation to
complex hyperplasia using tissue biopsies, some investigators
conclude that simple and complex hyperplasia should be combined
into a single histological category, that is, nonatypical hyperpla-
sia. Hyperplasia that is ascribed to extrinsic causes is generally a
diffuse process, but morphological changes similar to those seen
with hyperplasia can exist diffusely, focally, or within a sessile or
pedunculated polyp, situations that are impossible to separate from
one another in cytology preparations. Endometrial “hyperplasia,”
as currently diagnosed, includes, in the main, the changes caused
by an abnormal hormonal state and, in addition, those changes
caused by a separate category of monoclonal premalignant disease,
endometrial intraepithelial neoplasm (EIN).
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Benign endometrial hyperplasia involves the entire endometrial
compartment and with protracted estrogen exposure shows the
progressive development of cysts, remodeled glands, vascular
thrombi, and stromal microinfarcts. These features are best construed
as a sequence of changes whereby the appearance at any single time
point is uniquely dependent on the preceding combination and the
duration of hormonal exposures. In contrast, the premalignant clone
of an EIN lesion is characteristically offset from the background
endometrium by its altered cytology and crowded architecture.
Therefore, the use of an internal standard for cytology assessment,
combined with the distinctive topography of a clonal process, enables
the histological diagnosis of EIN lesions. EIN lesions of at least
1 mm greatest dimension have a long-term cancer risk that is 45
fold greater than that of their benign endometrial hyperplasia coun-
terparts. Histologically, the resolution of hormonal and premalig-
nant subsets of traditional “endometrial hyperplasias” is possible,
enabling patient therapy to be appropriately matched with the
underlying disease mechanisms. Cytology, on the other hand, is
limited by its inability to demonstrate endometrium that is set off
from the background endometrium by crowded architecture.

Given this limitation, when the diagnosis of hyperplasia is ren-
dered based on a cytology preparation that is not augmented by a
cell block preparation, we offer a disclaimer indicating the spec-
trum of entities that present with similar cytological findings and
make note of any cytological variability among sheets of cells,
even if nuclei are not characteristically “malignant appearing.”
On the basis of our hysterectomy series, true benign hyperpla-
sia was mildly dysdifferentiated (i.e., actually recognizable as
hyperplasia and not as proliferative endometrium) in about 90%
of cytology preparations. Therefore, by limiting the diagnosis of
benign hyperplasia to those circumstances in which proliferative
nuclei appear uniform in the face of smoothly expanded glands
and cystic epithelial structures, benign hyperplasia becomes a
slightly underdiagnosed but outspokenly benign entity. This is a
conscious, cautious maneuver that prevents us from overlooking
potentially serious lesions, especially in cytology preparations
that are not augmented by cell block examination.

Nonatypical simple hyperplasia of the 1994 WHO schema mor-
phometrically resembles disordered proliferative endometrium or
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benign forms of hyperplasia (and not EIN) in more than 95% of
cases, and in reality are those latter two entities. Architectural
polarity is maintained and bulbous structures are admixed with
attenuated glands and cell sheets that contain columnar cells.
Some cases, especially hyperplastic polyps, may show nuclear
anaplasia caused by epithelial surface irritation, and epithelial and
stromal breakdown with ensuing papillary syncytial change; they
may also show various forms of metaplasia. Endometrial stroma
may resemble that of early proliferative, weakly proliferative or
atrophic endometrium, varying from succulent to fibrous. Non-
atypical complex hyperplasia shows more advanced gland complexity
comprising, in addition to large cystic structures, multipart out-
pouched and smooth-walled tubulocystic glands. By morpho-
metric analysis, the majority of these cases are forms of benign
hyperplasia and not EIN

Simple and complex hyperplasias as used in the WHO classi-
fication are generally difficult to distinguish from one another or
from disordered proliferative endometrium based on a cytology
examination that is not augmented by cell block examination. In
cases in which we are unsure of where, in the spectrum of estrogen-
stimulated endometrial hypermaturity, the diagnosis lies we offer a
differential diagnosis: “Benign-appearing endometrium exhibiting
proliferative appearing glands with cystic features. The differential
diagnosis of this finding includes disordered proliferation, benign
hyperplasia, and early posthyperplastic atrophy. Of import, the
cancer risk of this lesion is exceedingly low. Similar changes may
be seen with benign endometrial polyp.” In the case of epithelial
changes in the more inactive range of the spectrum, as may be seen
in samplings of endometrium from postmenopausal women, we
offer the differential diagnosis: “Benign-appearing endometrium
exhibiting inactive-appearing glands with cystic features. Although
benign hyperplasia may present in this fashion, the differential
diagnosis of this finding more commonly comprises posthyperplas-
tic or cystic (Swiss cheese) atrophy. Similar changes may be seen
with benign endometrial polyp.”

Superimposition of progesterone upon a benign endometrial
hyperplasia occurs in women with delayed ovulation, idiosyncratic
corpus luteum development in the perimenopausal years, or thera-
peutic administration of progestins following an extended follicu-
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lar phase. Downregulation of estrogen receptors by progestins leads
to a dominant progestational effect, regardless of the presence or
absence of continued estrogen production. In this environment
menstrual shedding is delayed, as progestins have the capacity
to directly support the endometrium. Progesterone-related stro-
mal and secretory glandular changes may then develop within the
setting of irregular glands previously built up under the influence
of estrogens. Although the causal event in benign hyperplasia is
unopposed estrogen, the histological appearance at diagnosis may
be greatly modified by intermittent or accompanying progestins
leading, from time to time, to a condition best described by the
term “secretory hyperplasia,” not to be confused with the hyperse-
cretory changes of the Arias—Stella reaction.

Endometritis

Inflammatory cells normally comprise 10%-20% of endometrial
cells, and their nature varies with the phases of the menstrual cycle.
Endometritis exhibits increased numbers and/or an abnormal distri-
bution of endometrial inflammatory cells, frequently accompanied
by morphological abnormalities of endometrial glands and stroma.
Pathologists have traditionally classified endometritis as either
acute or chronic. Acute endometritis shows the presence of micro-
abscesses or neutrophils within the endometrial glands, whereas
chronic endometritis discloses variable numbers of plasma cells
within the endometrial stroma. Endometritis may lead to abnormal
uterine bleeding, the symptoms of which antibiotic therapy may at
times alleviate.

The glands are involved in endometritides. There may be an
infiltrate of inflammatory cells, predominantly polymorphonuclear
leukocytes (PMNs), affecting the epithelium of the glands, and the
lumens and walls of the glands may contain pus (Figs. 6.16, 6.17).
Then, as the process becomes more advanced, the glandular response
to hormonal stimulation becomes impaired and the glands appear
inactive. Once an endometrium shows signs of endometritis, precise
dating is not possible. Along with an intraglandular accumulation of
PMNSs, inflammatory cells may be seen adherent to stromal vascular
walls (Fig. 6.18, top) and within the stroma itself (Fig. 6.18, bottom).
Also, plasma cells are easily identified.
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Fic. 6.16. Early on, endometritis may show an infiltrate of inflammatory
cells, predominantly neutrophils, affecting the epithelium of the glands, and
the glandular lumens may contain pus. In this image, an accumulation of
PMN:ss is seen within the gland lumen; and, as the plane of focus is changed,
the gland walls are spared significant inflammatory cell infiltration.
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FiG. 6.17. Early on, endometritis may show an infiltrate of inflammatory
cells, predominantly neutrophils, affecting the epithelium of the gland,
and the lumens may contain pus. In this image, PMNs are seen within the
gland wall epithelium. The presence of glandular PMNSs is not restricted
to endometritis; it may be seen in the course of normal menstruation and
with noncyclical bleeding.



Fic. 6.18. Along with the intraglandular accumulation of PMNs, inflam-
matory cells may be seen adherent to stromal vascular walls (top) and
within the stroma itself, in the absence of a deciduoid stromal response
as usually accompanies physiological menstruation (bottom). Heightened
vascular adherence of inflammatory cells is an inflammation-associated
phenomenon. Changes of this nature are most common in acute infectious
or postabortion endometrial lesions; although, in this case, plasma cells
are seen in the bottom image.
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Although the presence of plasma cells is generally required to
diagnose chronic endometritis, contrary to popular opinion, the
presence of plasma cells is not specific for the diagnosis. To serve
as relevant signposts, plasma cells should accompany other features
of endometritis, especially loss of physiological cycling and a
fibro-deciduoid stromal response (Figs. 6.19-6.22).

In addition to endometritis, plasma cells may be seen in the
endometrium of women with dysfunctional uterine bleeding and
focal stromal breakdown. For example, in 61 benign endometrial
biopsies described as having disordered/anovulatory patterns with
or without stromal breakdown that were compared to control sam-
ples of unremarkable proliferative endometrium, the majority of
disordered proliferative endometria had plasma cells. Also, two-
thirds of proliferative endometrium with breakdown showed plasma
cells. Plasma cells were rare in inactive endometrium and seen in
only 18% of unremarkable proliferative endometrium. Given the
lack of clinical evidence for infection in any of these situations,
inflammation with identifiable plasma cells may often represent
a physiological, as opposed to infectious, process. Plasma cells
may be identified in endometrial material using the methyl green
pyronin stain or antibodies to syndecin-1 (CD 138).

More than 70% of chronic endometritis cases result from non-
gonococcal, nonchlamydial infections. The common bacteria
along with Mycoplasma are the most frequent etiological agents
of chronic endometritis. Vaginal cultures show poor concordance
with endometrial cultures. The Tao brush is very well suited for
obtaining direct endometrial cultures in a sterile fashion, and it
also may be used to obtain tissue for microbial identification using
polymerase chain reaction (PCR) techniques.

In our experience, the most common type of endometritis that we
see in cytological preparations is a nodular histiocytic type exhibit-
ing aggregates of histiocytic cells admixed with other inflammatory
cells including eosinophils, plasmacytoid lymphocytes, and plasma
cells (Figs. 6.23-6.25). Occasionally, histiocytic aggregates require
differentiation from neoplasms, including renal cell carcinoma and
signet ring cell carcinoma. For example, one of five patients reported
whose routine endometrial biopsy specimen contained prominent
signet ring cells resembling adenocarcinoma reacted with Mac387
and CD68, indicating they were of histiocytic origin.
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Fic. 6.19. The plasma cells of chronic endometritis generally are seen
amidst other features of endometritis, especially loss of physiological
cycling and a fibro-deciduoid stromal response. In this case, gland-wall
PMNs are seen along with increased stromal plasma cells in the absence
of stromal deciduoid response.
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Fic. 6.20. The plasma cells of chronic endometritis generally are seen
amidst other features of endometritis, especially loss of physiologi-
cal cycling and a fibro-deciduoid stromal response. Here, the stroma
appears fibrous, and numerous plasma cells lie between the fibroblastic-
like stromal cells.
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Fic. 6.21. In this brush cytology preparation of chronic endometritis,
plasma cells are seen both within (top) and without (bottom) stromal frag-
ments. Also note the bilobed eosinophils that are seen in the bottom image.
If eosinophils are seen in anything but a late postovulatory endometrium,
look for plasma cells as well.

Other commonly encountered forms of endometritis include intra-
uterine device (IUD)-associated granulomatous endometritis that
may be accompanied by marked epithelial surface activation including
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FiG. 6.22. These images from brush cytology preparations of chronic
endometritis again show scatterings of plasma cells amidst an otherwise
fibrous stroma. Plasma cells may be difficult to find in endometrial brush
preparations; and, if they are suspected as being present, anti-CD138
immunostaining is a useful adjunct methodology.

syncytial change and hobnail metaplastic change (Figs. 6.26-6.28)
and the presence of frequent lymphoid aggregates interpreted by some
as nodular lymphoid endometritis (Fig. 6.29). Extranodal mucosa-
associated lymphoid tissue (MALT) lymphoma of the endometrium is
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F1G. 6.23. The most common type of endometritis that we can identify
in cytological preparations is an often nodular histiocytic type exhibiting
aggregates of histiocytic cells admixed with other inflammatory cells
including eosinophils, plasmacytoid lymphocytes, and plasma cells.
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FIG. 6.24. The most common type of endometritis that we can identify
in cytological preparations is an often nodular histiocytic type exhibit-
ing aggregates of histiocytic cells admixed with other inflammatory cells
including eosinophils, plasmacytoid lymphocytes, and plasma cells. In
these images, histiocytes show either fibrocytic (fop) or epithelioid (bot-
tom) characteristics.
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Fic. 6.25. The most common type of endometritis that we can identify
in cytological preparations is an often nodular histiocytic type exhibit-
ing aggregates of histiocytic cells admixed with other inflammatory cells
including eosinophils, plasmacytoid lymphocytes, and plasma cells.
In these images, the histiocytic aggregates show a high content of eosi-
nophils. Immunostaining for Langerhans cell histiocytosis was negative.
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FiG. 6.26. Granulomatous endometritis that was seen at the time of intra-
uterine device (IUD) removal. The endometrium shows marked surface

epithelial activation including a combination of syncytial change and hob-
nail metaplastic change.



Fi. 6.27. Granulomatous endometritis that was seen at the time of intra-
uterine device (IUD) removal. The endometrium shows marked surface
epithelial activation including a combination of syncytial change and hob-
nail metaplastic change. We interpret these changes as part of the spec-
trum of papillary syncytial metaplasia. In the case of extreme hobnailing,
clear cell carcinoma may be considered; however, history, an appropriate
inflammatory response, and—if necessary—Ilack of p53/Ki-67 nuclear
decoration generally resolve this issue.
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FiG. 6.28. Granulomatous endometritis that was seen at the time of intrau-
terine device (IUD) removal. Frequent granulomas are present, and the
bottom image shows a giant cell with stellate processes probably formed
by the fusion of histiocytes whose cytoplasm may have partly intercalated
with stromal cells.
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FIG. 6.29. This image shows two of several endometrial mucosal lymphoid
aggregates interpreted by some as nodular lymphoid endometritis. Stromal
lymphoid nodules may be normal, but it is their excess that implies that
they represent more than a resting immune phenomenon.
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exceptionally rare. Although most lymphoid aggregates within endo-
metrial curettings result from reactive conditions such as endometritis,
the possibility of lymphoma must be considered when dense lym-
phoid aggregates or atypical lymphoid cells are present.

Inflammation of the endometrium is most dramatic with pyometra
as neutrophils fill the uterine cavity (Figs. 6.30, 6.31). Pyometra is
more common in dogs than humans. In humans, pyometra is a form
of chronic endometritis generally seen in the elderly resulting from
a stenotic cervical os and subsequent infection. Common causes
of a blocked cervical canal include cervical carcinoma or, more
frequently, postmenopausal stenosis. Pyometra may also occur as
a sequel of endometrial ablation, colpocleisis, or even introduction
of foreign material through fistulous tracts.

Generally, symptomatic chronic endometritis presents with blood-
stained discharge, but with pyometra the patient complains of lower
abdominal pain. As the term implies, the distended uterine cavity is
engorged with pus and the endometrium usually shows the features
of severe acute and chronic inflammation. In some cases, where the
distension is considerable, pressure markedly thins the endometrium,
such that it becomes merely an attenuated layer of stroma covered
by surface epithelium. An acute and chronic inflammatory infiltrate
may permeate the residual endometrium and extend into the superfi-
cial myometrium. Sometimes fatal uterine rupture may occur. Squa-
mous metaplasia may develop in the surface epithelium and glands,
and at its most extreme state is called “ichthyosis uteri.”

Polyps

An endometrial polyp is a uterine lesion that takes up space within
the uterine cavity. Polyps are found in 10% of women. They may be
sessile and have a large flat base or be pedunculated and attached to
the uterus by an elongated pedicle. They range in size from a few mil-
limeters to several centimeters and if pedunculated, may sometime
be found protruding through the cervix into the vagina. Endometrial
polyps are biphasic growths of endometrial glands and stroma that
arise as monoclonal overgrowths of genetically altered endometrial
stromal cells with secondary induction of polyclonal benign glands
through as yet undefined stromal—epithelial interactive mechanisms.
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F1G. 6.30. Inflammation of the endometrium is most dramatic with pyometra,
wherein PMNs are seen filling the uterine cavity. Brush cytology collections
show sheets of pus.
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Fic. 6.31. With pyometra, an acute and, less noticeably, chronic inflam-
matory infiltrate may percolate through residual, flattened endometrial
epithelial sheets.
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Fibrous polyps, functional polyps, and other entities that cause
pressure upon and atrophy of the endometrium, for example, sub-
mucous leiomyomas, may cause nuclear atypia of endometrial
epithelial sheets, either in a proliferative or atrophic background,
depending on the woman’s age and the physiological state of her
endometrium. In cytology preparations, these benign conditions
show fully differentiated to mildly dysdifferentiated epithelium as
well as varying degrees of nuclear activation, caused by either repair
or irritation (Fig. 6.32). Depending on the extent of epithelial break-
down, various types of inflammatory cells ranging from plasma cells,
lymphocytes, and histiocytes to PMN neutrophils may be seen, often
percolating through the activated epithelial sheets. Stromal changes
also occur and include periepithelial stromal condensation and stromal
cell activation. Activated subepithelial or periglandular stroma often
presents as sheets of abnormal epithelioid cells that may be confused
with neoplasm (Fig. 6.33; also see Figs. 6.35, 6.36).

The common polyp is nonfunctional and lacks the cyclical changes
seen in the adjacent normal endometrium. The glands are frequently
inactive, showing neither proliferative nor secretory activity. Some or
many of the glands may be dilated, slightly branching, or irregularly
distributed. This appearance should not give cause for concern or be
separately diagnosed as an endometrial hyperplasia, especially when
it is uniformly distributed throughout the entire polyp. Unfortunately,
the source of these glands cannot often be identified in cytology prep-
arations, and polyps may be misclassified as hyperplasia.

