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Foreword

Serous cavity and cerebrospinal spinal fluids are among the most
challenging areas in the practice of cytopathology. Familiarity with
the variety of cytomorphological features of specific conditions,
along with awareness of the overlapping features of some benign
and malignant diseases, is essential to meet these challenges.

In this book, the authors provide a comprehensive yet concise
presentation of the cytomorphology and differential diagnoses of
various conditions as well as the ancillary techniques which help
to establish an accurate diagnosis. A brief description of clinical
features and preparation techniques, the basic requirements for an
optimal cytopathologic diagnosis, are also included.

The cytopathology of serous cavity fluids is presented in nine
chapters. Emphasis is placed on areas of potential diagnostic
problems. Ample clinical information is given, as is detailed cyto-
morphological features for each disease. The current role of immu-
nostains in cytopathologic diagnosis is discussed in detail. Other
ancillary techniques, such as flow cytometry, are also presented in
appropriate areas.

The other chapter, “Cerebrospinal Fluids,” follows the same
format. The cytomorphology of metastatic malignant neoplasms
and their differential diagnoses are presented in detail. A compre-
hensive discussion of lymphomas and leukemias includes their
cytomorphology, clinical presentation, and differential diagnosis.



vi Foreword

Of particular interest, some of the primary central nervous system
tumors which are rarely encountered in general practice are
presented. Extensive references are provided.

This book should be of great value to practitioners of cytopa-
thology for establishing the diagnosis in challenging cases.

Yener S. Ervozan, M.D.
Baltimore, MD, USA
yerozan @ jhmi.edu



Series Preface

The subspeciality 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 1980s to a
current and substantial library of texts and journals devoted exclu-
sively to cytomorphology. Essentials in Cytopathology does not
presume to replace any of the distinguished textbooks in cytopa-
thology. 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 organiza-
tion 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 cytopa-
thology.

Most of the authors for Essentials in Cytopathology are fac-
ulty members in The Johns Hopkins University School of Medi-
cine, Department of Pathology, Division of Cytopathology. They
bring to each volume the legacy of John K. Frost and the col-
lective experience of a preeminent cytopathology service. The
archives at Hopkins are meticulously catalogued and form the
framework for text and illustrations. Authors from other institu-
tions have been selected on the basis of their national reputations,

vii
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experience, and enthusiasm for cytopathology. They bring to the
series complementary viewpoints and enlarge the scope of mate-
rials 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 vol-
umes 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
Baltimore MD, USA
drosenthal @jhmi.edu
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1

Introduction, Clinical
and Technical Aspects

Background

The three major cavities in the body, that is, pleural, pericardial,
and peritoneal, are lined by the serous (or serosal) membrane (and
hence the name “serous cavity”). The basic integral component
of serosal membrane is a mesothelial cell which loosely rests on
submesothelial stromal matrix tissue. These three cavities nor-
mally contain a small amount of thin fluid (serous fluid), which
helps lubricate the membranes when they rub against each other,
such as during breathing, etc. However, in pathologic states, the
serous cavities develop spontaneous effusions due to a variety of
etiologies. This provides a clinically useful specimen for cytologic
evaluation to diagnose the underlying pathologic process, such as
infections, inflammation, neoplasia, etc.

In addition to spontaneous effusion, in many patients the serosal
membranes (usually abdominal/pelvic) are lavaged with saline and
submitted for cytologic analysis to better define the clinical stage
in the patient if malignant cells are observed. Cytologic diagnosis
by examination of exfoliated cells in serous cavity effusions is one
of the most challenging areas in clinical cytopathology. Almost
20% of the effusions examined are directly or indirectly related to
the presence of malignant disease, with carcinoma of the lung as
the most common underlying culprit. It is easy to understand the

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 1
Fluid Cytopathology, Essentials in Cytopathology 10,
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2 1. Introduction, Clinical and Technical Aspects

exfoliation of malignant cells from malignant mesothelioma, the
primary cancer of serosal membranes. However, various pathoge-
netic mechanisms have been suggested when cancer cells involve
serous fluids from a distant cancer (see tables below).

Malignant Pleural Effusion — Pathogenesis

e Tumor obstruction of lymphatic flow
e Spread of malignant cells via systemic circulation
e Tumor invasion of pulmonary arterioles

Malignant Neoplasms in Serous Cavity Fluids

e Malignant mesothelioma (epithelioid type)
e Metastatic neoplasms

— Adenocarcinoma

— Squamous cell carcinoma
— Small-cell carcinoma

— Malignant lymphoma

— Malignant melanoma

— Other cancers

Malignant Pleural Effusion — Prognosis

e Median survival following diagnosis — 3—12 months

e Dependent on the stage and type of underlying malignancy

e Shortest survival time — malignant effusions secondary to
lung cancer

e [ongest survival time — ovarian cancer

e Malignant effusions due to an unknown primary — intermedi-
ate survival time
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Technical Aspects