Functioning polyps are less common and are composed of glands
that show secretory activity during the secretory phase; however,
the glands in the polyp are usually out of step with the rest of the
endometrium. Women on tamoxifen have a higher incidence of
endometrial polyps than the rest of the population, and their polyps
are likely to be larger, more fibrotic, more likely to show mucinous
metaplasia, to show bizarre stromal cells, and to contain hyperpla-
sia or carcinoma than polyps of women not taking tamoxifen.

Endometrial polyps, especially when brushed, minced, or frag-
mented, are commonly misdiagnosed or, almost as commonly,
overlooked. Within individual polyp fragments, the irregularly dis-
tributed and occasionally branching glands with occasional cysts
bear some resemblance to benign endometrial hyperplasia. In his-
tology preparations, the majority of polyps are splintered during
sampling so they may have one or no epithelial-covered surface.
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FiG. 6.32. Fibrous polyps, functional polyps, and other entities that cause
pressure atrophy of the endometrium, for example, submucous fibroids,
also cause nuclear activation of endometrial epithelial sheets. In cytology
preparations, these benign conditions show fully differentiated to mildly
dysdifferentiated epithelium as well as varying degrees of nuclear activation,
caused by either repair or irritation.
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Fic. 6.33. The activated subepithelial or periglandular stroma of polyps
often presents as sheets of abnormal epithelioid cells that may be confused
with neoplasm.
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Thick-walled blood vessels and fibrous stroma commonly seen
in polyps are lacking in benign endometrial hyperplasia, and these
may be found in cell block preparations of endometrial brush-
ings (Fig. 6.34). Because polyps are localized lesions, specimens
obtained by histological or cytological samplings typically contain
commingled native endometrium with a variable histological pattern
and cytological pattern. Sometimes, the cytological dichotomy
may lead falsely to an EIN diagnosis.

Because a polyp is a space-occupying lesion with a tendency
for mechanical irritation, the subepithelial stroma of the polyp
and of the endometrial wall that the polyp presses upon may be
irritated and appear activated to the point of misrepresenting itself as
neoplastic tissue (Figs. 6.35, 6.36). This is not the case with benign
endometrial hyperplasia where the entire functionalis layer of the
endometrium is affected and the stroma is generally proliferative
like in appearance.

Atypical stromal cells of the lower female gynecological tract
have been specifically described in the vagina, vulva, and cervix,
predominantly in the context of polyps (Figs. 6.35, 6.36). Rare cases
of markedly atypical stromal cells have also been documented in the
endometrium. One series reported 15 examples of atypical stromal
cells in the endometrium, 13 in endometrial polyps and 2 within
endometrial stroma in curettage/biopsy specimens unassociated with
polyps. The patients were 45-82 years old. Immunohistochemical
studies helped identify the origin of these atypical cells. Differential
diagnoses included adenosarcoma, endometrial stromal sarcoma,
and, less likely, carcinosarcoma. Similar to atypical stromal cells
reported in other gynecological sites, such cells discovered in the
endometrium appear to have a benign clinical course after complete
excision or polypectomy (follow-up of 1-44 months). Although
accurate recognition of this lesion is essential to avoid excessive sur-
gical treatment, we would advise that the entire polyp be surgically
obtained and thoroughly sampled. It is unwise to sign off on the
changes as benign on the basis of a cytological specimen alone.

The Tao brush may remove small polyps intact by snaring them
and dislodging them at their stalk. Larger polyps may be partly
sampled, and sessile polyps (which often show an inversion and
exposure of the arteriolar tangles that are generally confined to the
basalis portion of the endometrium by a process akin to “herniation”
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FiG. 6.34. Thick-walled blood vessels and fibrous stroma commonly seen
in polyps are lacking in benign endometrial hyperplasia, and these may be
found in cell block preparations of endometrial brushings. Brush collec-
tions may induce a polyp to twirl about the brush’s guidewire, whereby it
may be removed intact.
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Fic. 6.35. The activated subepithelial or periglandular stroma of polyps
often presents as sheets of abnormal epithelioid cells that may be con-
fused with neoplasm (bottom). In this case, which was thought to repre-
sent an EIC, staining for both p53 and Ki-67 were negative; follow-up
hysteroscopy only showed polyp, which, on resection, contained bizarre
stromal cells (fop). The woman had been on tamoxifen for an extended
period of time.



Fic. 6.36. The activated subepithelial or periglandular stroma of polyps
often presents as sheets of abnormal epithelioid cells that may be confused
with neoplasm (bottom). In this case, which was thought to represent an
EIC, staining for both p53 and Ki-67 were negative; follow-up hysteros-
copy only showed polyp, which, on resection, contained bizarre stromal
cells (top). The woman had been on tamoxifen for an extended period of
time. This case represents one of those “better out than in” situations; and,
it is unlikely that we would not advise a clinician to perform a follow-up
procedure if we saw another case like this.
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of the basalis endometrium) may show thick-walled arteriolar tan-
gles in fibrous stroma.

Endometrial cytology is not a reliable method for obtaining or
diagnosing endometrial polyps, leiomyomas, or any pathological
condition that resides more than 2 mm beneath the endometrial sur-
face. It is for this reason that gross visualization of the uterus, as,
for example, by sonohysterography (transvaginal ultrasonography
with cavitary saline infusion) or hysteroscopy is advised as a reason-
able and often necessary accompaniment to endometrial sampling
in the course of assessing pathological states of the uterine corpus.

Liquid-based endometrial cytology has been examined in the
management of endometrial polyps in postmenopausal women,
specifically, by capitalizing on the ability of cytology to exclude
“hidden” premalignant and malignant changes within the epithe-
lium of these polyps. In one study, 8 of 359 women had malignant or
premalignant polyps that were interpreted as benign at hysteroscopy.
Endometrial biopsy and liquid-based cytology had a sensitivity of
62% and 88%, respectively, for identifying a neoplastic endome-
trial state, and both showed 100% specificity for the discovery of
such “hidden” neoplasms. Liquid-based cytology has therefore been
proposed as a useful tool for establishing the nature of otherwise
benign-appearing endometrial polyps in postmenopausal patients.

Postablation Endomyometrial Necrosis

Recently, we have seen five cases of myometrial necrosis in cytol-
ogy brush preparations from women 39 to 55 years of age (mean
age, 43) who had undergone thermal endometrial ablation to con-
trol uterine bleeding. Three presented with dysfunctional uterine
bleeding, one with a history of endometrial hyperplasia, and one
with leiomyomas and menorrhagia.

In each case, necrotic smooth muscle appeared as strands or
bands of amorphous material with variably preserved nuclei
(Fig. 6.37). Occasionally, the pale outlines of elongated nuclei,
typical of smooth muscle, were found in both cytology and histol-
ogy preparations. The background showed a variable number of
PMNs admixed with flocculent material (Fig. 6.38). Granuloma-
tous inflammation was not seen. In one patient (the oldest), foci
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Fic. 6.37. Endomyometrial necrosis can follow endometrial ablation.
In this follow-up brushing of a woman who was ablated but continued
to bleed, necrotic smooth muscle was found that appeared as strands or
bands of amorphous material with variably preserved nuclei and accom-
panying PMNs.
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F1G. 6.38. In the typical case of postablation endomyometrial injury, the back-
ground shows a variable number of PMNs admixed with flocculent material.

of atypical cells with elongated, enlarged, crowded nuclei were
present that we originally took to represent soft tissue neoplasm.
Subsequent experience with Pipelle biopsies has shown us that this
probably represents stromal scarring (Fig. 6.39).



Fic. 6.39. In this case, there are foci of atypical cells with elongated,
enlarged, crowded nuclei that we originally thought represented soft
tissue neoplasm; however, history, imaging, and subsequent experience
with Pipelle biopsies has shown this material to probably represent stromal
scar. Differential diagnoses of this finding would include postoperative
spindle cell nodule and low-grade uterine sarcoma. As with the case illustrated
in Figs. 6.35 and 6.36, it is unlikely that we would not advise a clinician to
perform a follow-up procedure if we saw another case like this.
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The differential diagnosis of myonecrosis includes myometrial
necrosis following endometrial ablation, sampling of a punctured
necrotic smooth muscle tumor, sampling of a punctured leiomyoma
following arterial embolization, and acute postpuerperal necrotizing
endomyometritis. Several case reports and studies have confirmed
the phenomenon of smooth muscle necrosis after endometrial abla-
tion. One report noted a granulomatous response to the necrosis that
persisted longer than the necrotic myometrium itself while another
group reported necrosis, granulomatous inflammation, eosinophils,
and pigmented macrophages in the myometrium.
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Endometrial Epithelial
Metaplasias and Foam Cells

Metaplasia comes from the Greek meaning “change in form.” It
is the reversible replacement of one differentiated cell type with
another differentiated cell type. The change implies the repro-
gramming of a common stem cell, and not the metamorphosis of
one differentiated cell type into another. Metaplasia occurs as a
result of reprogrammed stem cells that are nudged along a differ-
ent pathway of differentiation by cytokines, growth factors, and
other substances in the cell’s environment. Where these stem cells
come from—either stem cells inherent to the tissue in question,
derived from a circulating pool, or generated through a process of
regressive differentiation—is a matter of speculation.

The change from one type of cell to another is generally caused
by some sort of abnormal stimulus. In simplistic terms, the origi-
nal cells are insufficiently robust to withstand the environmental
change, and so they are replaced by another cell type that is within
the repertoire of a common stem cell, but more suited to the new,
more rugged environment. If the stimulus that caused metaplasia is
removed or ceases, tissues generally return to their normal pattern
of differentiation.

Metaplasia may occur in benign, atypical, or malignant tissue.
Although metaplasia does not represent carcinogenesis, it is
accompanied by a loss of normal epithelial function, and this is
undesirable. The undesirability is enhanced by the propensity of
metaplastic regions to eventually turn dysplastic or cancerous if
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the irritant remains. Although endometrial epithelial metaplasia is
most commonly encountered among postmenopausal women with
abnormal uterine bleeding, it is unlikely that the bleeding can be
ascribed to metaplasia.

Because metaplastic cells may appear “unusual,” their nuclei
may appear “atypical” in relationship to native endometrial
epithelium. Because metaplastic cells often line architecturally
complex or irregular glands, endometrial epithelial metaplasia may
be confused with endometrioid neoplasia, including adenocarci-
noma. Most metaplasias appear as squamous metaplasia, morules,
papillary syncytial change (probably a reactive rather than true
metaplastic process), ciliated cell metaplasia, eosinophilic meta-
plasia, mucinous metaplasia, and hobnail or clear cell metaplasia.

Most women whose endometria demonstrate metaplastic trans-
formation are postmenopausal, and many have received some
form of estrogen replacement within 3 months of their endometrial
curettage or biopsy. All forms of epithelial metaplasia can be
recognized in endometrial brushings, and several types of metaplasia
may coexist with one another.

Squamous Metaplasia and Morules

Squamous metaplasia may occur as stratified epithelium lining the
uterine cavity, or as expansive round morules within individual
glands. Keratinizing squamous metaplasia typically results from
chronic irritation or infection. Morular metaplasia is more common
in a neoplastic setting. Further endometrial study is generally advised
when isolated unexplained morular metaplasia is found. Sometimes,
the presence of isolated squamous morules is the only clue that some-
thing more serious may be present elsewhere in the endometrium.

“Ichthyosis uteri” defines a pronounced stratified keratinizing
squamous uterine lining epithelium that extends downward to indi-
vidual glands and shows intercellular bridges and keratin pearls.
The term originally described the condition where the extensive
squamous metaplasia lining the endometrial surface developed
after caustic substances such as formalin or iodine were introduced
into the cavity. Chronic endometritis, over protracted intervals, is
generally the antecedent condition (Fig. 7.1).
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F1G. 7.1. Icthyosis of the uterus defines a stratified keratinizing squamous
uterine lining epithelium that may extend downward to individual glands
and shows intercellular bridges and keratin pearls. Chronic endometrial
irritation that persists over protracted intervals almost always is the ante-
cedent condition.
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Icthyosis is a benign condition. Anaplastic and dysplastic changes
have been reported rarely, but these cases were often associ-
ated with dysplasia or carcinoma of the cervix, suggesting direct
extension from cervix to the endometrium. Much more common
in the preantibiotic era, icthyosis uteri is now rare and is most
commonly encountered in women with anatomic abnormali-
ties favoring recurrent infection, such as fistulous tracts into the
uterine cavity.

Morules have distinct histological characteristics. Most investi-
gators consider the morules as a form of nonkeratinizing squamous
metaplasia (Fig. 7.2), although one study showed that morules are
histologically distinct from keratinizing squamous metaplasia and
may actually represent neuroectodermal-like cell clusters. The
original description in 1959 defined morules as a characteristic
type of metaplasia associated with a group of well-differentiated
endometrial glandular lesions showing complex architecture.
Keratinizing squamous differentiation was distinguished from
morular metaplasia, basing the distinction on both the high degree
of differentiation of the glandular component and the low grade of
malignancy of lesions associated with morules.

In some cases, as the epithelium within the morules mature,
intercellular bridges and central cellular necrosis may appear.
The latter is not indicative of malignancy. Intraglandular morules
may arise from a clonal population of premalignant endometrial
glands, being the mitotically inactive and hormonally depleted
products of end-stage differentiation; whereas, the accompanying
glandular elements remain mitotically active and responsive to the
cancer-promoting effect of estrogens and the involutional effect
of progestins (Fig. 7.3). Under this circumstance, with treatment
with or exposure to progestins during natural menstrual cycles, the
glandular components may involute, leaving residual squamous
morules devoid of an accompanying glandular lesion.

Morules lack estrogen and progesterone receptors and have
beta-catenin-reactive nuclei. Morules are highly characteristic
structures with immunohistochemical and genetic profiles that
differ from normal endometrium and endometrioid neoplasms.
They most likely are a characteristic, independent type of neoplastic
transformation frequently involving a mutation of beta-catenin but
not of PTEN, K-ras, and microsatellite instability. The beta-catenin
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F1G. 7.2. Morules have distinct histological characteristics and are con-
sidered by most as a form of nonkeratinizing squamous metaplasia (fop).
Cytologically, they comprise clusters of epithelioid cells with oval to
round nuclei and cytoplasm with a waxy texture, akin to the cytoplasm of
immature squamous metaplasia of the cervix (bottom).
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FiG. 7.3. Intraglandular morules may arise from a clonal population of
neoplastic endometrial glands, and morules are mitotically inactive and
hormonally depleted products of end-stage differentiation; whereas, the
accompanying glandular elements remain mitotically active and respon-
sive to the cancer-promoting effect of estrogens and the involutional effect
of progestins.
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mutation in both the squamous and glandular elements of EIN or
adenocarcinoma further suggests both the morules and the glandu-
lar elements derive from a common clone.

Keratinizing squamous metaplasia is frequently associated
with endometrioid adenocarcinoma and must be differentiated
from morular metaplasia in the 20% of cases where both forms of
metaplasia coexist. CD10 immunostaining differentiates between
morular and keratinizing squamous metaplasia because the latter
has a staining pattern similar to glandular epithelium. CD10 stain-
ing represents a useful marker of morules in endometrioid neo-
plasms of the female genital tract. Morules show strongly reactive
membranous CD10, which is simultaneously absent in glands, and
this allows easy identification of morules at low power in various
types of surgical specimens and in curettings. CD10 also highlights
early morular metaplasia in glandular epithelium and discriminates
between morular and keratinizing squamous types of metaplasia.
As is true for some cases of keratinizing squamous differentiation,
morules do not show HPV infection.

Approximately 25% of endometrial adenocarcinomas display
focal squamous differentiation. In the late 1960s a distinction was
made between tumors where the squamous component was well
or poorly differentiated. The former tumors were called “adenoa-
canthoma” (Fig.7.4) and the latter “adenosquamous carcinoma”
(Figs. 7.5-7.7). Numerous studies have confirmed the significantly
better prognosis associated with adenoacanthoma (about 90%
survival at 5 years) than adenosquamous carcinoma (65%). Although
the survival relates to the state of differentiation, the grading has
been found to be more reliable when judged by the glandular com-
ponent of the tumor. In most publications, the well-differentiated
squamous component is often reported as being benign, but, in
reality, it is well-differentiated neoplasm.

Ciliated or Tubal Metaplasia

Ciliated or tubal differentiation is the most common form of
endometrial metaplasia (Fig. 7.8). Ciliated cells are distinctive and
evident at low magnification or in en face preparations of endometrial
epithelial sheets whereby they comprise cells with both increased
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FiG. 7.4. Although a well-differentiated squamous component is often
reported as being benign, it is, however, because of its derivation from pro-
liferative gland epithelium, neoplastic and metaplastic at the same time.
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F1G.7.5. In this example of adenocarcinoma with squamous elements, the
squamous component has an immature metaplastic appearance.
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F1G. 7.6. Here, the squamous component of the carcinoma is admixed with
signet ring elements of adenocarcinoma.



Ciliated or Tubal Metaplasia 163

FiG. 7.7. This case shows keratinizing squamous change with small
parakeratotic cells and pearl-like formations.
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FiGg. 7.8. Ciliated or tubal differentiation is the most common form of
endometrial metaplasia. In the lower image, groups of cystic endometrial
glands are lined by ciliated cells.
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cytoplasmic volume and altered eosinophilic staining properties
(Fig. 7.9). Occasional secretory cells are interspersed between the
ciliated cells in a pattern resembling that of the normal fallopian
tube.

Tubal differentiation may be induced by estrogen exposure
or may be a manifestation of a neoplastic clone. A difficult, but
practical, problem is the significance that should be given to find-
ing tubal metaplasia. Ciliated cell change is frequent in the nor-
mal proliferative endometrium, but it also occurs in about half of
well-differentiated endometrioid endometrial adenocarcinomas.
Endometrial intraepithelial neoplasm (EIN) lesions with local-
ized clonal architecture may show tubal differentiation within or
even delimiting the neoplastic glands. We believe that little signifi-
cance should be attributed to ciliation other than it is a sign of a
high degree of differentiation and usually is related to an estrogen
stimulus.

Eosinophilic Cell Change, Mucinous, Clear Cell,
and Hobnail Metaplasia

Eosinophilic cell change is one of the most common endome-
trial metaplasias occurring in both nonneoplastic and neoplastic
endometrium. When focal and associated with a simple lining
epithelium, the change is benign (Fig. 7.10). This change is most
commonly encountered within endometrial polyps, but it may
occur within the endometrial glands of the functionalis layer, usu-
ally in an inflammatory setting. It is frequently seen in endometrial
hyperplasia and carcinoma. Eosinophilic cell change can be asso-
ciated with a variety of endometrial alterations such as mucinous,
ciliated cell, squamous, and papillary metaplasia.

Endometrial changes exhibiting cytoplasmic eosinophilia have
been proposed to represent subtypes of immature mucinous meta-
plasia. Among endometrial carcinomas, eosinophilic cell change
is frequently associated with mucinous metaplasia. The two types
of metaplastic cells may occasionally be intermingled in a single
neoplastic gland. Eosinophilic cell change may represent an
immature stage of mucinous metaplasia that expresses mucin core
protein which has not been fully glycosylated. In noncancerous
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FiG. 7.9. Ciliated cells are distinctive and evident at low magnification
or in en face preparations of endometrial epithelial sheets whereby they
comprise both increased cytoplasmic volume and increased eosinophilic
staining properties.
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F1G. 7.10. Many of the endometrial changes characterized by cytoplas-
mic eosinophilia may be subtypes of immature mucinous metaplasia that
express a mucin core protein but are not fully glycosylated; and, among
endometrial carcinomas, eosinophilic cell change is frequently associ-
ated with mucinous metaplasia and the two types of metaplastic cells may
occasionally be intermingled in a single neoplastic gland.
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endometrium, the cells of eosinophilic metaplasia may be stable.
In endometrial carcinoma, because of the relative genetic instabil-
ity, a transition between eosinophilic cell change and mucinous
metaplasia may occur.

Mucinous proliferations with a simple architecture are benign;
however, more complex growth patterns have a cancer risk that
is roughly proportional to their degree of complexity. Attempts
have been made to categorize the mucinous proliferations. In one
three-class designation, type A shows mucin-containing epithelial
cells, present singly or in small tufts, within architecturally benign
glands or involving the endometrial surface (Figs. 7. 11, 7.12).
Type B exhibits proliferations that are more complex, consisting
of mucin-containing epithelial cells forming small pseudoglands
with rigid, punched-out spaces and no supporting stroma (Figs.
7.13,7.14). Type C demonstrates proliferations showing conspicu-
ous cytological atypia or architectural features such as a filiform
growth pattern (Fig. 7.15 and Fig. 7.17). The cancer risk of these
proliferations was estimated as 0%, 65%, and 100%, respectively.
Thus, the lack of glandular crowding, the absence of a complex
exophytic architectural pattern, and the lack of nuclear atypia are
key elements in separating benign mucinous change from a neo-
plastic process.

When especially florid and inflamed, microglandular hyperpla-
sia of the uterine cervix enters into the differential diagnosis of
mucinous metaplastic states of the endometrium, especially well-
differentiated and microglandular mucinous adenocarcinoma of
the endometrium (Fig. 7.16). Subnuclear vacuoles, luminal squa-
mous metaplasia, and luminal neutrophils are seen with microg-
landular hyperplasia whereas stromal foam cells appear exclusive
to mucinous adenocarcinoma. Vimentin is expressed in 90% of
mucinous adenocarcinomas of the endometrium but is absent in
microglandular hyperplasia (Fig. 7.17). A higher percentage of
mucinous adenocarcinoma cells are reactive with KI-67 (MIB-1)
(>10% nuclear decoration) compared to microglandular hyperpla-
sia (<1% nuclear decoration).

Mucinous (Fig. 7.18) and clear cell (Fig. 7.19) metaplasia occur
in women taking tamoxifen. In two series of 10 and 12 cases in
which tamoxifen therapy for breast carcinoma was associated with
endometrial carcinoma or endometrial carcinoma appeared after
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FiG. 7.11. Type A endometrial mucinous metaplasia (of Nucci). Benign
tubular glands or flat uterine lining surfaces sometimes show mucinous
epithelium with a simple architecture; these may be single layers of
columnar epithelium with focal cytoplasmic mucin droplets.
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FiG. 7.12. Type A endometrial mucinous metaplasia. Less commonly
mucinous metaplasia comprises rows or sheets of tall, columnar cells that
are identical to those seen in the endocervix with basally located nuclei
and abundant vacuolated, mucin-rich cytoplasm.

therapy was begun with synthetic gestagens, respectively, all but
1 case were of the mucinous or clear cell type, and all arose in
atrophic endometria containing foci of mucinous (endocervical-
like) and clear cell metaplasia.
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FiG. 7.13. Type B endometrial mucinous metaplasia. This type comprises
proliferations that are more complex, consisting of mucin-containing
epithelial cells forming small pseudoglands with rigid, punched-out
spaces and no supporting stroma.
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FiG. 7.14. Type B endometrial mucinous metaplasia. This proliferation
shows a nearly cribriform growth pattern in the cell block (fop) but a
rather low-grade nuclear atypia in the cytology brush material (bottom).
The complexity of the architecture is reflected in the piled-up appearance
of cells in the left side of the bottom image.
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FiG. 7.15. Type C endometrial mucinous metaplasia. In this case, there
is a filiform or villous architecture, and the brush cytology preparations
reflect the complex architectural arrangement and the intracytoplasmic
production of mucin.
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F1G. 7.16. When especially florid or inflamed, microglandular hyper-
plasia of the uterine cervix figures into the differential diagnosis of
mucinous metaplastic states of the endometrium, especially well-differen-
tiated mucinous or microglandular adenocarcinoma of the endometrium.
Compare the similarity of these cells with those shown in Fig. 7.15.
The immunostaining pattern of the endocervix is generally CEA > >
vimentin (which is generally negative) and low Ki-67.
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FiGg. 7.17. Type C endometrial mucinous metaplasia; hematoxylin and
eosin stain (fop) and vimentin immunostain (bottom). Vimentin is expressed
in >90% of mucinous adenocarcinomas of the endometrium but is virtually
absent in microglandular hyperplasia of the endocervix.
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F1G.7.18. Brushcytology from a woman being monitored while on tamoxifen.
These images show nonatypical type A mucinous metaplasia.
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F1G. 7.19. Cell block preparation (top) from a woman being monitored
while on tamoxifen. These images show clear cell metaplasia. The cytol-
ogy (bottom) shows distinct islands of epithelial cells with clear cytoplasm
were thought to correspond to the foci of clear cell metaplasia. Note the
orderly architecture and the benign-appearing nuclear features. The cyto-
plasm almost has secretory-like characteristics. A follow-up hysteroscopy
and biopsy showed no evidence of clear cell carcinoma.
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In the endometrium, the anti-estrogenic action of tamoxifen
closely resembles the antiproliferative action of synthetic gestagens
on the endometrium. In the endocervix, tamoxifen and synthetic
gestagens stimulate the endocervical mucosa to proliferate. In the
endometrium, both tend to produce mucinous (endocervical-like)
and clear cell metaplasia. A weak estrogenic action of tamoxifen
augments its anti-estrogenic gestagen-like action. Thus, the anti-
estrogenic effect of tamoxifen is most likely responsible for the
development of endocervical metaplasia and possibly corresponding
endocervical and clear cell types of carcinomas within an atrophic
endometrium.

Hobnail cell metaplasia is rare, and likely represents a variety
of etiologies including exfoliation artifact, degenerative changes
associated with underlying necrosis, pseudo-Arias—Stella-like
changes and changes associated with endometrial polyps. On
morphological grounds, hobnail cell metaplasia exhibits glandular
cells with rounded, apical nuclear protrusions that extend beyond
the apparent cytoplasmic borders of the individual epithelial cells
(Fig. 7.20). Clear cell metaplasia shows cells with abundant, clear
cytoplasm (Fig. 7.19). Before considering the diagnosis of clear
cell metaplasia, the diagnosis of clear cell adenocarcinoma and the
Arias—Stella phenomenon of pregnancy need to be excluded.

Metaplasia in Neoplasia

Various epithelial metaplasias occur with endometrioid neoplasia.
Cilia are seen more often with precancerous states and with well-
differentiated adenocarcinomas. This is not surprising, because
ciliation reflects a highly differentiated estrogen-primed cell. In
one study, more than half of women with endometrial cancer had
one or more areas of metaplasia in the endometrium adjacent to
their neoplasm, and the presence of ciliated cells was by far the
most common (73%).

Women with both endometrial carcinoma and metaplasia,
as compared to those with carcinoma without metaplasia, were
significantly younger and presented with well-differentiated tumor,
absence of myometrial invasion, and lack of pelvic lymph node
metastases. As an estrogenic event, the presence of metaplasia
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F1G. 7.20. Hobnail cell metaplasia exhibits glandular cells with rounded,
apical nuclear protrusions that extend beyond the apparent cytoplasmic
borders of the individual epithelial cells.
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significantly correlated with the presence of coexisting endometrial
hyperplasia.

Foam Cells

Foam cells may be seen with endometrioid neoplasms and with
benign endometrial abnormalities. Historically, it was thought
that two histologically similar-appearing foam cells existed: a
histiocytic-like, “nonestrogenic” reactive type capable of phago-
cytosis whose cytoplasm contains lipofuscin and/or hemosiderin
(Fig. 7.21); and a stromal-like, “estrogenic” nonphagocytic type
whose cytoplasm lacks such pigmentation. The “estrogenic”
type was thought to be associated with hyperplasia or carcinoma
(Fig.7.22; see Fig. 7.24), and the “nonestrogenic” type was thought
to be associated with endometrial breakdown.

In reality, the foam cells are macrophages and not endometrial
stromal cells, as confirmed by immunoreactivity with macrophage-
specific antibodies. What is most important about foam cells is
that, when found without underlying pathology, further study of
the endometrium needs to be undertaken to rule out cancer.

Foam cells generally have relatively large, centrally placed, ovoid
to bean-shaped nuclei with small nucleoli and a fine chromatin
pattern. In some cases of endometrial hyperplasia and endometrial
breakdown we have seen, foam cells exhibit filiform cytoplasmic
processes appearing to comprise weakly associated granulomas.
We interpret the filiform processes as nondestructive intercalation
of the foam cell cytoplasm with stromal tissue. Foam cells appear
relatively uniform when compared one to another on a case-by-
case basis but may show substantial heterogeneity between cases.
As is the case with other histiocyte accumulations, foamy giant
cells may be seen (Fig. 7.23).

Foamy histiocytes are commonly seen in the endometrial stro-
mal compartment of patients with a carcinoma. Up to 20% of
carcinoma cases contain stromal cells that are lipid laden, but no
correlation exists between the presence of these cells and the grade
of the tumor or the survival of the patient. This change is simply
a reactive response to tumor cells that have died. The presence of
such histiocytic cells in endometrial biopsies showing any atypia
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P
Fi. 7.21. A histiocytic-like, “nonestrogenic” reactive-type foam cell capable
of phagocytosis, whose cytoplasm contains lipofuscin and/or hemosiderin.
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FiG. 7.22. A stromal-like, “estrogenic” type of foam cell. This “estro-
genic” type of foam cell was thought to arise from endometrial stroma and
to be associated with hyperplasia or carcinoma; however, present evidence
indicates that all foam cells are of histiocytic origin.
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FiG. 7.23. Foam cells appear relatively uniform when compared one to

another on a case-by-case basis, but may show a good deal of heterogene-
ity between cases (top). Foamy giant cells may be seen (bottom).
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F1G. 7.24. As many as 20% of carcinoma cases contain stromal cells that
are laden with lipid, but there is no correlation between the presence of
these cells and the grade of the tumor or the survival of the patient. This
change is simply a reactive response to tumor cells that have died. The
presence of such histiocytic cells in endometrial biopsies showing any
atypia should always lead to further diagnostic workup to exclude the
presence of a coexistent carcinoma.
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should always lead to further diagnostic workup for coexistent car-
cinoma (Fig. 7.24) especially as one-third of patients with endome-
trioid carcinoma also have areas of simple or atypical hyperplasia
in the endometrium.
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Endometrial Precancer

A Background to Endometrial Precancer

A situation generally dismissed as benign by pathologists and gyne-
cologists alike is the clinically/sonographically thin endometrium
that affords a paucicellular, essentially nondiagnostic (informa-
tively noninformative) tissue specimen. Normal postmenopausal
endometrium is grossly thin and microscopically inactive and
oftentimes (in up to 50% of samplings) yields no tissue, but the
corollary that grossly thin (sonographically <5-mm thickness)
postmenopausal endometrium is microscopically inactive and
uniformly benign may be false. Endometrial suction biopsy has
a reasonable sensitivity and specificity for detecting symptomatic
endometrial cancer in thickened endometrium. However, few data
are available regarding its sensitivity and specificity among asymp-
tomatic postmenopausal women.

While it is well understood that every endometrial cancer has a
precursor state, the assumption that the precursor of endometrial
carcinoma, similar to hyperplasia, must be diffuse and symptomatic
is false. Theoretically, the cells of an endometrial precancer should
be genetically different from normal endometrium yet should
share some but not all the features of malignant endometrium.
Precancerous endometrial cells should be neoplastic (Table 8.1)
and demonstrate a monoclonal growth pattern and clonally distrib-
uted (geographically clustered) mutations. Progression of endometrial
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TaBLE 8.1. Neoplastic endometrium.

Office Biopsy
Average (% with cell ~ Average

Diagnosis Hysterectomy  Age (years) block) Age (years)
Carcinoma 93 68 34 (91%) 66
EIN (atypical hyper- 54 56 14 (71%) 56

plasia)
EIN (other) 15 62 22 (52%) 65
EIC/EmGD 6 66 1 (0%) 66
Necrotic and inflam- 1 (0%) 78

matory diathesis
Total 168 72

EIN, endometrial intraepithelial neoplasm; EIC, endometrial intraepithelial cancer;
EmGD, endometrial gland dysplasia.

precancer to carcinoma, effectively a conversion from a benign neo-
plasm to a malignant neoplasm, would be expectedly accomplished
through the acquisition of additional mutations and accompanied
by a change in biological behavior most notably characterized by
the ability of outspoken cancer cells to invade local tissues and to
metastasize.

Many endometrial cancers appear to defy the hyperplasia-
carcinoma model and arise in otherwise inactive-appearing or
atrophic endometria. For example, in the pre-estrogen era (before
1960), hyperplasia was reported in only 8% of hysterectomies
for endometrial cancer. In 1981, we found unsuspected endome-
trial cancer in 0.27% (24 of 8,998) of autopsied women dying of
unrelated causes. Only one woman had been an estrogen user. In
a another prospective series spanning two decades, the prevalence
of endometrial cancer in asymptomatic women over the age of 45
years was about 7 per 1,000, a rate almost three times that which
we reported. Asymptomatic cancers are almost exclusively associ-
ated with endometrial atrophy.

Tissue biopsy contributes little to case-finding or case manage-
ment of thin endometria because, in the absence of gross disease,
tissue biopsy may miss, destroy, or obviate the diagnosis of a thin
epithelial lesion. Regrettably, the concept that endometrial cancer
exists in atrophic endometrium or begins as a focal clonal event
has been generally overlooked.
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Most aspects of endometrial cytology are straightforward, entail-
ing the diagnosis of typical benign or malignant endometrium.
A notable exception involves finding small amounts of epithelium
with atypical (cancer-like) nuclei in flat to tubulocystic epithelium,
cancer-like patterns in epithelium with proliferative-like nuclei, or
epithelium with atypical nuclei and cancer-like patterns scattered
amidst much larger amounts of normal-appearing endometrium in
the absence of gross epithelial change (as evidenced, for exam-
ple, by sonohysterography, hysteroscopy, or by correlation to the
gross hysterectomy specimen). When these situations occur, it is
difficult to “name” the lesion and to advise the clinician on how to
manage the patient.

The differential diagnosis of these findings, especially against the
background of sonographically normal-appearing postmenopausal
endometrial epithelium includes a variety of possibilities. These
variations take in “activated” benign endometrium (as caused, for
example, by the irritation effects of a polyp or leiomyoma) includ-
ing sheets of activated subepithelial epithelioid stroma, lower
uterine segment collection in which epithelial nuclei may have
symplastic nuclear features or features representing a changeover
between endocervix and endometrium, including the proliferation
of otherwise normal but irritated mucinous elements in the case of
microglandular hyperplasia, cancer metastatic to the endometrium
(as seen, e.g., with gastric, breast, endocervical or ovarian cancer),
isolated foci of endometrial intraepithelial neoplasm (EIN, includ-
ing what has been called “adenomatous change” and endometrioid
microcancer), endometrial intraepithelial cancer/endometrial gland
dysplasia (EIC/EmGD:; i.e., lesions related to the serous form of
endometrial cancer), and putative precursors of endometrial clear
cell carcinoma.

Conceptual Basis of EIN

Prolonged estrogen exposure that is unopposed by progestins
results in an abnormal endometrial histology that has long been
thought to be associated with an increased risk for endome-
trioid (type 1) endometrial adenocarcinoma. The risk, which is
increased 2- to 10 fold with unopposed estrogen exposure in a
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dose- and duration-dependent manner, has been calculated from
large epidemiological studies of cancer outcomes in women with
known hormonal exposure. Endometrial hyperplasia is a condi-
tion of excessive proliferation of endometrial epithelial cells.
Most cases result from high levels of estrogens, combined with
insufficient levels of the progesterone-like hormones that ordi-
narily counteract estrogen’s proliferative effects, as may occur
in a number of settings, including the polycystic ovary syndrome
and with certain formulations of estrogen replacement therapy.