Proper collection of serous cavity effusion or washing whether
at the patient’s bedside or in radiology, and subsequent process-
ing of the specimens and clinical information are prime factors
of paramount importance affecting the accuracy of a cytologic
diagnosis. Some of the common interpretive problems are created
by improper handling of the specimen or lack of the patient’s clini-
cal data and radiologic information. Serous cavity fluids (SCF) can
be transported to the cytology laboratory in both unfixed and fixed
states; we prefer the former. Unfixed (fresh) fluid should be sent
to the laboratory as soon as possible. If a delay is expected, the
specimen can be kept in the refrigerator. Cell degeneration occurs
more rapidly in effusions with extensive acute inflammation and/
or blood. Other fluids, however, can be refrigerated for a longer
period of time (e.g., overnight, or even over a weekend) without
significant loss of cytomorphologic details. Unfixed fluids should
be collected in bottles containing 3 units of heparin per milliliter
of the estimated fluid to be collected. During collection, the bottle
is gently agitated to assure mixture of heparin and fluid. Heparin
prevents clotting and therefore trapping of cells in the clot. Fixa-
tion of the fluid before transportation may be preferred under
certain circumstances (e.g., consistently long delays in transporta-
tion). Fifty percent ethanol is usually used for fixation of fluids.
There are various techniques for preparing SCF for cytopatho-
logic examination. Selection of the technique usually depends on
the preference of the pathologist, cytotechnologist, work volume,
availability of technical personnel, and other factors such as space
and cost. As mentioned above, we prefer fresh (unfixed) fluid col-
lected in heparinized containers. From this specimen, cytospin
or monolayered preps and paraffin cell blocks are made. Any
or all of these preparations depending on the availability can be
employed for further special studies, such as immunoperoxidase
staining. Therefore, in the presence of an unusual clinical history
such as childhood neoplasms, small round blue cell tumors (in any
age group), sarcomas, or lymphoproliferative disorders, special
precautions should be taken to procure and transport SCF imme-
diately. This is of paramount importance, since a decision can then
be made to carry out a variety of ancillary studies, and the portions
of the specimen can thus be allocated such as for flow cytometric
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analysis, molecular testing, etc. Cytospin and cell block preparations
can be used for special staining procedures such as mucicarmine
and stains for microorganisms and immunocytochemistry. For
routine cytology, all prepared slides are fixed in 95% ethanol and
stained with Papanicolaou stain. Most prefer not to use air-dried
Diff-Quik-stained smears as they are in general considered diffi-
cult to interpret and offer no advantage over Papanicolaou-stained
smears. Sections of cell block are stained with H & E. If a cell
block cannot be prepared from the specimen, two extra cytospin
slides are prepared and kept unstained for possible special stains or
immunocytochemistry. The importance of proper preparation and
staining of cytologic material cannot be overemphasized. Which-
ever technique is employed, it is essential to strive for high-quality
preparations with good cell preservation and staining. There are
no clearly defined outlines for specimen adequacy in terms of
the quantity of the fluid. However, a minimum of at least 30-50
ml of the fluid should be examined. Some advocate using liquid-
based cytology to replace other forms of sample preparation for
enhanced quality and diminished false negative rates. Others have
concluded that ultrafast Papanicolaou stain improves the resolu-
tion of cytoplasmic and nuclear details of nonhematopoietic cells
in body fluids for enhanced diagnosis of malignant cells.

Adequate clinical information, including the clinical impression
and pertinent radiologic findings, should be stated on the requisi-
tion form, which is filled out by the patient’s primary physician.
Personal contact with the clinician when diagnostic problems arise
can certainly be helpful. Some of these problems can be solved
after evaluating all available data with the clinician. Specific prob-
lems in cytopathologic diagnosis may vary somewhat according
to the body site (i.e., pleural, pericardial, and peritoneal cavities),
but the problems mentioned at the beginning of this discussion are
applicable to all sites.

Ancillary Techniques for the Diagnosis of Serous
Cavity Fluids
Serous cavity fluids (SCFs) offer a great sample for almost all rou-

tinely performed tests in an anatomic pathology laboratory, ranging
from basic enzyme chemistry to more elaborate molecular analyses
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for a higher accuracy and specific characterization of the pathologic
process. Most of these tests will be discussed in appropriate places
in the book while discussing more specific disease entities.

Enzyme cytochemical stains

Immunoperoxidase stains

Flow cytometry

Electron microscopy

Lipoprotein electrophoresis/serological and chemical analy-
sis, microbiology culture

® Molecular analysis and tumor cytogenetics

Proper collection, preservation, and transportation of the speci-
men are crucial for ancillary studies performed to supplement a
cytomorphologic diagnosis. The ancillary techniques that are often
employed in the study of SCF can be categorized into the follow-
ing general groups:

1. Enzyme cytochemical staining — mucicarmine, PAS with
and without diastase digestion, Alcian Blue with and without
hyaluronidase treatment, Oil Red O, special stains for microor-
ganisms (Gram, AFB, GMS, PAS, and Gram Weigert stains)

2. Immunoperoxidase labeling — cytokeratins AE1/AE3, CK7,
CK20, CK5/6, mCEA, Leu M1, Ber-EP4, calretinin, p53, and
other tissue-specific immunomarkers

Cytochemical Stains

Mucicarmine

PAS, D-PAS

Alcian Blue, Alcian Blue with hyaluronidase
Colloidal iron

Oil Red O
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Immunoperoxidase (IPOX) Stains

Mesothelioma vs. adenocarcinoma markers
Organ-specific markers

Tissue-specific markers

Others

Diagnostic Profile

Most patients with suspected cancers or known malignancies
routinely undergo cytologic evaluation of SCFs. Cytologic exami-
nation of SCFs is an extremely useful diagnostic procedure, which
helps define the clinical stage of patients with oncologic disease.
Overall considered to be a highly accurate diagnostic procedure,
cytologic evaluation of SCFs has been reported to have a high
specificity but low to moderate sensitivity for detecting malignant
cells. The following table summarizes the overall figures as pub-
lished in major series on this subject:

e Sensitivity 50-62.4%
e Specificity 97%

e PPV 95.7-100%
e NPV 86.4-88.3%

As can be seen above, the reported lower sensitivity is a controver-
sial issue as in most cases of SCFs, which are reported cytologi-
cally benign, there are no “gold standard” follow-up tissue studies
of the serosa available to calculate the true or false negativity of
a cytologic assessment. Additionally, a mere positive follow-up
biopsy or repeat fluid analysis with malignant cells at a later stage
does not constitute a previous effusion being false negative. One
study (Hsu) has the sensitivity of cytologic detection to be 6.7%
higher than that of pleural biopsy, the cytopathologic correlation
to be 96.5% accurate, with 0.1% false-positive results and 0.18%
false-negative results by cytology.
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Major Diagnostic Issues in Cytologic
Interpretation of Serous Cavity Fluids

Cytologic interpretation of SCFs is often diagnostically challeng-
ing. There are at least six main reasons for the above fact:

SCFs commonly contain abundant reactive mesothelial cells,
histiocytes, and lymphocytes. If the effusion contains rare malig-
nant cells, those are often obscured by the relative overabundance
of these other cellular elements and hence may not be readily
detectable on microscopic examination.

Malignant cells are often exfoliated as single cells or minute
tissue fragments if the sample being examined is a spontaneous
effusion (such as ascitic fluid). Thus, a relative lack of cellular
architecture may hamper an accurate cytologic assessment.
Neoplastic cells may significantly “morph” and change their
appearance by being suspended in serous fluids for a prolonged
period of time after being exfoliated. Cells may appear more
rounded and cytoplasm may develop pseudo vacuoles, and,
therefore, most of their morphologic “kinship” to the primary
tumor could be lost.

Quite often, at the time of cytologic evaluation, there is no
known history of a prior malignancy available (‘“occult metasta-
sis”) or the patient may have more than one known cancer, and
determining the primary cancer based on SCF analysis becomes
a challenging task.