Endometrial hyperplasia is a significant risk factor for the develop-
ment of endometrial cancer. Pathological confirmation of endometrial
changes secondary to unopposed estrogen exposure helps to establish
that there is an abnormal hormonal state, but it is of less value in
determining which specific patients are most likely to get cancer
and which specific histological changes are the immediate precur-
sors to endometrial cancer.

In the past, both generalized hormonal responses and localized
premalignant lesions have been lumped under the term “endome-
trial hyperplasia” and further subdivided by architectural complexity
and cytological atypia. Endometrial hyperplasia without nuclear
atypia with either a simple or complex pattern shows irregularity
and cystic expansion of glands (simple) or crowding and budding
of smoothly outlined glands (complex) without worrisome changes
in the appearance of individual gland cells. In one study, 1.6% of
patients diagnosed with these abnormalities eventually developed
endometrial cancer.

Atypical endometrial hyperplasia, again, with either simple or
complex patterns, shows worrisome (atypical) changes in gland
cells, including cell stratification, tufting, loss of nuclear polarity,
enlarged nuclei, and an increase in mitotic activity. These changes
are similar to those seen in true cancer cells, but atypical hyper-
plasia does not show invasion into the connective tissues, which
is one of the defining characteristics of endometrial cancer. The
previously mentioned study found that 22% of patients with atypical
hyperplasia eventually developed cancer.

Recent molecular studies have provided evidence that the use
of the term hyperplasia is conceptually correct for some lesions.
However, contrary to long-standing assumptions, the change from
benign endometrium to endometrioid adenocarcinoma is not the
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consequence of a gradual morphological progression in which a
continuous histological spectrum of changes is related to a pro-
gressively increased endometrial cancer risk. Rather, it is the
precipitous emergence of endometrial intraepithelial neoplasia
(EIN) that portends increased cancer risk.

This concept is in keeping with observations that endometrial
glands themselves may be composed of monoclonal populations
of epithelial cells, and many normal adjacent glands within an area
of 1-2 mm diameter may also share clonality. The clonality of
the luminal epithelium is also regionally defined. The clonality
of the endometrium has been demonstrated in studies of female
mice harboring the green fluorescent protein gene on either the
maternal or paternal X chromosome. Fluorescent microscopy of
uterine sections reveals that individual endometrial glands consist
completely of either fluorescent or nonfluorescent cells and that
the corresponding surface epithelium exhibits a clear boundary
between these cell types, which exist as localized domains of cells
on the uterine epithelial surface.

These findings suggest that single or multiple stem cells with
uniform clonality exist on the bottom of each endometrial gland.
Genetic alterations occurring in such cells play a critical role in
endometrial carcinogenesis.

Endometrioid endometrial precancers are monoclonal, noninva-
sive neoplasms that are prone to malignant transformation, originate
focally, and expand in size over time, which is in keeping with a
proliferative monoclonal origin. They exhibit closely packed glands
with cytology that, although not necessarily malignant appearing, is
clearly demarcated from that of the adjacent field. Those cases with
a largest diameter of at least 1-2 mm, which is also the putative size
of the monoclonal endometrial domain of the mouse model, predict
concurrent or future endometrial adenocarcinoma.

Nonphysiological loss of PTEN protein, a product of a tumor
suppressor gene mutated in many endometrioid adenocarcinomas,
is seen in individual glands of endometrium exposed to unopposed
estrogens and in packed clusters of EIN glands. Furthermore,
isolated PTEN-free glands in anovulatory endometria may be the
earliest stage of endometrial tumorigenesis, but these glands are
not readily distinguishable by routine histology or cytology, nor do
they have a defined natural history.
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In summary, the subset of largely polyclonal proliferations that
result from a physiological response of the endometrium to an
abnormal estrogenic stimulus defines hyperplasia. In contrast, EIN
is a clonal proliferation that has the characteristics of a noninvasive
endometrioid neoplasm.

Histological EIN

Histological EIN displays a monoclonal growth of mutated cells,
a distinctive histopathological appearance, and a significant risk
for concurrent presence or future development of endometrioid
adenocarcinoma. Criteria for diagnosing histological EIN include
gland area greater than stromal area, cytological change in foci of
altered architecture appearing not necessarily atypical but dichoto-
mous with surrounding normal endometrium, lesion size >1 mm,
and exclusion of outspoken cancer and cancer mimics. Histological
EIN is not graded. It is either present or absent.

Histological EIN can be diagnosed on routine surgical pathology
material without the aid of computerized morphometric devices.
For example, in a study addressing the subjective reproducibility
of histological EIN, the diagnoses of “presence” or “absence” were
unanimous among pathologists in 75% of cases, and intraobserver
reproducibility was very good.

Cases diagnosed as histological EIN encompass hyperplasias
previously diagnosed as atypical or nonatypical, the latter because
features other than frankly atypical nuclei figure in its diagnosis.
The subjective application of criteria for diagnosing histological
EIN correlates well with objective morphometry, predicts disease
progression more accurately than the 1994 World Health Organi-
zation (WHO) hyperplasia classification, and identifies women
with benign changes that would have been regarded as “high risk”
according to the WHO classification system. Histological EIN
includes lesions within and beyond the atypical hyperplasia to car-
cinoma spectrum.

Both the relative excess of glands (in comparison to the volume
of stroma within the histological EIN focus) and the irregularity of
the endometrial gland margins figure strongly in the diagnosis of
histological EIN. For example, gland margin irregularity has been
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mathematically assessed in hyperplasia, atypical hyperplasia, and
well-differentiated endometrial carcinoma to discriminate between
these lesions based on the fractal dimension of gland architecture.

A fractal is generally a rough or fragmented geometric shape
that can be split into parts, each of which is (at least approxi-
mately) a reduced-size copy of the whole, a property called self-
similarity. The term, introduced by Benoit Mandelbrot in 1975,
is derived from the Latin “fractus,” meaning broken or fractured.
Thus, a “fractal dimension” comprises an objective measurement
of the degree of gland complexity per unit area.

The fractal dimension of hyperplasia has been shown to sig-
nificantly differ from that of atypical hyperplasia and endometrial
carcinoma. However, no difference exists in fractal dimensions
between the glands of atypical hyperplasia and of well-differentiated
endometrial carcinoma.

Cytological EIN

The dilemma faced by cytopathologists is that frank nuclear atypia
is not required for the diagnosis of histological EIN. What is
necessary is a dichotomous nuclear morphology as compared
with surrounding normal endometrial epithelium. This dichotomy
is difficult, if not impossible, to resolve in cytological material;
this means that in the absence of outspoken nuclear atypia, what
is histological EIN may be underdiagnosed by cytological methods
that are not augmented by cell block preparations. As many of
these cases are gleaned from postmenopausal individuals, cell
blocks may not be available for review.

Flat epithelial sheets with “cancer-like” nuclei can be seen in an
atrophic background. We studied 237 late postmenopausal uteri
from women 65 years or more of age that were removed for symp-
tomatic prolapse in which the entire endometrium was examined
after endometrial brushing. None of the uteri had ovarian or sig-
nificant uterine muscular abnormalities or polyps. Twenty-seven
atypical cytology cases led us to discover 22 abnormal histolo-
gies that comprised 6 p53-positive EIC/EmGDs, 12 instances of
“adenomatous change” comprising small, geographically local-
ized epithelial foci architecturally resembling atypical hyperplasia,
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and 4 endometrioid microcancers. In the 12 cases of “adenomatous
change,” all lesions were focal, isolated, crowded, and showed
significant dichotomy in nuclear features between the lesions and
the adjacent atrophic endometrium.

In our office-based brushings series, findings of this type were
about twice as common as outspoken atypical hyperplasia (23 vs.
14 discoveries, respectively). Today, with the exclusion of cases
that show simultaneous strong p53/Ki-67 nuclear decoration, most
of these lesions are classified as EIN. Others have found foci of
endometrial epithelium with proliferative-like features (as evidenced
by upregulated Ki-67 staining) in half of clinically disease-free
postmenopausal uteri removed for prolapse and in more than
80% of postmenopausal endometria harboring adenocarcinoma else-
where. This indicates a dynamic, yet lurking, potential for atrophic
endometrium to provide the bed from which endometrial adenocar-
cinoma can arise on the basis of focal clonal expansion as opposed
to diffuse transformation.

Thus, cytological EIN comprises, in addition to “atypical hyper-
plasia” or “endometrioid neoplasia,” atypical epithelium that may
be found in atrophic endometrium, including atrophic regions of
endometrial cancers. It may be a microscopic finding without a
gross counterpart that features grades 2 or 3 nuclei and presents as
isolated glands, gland clusters, or altered surface epithelium amidst
otherwise unaltered fibrous endometrial stroma (Figs. 8.1-8.5).

Similar to atypical hyperplasia and endometrial carcinoma,
cytological EIN generally is associated with clustered domains
of nuclei showing significant upregulated proliferative activity
(10%-50% nuclear decoration using Ki-67 immunostaining),
oftentimes in a background of endometrial atrophy. The identifi-
cation of clustered surface epithelial cell domains is in keeping
with monoclonal domains of surface epithelium that have been
described in normal mouse endometrium.

In addition to flat epithelial sheets with nuclear atypia, cytological
EIN may show rare, small epithelial foci architecturally resembling
atypical hyperplasia with structures such as intertwining epithelial
bridges, epithelial cysts with activated nuclei showing upregulated
proliferative activity, or distorted microacini, all indicators less of
epithelial structural instability and more of high fractal dimension.
Larger amounts of nearly identical structures are seen with brushings
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Fic. 8.1. Cytological endometrial intraepithelial neoplasm (EIN). This is
an endometrial brush cytology in which occasional atypical-appearing flat
epithelial sheets and atypical tubuloglandular structures were scattered
amidst larger amounts of otherwise atrophic endometrium with fibrocol-
lagenous stroma. p53 and Ki-67 immunostaining was performed on addi-
tional cytology material, as shown in Fig. 8.2.
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FiG. 8.2. Cytological EIN. Immunohistochemical staining for pS3 (fop) and
Ki-67 (bottom) show only faint p53 nuclear decoration but significant Ki-67
staining in the nuclei of isolated epithelial sheets, far exceeding the Ki-67
decoration of accompanying atrophic epithelium. The staining pattern of this
case is similar to that seen with EIN that would previously been diagnosed as
atypical hyperplasia, which is shown for comparison in Figs. 8.3 and 8.4.
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Fic. 8.3. EIN that would previously been diagnosed as atypical hyper-
plasia. In this case, there is marked gland crowding in cell block material
(top) and moderate nuclear atypia in the brush cytology preparation (bot-
tom). Immunohistochemical staining of the cell block preparation for p53
and Ki-67 is shown in Fig. 8.4.
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FiG. 8.4. EIN that would have previously been called atypical hyperplasia.
Immunohistochemical staining for pS3 (top) and Ki-67 (bottom) show only
faint p53 nuclear decoration but significant Ki-67 nuclear staining. The flat
sheets of cytological EIN probably arise from surface endometrium overly-
ing deeper foci of histological EIN, expressing the growth pattern of adeno-
matous epithelium with glandular or cryptal epithelium migrating upward
and populating the epithelial surface covering altered underlying glands.
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Fic. 8.5. Cytological EIN. In this case from a postmenopausal woman
with a thin endometrial stripe by ultrasound, smooth-bordered glands show
moderately atypical-appearing nuclei (fop), and a corresponding Ki-67
immunostain shows profound nuclear decoration. In this case, smooth-
bordered glands are different from those of “Swiss cheese” atrophy, which
generally show no significant upregulation of Ki-67; in this way, they are
functionally dichotomous from the surrounding epithelium.
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of histological EIN (previously called atypical hyperplasia) and
even with some well-differentiated adenocarcinomas.

The flat sheets of cytological EIN probably arise from surface
endometrium overlying deeper foci of histological EIN, expressing
the growth pattern of adenomatous epithelium, glandular, or cryptal
epithelium migrating upward and populating the epithelial surface
covering altered underlying glands. This phenomenon is illustrated
in histological sections of PTEN-null endometrium (see fig. 17.4 in
Crum et al’s. Diagnostic Gynecology and Obstetric Pathology).

Although weak and inconstant p53 nuclear decoration is seen
among many lesions, including many benign metaplastic lesions,
cytological EIN does not feature marked simultaneous and strong
nuclear decoration with either Ki-67 or p53 immunostaining. This
situation is more consistent with a diagnosis of EIC/EmGD.

In short, although histological EIN progresses from a monoclonal
expansion of clustered glands with (at least) nuclear dichotomy from
benchmark atrophic or proliferative epithelium, cytological EIN
comprises those states in which nuclear dichotomy, generally com-
prising architecturally differentiated epithelial structures with grade
2 or grade 3 nuclei, is found in brushings of generally thin, atrophic
endometrium and where serial sectioning of the endometrium often
reveals clustered regions of epithelium with features of atypical
hyperplasia or microcarcinoma.

Therapeutic Consequences of EIN

On biopsy, what is interpreted as cytological EIN may eventuate
as endometrioid microcancer, but this probably does not signifi-
cantly affect therapy or outcome. Endometrioid microcancer has
been defined as a malignant neoplasm less than 5 mm in largest
size showing, at a minimum: periglandular stromal desmoplasia,
villoglandular architecture, cribriform architecture, or solid cell
masses. As with histological EIN, cytological EIN is a neoplasm
whose immediate clinical significance is uncertain, because in the
setting of unaltered endometrial thickness, the tissue counterparts
of cytological EIN remain incidental findings comprising the spec-
trum of “adenomatous change” to “microcancer.” In the latter situation,
because a small endometrioid cancer poses no immediate threat to
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an individual, treatment with progestins may be as efficacious as
hysterectomy.

In most cases, histological EIN and endometrioid endometrial
carcinoma show a loss of immunohistochemically detectable
PTEN protein, which acts as part of a chemical pathway that signals
cells to stop dividing and causes cells to undergo programmed
cell death (apoptosis). The problems with using PTEN immu-
nostaining with cytology specimens is that epithelial decoration
is “normal” whereas its absence is “abnormal” and the staining
of adjacent internal control tissue that is generally afforded with
histology specimens is not present in cytology preparations. Only
about 60% of histological EINs stain abnormally, and the PTEN
staining procedure is technically difficult.

PTEN tumor suppressor inactivation is among the earliest steps
in endometrioid endometrial carcinogenesis, occurring in mor-
phologically unremarkable endometrial glands in half of normal
women. Progestin therapy promotes involution or disappearance
of PTEN-null endometrial glands relative to their persistence rate
seen among normal cycling women; this occurs among PTEN-null
glands having a variety of histopathological presentations.

One group of investigators tested the hypothesis that sex
hormones positively or negatively select for EIN and examined
its emergence, persistence, and regression rates under differing
hormonal conditions. Women who underwent hormonal therapy
with a progestin-impregnated intrauterine device had the highest
rate of EIN regression, with a 62% pretherapy and 5% posttherapy
rate of latent precancers, contrasting to nonsignificant changes for
the oral progestin-treated and untreated control groups.

Delivery of high doses of progestins locally to the endometrium by
an [UD leads to ablation/involution of preexisting PTEN-inactivated
endometrium and is a possible mechanism for reduction of long-term
endometrial cancer risk known to occur in response to this hormone.
Progestin modulation of EIN echoes progestin protection against
estrogen-induced hyperplasias reported in the Postmenopausal
Estrogen/Progestin Interventions (PEPI) trial.

It may be that cytological EIN could, in the future, be recognized
as a pharmacologically treatable preneoplastic event, much in the
same way atypical ductal hyperplasia of the breast is prophylac-
tically treated to prevent breast cancer. Although we still cannot
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make recommendations about the treatment of cytological EIN,
we believe that its discovery should be correlated with sonohyster-
ography and/or hysteroscopy so that gross, treatable lesions such
as polyps or grossly detectable neoplastic foci can be surgically
addressed. Otherwise, intrauterine progesterone treatment with fol-
low-up cytological sampling seems to be a relatively harmless and
theoretically reasonable approach to “treating” cytological EIN.

EIN with Features of Endometrioid
Neoplasia Comprising Atypical
Hyperplasia and Well-Differentiated
Endometrial Adenocarcinoma

In a study designed to assess intraobserver and interobserver
agreement on the diagnosis of 56 endometrial specimens by five
European expert gynecological pathologists using the WHO classi-
fication system and to establish which histological features signifi-
cantly associated with each classification category, two diagnostic
concepts emerged: hyperplasia and endometrioid neoplasia. In
endometrial biopsy or curettage specimens, the lack of agreement
in the diagnoses of complex hyperplasia and atypical hyperplasia
and the lack of reproducibility in the recognition of the histological
feature of stromal alterations to differentiate atypical hyperplasia
from well-differentiated adenocarcinoma suggested that histological
classification should be simplified to include a combined category
for simple and complex hyperplasia, called hyperplasia, and a combined
category for atypical hyperplasia and well-differentiated adenocar-
cinoma, called endometrioid neoplasia. This system increases the
likelihood that histology from endometrial sampling and from
hysterectomy will be concordant for the presence or absence of
endometrial carcinoma. These terms are particularly fitting for
endometrial cytology diagnoses, which are limited in their abil-
ity to discriminate further within the “disordered proliferation to com-
plex hyperplasia” spectrum and within the “atypical hyperplasia
to well differentiated (endometrioid) type 1 endometrial cancer”
spectrum.
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In endometrial brush preparations of EIN with features concord-
ant with what has been called atypical hyperplasia, significant num-
bers of cells are arranged showing flat sheets with either atypical
or cytologically discordant nuclear morphology, pseudopapillae,
short papillae, or epithelial cell tufts and distorted acini along with
either complete or fragmented bulbous, branched, or outpouched
structures. Many of these findings overlap with cytological features
of well-differentiated endometrioid adenocarcinoma. In this cir-
cumstance, we find it useful to apply the concept of endometrioid
neoplasia to brush cytology specimens, especially those not aug-
mented by cell block preparations. We explain to our clinicians
that EIN/atypical hyperplasia or endometrioid adenocarcinoma
may afford indistinguishable cytological presentations, even when
augmented by cell blocks.