A cytomorphologic distinction between reactive mesothelial
cells, malignant mesothelioma, and metastatic adenocarcinoma
can often be extremely difficult due to significant morphologic
overlap.

Malignant mesothelioma is potentially a litigation diagnosis due
to its strong association with industrial exposure to asbestos.
Therefore, such diagnosis in SCF has to be made with careful
evaluation, supported by an adequate number of immunostains.
The latter can become a difficult issue in a limited cytologic
specimen.
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“Effusion = Confusion”

The following table summarizes the outline followed in this
monograph for a practical approach to selected diagnostically dif-
ficult areas of SCF interpretation:

e Reactive mesothelial hyperplasia vs. malignant mesothe-
lioma

e Malignant mesothelioma vs. metastatic adenocarcinoma

Nonepithelial, nonmesothelial malignancies mimicking

adenocarcinoma

Sarcomatous effusions

Effusions in children

Determining primary site of a metastatic carcinoma

Lymphoid-rich effusions
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Normal Cytology

Major Cell Types Commonly Seen in SCFs
(Figs. 2.1 and 2.2)

Histiocytes

Lymphomononuclear cells
Mesothelial cells

Other cells (red blood cells, PMNs)

Histiocytes (Figs. 2.3 and 2.4)

These cells predominate in any type of SCF (with the exception
of abdominopelvic surgical washings). The histiocytes are large
cells with a round central nucleus and an ample amount of often
finely vacuolated cytoplasm. The nucleus may contain a prominent
nucleolus. A key feature is the presence of well-defined cytoplasm.
Macrophages are typically seen singly. However, when a large vol-
ume effusion is concentrated in the laboratory, the macrophages
may significantly overlap and may give a false impression of true
tissue fragments.

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 11
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F1G. 2.1. Benign SCF. Note the polymorphous mixture of a variety of cell
types at low magnification. These are predominantly reactive mesothelial
cells, histiocytes, and lymphocytes (Papanicolaou, low power).

-
abs e

FiG. 2.2. Benign SCF. Higher power shows a small fragment of mes-
othelial cells at 10 o’clock in a background of abundant histiocytes, lym-
phocytes, and PMNs. Mesothelial cells and histiocytes are almost the same
size, and occasionally an adequate distinction cannot be made between the
two cell types (Papanicolaou, high power).
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F1G. 2.3. Histiocytes in benign SCF. These are larger cells with abundant
finely vacuolated cytoplasm and large central or eccentric nucleus with or
without a small nucleolus. Mesothelial cells may also occasionally develop
cytoplasmic vacuolization as a degenerative change. Note the background
lymphomononuclear cells (Papanicolaou, high power).

Lymphomononuclear Cells

These are easy to recognize in any effusion specimen. They are
small with a round nucleus, inconspicuous nucleolus, and scant
cytoplasm. Most cells appear as naked nuclei and are intimately
admixed with histiocytes and mesothelial cells. In general, lym-
phocytes, when present in abundance, should show a variation in
size (polymorphism) and be of predominantly T-cell lineage. More
details are included in a separate chapter later in the book.

Mesothelial Cells (Figs. 2.5, 2.6 and 2.7)

Mesothelial cells are typically singly dispersed among histiocytes
and lymphocytes. They are large cells (15-20 mm) with a cen-
trally placed large nucleus often displaying an inconspicuous single
nucleolus. Their cytoplasm often appears denser in comparison to
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FiG. 2.4. Histiocytes and PMNs. Note the finely vacuolated cytoplasm
of the histiocytes. The two cells at 3 o’clock have cytoplasmic vacuoliza-
tion, but their two-cell relationship suggests a mesothelial origin. In such
case, an accurate distinction can be difficult. In general, mesothelial cells
have a denser (more opaque) cytoplasm. However, degenerated single
mesothelial cells can be extremely difficult to distinguish from histiocytes
(Papanicolaou, high power).

the histiocytes, but, commonly due to degenerative changes, the
cells may show prominent vacuolization. In the latter case, a mor-
phological distinction with the background histiocytes may not be
always possible. Occasionally, mesothelial cells can be observed in
small fragments of 2 to 6 cells. Larger benign-appearing fragments
are usually a sign of reactive hyperplasia and rarely a well-differ-
entiated mesothelioma. The outer border of mesothelial cells may
appear “fuzzy” due to the presence of bundles of long and floppy
microvilli. This cytologic feature is accentuated more in reactive
mesothelial hyperplasia and malignant mesothelioma creating the
so-called “lacy border” or “cytoplasmic whiskers” better seen on
Diff-Quik or ultrafast Papanicolaou stains. When seen closer to each
other, adjacent cells may be separated by a small ill-defined clear
zone referred to as a “cell window.”
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FiG. 2.5. Mesothelial cells. This field predominantly shows mesothelial
cells with the characteristic denser or opaque cytoplasm, large nucleus,
small nucleolus, and lack of cytoplasmic vacuolization. Doublets (or groups
of two cells) with the diagnostic intercellular “window’ make identification
quite straightforward in such cases (Papanicolaou, high power).
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FiG. 2.6. Mesothelial cells. A large monolayered sheet of benign mes-
othelial cells is seen here. Note the cellular monotony and a “tissue
culture”-type appearance caused by fragile wispy cytoplasmic junctions
between adjacent cells. Large tissue fragments are highly unusual in a
spontaneous effusion and are almost always obtained during an intraop-
erative peritoneal washing (Papanicolaou, low power).
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FiG. 2.7. Mesothelial cells. Higher magnification shows large round to
oval uniform nuclei, pale nuclear chromatin, small nucleoli, and fairly
distinct intercellular spaces or “windows” (Papanicolaou, high power).
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Reactive Mesothelial
Hyperplasia

This condition often accompanies certain specific underlying medical
conditions. However, in a large number of cases, no apparent cause
can be assigned to the presence of reactive mesothelial hyperplasia
(RMH) in an effusion specimen. Common causes of florid mes-
othelial hyperplasia include ischemic conditions of heart and lung
(pulmonary infarction being the most notorious cause), systemic
diseases (collagen-vascular diseases, SLE, etc.), hepatic cirrhosis,
infections, radiation therapy, and underlying malignancy.

Clinico-Cytopathologic Characteristics
(Figs. 3.1,3.2,3.3,3.4,3.5,3.6,3.7, 3.8,
3.9,3.10,3.11 and 3.12)

e Most common cause —ischemic conditions (CHF, pulmonary
infarct)

e Hypercellular specimen

e Predominantly single cells

e Cell aggregates and small tissue fragments, mostly doublets
and rarely in fragments with 26 cells

(continued)

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 19
Fluid Cytopathology, Essentials in Cytopathology 10,
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20 3. Reactive Mesothelial Hyperplasia

Few papillary tissue fragments

Single cells or cells in aggregates may vary in size and N/C
ratio

Nuclei usually round and centrally located

Chromatin texture varies but usually evenly dispersed
Nucleoli, single or multiple, can become prominent
Background: histiocytes and inflammatory cells (often mixed
type) in varying numbers

@

“»Q ) P

F1G.3.1. Reactive mesothelial hyperplasia. Abundance of benign-appear-
ing mesothelial cells, seen singly and in small tissue fragments. Lack of
cytologic atypia (high N/C ratios, hyperchromasia, macronucleoli, and
binucleation) distinguishes these cells from malignant mesothelioma
(Papanicolaou, high power).
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FiG. 3.2. Reactive mesothelial hyperplasia with atypia. Initial impres-
sion in this pleural effusion was a malignant mesothelioma because of
hypercellularity caused by these atypical-appearing mesothelial cells with
occasional prominent nucleoli, binucleation/multinucleation, and intact
(although small) tissue fragments. However, the patient was a 21-year-
old pregnant woman who had symptoms of pelvic thrombophlebitis and
breathing difficulties and was found to have a pulmonary infarct (Papani-
colaou, high power).



FiG. 3.3. Reactive mesothelial hyperplasia with marked cytologic atypia.
Note the intact tissue fragments with cells forming “acini’-like structures.
Cells have large nuclei, high N/C ratios, and prominent nucleoli. A care-
ful correlation with patient’s clinical history, presenting complaints, and

radiologic findings is crucial to avoid an overcall (Papanicolaou, high
power).

l"'"‘!rl
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FiG. 3.4. Reactive mesothelial hyperplasia with marked cytologic atypia.
Diff-Quik-stained SCF smears are the most difficult to interpret. Pres-
ence of numerous tissue fragments and cells with macronucleoli makes

the interpretation of this case particularly challenging (Diff-Quik, high
power).
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F1G. 3.5. Reactive mesothelial hyperplasia with marked cytologic atypia.
Acute serositis resulted in exfoliation of numerous tissue fragments of
mesothelial cells with high N/C ratios and discrete macronucleoli. In such
cases a repeat tap and cytology after treatment may result in disappear-
ance of the cytologic atypia. History of an underlying pathologic process
(such as SLE) would be extremely helpful for an accurate cytologic inter-
pretation (Papanicolaou, high power).
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F1G. 3.6. Reactive mesothelial hyperplasia. Large tissue fragments of
mesothelial cells presenting a “papillary-like” configuration. A well-
differentiated mesothelioma would be hard to exclude in such cases. These
intact fragments are much more often associated with reactive hyperplasia
in patients with benign gynecologic tract diseases (such as endometriosis)
and are almost always seen in abdominopelvic washings, as in this par-
ticular case (Papanicolaou, high power).
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FiG. 3.7. Reactive mesothelial hyperplasia. Numerous mesothelial cells
are seen in a background of lymphomononuclear cells. The mesothelial
cells show atypia with high N/C ratios, irregular nuclear membranes,
hyperchromasia, and prominent nucleoli. Few intact tissue fragments are
also visible (Papanicolaou, high power).
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FiG. 3.8. Reactive mesothelial hyperplasia. A large tissue fragment of
hyperplastic mesothelium is seen here. Note the nuclear irregularity and
occasional prominent nucleoli. A metastatic adenocarcinoma will also be
high on the list of differential diagnoses. Such cases often need confirma-
tory immunostaining (Papanicolaou, high power).
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F1G. 3.9. Reactive mesothelial hyperplasia. This patient with advanced
hepatic cirrhosis repeatedly developed large-volume abdominal effusions
containing fragments of atypical mesothelium. Along with pulmonary inf-
arction, hepatic cirrhosis is a leading cause of “mesothelial atypia” in an
effusion specimen. One should have a much higher threshold for malig-
nancy if the patient has known history of these medical conditions. The
fragment in this particular case shows the most unusual feature, that is, the
presence of a well-formed Herxheimer spiral, a microscopic feature which
has been described in benign and malignant squamous cells (Papanico-
laou, high power).
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FiG. 3.10. Reactive mesothelial hyperplasia. Abdominal fluid with abun-
dant “signet-ring”-type cells containing single large cytoplasmic vacuoles
pushing the nucleus to the periphery. The leading cause of “signet-ring”
cells in SCF is NOT a metastatic signet-ring cell adenocarcinoma, rather
atypical mesothelial hyperplasia in patients with advanced hepatic cir-
rhosis. These “pseudo signet-ring” cells likely represent degenerative
changes as the author has observed this phenomenon numerous times in
pleural effusions as well (Papanicolaou, low power).
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Fic. 3.11. Reactive mesothelial hyperplasia. Higher magnification of
another case from a patient with hepatic cirrhosis illustrates the pseudo
signet-ring cells (Papanicolaou, high power).
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FiG. 3.12. Reactive mesothelial hyperplasia. Cell block section displays
the well-formed signet-ring cells. A mucicarmine stain would be negative
in these cases and will be the simplest way to distinguish these from a
true signet-ring cell adenocarcinoma which most often originates in the
stomach (H & E, high power).

The morphologic separation of benign reactive and hyperplastic
mesothelium from malignant mesothelioma can be a daunting task
(Figs. 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7 and 3.8). In a study of 217
cases that were independently reviewed by members of the US-
Canadian Mesothelioma Reference Panel, in approximately 22%
of cases there was disagreement on whether the interpretation was
benign or malignant. Experts (Churg et al.) have concluded that
“labeling an equivocal proliferation atypical mesothelial hyperpla-
sia or a similar term is far better than overdiagnosing a malignancy,
because further diagnostic specimens can usually be obtained, and
true malignant mesotheliomas make themselves evident, in most
cases, in short order.”” True stromal invasion is considered the
most accurate indicator of mesothelial malignancy, a feature often
difficult to assess in small biopsies and impossible to ascertain in
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SCFs. Presence of cytologic atypia is not helpful in distinguishing
benign from malignant reactions, since benign proliferations are
commonly atypical and malignant mesotheliomas can often be
deceptively monotonous. Therefore, the classic features of malig-
nancy (pleomorphism, high N/C ratios, hyperchromasia, prominent
nucleoli, and mitoses) may not be accurate in distinguishing the
two groups of lesions. Adequate information of the clinico-radio-
logic findings (history of asbestos exposure, chronic lung disease,
chest pain, pleural-based mass, etc.) is important.