One of the earliest changes that are seen among the back-to-back
glands of endometrioid neoplasia, especially at the EIN end of the
spectrum that was formerly referred to as atypical hyperplasia is
clustered nuclear pseudostratification (Fig. 8.6). In brush cytol-
ogy preparations clustered nuclear pseudostratification appears as
small clumps of epithelium with picket-fence-like grade 2 nuclei
that are distributed throughout different levels of the epithelial
sheet. The nuclear crowding and pseudostratification resembles
that seen in colonic adenomas. When fragments of these structures
are dislodged by endometrial brushing, they oftentimes retain their
associated stromal vascular scaffolding, which shows that they
have been harvested from back-to-back glands.

Tufted epithelial structures may appear within glands and along
the epithelial surface of the endometrium. As the tufted epithelial
aggregates are dislodged by endometrial brushing, they show clus-
tered epithelial cells that resemble the epithelial tufts of syncytial
change (Fig. 8.7). Indeed, some of these structures may actu-
ally represent retrogressive features similar to syncytial change
that originated in neoplastic epithelium (Fig. 8.8). The neoplas-
tic structures may show changes such as the intranucleoplasmic
accumulation of glycogen and frankly malignant-appearing nuclei
(Fig. 8.9). Because these changes are not specific for cancer, they
must be interpreted in the context of the entire cytology slide and/
or cell block preparation.
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FiG. 8.6. One of the earliest changes seen among the back-to-back glands
of endometrioid neoplasia, especially at the EIN end of the spectrum that
was formerly referred to as atypical hyperplasia, is clustered nuclear pseu-
dostratification that leads to the formation of mounds of epithelial cell
nuclei. For those who look at colonic brushings, similar nuclear stratifica-
tion and “picket-fencing” may be seen with adenomatous colonic polyps.
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Fic. 8.7. With time, tufted epithelial structures appear within glands and
along the epithelial surface of the endometrium. As these are dislodged by
endometrial brushing, they show clustered epithelial cells that may resem-
ble the epithelial tufts of syncytial change.
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Fic. 8.8. Some of the tufted epithelial structures associated with endome-
trioid neoplasia and outspoken endometrial carcinoma may actually
represent retrogressive syncytial-like change, probably originating from
neoplastic epithelium.
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Fic. 8.9. The neoplastic tufted epithelial structures may show changes
such as the intranucleoplasmic accumulation of glycogen and the appear-
ance of frankly malignant-appearing nuclei.
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Epithelial tufts with soap-bubble-like lumens are a form of muci-
nous metaplasia. Mucinous metaplasia within complex epithelial
structures is so commonly seen in endometrioid neoplasia as to
be its surrogate, especially well-differentiated endometrioid-type
endometrial carcinoma (Fig. 8.10). Another event, neutrophilic
emperipolesis, comprising the nondestructive insinuation of PMNs
into budding epithelial structures of surface endometrium, is also
commonly seen with endometrioid neoplasia (Fig. 8.11).

The compression of tubuloacinar structures, one against another
in the absence of intervening stromal tissue, distorts the shape of
the acini and gives them the appearance of being molded by the
environment from which they were gathered (Fig. 8.12). In brush
cytology preparations, frequent irregular glands with misshapen
contours, even in the presence of rather bland-appearing nuclei,
almost never occur in benign hyperplasia, which features smoothly
contoured glands. This degree of tubuloacinar gland irregularity is
also seen in adenocarcinomas (Figs. 8.13-8.15). It is the cytological
counterpart of increased fractal dimension.

Another change associated with endometrioid neoplasia, and
nearly signature for the presence of well-differentiated (endome-
trioid) type 1 endometrial carcinoma, comprises epithelial bridges
without stromal support. This change appears to arise as a natural
consequence of heightened epithelial stratification (Fig. 8.16) that
becomes punctuated by intervening lumens. Cytologically, this
form of epithelial complexity is seen as loops and channels of
nuclei, frequently spanning sheets of endometrial epithelium. We
believe that this change is the immediate architectural antecedent
to the epithelial cribriform structure (Fig. 8.17).

In cytology preparations, cases of EIN presenting with the
histological pattern previously called atypical hyperplasia may
show anywhere from absent to marked cytoarchitectural alteration
distributing as absent (25%), mild (25%), moderate (45%), and
marked (5%); this means that 50% of cases histologically diag-
nosed as atypical hyperplasia show, on the cytology slide, features
of gland complexity that are also typically associated with adeno-
carcinoma. This finding agrees with the observation that, in tissue
biopsy specimens, an immediate endometrial adenocarcinoma
outcome based on an initial atypical hyperplasia biopsy diagnosis
occurs up to 40% of the time.
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Fic. 8.10. Epithelial tufts with soap-bubble-like lumens indicate muci-
nous metaplasia. Type C mucinous metaplasia within complex epithelial
structures is so commonly seen in endometrioid neoplasia as to be a
surrogate for its diagnosis, especially the presence of well-differentiated
type 1 endometrial carcinoma.
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Fic. 8.11. Neutrophilic emperipolesis, comprising the nondestructive
insinuation of polymorphonuclear leukocytes (PMNs) into the budding
and papillary syncytial epithelial structures of surface endometrium, is
also commonly seen with endometrioid neoplasia.
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FiG. 8.12. The compression of tubuloacinar structures, one against another,
causes them to appear misshapen, irregular, and gives them the appearance
of being molded by the environment from which they were gathered and
within which they accumulated. These images are from two similar cases
of endometrioid neoplasia. The top image proved to be EIN and the bottom
image proved to be well-differentiated type 1 adenocarcinoma. In small
biopsy specimens, the entities are indistinguishable from one another.
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Fic. 8.13. In brush cytology preparations, frequent irregular glands with
misshapen appearances, even in the presence of rather bland-appearing
nuclei, never occur in benign hyperplasia. This degree of tubuloacinar
gland irregularity is also seen in adenocarcinomas. The nuclear arrange-
ment within three-dimensional cell aggregates is best defined by rinsing
the slide with acetic acid and staining it with hematoxylin only, omitting
counterstaining; this serves as a surrogate for Feulgen staining.
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Fic. 8.14. Here, glands appear very small and distorted, but nuclei are
very bland. The fractal nature of the glands by far supersedes nuclear
features in the diagnosis of endometrioid neoplasia. These images were
derived from a case of EIN, formerly called atypical hyperplasia.
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FiG. 8.15. These images were derived from a case of well-differentiated
type 1 endometrial cancer. As this image shows, acinar distortion some-
times overlaps with smooth-edged budding of epithelium off a mother
gland; and, in the setting of grade 1 to grade 2 nuclei, can suggest the
diagnosis of complex hyperplasia. However, nuclear disorientation and asso-
ciated cell changes suggest a more serious diagnosis. These images were
derived from our cytobrush-hysterectomy series. In practice, we would
have signed this case out as endometrioid neoplasia, giving the provision that
the lesion encompasses the spectrum of atypical hyperplasia and grade 1
type 1 endometrial carcinoma.
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Fic. 8.16. Another change associated with endometrioid neoplasia, and
nearly signature for the presence of well-differentiated type 1 endometrial
carcinoma, is the appearance of epithelial bridges in the absence of stro-
mal support. This appears to arise as a natural consequence of heightened
epithelial stratification.
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Fic. 8.17. Cytologically, epithelial bridges are seen as loops and chan-
nels of nuclei frequently spanning sheets of endometrial epithelium. We
believe that this change is the immediate architectural antecedent to the
epithelial cribriform structure.
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Reproducibility of an atypical hyperplasia diagnosis is poor. Both
underestimation and overestimation of lesion severity are common.
The level of reproducibility among and between general surgical
pathologists and subspecialty pathologists is also poor, as is intraob-
server reproducibility of diagnoses among experts. For example, in
our hysterectomy series discussed earlier in this text, 13 (18%) of
72 cases of tissue-confirmed atypical hyperplasia would have been
diagnosed as benign hyperplasia on the basis of cytology alone. Not
surprisingly, this same degree of discordance in tissue diagnosis
exists when intraobserver agreement is assessed.

In cytology preparations the size of cell clusters may aid in the
diagnosis of endometrioid neoplasia and frank adenocarcinoma.
Abundant single cells and small cell groupings indicate dyshesion
and gland complexity (and here is where one must be wary of not
calling a menstrual endometrium an adenocarcinoma). Complex
glands, those with high fractal dimensions, often fragment when
the endometrium is brushed, which may have to do with structural
fragility of complex glands, the tendency of multilayered epithelial
structures to outgrow their blood supply and undergo necrosis, or
the effect of stromal intercalation between complex glands divid-
ing them into smaller structures that produce progressively smaller
cell clusters when removed by endometrial abrasion. Regardless
of the reason, benign endometrial conditions have substantial
numbers of large (more than 200 cells) to medium (50-200 cells)
sheets or tubules of cells. Atypia of increasing severity and malig-
nancy show many smaller (fewer than 50 cells) clusters of cells.
A frankly cancerous endometrium tends to have “fragmented” cell
clusters and commonly has a necrotic/inflammatory diathesis.

Nuclear features are less important than architectural and three-
dimensional cytoarchitectural features in distinguishing between
endometrial hyperplasia and grade 1 adenocarcinoma. Evaluation
of cell clumps is useful as they reflect the endometrial histological
architecture. In one study, useful characteristics were as follows.
Normal proliferative endometrium disclosed cell aggregates with a
tube- or sheet-shaped pattern in 98% of cases. In endometrial hyper-
plasia without atypia, cell aggregates with a dilated or branched
pattern were found in 35% of cases. In grade 1 adenocarcinoma,
cell clumps with irregular protrusions were found in 62% of cases
and a papillotubular pattern was present in 30% of cases.
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Well-differentiated endometrioid adenocarcinoma has no unique
markers that differ from those seen in EIN, although adenocarci-
nomas tend to have a higher density of genetic damage involving
a broader repertoire of genes, some of which have already been
abnormal in the premalignant phase.

The key cytoarchitectural features of endometrioid neoplasia
(both EIN and well-differentiated endometrioid adenocarcinoma)
include tufted epithelial structures (similar to those seen with syn-
cytial metaplasia); small and often distorted acini; small sheet-like
to cup-like aggregates of cells with highly pseudostratified nuclei;
bridging epithelial structures that lack stromal support; and papil-
lae and pseudopapillae. Changes generally restricted to outspoken
adenocarcinoma include cribriform structures (comprising solid
aggregates of cells punctuated by lumens); aggregates of cells
showing soap-bubble-like expansions of mucin-filled cytoplasm
with or without polymorphonuclear neutrophilic emperipolesis;
abundant and widely scattered dyshesive anaplastic cells in a
necroinflammatory background; highly elongated villoglandular
structures; and solid cell aggregates (excluding morules or aggre-
gates of keratinizing or nonkeratinizing squamous cells).

Another reason that what in the past has been called atypical
hyperplasia cannot be reliably separated from well-differentiated
adenocarcinoma in biopsy specimens is that often the “hyperplasia”
is in fact a tiny bit of frank carcinoma. This is a conclusion drawn
from the many cancers we have seen in the follow-up hysterec-
tomy specimens where it was obvious that only a tiny fragment of
the maize-like pattern would have been called atypical hyperplasia
or EIN on biopsy. Thus, a woman diagnosed with EIN (“atypical
hyperplasia”) should be treated for well-differentiated endometrioid
endometrial adenocarcinoma, which includes the need for informed
consent about the preservation of fertility and the need for intraop-
erative tissue assessment if hysterectomy is contemplated.

As with EIN, treatment of cytological EIN with features of atyp-
ical hyperplasia and of well-differentiated endometrial carcinoma
with progestins appears to be a safe alternative to hysterectomy in
women under age 40. The median length of treatment required for
regression of these lesions is about 9 months. All patients in one
study were alive and well without evidence of progressive disease
at a mean follow-up of 40 months. Nonetheless, when considering
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management strategies for women who have a biopsy diagnosis
of atypical hyperplasia, clinicians should take into account the
considerable rate of concurrent carcinoma.

Endometrial Intraepithelial Carcinoma,
Endometrial Gland Dysplasia, and Putative
Precursor Lesions for Clear Cell Carcinoma

A dysplastic lesion composed of unquestionably malignant-appearing
but noninvasive neoplastic cells has recently been described that
bridges the gap between resting endometrium and serous endome-
trial intraepithelial carcinoma (EIC). The core study examined
endometria from 32 uteri with serous carcinoma, 16 with serous
EIC, and 60 with endometrioid endometrial carcinoma. The patho-
logical features of the endometrial dysplastic lesions, designated
as endometrial glandular dysplasia (EmGD), were present in 53%
of uteri with serous carcinoma and 75% with EIC, as compared
with 2% of uteri with endometrioid endometrial carcinoma. Most
EmGDs were multifocal and involved superficial endometrial
glands. However, single gland and endometrial surface epithe-
lial involvement were also seen. Immunohistochemically, EmGD
lesions exhibit p53 and MIB-1 activity intermediate to serous EIC
and resting endometrium. EmGD frequently shows loss of hetero-
zygosity (LOH) at multiple chromosomal loci, particularly at 17p
and 1p, and significantly high concordant LOH frequency between
EmGD and paired serous EIC or serous carcinoma.

Some believe that the terms “EIC” or “serous EIC” should
be discarded as a means to describe an intraepithelial precancer
because these lesions can show extrauterine spread and should
thus be considered small uterine serous cancers. None of the other
putative endometrial precancers have been reported to show extra-
uterine spread when present in isolation. The distinction between
these lesions is that EmGD is the precursor of uterine serous can-
cer, and EIC is early serous cancer, which may invade vascular
spaces and stroma or spread retrograde via the fallopian tubes,
carrying with it a potential for metastasis. Our problem is that
endometrial brush preparations do not reliably separate EmGD
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and EIC. Therefore, we report the spectrum of these lesions as
EIC/EmGD and advise our clinical colleagues as to the import of
these findings.

Lesions of the EIC/ EmGD spectrum are often found in atrophic
endometrium associated with serous endometrial cancers. These
lesions feature grade 2 or (more commonly) grade 3 nuclei; present
as isolated glands, gland clusters, or altered surface epithelium amidst
otherwise unaltered endometrial stroma; and generally display
intense, confluent simultaneous Ki-67 and p53 nuclear decoration.

As a surface change, EIC/EmGD may show either a flat sheet of
markedly atypical nuclei or small epithelial tufts whose cells resem-
ble those of outspoken serous carcinoma (Fig. 8.18). EIC/EmGD
can be cytologically diagnosed by the triad of findings comprising
marked nuclear atypia with anisopoikilonucleosis and enlarged
nucleoli; confluent, strong p53 nuclear reactivity; and a concomitant
marked increase in the percentage of Ki-67-reactive nuclei (Figs.
8.19, 8.20). It is exceedingly difficult, if not impossible, to distin-
guish EIC/EmGD one from another on a cytological basis; and, as is
sometimes the case, suction biopsy may not confirm the presence of
the lesion. For these reasons, an immunohistochemically confirmed
diagnosis of EIC/EmGD probably warrants hysterectomy.

Cytological EIN and EIC/EmGD may be found in grossly
normal postmenopausal endometrium at a rate that exceeds the
discovery of symptomatic endometrial cancer, and this alone is
more in keeping with a sequential cancer development scheme
than is the hyperplasia-to-carcinoma sequence model. Our finding
of six cases of EIC/EmGD among 237 grossly normal-appearing
postmenopausal uteruses suggests that there may be a larger than
expected and therefore more long lived reservoir of these changes
among postmenopausal women. The detection of these lesions
may be limited not because they represent metastable, short-lived,
and rapidly progressive neoplastic changes, but because they are
asymptomatic. There are no screening protocols for endometrial
precancer, and endometrial biopsy is insensitive for identifying
flat, low-volume lesions that favor the epithelial surface (some-
times as only a single layer of cells). Indeed, the absolute reliance
on biopsy following a cytological diagnosis of EIC/EmGD may
destroy further evidence of the lesion, and, a “negative” histology
outcome may delay appropriate lifesaving therapy.
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Fic. 8.18. As a surface change, endometrial intraepithelial cancer/
endometrial gland dysplasia (EIC/EmGD) may show either a flat sheet of
markedly atypical nuclei or small epithelial tufts whose cells resemble those
of outspoken serous carcinoma. We believe that one reason such changes
are only rarely reported in tissue biopsy material is that these lesions may
be asymptomatic, they are generally only one cell thick, and there is no
screening protocol for postmenopausal women with negative ultrasound
results. A clue to the presence of EIC is watery brown discharge. EmGD
is asymptomatic.
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Fic. 8.19. EIC/EmGD can be cytologically diagnosed by the triad of find-
ings comprising marked nuclear atypia with anisopoikilonucleosis and
enlarged nucleoli; confluent, strong p53 nuclear reactivity; and a marked
increase in the percentage of Ki-67 reactive nuclei. In these images, grade
3 nuclei (top) show intense pS3 nuclear decoration (bottom).