Reactive Mesothelial Hyperplasia vs.
Malignant Mesothelioma

® (Clinico-radiologic findings
e Cytomorphology
e EMA, desmin, GLUT-1, p53, and other immunomarkers

Florid peritoneal mesothelial hyperplasia is often an accompa-
niment of various gynecological diseases and may be associated
with a variety of benign and malignant entities, the most com-
mon of which are endometriosis and endosalpingiosis. These and
other entities are presented in a separate chapter later in this book.
A prominent papillary-like architecture and numerous psammoma
bodies are usually the hallmark of such proliferative processes.

Major Underlying Causes of Mesothelial
Proliferation

e Pulmonary infarct*

e Heart failure

e Hepatic cirrhosis®

e Chronic renal failure (with or without peritoneal dialysis)
e Pancreatitis

(continued)
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Radiation therapy*

Autoimmune disorders (SLE)*

Gynecologic tract diseases (endometriosis, endosalpingiosis,
ovarian adenofibroma)

® Post-surgical

Over the years, many immunomarkers have been proposed
that have a potential role in making this distinction. Historically,
several laboratories have used EMA and desmin. An accurate
interpretation of the qualitatively different patterns of staining
with EMA in benign versus malignant mesothelium is often quite
difficult. Studies have shown that EMA in general is expressed
more often in mesothelioma (100%) than in reactive mesothelium.
Likewise, desmin is known to be immunoexpressed more often in
benign mesothelium (84%) than malignant (6%). GLUT-1, a mem-
ber of the glucose transporter (GLUT) family of passive carriers,
has displayed promising results. It has been shown to be immu-
noexpressed in 47-100% of mesotheliomas (linear cell membrane
staining) and in 0-12% of benign mesothelium.

P53 mutations are common in malignant neoplasms. p53 immu-
noexpression is highly specific (100%) but suffers from a relatively
low sensitivity. The criterion for a truly positive p53 immunostain
is hard to define. However, most agree that a few sporadic positive
nuclei should be interpreted with caution as positive. Most agree that
a strong staining of >10% nuclei constitutes a true positive case.

pS53 Immunostaining in Mesothelial
Hyperplasia vs. Cancer

Monoclonal antibody Do-7
Positivity in malignancy — 32-55%
None of the benign effusions stain
Highly specific (100%)
Moderately sensitive

*May additionally cause significant cytologic atypia warranting a higher
threshold for malignancy when such effusions are examined cytologically
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GLUT-1 Immunostaining in Mesothelial
Hyperplasia vs. Cancer

¢ One of the glucose transport proteins found in various human
cells

e Normally expressed in human blood-brain barrier, placenta,
skin and its adnexae, and erythrocytes

e Displays membranous staining pattern with or without
cytoplasmic staining

e Red blood cells stain positively creating interpretation issues
in bloody effusions

e Highly specific (88-97%)

e Moderately sensitive (47-60%)

Recently, an insulin-like growth factor II messenger ribonu-
cleic acid-binding protein 3 (IMP3), an oncofetal protein, has
been shown to be of value as a biomarker to distinguish between
malignant and reactive mesothelial cells when used as an immu-
nohistochemical stain for IMP3 expression. IMP3 showed strong
cytoplasmic staining in 73% of mesothelioma cases (in contrast to
an undetectable expression in benign reactive mesothelial prolif-
erations).

Pan-cell proliferation markers like Ki-67 have been used either
alone or in combination with other antibodies (such as p53).
Studies have shown that the mean labeling index for Ki-67 in
malignant mesothelioma is around 25% (range, 1-66%) and 6%
for benign mesothelial proliferation (range, 0-25%). In our expe-
rience, Ki-67 has very limited, if any, value in routine evaluation
of SCFs.

HBME-1 is another potential marker that has been used in cyto-
logic smears. Many immunohistochemical studies have concluded
that HBME-1 has a high sensitivity (~93%) but a moderate (83%)
specificity for benign mesothelial proliferation vs. malignant mes-
othelioma.
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Malignant Mesothelioma
“A Potential Litigation Diagnosis”

Malignant mesothelioma (MM) is a rare, high-grade cancer that is
directly linked to asbestos exposure. This link between asbestos and
MM was first noted in asbestos miners in the 1940s in South Africa.
Other documented causes include high-dose radiation exposure,
recurrent pleuritis/peritonitis, and infection with simian virus 40
(SV40). Malignant pleural mesothelioma is most common, whereas
malignant peritoneal mesothelioma accounts only for 6-10% of all
cases. Significantly less common than lung cancer, there are 2,000
3,000 new cases of thoracic MM each year. The gradual increase in
the number of newly diagnosed MM is attributed to the widespread
use of asbestos as an insulation material in the latter half of the last
century (in shipbuilding, pipefitting, and other construction and auto-
mobile brakes). The needle-like asbestos fibers escape from the lung
into the pleural space, causing chronic irritation and, rarely, malig-
nant transformation in some patients. Asbestos-exposed individuals
with radiographic evidence of pleural plaques are at increased risk
for lung cancer and pleural mesothelioma, compared to the general
population. Often there is a long latency period between exposure
and onset of malignant mesothelioma ranging from 15 to 60 years.
Thoracic MM is much more common in men (M:F, 13:1) with an
average age of 55 years. Chest pain is often the most common symp-
tom. Rarer are other sites of origin: pericardium and tunica vaginalis
(12%).

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 35
Fluid Cytopathology, Essentials in Cytopathology 10,
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Thoracic MM is radiographically characterized by diffuse asym-
metric pleural thickening. MM displays either diffuse growth pat-
tern or occurs as a localized nodular mass. The diffuse-type pleural
effusion is present in more than 95% of the cases. MM is more
aggressive with poor prognosis and is deemed incurable in most
cases. MM shows two major histologic subtypes: epithelioid (more
common) and sarcomatoid. Tumors displaying histologic features
of both subtypes are often classified into mixed or biphasic variant
(accounting for 30% of all cases). Although histological subtyp-
ing is an important prognostic marker, it is often not possible to
differentiate the subtypes in a limited SCF specimen. In cytologic
material from SCFs, the predominant subtype diagnosed is the epi-
thelioid variant. Sarcomatoid MM is uncommon and rarely diag-
nosed on SCF cytology as its fibrous nature prevents the malignant
cells from exfoliating spontaneously. Well-differentiated papillary
mesothelioma is generally considered a noninvasive subtype of
mesothelioma with low malignant potential that arises mostly in
females in the peritoneal cavity. Molecular analyses have identi-
fied several oncogenetic pathways that appear activated in MM.
Numerous tumor suppressor genes, including p16, pl4, and p53,
appear involved, and aberrant expression of growth factors/recep-
tors such as TGF-a, PDGF, IGF, and HGF has been implicated.
Standard management includes chemotherapy, radiation therapy,
and surgical resection (decortication, pleurectomy, or pneumon-
ectomy) with adjuvant therapy. Most patients have an average
survival posttreatment of 10.5 months with an average 5-year sur-
vival rate of less than 9%. Patients with sarcomatoid histology had
worse prognosis than patients with epithelioid and biphasic histo-
logical subtypes.

The days of the older medical literature claiming that the diagno-
sis of malignant mesothelioma can only be rendered at autopsy are
long gone. However, malignant mesothelioma is a serious diagnosis
and should be carefully rendered after considering patient’s clinical
history (asbestos exposure), radiologic findings, cytomorphologic
features, and immunostaining profile. Patients with MM commonly
develop spontaneous effusions that tend to recur after initial tap-
ping. Most often SCFs in patients with MM will contain a large
amount of malignant cells with well-developed cytomorphologic
characteristics. However, diagnostic issues arise when the amount
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of lesional cells is low or when cytomorphology overlaps signifi-

cantly with metastatic adenocarcinoma (a common scenario).

Clinico-radiologic findings
Cytomorphologic characteristics
Enzyme cytochemical staining
Immunoperoxidase studies

Etiologic Factors

related effect

Irradiation

Simian virus 40 (SV40) infection

Genetic predisposition

Chronic inflammation due to exposure to other chemicals

e QOccupational or paraoccupational exposure to asbestos
(strongest association present in 90% of patients) or eri-
onite. All types of asbestos fibers can cause mesothelioma,
although crocidolite is considered a higher risk with a dose-

Clinico-Radiologic Features

60—64 years than in those aged 30-34)
¢ Insiduous onset
e Usually a long latency period

pericardial effusions, dysphagia, weight loss, night sweats

nal and pelvic masses, obstructive uropathy

effusions
e CT scans — encapsulation of the lung by thickened pleura

¢ Incidence increases with age (10 times higher in men aged

¢ Inpleural disease — chest pain, dyspnea and/or cough, pleural/

e In peritoneal disease — nausea and vomiting, abdominal pain
and distension, recurrent ascites, bowel obstruction, abdomi-

e Chest radiographs — unilateral pleural abnormalities with
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Therapeutic Approach and Prognostic
Outcomes

e Chemotherapy, surgery, and radiotherapy — variable effect
e Chemotherapy — useful in palliation and can improve both
survival and quality of life
e Role of radical surgery yet unclear
e Multimodality treatments appear to be the most successful
e Novel therapies — intrapleural chemotherapy, photodynamic
therapy, and hyperthermic perfusion
¢ Immunomodulation and targeted treatments are being
developed
— Inhibitors of epidermal growth factor receptor (EGFR),
vascular endothelial growth factor (VEGF), and histone
deacetylases
— Antibodies against VEGFR and mesothelin
e Aggressive and rapidly fatal
e Median survival of 8 months for untreated cases
e Two years or longer survival when surgery is combined with
adjuvant therapy (selected cases)

Malignant Mesothelioma (Epithelioid type)

(Figs. 4.1,4.2,4.3,4.4,45,4.6,4.7,4.8,4.9,4.10,
4.11,4.12,4.13,4.14,4.15,4.16,4.17, 4.18, 4.19,
4.20,4.21, 4.22 and 4.23)

e Cytomorphologic features Hypercellular smears with a

mostly “one-cell” population

— Single cells and tissue fragments (three-dimensional balls,
papillary-like branching fragments)

— Usually large cells with prominent nucleoli

— Malignant features such as sharp irregularities of nuclear
contour, irregular chromatin distribution (present in
poorly differentiated tumors, may be subtle or absent in
well-differentiated mesothelioma)
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FiG. 4.1. Malignant mesothelioma. This hypercellular picture consists of
cells in fragments as well as abundant singly dispersed cells. The three-
dimensional tissue fragments have an acinus-like architecture. Hypercel-
lularity is a common feature, and the amount of neoplastic cells is mostly
higher compared with metastatic cancers in SCF (Papanicolaou, low
power).
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Fic. 4.2. Malignant mesothelioma. Higher magnification reveals the
acinus-like architecture, with a pale green core surrounded by a layer of
malignant cells. Note the undulating outer border of the cell fragments
which would be in sharp contrast to a much smoother outline of adeno-
carcinoma fragments (examples shown in Chap. 5) (Papanicolaou, high
power).
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FiG. 4.3. Malignant mesothelioma. Another view illustrates the three
dimensionality of the cellular fragments. Nuclei are round with prominent
nucleoli. The center of these cellular fragments consists of loose subme-
sothelial matrix tissue which appears pale green on Papanicolaou stain
(Papanicolaou, high power).
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F1G. 4.4. Malignant mesothelioma. Pictured is a gland-like fragment of
malignant cells with the characteristic “hob-nailed” appearance of the
outer border due to prominence of the large nuclei. Also seen here are
single discrete macronucleoli. Most metastatic adenocarcinomas tend to
have a smooth outer contour in the exfoliated tissue fragments (Papanico-
laou, high power).
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FiG. 4.5. Malignant mesothelioma. Cell block section displays gland-like
fragments comprised of cells with enlarged nuclei containing macronu-
cleoli. The central portion of the cellular fragments likely contains matrix
tissue with embedded cells (as opposed to mucin which is seen in meta-
static adenocarcinomas) (H & E, high power).
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F1G. 4.6. Malignant mesothelioma. Numerous malignant cells in three-
dimensional balls and irregular crowded tissue fragments are seen. A dis-
tinction from adenocarcinoma may require immunostaining for a definitive
diagnosis (Papanicolaou, high power).
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F1G. 4.7. Malignant mesothelioma. This was an extremely cellular smear
comprised of nearly all malignant cells. Malignant mesothelioma may
occasionally demonstrate well-formed intracytoplasmic vacuoles contain-
ing acidic mucin. This can create diagnostic confusion with metastatic
mucin-producing adenocarcinoma. A mucicarmine stain or PAS with and
without diastase digestion can confirm the specific nature of the mucin
(as being acidic or mesenchymal-type in mesothelioma compared to the
neutral mucin of an adenocarcinoma) (Papanicolaou, low power).
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FiG. 4.8. Malignant mesothelioma. A higher magnification nicely illus-
trates a large intracytoplasmic mucin vacuole. Smear background also
appears to contain pale pink mucinous matrix material. The possibility
of a mucin-producing adenocarcinoma should be carefully excluded in
such instances. In these cases of mesothelioma, the gross appearance of
the effusion fluid may assume a thick “honey-like” consistency due to
large amount of acidic mucin/matrix and hyaluronic acid (Papanicolaou,
high power).
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F1G. 4.9. Malignant mesothelioma. Diff-Quik stain is uncommonly done
in SCFs. In this smear, the malignant cells are seen primarily as three-
dimensional ball-like fragments and irregular sheets. The differential
diagnostic considerations in this case would include severe mesothelial
hyperplasia and a metastatic adenocarcinoma (Diff-Quik, low power).
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F1G. 4.10. Malignant mesothelioma. Higher magnification of a cellular
fragment from the previous case illustrates three dimensionality, cytoplas-
mic opacity, and pale magenta—colored stroma in the middle of a cell ball
(Diff-Quik, high power).
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FiG. 4.11. Malignant mesothelioma. This is a better illustration of the
three-dimensional architecture of the malignant cellular fragments. Notice
the irregular undulating outer border with the center of the fragment con-