Fic. 8.20. EIC/EmGD can be cytologically diagnosed by the triad of find-
ings comprising marked nuclear atypia with anisopoikilonucleosis and
enlarged nucleoli; confluent, strong p53 nuclear reactivity; and a marked
increase in the percentage of Ki-67 reactive nuclei. In these images from
another case of EIC, a smooth contoured gland with grade 3 (fop) nuclei
also shows intense, confluent p53 reactivity and increased nuclear decora-
tion with antibody to Ki-67 (bottom). In this case, the woman was treated
with tamoxifen and had a large polyp by ultrasound.
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Endometrial clear cell carcinoma, a nonendometrioid (type 2)
cancer under the dualistic model, represents less than 5% of
endometrial cancers. Given the significant overlap that exists
between clear cell carcinoma and serous carcinoma in their mor-
phological, clinical, and global gene expression attributes, an in
situ lesion probably exists for clear cell carcinoma. The putative
precursor lesions for clear cell carcinoma comprise isolated glands
or surface epithelium (within an otherwise normal endometrial
region) displaying cytoplasmic clarity and/or eosinophilia with
varying degrees of nuclear atypia. The mean p53 and MIB-1 scores
and estrogen receptor/progesterone receptor indices lie between
those of benign endometria and clear cell carcinoma. The putative
precursor lesions for clear cell carcinoma have a morphological
and immunophenotypic profile that seems distinct from both the
benign endometria in which they reside and the adjacent areas of
clear cell carcinoma, although insufficient data exist to conclu-
sively establish their precancerous nature by NCI standards.

Summary of Cytological Precancer

Because of its dichotomy with normal-appearing atrophic endome-
trial epithelium, cytologically atypical endometrial epithelium
may be readily seen in cytology brush preparations, and, given
the tendency of adenomatous epithelium to replicate in glands and
migrate to the surface, it is oftentimes found among the flattened
surface epithelial collections of atrophic endometria.

Cytological preparations greatly augment the pathologist’s ability
to distinguish between banal and atypical nuclei in atypical epithe-
lium, a morphological dichotomy that is important to the recognition
of cytological EIN and EIC/EmGD as well as the putative precursor
lesion of clear cell carcinoma. Similar-appearing atypical epithelium
often exists as abnormal glands within the atrophic stroma of many
of these cases, but its histological demonstration generally requires
sampling the entire endometrium, which is an impracticable pre-
condition for case-finding, sometimes difficult to achieve with
hysterectomy specimens, and may explain why biopsy studies of
asymptomatic postmenopausal women do not commonly uncover
these abnormalities.
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If persistent, nonproliferating foci of EIN undergo progressive
mutational change, is it possible that they may actually eventuate
in EmGD/EIC or in mixed patterns of serous and endometrioid
carcinoma? Although this proposal has not been tested in the
literature, it is fully in keeping with the observation that in combined
endometrioid and serous carcinomas, the serous component is
thought to arise from a particularly aggressive clone born of the
parent endometrioid lesion.

The therapeutic implication of these findings is that once EIC/
EmGD, outspoken endometrioid adenocarcinoma, or benign mim-
ics of cytological EIN are excluded from the differential diagnosis
of “small quantities of atypical endometrial epithelium admixed
with larger quantities of benign endometrium,” progestin therapy,
especially progestin-impregnated IUDs, may reduce cancer risk
among these women. Further, repeat endometrial brushing with p53
and Ki-67 immunostaining to help exclude foci of EIC/EmGD may
prove useful in the follow-up. The development of fluorescent in
situ hybridization (FISH) testing for discovering these and related
lesions is underway and shows promising preliminary results.
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Endometrial Carcinoma

A Background to Endometrial Cancer

The successful focus of cytology on the reduction of cervical
carcinoma among women through intensive prospective screening
has changed the proportion of uterine cancer distribution within
the United States. Endometrial cancers are now the most fre-
quently diagnosed malignancies of the female genital tract, with
40,100 new cases of uterine corpus cancer projected for 2008. Our
descriptions of endometrial neoplasia rest on our observations of
168 contemporaneously gathered hysterectomy-controlled cases
and 72 office-based samplings, 127 of which represented outspo-
ken endometrial cancer (see Table 8.1).

In 1983, a dualistic model of endometrial tumorigenesis was
proposed based on clinical observations and clinicopathologic
correlations. The majority of endometrial cancers (>70%), the
endometrioid adenocarcinomas, were designated as type 1 car-
cinomas, and these follow an estrogen-related pathway. They
often arise in the background of hyperplastic endometrium, show
endometrioid differentiation, and are usually low grade, having a
favorable clinical outcome. The tumors usually have an indolent
course and frequently are preceded by endometrial intraepithe-
lial neoplasm (EIN). In comparison with the serous and clear cell
carcinomas, the type 2 tumors develop on average 10 years later.
In comparison, the endometrioid tumors are better differentiated,

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 231
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more likely to have diploid DNA content, less myometrial inva-
sion, and low potential for lymphatic spread; frequently maintain
estrogen and progesterone receptors; and carry a generally favo-
rable prognosis. Four major genetic events are responsible for
endometrioid tumorigenesis and include silencing of the PTEN
tumor suppressor gene, microsatellite instability caused by altered
mismatch repair genes, mutation of the K-ras proto-oncogene, and
alterations of the beta-catenin gene.

The type 2 carcinomas account for the remaining 10%-20% of
uterine cancers. They follow an estrogen-unrelated pathway and arise
in atrophic endometrium. These tumors occur at an older age, are typ-
ically high-grade carcinomas of nonendometrioid differentiation, and
most frequently show serous and less frequently clear cell features.
They exhibit an aggressive clinical course and have a poor progno-
sis. p53 mutation and overexpression of Her2/neu oncogene are two
major genetic alterations that characterize type 2 carcinomas.

Some endometrial carcinomas show overlapping clinical, mor-
phological, immunohistochemical, and molecular features of types
1 and 2 endometrial cancers, and this has elicited ongoing debate
about where these tumors should be assigned. The nonendome-
trioid component has been thought to emerge from a preexisting
endometrioid carcinoma by development of genetic heterogene-
ity and progressive expansion of a particularly aggressive tumor
subclone with genetic and behavioral features of type 2 tumors.
Some unique tumor types, such as carcinosarcomas, demonstrate
clinical and molecular features that do not fit cleanly into either of
the proposed pathways.

A small group of women have heritable endometrial carcinoma
that represents the most common extracolonic malignancy in
hereditary nonpolyposis colorectal cancer (Lynch syndrome II).
Women with an inherited predisposition for endometrial neopla-
sia have a distinctive clinical presentation of type 1 endometrial
adenocarcinomas. They tend to develop disease about 15 years
earlier than sporadic occurrences, and their prognosis is favora-
ble. Most have the hereditary nonpolyposis colorectal carcinoma
syndrome (HNPCC), a rare heritable genetic condition affecting
approximately 1% or less of the population.

Hereditary nonpolyposis colorectal cancer (HNPCC), also
known as Lynch syndrome, exhibits a risk of colorectal cancer and
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other cancers such as those of the endometrium, ovary, stomach,
small intestine, hepatobiliary tract, upper urinary tract, brain, and
skin. HNPCC is subdivided into Lynch syndrome I (familial colon
cancer) and Lynch syndrome II (other cancer of the gastrointes-
tinal system or the reproductive system). The increased risk for
these cancers rests upon inherited mutations that degrade the self-
repair capability of DNA.

Three genes in particular, MLH1, MSH2, and MSH6, are
responsible for most HNPCC. Individuals with HNPCC have an
80% risk of colorectal cancer and a 70% risk of endometrial can-
cer by age 70. The endometrial tumors show many histopathologi-
cal and genetic features of type 1 carcinomas, including transit
through a premalignant EIN phase, endometrioid histopathology,
and genetic alterations in mismatch repair genes and PTEN.

An important point to derive from this discussion is that when
a woman who is less than 50 years of age presents with endome-
trioid endometrial cancer, she and her entire family may be at risk
for colonic and other neoplasms. The gynecologist managing the
woman should be advised to obtain genetic counseling for her and
her family. Parenthetically, women with endometrial cancer diag-
nosed at younger than age 50 years in combination with a body mass
index greater than 30 and no first-degree relative with a Lynch syn-
drome-associated cancer are unlikely to have Lynch syndrome.

Nuclear Grades and Cytoarchitectural
Patterns of Cancers

Historically, cytopathologists have relied on nuclear features to
diagnose malignancy. Nuclear features that separate neoplastic
from benign endometrium include the major criteria applied to most
cancers and include variation in nuclear size (anisonucleosis) and
shape (poikilonucleosis); nuclear molding; nucleoplasmic clearing
(vesiculation) with variably coarse granularity and/or hyperchro-
masia; and nucleolar prominence. Taken together, nuclear features
comprise graded degrees of dyskaryosis, commonly called “atypia”
in gynecological material. The revised FIGO histological grading
system for endometrial adenocarcinoma has improved prognostic



234 9. Endometrial Carcinoma

value when specific criteria for nuclear grading are included.
Among endometrial adenocarcinomas the assignment of grade
based solely on nuclear features results in patient groups with sta-
tistically differing rates of disease progression and survival.

FIGO grade 1 nuclei are uniform, round to oval nuclei, with
inconspicuous nucleoli, and resemble the nuclei of functional endo-
metrium, not greatly exceeding the variability of proliferative
endometrial nuclei. Grade 2 nuclei are irregular or oval with
moderate-size nucleoli. Grade 3 nuclei are large and pleomorphic
and with moderate to large irregular nucleoli. By benchmarking
the atypia of endometrial cells to the nucleus of the proliferative
gland cell, nuclear changes can be designated as progressively
atypical for pathological states beyond anovulatory endometrium
and simple hyperplasia.

The problem with relying on nuclear atypia for triaging cytol-
ogy cases into “benign,” versus “benign abnormal” versus “neo-
plastic” categories is that about one-quarter of endometrial cancers
show pale-staining nuclei without coarse chromatin or prominent
nucleoli. In those endometrial adenocarcinomas where significant
dyskaryosis is absent, the tissue diagnosis of “cancer” defaults to
pattern recognition, which is feasible in cytology collections, and
is made easier and more accurate when the study is augmented by
the examination of cell blocks.

As outlined in Table 3.1, cytological features associated with
cancers comprise tufted epithelial cell cluster, pseudopapillae, and
balled-up epithelial cell groups. Features suggestive of cancers
include bridge-like connections composed of epithelial cells, cell
clusters with intraepithelial soap-bubble-like lumens, and distorted
acini. Features diagnostic of cancers are cribriform structures,
solid clusters of epithelial cells (excluding morules and metaplas-
tic squamous cells), and dyshesive epithelial cells.

Type 1 Endometrial Cancers

Low-grade type 1 estrogen-promoted endometrioid endometrial
cancer occurs in younger (perimenopausal and early postmeno-
pausal) women whose cervicovaginal smears show prominent
estrogen effect. Low-grade cancer entails a low degree of nuclear
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anaplasia (revised FIGO grade 1 or 2 nuclei) and supports some
degree of differentiation. In isolated microscopic fields, adenocar-
cinoma may be indistinguishable from EIN or even some benign
forms of hyperplasia.

Epithelial cribriform structures, along with villoglandular
structures and solid epithelial aggregates, represent epithelial
configurations that are diagnostic of endometrial malignancy.
Cribriforming, meaning perforated like a sieve, actually represents
solid epithelial organization where the cells are still so highly
functioning that they are able throughout the tumor to form glands
with lumens (Fig. 9.1). In cytology brush preparations, cribriform
structures are easily recognized in microbiopsies as comprising a
solid aggregate of cells through which loops upon loops of nuclei
interrupt the otherwise solid nature of the cell aggregate, causing
the appearance of variably shaped acinar glands that reside within
the cell aggregate in the absence of a supporting stroma (Figs. 9.2,9.3).
Microacinar complexes eventuate from the fragmentation of cri-
briform structures.

Villoglandular structures comprise vascular structures, with or
without a hyaline cuff, decorated by neoplastic cells. Villoglandu-
lar structures may be seen with either villoglandular carcinoma, as
part of usual endometrioid carcinoma, or with clear cell carcinoma
(Fig. 9.4). The structures are highly elongated papillae with central
vascular cores. In cytology preparations, these appear as aggregates
of tumor cells; and, on occasion, the central vascular core of the
structure is well visualized (Fig. 9.5). In endometrioid carcinomas,
villoglandular or somewhat shorter true papillary structures may
arise from within tubuloacinar cisterns and may look more like
tufted epithelial structures in brush cytology preparations (Fig. 9.6),
yet on close inspection they have central vascular cores.

Solid adenomatous epithelial aggregates comprise a signature
finding for the diagnosis of carcinoma. Histologically, their relative
quantity is important in the histological grading of endometrioid
endometrial carcinoma: grade 1 (<6%), grade 2 (6%-50%), and
grade 3(>50%). Many of these structures may show subtle rem-
nants of underlying glandular architecture, especially cribriform
architecture (Fig. 9.7), which is especially evident in endometrial
brush microbiopsies (Fig. 9.8). In other cases, no underlying ade-
nomatous architecture is seen.
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F1G. 9.1. Epithelial cribriform structures, along with villoglandular struc-
tures and solid epithelial aggregates, represent epithelial arrangements
that are absolutely diagnostic of endometrial malignancy. Cribriforming
actually represents solid epithelial organization that is punctuated by an
anastomosing and often interconnected collection of lumens.
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F1G. 9.2. In cytology brush preparations, cribriform structures are easily
recognized as microbiopsies comprising a solid aggregate of cells through
which loops upon loops of nuclei cause interruptions of the otherwise
solid nature of the cell aggregate, affording the appearance of variably
shaped acinar glands that reside within the cell aggregate in the absence
of a supporting stroma.
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F1G. 9.3. In cytology brush preparations, cribriform structures, no matter
which organ the tumor arises from, are easily recognized as microbiopsies
comprising a solid aggregate of cells through which loops upon loops of
nuclei cause interruptions of the otherwise solid nature of the cell aggre-
gate, affording the appearance of variably shaped acinar glands that reside
within the cell aggregate in the absence of a supporting stroma.



Type 1 Endometrial Cancers 239

Fi6. 9.4. Villoglandular structures comprise vascular structures, with or
without a hyaline cuff, decorated by neoplastic cells. Villoglandular struc-
tures may be seen with either villoglandular carcinoma, as part of usual
endometrioid carcinoma, or with clear cell carcinoma.
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Lo

FiG. 9.5. In cytology preparations, villoglandular structures are repre-
sented by elongated aggregates of tumor cells; and, on occasion, the cen-
tral vascular core of the structure may be seen.
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F1G. 9.6. In endometrioid carcinomas, villoglandular or somewhat shorter
true papillary structures may be seen to arise from within tubuloacinar-
like cisterns (fop) and may look more like tufted epithelial structures in
brush cytology preparations. Close examination of the cytology prepara-
tion (bottom) shows a fibrovascular core in the dominant branch.
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FiG. 9.7. Solid adenomatous epithelial aggregates comprise a signature
finding for the diagnosis of carcinoma. Their relative quantity is impor-
tant in the histological grading of type 1 endometrial carcinoma. Close
inspection of the majority of these structures may show subtle remnants of
underlying glandular architecture with smoothly contoured rings of nuclei
(top) conforming to residual cribriform architecture. Sometimes, there are
simply disordered back-to-back epithelial cells (bottom).
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F1G. 9.8. The cribriform nature of many of these solid epithelial aggre-
gates is evident among the cells of endometrial brush microbiopsies
(bottom) where rings of nuclei serve to define small lumen-like structures.
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In cases where epithelial cells haphazardly pack against each
other, it may be difficult to decide whether the cell clusters repre-
sent epithelium or stroma. In these cases, sarcomatoid carcinoma,
undifferentiated stromal sarcoma, or homologous carcinosarcoma
enter into the differential diagnosis (Fig. 9.9).

In most cases of carcinoma, fragmented dyshesive epithelial
aggregates appear in the cytology brush material. These dyshesive
aggregates reflect the dyshesion and breakdown that accompanies
malignant neoplasms. Although fragmented epithelial aggregates
are not reflective of an underlying epithelial pattern, they represent
a change that is nonetheless signature for the diagnosis of malig-
nancy (Figs. 9.10, 9.11).

The individual epithelial cells of endometrial carcinoma are
larger than those that would be expected in the proliferative phase.
Compared with the normal endometrium, carcinoma cells have a
distinctly altered cytology that varies between patients and even
within areas of a single tumor, but may include rounded nuclei,
clumped chromatin, and prominent nucleoli, all features that vary
with the grade of the tumor.

Individual tumors frequently demonstrate patchy changes in dif-
ferentiation to mucinous, squamous, tubal, or other metaplasias,
and in these cases cytoplasmic as well as nuclear features stand out
from the normal background. Some endometrioid adenocarcino-
mas secrete abundant mucin but do not have significant mucin in
their cytoplasm, a feature that distinguishes them from mucinous
adenocarcinomas.

Mitotic figures, while usually present, may be scanty in well-
differentiated tumors, and even fewer than in benign proliferative
endometrium. The Ki-67 nuclear reactivity, however, is greater in
well-differentiated tumors than in residual nonneoplastic endome-
trial cells.

Some type 1 carcinomas show secretory changes. Secretory ade-
nocarcinoma is an uncommon variant of endometrioid adenocar-
cinoma that is composed of well-differentiated glands resembling
those of early or mid-secretory endometrium. Subnuclear and/or
supranuclear vacuolation is therefore commonly seen (Fig. 9.12).
In addition, these tumors may show solid areas consisting of small
polygonal cells with clear cytoplasm. In contrast to clear cell car-
cinoma, the nuclei are only mildly to moderately polygonal, and



Fic. 9.9. In some adenocarcinomas with solid epithelial structures, no
underlying adenomatous architecture is appreciable. In cases where epi-
thelial cells haphazardly pack against each other, it may be difficult to
decide whether the cell clusters represent epithelium or stroma; and sar-
comatoid carcinoma or high-grade stromal sarcoma enter into the differ-
ential diagnosis of the cytological finding. In this microbiopsy, focusing
through the tissue shows no evidence of residual glandular structure.
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F1G. 9.10. In most cases of carcinoma, fragmented dyshesive epithelial
aggregates appear in the cytology brush material. These dyshesive aggre-
gates reflect the dyshesion that accompanies malignant neoplasms. Although
fragmented epithelial aggregates are not reflective of an underlying epithe-
lial pattern, they represent a change that is signature for the diagnosis of
malignancy, especially when they exhibit high-grade nuclear atypia.
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FiG. 9.11. In most cases of carcinoma, fragmented dyshesive epithe-
lial aggregates appear in the cytology brush material. These dyshesive
aggregates reflect the dyshesion that accompanies malignant neoplasms.
Although fragmented epithelial aggregates are not reflective of an under-
lying epithelia pattern, they represent a change that is signature for the
diagnosis of malignancy.
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F1G. 9.12. Secretory adenocarcinoma is an uncommon variant of endome-
trioid adenocarcinoma that is composed of well-differentiated glands
resembling those of early or mid-secretory endometrium. Solid areas of
tumor may at times be seen, as illustrated in the left upper corner of the
top image. Subnuclear and/or supranuclear vacuolation is commonly seen.
Cytologically, secretory carcinoma may be mistaken for an Arias—Stella
reaction, and vice versa.
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hobnail features are absent. The tumor may be composed entirely
of secretory glands, although it is more common to find the secre-
tory changes focally distributed. Secretory adenocarcinomas are
associated with a good prognosis.

There are two types of secretory carcinoma. One is induced by
circulating progestins, while the other is an intrinsic feature inde-
pendent of background hormonal state. The presence or absence
of progestin-induced stromal change and the menopausal status
of the woman distinguish these etiologies. It is not uncommon for
a woman who has had both a biopsy and hysterectomy to have
one sampling show secretory adenocarcinoma and the other typi-
cal nonsecretory adenocarcinoma, indicating that secretory effect
in the tumor is a manifestation of the ovulatory cycle or the prebi-
opsy use of progestins, often used to control uterine bleeding or to
induce withdrawal bleeding.

The cytological diagnosis of low-grade endometrial cancer is
also supported by secondary features such as substantial involve-
ment of the sample by abnormal epithelium, tumor diathesis, stro-
mal foam cells, necrosis (even of apparently normal-appearing
endometrium), neutrophilic emperipolesis, and minimal retention
to absence of endometrial stroma. These features are also typical
of EIN and “suggest” rather than “confirm” cancer.

Histological and cytological features of outspoken cancer are
villoglandular, maze-like or cribriform architecture, and solid cell
masses. Stromal desmoplasia is rarely appreciated in endome-
trial cytology preparations, but may be seen in corresponding cell
blocks, which are generally available in more than 90% of carcino-
mas. In the absence of a definitive cancer diagnosis on the basis of
first sampling, any of the features listed herein mandate reexami-
nation in a timely fashion.

Type 2 Endometrial Cancers

In contrast to the endometrioid (type 1) group of endometrial car-
cinomas, serous carcinoma of the endometrium is an aggressive
tumor with a high recurrence and low survival rate. Compared to
endometrioid carcinoma, it is less common, involves older women,
has no racial predilection, and is associated with p53 mutations,
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abnormalities of the Her2/neu gene, and aneuploidy. It is not
associated with endometrial hyperplasia as are many endometrioid
endometrial carcinomas, and immunostains for estrogen and pro-
gesterone receptor protein are generally negative. These tumors
may be seen in the company of endometrioid adenocarcinoma,
clear cell carcinoma, or tubal-ovarian serous carcinoma.

As with EmGD/EIC, serous carcinoma is associated with
endometrial polyps and is itself often polypoid; 40% of women
with stage I serous carcinoma die of disease, 60% show retroperi-
toneal involvement, more than 60% have malignant cervicovaginal
cytology smears, and 25% have primary endocervical involvement.
Superficial endometrial tumor with extensive peritoneal disease is
not uncommon. Serous carcinoma of the endometrium resembles
tubal-ovarian serous carcinoma, spreading into the abdomen in
a similar manner, often with omental nodules or cakes. Bladder
metastases of serous carcinoma are notorious for simulating pri-
mary high-grade urothelial carcinoma.

Serous carcinoma is considered high grade and is not further
graded using FIGO, although some pathologists append FIGO
grade 3 to its diagnosis. It often shows abrupt transition from nor-
mal atrophic endometrium to tumor, and even single gland involve-
ment portends aggressive behavior.

Serous carcinoma may be found in otherwise atrophic-appearing
uteri; therefore, it is not excluded by a thin endometrial stripe on ultra-
sound and may be associated with an antecedent acellular suction
biopsy. It shows flat epithelial surface involvement, stubby pseudo-
papillae, and papillae of various size or tubules with highly pleo-
morphic tumor cells containing prominent nucleoli, small detached
buds and tufts, and frequent mitotic activity, as evidenced by Ki-67
nuclear decoration that is equal in both intensity and distribution to
pS3 nuclear decoration. Dirty necrosis is common, and angiolym-
phatic and myometrial invasion may be seen in accompanying cell
block material. About 40% of tumors have psammoma bodies.

Cytologically, the tumor cells of serous carcinoma tend to
shed in clusters along with a necroinflammatory tumor diathe-
sis. Psammoma bodies are seen in some cellular samples from
serous cancers but are not common with endometrioid cancers.
The frequency of irregularly shaped nuclei, membrane thickness,
and eccentric nuclei in serous cancer is higher than that seen in
endometrioid cancer. The chromatin pattern is coarsely granular,
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and both anisonucleosis and bare nuclei are prominent. Morpho-
metrically, the maximum nuclear diameter of serous cancer sig-
nificantly exceeds that of endometrioid cancer. Nucleoli are also
more often seen in serous than in endometrioid cancer. The cyto-
logical diagnosis of serous cancer should be based on the findings
of tumor diathesis, psammoma bodies (when present), and clusters
of tumor cells with enlarged nuclei and numerous nucleoli.

Serous carcinoma may have overlapping features with clear cell
carcinoma or, about 40% of the time, arise in association with clear
cell carcinoma. This distinction is not important because clinical
management is the same for both serous and clear cell carcinoma.

Serous carcinoma may be preceded by EIC/EmGD or it may
be a component of a mixed endometrioid and serous (type 1/type 2)
tumor. In its earliest stages, serous carcinoma may present with
tufted epithelial structures, resembling those seen with EIC/
EmGD, or it may show creeping substitution of the surface and
glands of otherwise atrophic endometrium, often resulting in the
juxtaposition of atrophic and neoplastic glands (Fig. 9.13) within
cell blocks. The high-grade nuclear atypia of cell block sections
smoothly translates into the grade 3 nuclei that typify cytology
preparations derived from this malignancy (Fig. 9.14). Immuno-
histochemically, serous carcinoma and clear cell carcinoma show
intense nuclear decoration by antibodies to p53 and Ki-67
(Fig. 9.15). Sometimes, serous and clear cell carcinoma admix
with one another, whereby the high-grade nuclear features of serous
carcinoma and the typical solid clear cell areas of clear cell carci-
noma may be found in different areas of the same tumor (Fig. 9.16).

Similar to serous carcinoma, clear cell carcinoma shows a dis-
tinctive immunoprofile, lacking immunoreactivity for estrogen
and progesterone receptor proteins (ER and PR). It has a lower
immunoreactivity for p53 than serous cancers, but a high Ki-67
proliferation index. Findings suggest that the molecular events
that underlie the development of clear cell carcinoma differ from
those of endometrioid and serous carcinoma. When compared to
endometrioid endometrial carcinoma, ER and PR expression is
significantly lower, pS3 expression is somewhat higher, and the
Ki-67 proliferation index is significantly higher. On a practical
note, immunohistochemical staining for Ki-67 and p53 helps in
distinguishing endometrial hobnail or clear cell metaplasias and
the Arias—Stella reaction from clear cell carcinoma.
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F1G. 9.13. Inits earliest stages, serous carcinoma may present with tufted
epithelial structures, resembling those seen with endometrial intraepithe-
lial cancer/endometrial gland dysplasia (EIC/EmGD); or, it may show
creeping substitution of the surface and glands of otherwise atrophic
endometrium, often resulting in the juxtaposition of atrophic and neo-
plastic glands.
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F1G. 9.14. The high-grade nuclear atypia of cell block sections of serous
carcinoma (top) smoothly translates into the grade 3 nuclei that typify
cytology preparations derived from this malignancy (bottom).



254 9. Endometrial Carcinoma

-

F1G. 9.15. Immunohistochemically, serous carcinoma and clear cell car-
cinoma show intense nuclear decoration by antibodies to p53 (fop) and
Ki-67 (bottom).
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FiG. 9.16. Immunohistochemically, serous carcinoma and clear cell car-
cinoma show intense nuclear decoration by antibodies Ki-67 (bottom).
This case, which appeared to show both serous and clear cell features, was
signed out as type 2 carcinoma, NOS (not otherwise specified).
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Structurally, serous cancers appear far more dyshesive than
endometrioid or the other so-called type 1 cancers. For example, in a
study of cervical smears, serous carcinomas were hypercellular with a
background tumor diathesis, papillae, bare nuclei, and cells with large
pleomorphic nuclei and bulky dense cytoplasm. In contrast, endome-
trioid endometrial carcinoma showed a relatively monomorphic
population of cells with moderately enlarged oval nuclei and delicate
cytoplasm. In the case of mixed tumors, the features were similar to
those of serous carcinoma, suggesting preferential exfoliation or struc-
tural instability of the serous carcinoma component of the tumor.

The hallmark change of clear cell carcinoma that is seen in cell
block preparations is the solid aggregation of highly malignant-
appearing cells with central nuclei and significant amounts of
peripherally cleared cytoplasm (Fig. 9.17). In some cell blocks
obtained from clear cell carcinomas that we have seen among our
material, malignant papillae showed subtle amounts of perivascular
hyaline material; and corresponding cytological material showed
epithelial tufts with grade 3 nuclei (Fig. 9.18). In other cases, the
high-grade cells of type 2 carcinoma were admixed with malignant
papillae whose perivascular cores contained amorphous material
(Fig. 9.19). We observed at least two cases of type 2 carcinoma
with isolated dyshesive cells with such a degree of anaplasia and
cytoplasmic smudginess as to raise a suspicion for an accompany-
ing rhabdoid-like malignant “stromal” component (Fig. 9.20).

Endometrial Carcinosarcoma

Endometrial carcinosarcomas are epithelial malignancies with a
malignant mesenchymal component that may include homologous
or heterologous sarcomatous elements. They were long known
as malignant mixed Miillerian tumors, but were redesignated as
endometrial carcinosarcomas by the World Health Organization
(WHO) in 2003 to reflect current understanding that they are
primarily epithelial tumors that have developed a mesenchymal
component. Another less popular idea is that endometrial carci-
nosarcoma is an endometrial stem cell tumor, akin, for example,
to chronic myelogenous leukemia, where heterologous elements
represent the gamut of tissues that might develop from endometrial
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F1G. 9.17. The hallmark change of clear cell carcinoma that is seen in cell
block preparations is the solid aggregation of highly malignant-appearing
cells with often significant amounts of peripherally cleared cytoplasm.
Although the degree of cytoplasmic clearing may resemble solid areas of
secretory carcinoma, the nuclear anaplasia is that of a type 2 carcinoma.
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F1G. 9.18. In some cell blocks obtained from clear cell carcinomas that we
have seen among our material, malignant papillae showed subtle amounts
of perivascular hyaline material; corresponding cytological material
showed epithelial tufts with grade 3 nuclei, sometimes surrounding an
amorphous core.

A 4



Endometrial Carcinosarcoma 259

F1G. 9.19. In other cases, the high-grade cells of type 2 carcinoma could
be seen admixed with malignant papillae whose perivascular core con-
tained more obvious amorphous material (bottom), which led us to render
a cytological diagnosis of type 2 carcinoma with (at least) a clear cell
component. Once type 2 carcinoma is diagnosed, typing is irrelevant:
although these tumors probably arise along divergent pathways, serous
and clear cell carcinoma are treated in the same way and have the same
abysmal prognosis.
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F1G. 9.20. We observed at least two cases of type 2 carcinoma with iso-
lated dyshesive cells with such a degree of anaplasia and cytoplasmic
smudginess as to raise a suspicion for an accompanying rhabdoid-like
malignant stromal component.
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stem cells. The stem cell protein Piwil2 that is widely expressed in
tumors has been identified in uterine carcinosarcomas.

Carcinosarcoma is rare, normally occurs in postmenopausal
women, presenting with bleeding, uterine enlargement, and some-
times a large, protruding polypoid mass. Many women have a
history of radiation therapy or chronic estrogen stimulation. Some-
times tumor metastases may resemble serous carcinoma metas-
tases. Stromal differentiation may be homologous (resembling
normal stromal components) or heterologous (representing other
forms of soft tissue sarcoma). Heterologous differentiation is of
no prognostic importance, and the prognosis of this highly aggres-
sive tumor defaults to stage grouping, being very poor if the tumor
extends to the uterine serosa.

Carcinosarcomas are large, fleshy, often polypoid, hemorrhagic,
highly invasive and friable tumors that may protrude through the
cervical os. The most common epithelial component is glandular
(endometrioid, clear cell, serous), and it is most commonly poorly
differentiated. The sarcomatous components are either homologous
(endometrial stromal sarcoma, leiomyosarcoma) or heterologous
(skeletal muscle, cartilage, osteoid, fat). As with other poorly dif-
ferentiated tumors, angiolymphatic invasion is common. Because
the progenitor cell of the tumor is common to both the carcinoma-
tous and sarcomatous elements of the tumor, both elements may
stain positively for keratin, epithelial membrane antigen (EMA),
pS3, vimentin, myoglobin, etc.; indeed, ultrastructural examina-
tion may reveal hybrid epithelial/stromal cells.

In studies of the pattern and frequency of defective DNA mis-
match repair and p53 alterations in the epithelial and mesenchymal
components of uterine carcinosarcomas, defective DNA mismatch
repair and p53 defects were commonly found early events in carci-
nosarcoma tumorigenesis. The high rate of concordance for these
molecular defects between the carcinoma and sarcoma compo-
nents provides molecular evidence that carcinosarcomas are clonal
malignancies.

Carcinosarcomas share some molecular and epidemiological
risk factors with endometrioid endometrial carcinoma, including
PTEN mutation, microsatellite instability, obesity, use of exoge-
nous hormones, and nulliparity. However, carcinosarcomas have a
worse prognosis than other high-grade endometrial carcinomas.



262 9. Endometrial Carcinoma

Carcinosarcoma is sufficiently distinctive that it cannot be thought
of as a subset of another endometrial tumor type; rather, it is an
entity onto itself. Features of the stromal component of the primary
tumors, including grade, mitotic index, and the presence and types
of heterologous elements, show no relationship to the presence of
metastases. High-grade, serous, and clear cell carcinomatous com-
ponents, on the other hand, are associated with a higher frequency of
metastases, as are deep myometrial invasion, lymphatic or vascular
space invasion, and involvement of the uterine isthmus or cervix.

We diagnosed two uterine carcinosarcomas, both of which
showed serous carcinoma as their epithelial component. In addi-
tion to the carcinomatous elements, both cases showed a com-
bination of rhabdoid-like cells and spindled malignant cells
(Figs. 9.21-9.24). In one of two cases, cell block preparations
showed significant Ki-67 nuclear decoration in the “stromal” as
well as in the epithelial cells (Fig. 9.24).

The Cytology of High-Grade Endometrial
Malignancy

The cytological diagnosis of high-grade endometrial carcinoma is usu-
ally straightforward. High-grade cancers may include special variants
of endometrioid cancers such as those with trophoblastic differentia-
tion or giant cells; serous or clear cell cancers admixed with typical
endometrioid adenocarcinoma; squamous cell cancer; glassy cell can-
cer; large and small cell undifferentiated cancer; and carcinosarcomas
with homologous or heterologous stromal elements. Rather than fea-
turing recognizably differentiated structures, high-grade cancers show
solid cell aggregates, cellular dyshesion, and sarcomatoid changes.