taining pale magenta—colored submesothelial matrix tissue (Diff-Quik,
high power).
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F1G. 4.12. Malignant mesothelioma. Hypercellular smear displaying the
most characteristic architectural pattern of malignant mesothelioma, that
is, a branching papillary-like configuration. Most metastases to the SCF
will not display such a prominent papillary branching (with the exception
of some gynecologic tract neoplasms) (Papanicolaou, low power).
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Fic. 4.13. Malignant mesothelioma. Small and large cellular fragments
comprised of high N/C ratio cells are seen. The branching architecture is
apparent as well as occasional single malignant cells in the smear back-
ground. The so-called one-cell pattern strongly supports a neoplastic proc-
ess over a reactive hyperplasia of mesothelial cells (Papanicolaou, high
power).
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F1G. 4.14. Malignant mesothelioma. In this particular case, only rare
malignant cells were observed. However, the neoplastic cells displayed
a beautiful papillary-like architecture. These cellular fragments often dis-
play palisading of the peripherally placed cuboidal cells (Papanicolaou,
high power).
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FiG. 4.15. Malignant mesothelioma. In this case of a pleural effusion,
despite the two-cell population, the malignant nature of the cells is quite
apparent. Cells are pleomorphic with frequent multinucleation, high N/C
ratios, and nuclear hyperchromasia. Abundant benign mesothelial cells
and few macrophages are also present (Papanicolaou, low power).
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FIG. 4.16. Malignant mesothelioma. This is a beautiful illustration of
diagnostic cellular findings in mesothelioma. The malignant cells show
multinucleation with pleomorphic and enlarged nuclei and a distinct
two-tone cytoplasmic texture. Also seen are cytoplasmic processes or the
so-called whiskers (Papanicolaou, high power).
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F1G. 4.17. Malignant mesothelioma. The presence of a single macronu-
cleolus is an extremely helpful finding for the diagnosis of mesothelioma
as opposed to reactive mesothelial hyperplasia. Metastatic adenocarcino-
mas also display macronucleoli and therefore are the closest differential
in this case. Also observed is a fine cytoplasmic vacuolization and well-
defined cytoplasmic borders (Papanicolaou, high power).
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F1G. 4.18. Malignant mesothelioma. On Diff-Quik staining, the cytoplas-
mic vacuolization is often enhanced. These vacuoles are considered to
represent intracytoplasmic lipid and can be stained with Oil Red O stain.
A two-tone appearance of the cytoplasm is also seen as well as the charac-
teristic binucleation and macronucleoli (Diff-Quik, high power).

F1G. 4.19. Malignant mesothelioma. This is another illustration of binu-
cleation, two-tone cytoplasmic texture, and macronucleoli. These char-
acteristics are diagnostic of mesothelioma and are rarely observed in
metastatic cancers (Diff-Quik, high power).



56 4. Malignant Mesothelioma

FiG. 4.20. Malignant mesothelioma. Singly placed malignant cells illus-
trating the diagnostic features of mesothelioma, that is, binucleation, two-
tone cytoplasmic texture, centrally placed fine cytoplasmic vacuoles, and
large nuclei containing macronucleoli (Papanicolaou, high power).

FiG. 4.21. Malignant mesothelioma. Higher magnification shows a
multinucleated malignant cell with two-tone cytoplasm and characteristic
cytoplasmic processes on the cell surface occasionally referred to as “cyto-
plasmic whiskers” or a “lacy” or “brush” border. This cytologic feature is
rarely observed in metastatic carcinomas (Papanicolaou, high power).
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F1G. 4.22. Malignant mesothelioma. Another illustration of cytoplasmic
whiskers in malignant cells is seen. Notice the centrally placed cytoplas-
mic microvacuoles and nuclei with macronucleoli. The presence of the
cytoplasmic processes is often accentuated in smears stained with ultrafast
Papanicolaou stain (not used here) when they are observed in the so-called
retraction halos which surround individual malignant cells (Diff-Quik,
high power).



58 4. Malignant Mesothelioma

FiG. 4.23. Malignant mesothelioma. Occasionally, the malignant cells
may contain pale yellow amorphous cytoplasmic substance (arrows). This
substance likely represents accumulation of glycogen in these cells. This
should not be confused with thick mucin of a metastatic adenocarcinoma
(Papanicolaou, high power).