Mitoses are frequent and oftentimes bizarre; therefore, the degree
of dysdifferentiation is reflected by both the mitotic index and Ki-67
staining. Normal endometrial stroma is essentially absent. Tumor
diathesis is usually present, and collagen and elastic fibers and iso-
lated smooth muscle cells, all indicative of myometrial invasion, may
be seen. Because of their collective appearance of extreme anaplasia
and dysdifferentiation, these tumors may be difficult to subclassify,
cytologically, but they are easily recognized as highly malignant and
warranting extended operative staging from the outset.
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FiG. 9.21. We diagnosed two uterine carcinosarcomas, both of which
showed malignant type 2 (serous) carcinoma elements. In addition to the
carcinomatous elements, both cases showed a combination of rhabdoid-
like cells and spindled malignant stromal-like cells (sarcomatoid carcino-
matous elements). These images show tumor giant cells.
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FiG. 9.22. These images show the coexistence of epithelioid cells (top)
and rhabdoid cells (bottom).
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F1G. 9.23. When the spindled cells of a carcinosarcoma represent the only
element that is harvested, the differential diagnosis includes uterine sar-
coma. Immunostains for epithelial markers are useful for diagnosis.
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F1G. 9.24. In one of two cases of uterine carcinosarcoma, cell block prep-
arations showed significant Ki-67 nuclear decoration in the “stromal” as
well as in the epithelial cells. In contrast to the case with squamous ele-
ments in adenoacanthoma, the metaplastic elements of carcinosarcoma
participate in the malignant process.
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Stromal Sarcoma of the Endometrium

Endometrial stromal sarcomas are rare uterine mesenchymal neo-
plasms. Low-grade lesions resemble normal proliferative phase
endometrium and lack significant cytological atypia; but, in tissue
preparations, they show infiltrative borders with or without vascular
space invasion. Endometrial stromal tumors resembling normal-
appearing endometrial stroma have been traditionally classified
into endometrial stromal nodule and endometrial stromal sarcoma.
Endometrial stromal sarcoma comprises less than 10% of the uter-
ine mesenchymal neoplasms, and approximately one-half of women
affected are premenopausal. Low-grade endometrial stromal sarco-
mas are indolent tumors with local recurrences and distant metastasis
occurring even 20 years after initial diagnosis. Several morphologi-
cal variants include those with fibromyxoid features and those show-
ing smooth muscle, fibroblastic, and epithelial differentiation, which
sometimes resembles sex cord elements. One unifying feature among
cases is a prominent arborizing and pericytomatous vasculature.
Until recently, stromal sarcomas of the endometrium were clas-
sified as low grade or high grade, but today they are simply stro-
mal sarcomas. As opposed to being well circumscribed, stromal
sarcomas comprise irregular, jagged islands, or tongues of neo-
plastic stromal cells that infiltrate between smooth muscle bundles
of the surrounding normal myometrium. Angiolymphatic invasion
is common. Low-grade endometrial stromal sarcoma shows slow
clinical progression with repeated local and late systemic recur-
rence. Cases have occurred in association with tamoxifen therapy.
As originally defined, high-grade stromal sarcoma is much less
common than low-grade endometrial stromal sarcoma, having a
5-year survival of less than 50% with recurrences in the pelvis and
frequent metastases to lung. This tumor diffusely involves most of
the endometrial surface and frequently extends beyond the uterus.
Vascular invasion not as evident as with low-grade stromal sarco-
mas, and it usually shows extensive myometrial invasion, marked
nuclear atypia, cellular enlargement, and pleomorphism. Sim-
ply put, the cells of high-grade stromal sarcoma do not resemble
those of the endometrial stroma. No arborizing or hemangioperi-
cytomatous vasculature is seen. The tumor resembles the stromal
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component of endometrial carcinosarcoma. These tumors are now
classified as undifferentiated stromal sarcoma.

CD10 is a reliable and sensitive immunohistochemical marker
of normal endometrial stroma. Strong and diffuse immunoreac-
tivity occurs in both endometrial stromal nodules and low-grade
endometrial stromal sarcomas. Positive staining with CD10, when
strong and diffuse, may be useful in distinguishing these tumors
from histological mimics, especially cellular leiomyoma. In this
situation, CD10 should be part of a panel including desmin, actin,
or h-caldesmon and alpha-inhibin. A caveat is that the entity known
as stromomyoma, which shows immunoreactivity akin to uterine
smooth muscle, may actually fall within the spectrum of changes
seen with low-grade stromal sarcoma.

CD10 expression is not restricted to endometrial stromal sarcoma
but can show reactivity in endometrial carcinosarcoma and Miille-
rian adenosarcoma as well as in a variety of uterine tumors includ-
ing high-grade leiomyosarcoma and rhabdomyosarcoma. CD10
expression might be one characteristic of Miillerian system-derived
neoplastic mesenchymal cells. Furthermore, evaluation for CD10
immunoreactivity alone is frequently not informative about differen-
tiating endometrial stromal sarcomas from mimics with pericytoma-
tous vascular patterns. Although ER best discriminates between these
entities, an immunohistochemical panel of anti-CD10, antiestrogen
receptor protein (anti-ER), and anti-CD34 may help in this situation.
Progesterone receptor protein (PR) evaluation may have therapeutic
relevance in endometrial stromal sarcoma, but the results do not dis-
tinguish endometrial stromal sarcoma from solitary fibrous tumor
or hemangiopericytoma. Furthermore, endometrial stromal sarcoma
variants can lose CD10 immunoreactivity and may also react with
epithelial and myoid markers depending on differentiation.

We diagnosed two uterine stromal sarcomas, both low-grade types,
using cell block preparations and correlative ultrasonography; these
presented with overwhelming proliferative-like endometrial stroma
that lacked intervening proliferative glands. Cell blocks showed
essentially normal to only mildly abnormal-appearing stromal cells
(Fig. 9.25). Brush cytology preparations showed normal to only
mildly abnormal-appearing compact stromal fragments (Figs. 9.26,
9.27). Thin-walled vasculature permeated the cell blocks of both
cases, and vessels were especially noticeable as negatively stained



Stromal Sarcoma of the Endometrium 269

F1G. 9.25. Cell blocks prepared from two cases of low-grade stromal sar-
coma showed essentially normal (top) to only mildly abnormal-appearing
(bottom) stromal cells with proliferative-like features.
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F1G. 9.26. These brush cytology preparations are derived from the case

illustrated in Fig. 9.25 (top), which shows normal-appearing compact
stromal fragments.
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F1G. 9.27. These brush cytology preparations are derived from the case
illustrated in Fig. 9.25 (bottom), which shows slightly abnormal-appearing

compact stromal fragments with minimal variation in nuclear size and
polarity.
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FiG. 9.28. Thin-walled vasculature permeated the cell blocks of both
cases illustrated in Fig. 9.25, and vessels are especially noticeable as neg-
atively stained structures in a background of positive immunostaining of
the tumor cells for inhibin (top) and CD10 (bottom).
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F16.9.29. Both cases of low-grade stromal sarcoma illustrated in Fig. 9.25
show strong nuclear decoration for immunostains directed against estro-
gen (fop) and progesterone (bottom) receptor proteins. CD10 and estrogen
receptor protein staining is especially important in separating low-grade
stromal sarcoma from other tumors with a hemangiopericytomatous pat-
tern. Positive staining for progesterone receptor protein appears to cor-
relate with good prognosis.
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structures in a background of positive immunostaining of the tumor
cells for inhibin and CD10 (Fig. 9.28). Both cases showed strong
nuclear decoration for immunostains directed against estrogen and
progesterone receptor proteins (Fig. 9.29).
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10
Technical Appendix

The following comprises a technical disclosure of the reagents and
methods used in preparing the cytology and cell block histology
slides of endometrial brushings. The methods are based on cumu-
lative experience with processing liquid-based cytology without
specialized preparative instruments.

The reagents and methods disclosed herein have evolved over
several years and are generally applicable to cytopathology. We
have tested them with more than 125,000 cervicovaginal speci-
mens, 10,000 endometrial specimens, and 25,000 nongyneco-
logical specimens, including brushings and fine-needle aspiration
biopsies. The same methods may be applied to fluid cytology after
the naturally occurring cell suspension has been concentrated to a
cell button, decanted, and fixed.

Primary Fixative

The constituents of the primary cytology and histology fixative are
shown in Table 10.1. The fixative is blended by mixing 1 gal 10%
neutral buffered formalin with 5 gal water and adding the indicated
amounts of sodium citrate and sodium chloride. The solution is
mixed until all its components thoroughly dissolve, which is best
done by dissolving the salts in 1 gal water before blending together
all the aforementioned ingredients and adding the remaining water.

J.A. Maksem et al., Endometrial Cytology with Tissue Correlations, 279
Essentials in Cytopathology 7, DOI: 10.1007/978-0-387-89910-7_11,
© Springer Science + Business Media, LLC 2009
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TaBLE 10.1. Primary fixative

10% neutral buffered formalin 1 gallon

Sodium citrate (tribasic dihydrate) 40 grams
Sodium chloride 80 grams
Water 5 gallons
Methanol 4 gallons

Then, 4 gal methanol is added to this solution, which has a final
formulation of approximately 1% formalin and 40% methanol.
The fixative has a shelf-life of at least 2 years at ambient tempera-
ture and a hazard profile identical to Saccomanno solution.

Attributes of the fixative solution include its universal applica-
tion to the simultaneous fixation of tissue and cells, its low forma-
lin content, its ability to maintain proteins in a soluble state, and
its ability to completely lyse and clarify about 250 ml whole blood
per 10 ml fixative. Cells appear as if they had been fixed in alcohol,
and cells and dissolved protein products remain stable in solution
for at least 2 years.

Polymer Encapsulation Solution

The constituents of the polymer encapsulation solution are shown
in Table 10.2. The polymer encapsulation solution is not difficult
to blend, but its formulation is tedious. The agarose VI is a criti-
cally specific reagent because it ensures high gelling temperature.
The polyethylene glycol (PEG) 1000 may be of industrial grade.
PEG 1000 is generally used for softening wood, especially
gunstocks, and may be obtained as a relatively inexpensive reagent
from hobby outlets (as opposed to purchasing it from a chemical
supply house).

The polymer encapsulation solution is formulated at high
temperature with continuous, uninterrupted mixing. The speci-
fied type of agarose is dispersed by adding it to a tornadic cone
of room temperature water formed by vigorous mixing of 2,000
ml room temperature water, and then it is completely dissolved by
slowly bringing the water to boiling with sustained vigorous mix-
ing. The PEG is dissolved in the remaining 1,500 ml water and is
added to the boiling agarose blend. The solution is brought back
to boiling and then allowed to slowly cool to room temperature
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TaBLE 10.2. Polymer encapsulation solution

Water 3500 mL
Agarose VI 3.5-to-4 grams
Carbowax (PEG 1000) 100 grams
Reagent alcohol (or ethanol) 500 mL
Poly-L-lysine concentrate (0.1% w/v in water; Sigma) 4 mL

Igepal CA-630 1 mL

5% Thymol in reagent alcohol 2.5mL

while uninterrupted mixing is continued. The alcohol is then slowly
added to the room temperature agarose/PEG blend, followed by
the other components with continuous, sustained mixing, which is
maintained for another 48 h.

The polymer encapsulation solution may be transferred to bot-
tles that are capable of receiving a pump dispenser. Four liters of
polymer encapsulation solution serve to process about 4,000 speci-
mens. The polymer encapsulation solution is shaken before each
use and is dispensed as aliquots of 0.75-1.0 ml using the pump
dispenser. The polymer encapsulation solution has a shelf-life of
about 2 years at room temperature.

Attributes of the polymer encapsulation solution include the
extreme slowing of Brownian motion that keeps cells and particles
from aggregating with one another, which affords a highly stable
and uniform suspension of cells and particles. This property allows
for the manual manufacturing of “circle slides” without special-
ized instruments; and, on creation of these circle slides, the poly-
mer encapsulation solution hermetically seals the cell and particle
sample. The process affords an insoluble agarose membrane with
an extractable PEG portion in which cells and particles remain
trapped after water/alcohol extraction of the PEG portion of the
circle is completed before, or as the first step of, tissue staining.

Slide-Coating Reagent

It must be understood that cells and particles do not, themselves,
stick to the glass slide; rather, the agarose membrane entraps cells
and particles, and it is the membrane that sticks to the glass slide.
To assure adherence of the agarose/PEG membrane to the glass
microscope slide, a slide-coating reagent is used.
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The stock solution for the slide-coating reagent is made by add-
ing 100 ml Igepal CA-630 to 500 ml Poly-L-lysine concentrate
(0.1% w/v in water; Sigma). This mixture must be set to vortex
in a sealed bottle for at least 24 h, creating the slide-coating stock
solution. The working solution that is used to actually coat the
slides is made by dissolving 20 ml stock solution in 1 1 distilled
water and letting it set until the bubbles caused by the non-ionic
detergent, Igepal CA-630, settle out. The working solution is good
for about 1 week.

Slides are racked in staining carriers and coated by soaking the
slides for about 30 min and then letting them air dry in their racks.
Several hundred slides may be coated with the working solution,
and the slides may be stored for up to 6 months in closed boxes
without showing significant degradation.

Specimen Processing

The specimen, generally comprising the brush portion of the Tao
brush along with its adherent material, is collected into a 30-ml-
capacity Evergreen conical test tube that contains about 15 ml
fixative. After vigorously mixing the specimen—and vigorous
shaking followed by vortexing seems to be the most effective mix-
ing strategy—a cut portion of nylon ribbon-filter is placed over the
mouth of the Evergreen test tube. The nylon ribbon is of a gauze
type with interfiber interstices of about 200-250 mm, and it is
available as a bulk product from most bridal shops or fabric stores.
A 20-ml specimen bottle (Surgipath®) is fitted to tightly seal
over the Evergreen test tube/filter assembly (Fig. 10.1, top).
The specimen is filtered through the nylon ribbon-filter. Tissue
fragments larger than 250 mm are trapped on the filter. Cells and
tissue microbiopsies are collected in the bottle (Fig. 10.1, bottom).
Tissue material that is deposited on the nylon ribbon-filter
is scraped together into a tight microbiopsy pellet (Fig. 10.2).
A drop of eosin is applied over the microbiopsy pellet so that it can
be visualized in the cell block. The nylon ribbon-filter is tri-folded
over the microbiopsy pellet and snapped closed within a tissue-
embedding block. Excess nylon ribbon material is cut off the edges
of the tissue-embedding cassette with pinking shears (Fig. 10.3).
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FiG. 10.1. A cut portion of nylon ribbon-filter is placed over the mouth of
the Evergreen test tube. A 20-ml specimen bottle (Surgipath®) is fitted to
tightly seat over the Evergreen testtube/ filter assembly. The specimen is
filtered through the nylon ribbon-filter by gently inverting the assembly.

The cell and microbiopsy material that was collected in the
bottle is poured back into the conical test tube, in which the brush
may be kept. The test tube is centrifuged at low velocity, and the
cell and microbiopsy material collects in the Evergreen test tube’s
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FiG. 10.2. Tissue material that is deposited on the nylon ribbon-filter is
scraped together into a tight microbiopsy pellet. To facilitate identifying
the pellet after processing, a drop of eosin may be applied to the pellet
before the ribbon is folded around it.
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FiG. 10.3. A drop of eosin has been applied over the microbiopsy pellet
so that it can be visualized in the cell block. The nylon ribbon-filter is
tri-folded over the microbiopsy pellet and snapped closed within a tissue-
embedding block. The nylon ribbon easily survives standard or microwave
tissue processing. Excess nylon ribbon material is cut off the edges of the
tissue-embedding cassette with pinking shears to make it more manage-
able for processing.
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conical base. The cell and microbiopsy material are removed from
the bottom of the conical test tube into a sealed vacutainer™ test
tube using a Becton-Dickenson (BD) vacutainer™ urine transfer
straw (Becton, Dickenson), whose tip is placed into the cone of
the Evergreen test tube and gently swirled as vacuum is applied
by engaging the vacutainer™ test tube (Fig. 10.4).

The cell and microbiopsy material are centrifuged at high
velocity into a cell button. The supernatant solution is decanted
off the cell button, and the mouth of the vacutainer test tube is
dried with a cotton-tipped applicator, so that as much fixative
solution can be removed from the cell and particle button as pos-
sible. Immediately following this, 0.75-1 ml agarose/PEG poly-
mer encapsulation solution is added to the cell button with the aid
of a calibrated pump dispenser; and, the mixture is thoroughly
blended by vortex-mixing into a highly stable cell and particle
suspension (Fig. 10.5, top).

Because of the high molecular weights of both the agarose and
PEG, Brownian motion becomes so slowed that no recognizable
cell or particle settling occurs over the next 8—12 h. About 3 drops
of the particle suspension are applied, dropwise, to a dry, previously
coated glass slide (Fig. 10.5, bottom). Because of the properties of
a properly coated glass slide, the drops spontaneously spread out
into a liquid circle of 18-20 mm diameter; stable gelation of the
liquid circle occurs in about 15 min at room temperature.

The products of specimen processing comprise a cell block and
several cytology circle-slides. The cell block resides within the nylon
filter, about which has been snap-closed an embedding cassette; and,
the cell block is processed as a tissue specimen (Fig. 10.6, top). The
cytology circle-slides first gel, which takes about 15 min, and are
then baked at 80°C for at least 15 min to firmly anneal the agarose/
PEG membrane-circle onto the glass slide; this does not damage the
cell morphology (Fig. 10.6, bottom). Although the process seems
tedious, we typically manufacture about 300 circle-slides derived
from 100 specimen vials, along with submitting their resulting cell
blocks, with the aid of one technician in one 8-h period.

Cytology slides are stained using an automated stainer, as if
they were spray-fixed sides, with stains such as Papanicolaou,
hematoxylin and eosin, or acid-washed hematoxylin. We gener-
ally examine six levels of histology material on two slides and
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FiG. 10.4. The cell and microbiopsy material that was collected in the
bottle is poured back into the conical test tube. The test tube is centri-
fuged at low velocity, and the cell and microbiopsy material collects in
the Evergreen test tube’s conical base. The cell and microbiopsy material
are removed from the bottom of the conical test tube into a sealed vacu-
tainer™ test tube using a BD vacutainer™ urine transfer straw, whose tip
is placed into the cone of the Evergreen test tube and whirled about its
base while cell material is gathered into the test tube.
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F1G.10.5. The cell and microbiopsy material are centrifuged at high veloc-
ity into a cell button. Then, 0.75-1 ml agar/PEG polymer encapsulation
solution is added to the cell button; and the mixture is thoroughly blended
by vortex-mixing into a highly stable cell and particle suspension. About
3 drops of the particle suspension are applied dropwise to a dry, previously
coated glass slide. In general, we make three such slides per case.



F1G. 10.6. The cell block resides within the nylon filter, about which has
been snap-closed an embedding cassette; and the cell block is processed
as a tissue specimen. The cytology circle-slides first gel, which takes
about 15 min, and are then baked at 80°-90°C for at least 15 min to firmly
anneal the agar/PEG circle onto the glass slide. The agar chosen for the
specified formulation has a high gelling temperature, meaning that the
agar membrane circles set up quickly even at high ambient temperatures.
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three cytology slides, comprising one Papanicolaou and two acid-
washed hematoxylin slides, per specimen vial.
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