Malignant Mesothelioma — Other
Cytomorphologic Features

e Fragments have irregularity of the outer contours — “scallop-
ing” or “hob-nailed” look

Centrally placed nuclei

“Two-tone” cytoplasm (denser)

Bi/multinucleation

Fine cytoplasmic vacuoles

Cytoplasmic processes
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Malignant Mesothelioma (Epithelioid type) —
Differential Diagnosis

® Reactive mesothelial proliferation
— Lack of malignant cytologic features and tissue frag-
ments
— Florid mesothelial hyperplasia may be extremely difficult
to differentiate from a well-differentiated mesothelioma

® Metastatic neoplasms
— Adenocarcinoma

o Both well- and poorly differentiated adenocarcinomas
have features in common with mesothelioma

o Definitive evidence of glandular differentiation may be
extremely helpful
— Acinus formation
— Secretory vacuoles
— Special stains (i.e., mucin and immunoperoxidase

stains)

e Other tumors
— (Anaplastic large-cell lymphoma, malignant melanoma,
rhabdomyosarcoma) can be differentiated by identi-
fication of their specific cellular product or antigenic
properties by employing special stains or other ancillary

techniques

Malignant Mesothelioma vs. Adenocarcinoma

Epithelioid mesothelioma can be extremely difficult to differen-
tiate from adenocarcinomas in SCE. Mucin stains (mucicarmine,
periodic acid-Schiff [PAS] with diastase digestion, Alcian Blue or
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colloidal iron with hyaluronidase digestion) may help, but most
laboratories are now performing immunostaining over enzyme
cytochemistry.

Immunoperoxidase stains (mCEA, LeuMI1, Ber-EP4, cal-
retinin, CK 5/6, WT-1, and D2-40) may help in differential diag-
nosis. Determination of mucin in tumor cells and/or positive
staining for mCEA, LeuMI1, or Ber-EP4 indicates the epithe-
lial origin of the tumor. These stains are negative in malignant
mesothelioma as well as in reactive mesothelial cells, both of
which stain with calretinin and markers of mesothelial differen-
tiation (CK 5/6, WT-1, and D2-40). Cytokeratins AE1/AE3 are
positive in both mesothelioma and adenocarcinoma and have no
value in this regard. High-molecular-weight cytokeratins have
been reported to be positive in mesothelioma but negative in
adenocarcinoma. EMA stains both mesothelioma and adenocar-
cinoma; however, it often depicts a membranous or peripheral
cytoplasmic accentuation in mesothelioma compared to meta-
static adenocarcinoma.

Types of Mucins and Staining Results
(Figs. 4.24 and 4.25)

® Mesothelioma — acid (mesenchymal) mucin hyaluronic acid
® Adenocarcinoma — neutral (epithelial) mucin
— Mesothelioma — stains with PAS and Alcian Blue (but not
with PAS-diastase or Alcian Blue-hyaluronic acid)
— Adenocarcinoma — stains with all three, that is, mucicar-
mine, PAS (with and without diastase), and Alcian Blue
(with and without hyaluronic acid)
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FiG. 4.24. Malignant mesothelioma. One way to confirm the presence of
acidic mucin in mesothelioma cells is to perform Alcian Blue stain with
and without hyaluronidase digestion. In this photomicrograph of a cell
block section, the Alcian Blue stain is strongly positive in the intracyto-
plasmic vacuoles (high power).
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F1G. 4.25. Malignant mesothelioma. Same case as Fig. 4.24 is illustrated.
In this case, Alcian Blue was done with hyaluronidase digestion resulting
in a negative staining. This distinguishes a mesothelioma from a meta-
static adenocarcinoma (the latter contains epithelial mucin and would not
be affected by hyaluronidase digestion) (high power).

Disadvantages of Performing Special
Cytochemical Stains

Time-consuming to perform and interpret

Offers no real advantage over immunoperoxidase labeling
(except for the cost)

e Mucicarmine may show focal false positivity in ~10% of
mesotheliomas

Colloidal iron is a carcinogen and requires special handling
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Mesothelioma vs. Adenocarcinoma —
Immunoperoxidase Markers
(Figs. 4.26, 4.27, 4.28, 4.29 and 4.30)

Cytoskeletal proteins

Cell surface glycoproteins
Oncoplacental antigens
Myelomonocytic antigens
Intracellular calcium-binding proteins
Cadbherins

Others

w

FiG. 4.26. Malignant mesothelioma. Cell block sections are extremely
valuable in the workup of suspected cases of mesothelioma by providing
additional cytomorphologic details as well as excellent material for fur-
ther ancillary studies. As can be seen in this case, the three-dimensional
balls of cells would raise the possibility of an adenocarcinoma (H & E,
low power).
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F1G. 4.27. Malignant mesothelioma. An immunoperoxidase stain for p53
displays strong nuclear reactivity helping to differentiate these cells from
benign reactive mesothelial proliferation. p53 has excellent specificity for
a cancer diagnosis but suffers from a comparatively low sensitivity (high
power).
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FiG. 4.28. Malignant mesothelioma. A calretinin immunostain is strongly
and diffusely positive in the cytoplasm as well as nuclei of the malignant
cells. A positive staining establishes a mesothelial differentiation in the
cells but will not distinguish a benign from a malignant mesothelial proc-
ess (low power).
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Fic. 4.29. Malignant mesothelioma. Another positive immunomarker
helpful in establishing the diagnosis of mesothelioma when malignant
cells are encountered is WT-1, which stains the nuclei. However, WT-1
stain is also positive in ovarian serous carcinomas and should be carefully

interpreted in patients with history of ovarian cancer (low power).



Cytoskeletal Proteins — Intermediate Filaments 67

®

F1G. 4.30. Malignant mesothelioma. CK 5/6 is another useful marker
to confirm mesothelial differentiation in malignant cells, as seen in this
case with strong cytoplasmic membranous staining. When confirming the
diagnosis of a mesothelioma, at least two of the three immunomarkers
used should be positive (high power).

The following tables give salient positives and negatives of each

immunomarker used:

Cytoskeletal Proteins — Intermediate
Filaments

— Cytokeratins
— Vimentin
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Cytokeratins, Vimentin — Diagnostic Utility

e CK (AEI/AE3, CAMS5.2)
— Almost all mesotheliomas and adenocarcinomas are posi-
tive

® Vimentin
— Mesothelioma (epithelial) — scant or undetectable
reaction
— Adenocarcinoma — seldom (lung) to 50% positivity
o Very confusing profile of limited value

Cell Surface Glycoproteins

Epithelial membrane antigen (EMA)

B72.3

Ber-EP4

Others (HEA-125, MOC-31, 44-3A6, and BG antigens)

Epithelial Membrane Antigen (EMA)

Polymorphic epithelial mucin

Mesothelioma — 5-42%

Adenocarcinoma — 50-100%

Membranous/spiky staining pattern in mesothelioma, focal
staining in benign mesothelium

e Limited practical value




Carcinoembryonic Antigen (CEA) 69

Monoclonal Antibody B72.3

e Mouse monoclonal AB, generated using human breast can-
cer cells

Recognizes tumor-associated glycoprotein (TAG-72)
Mesothelioma — 2-5% (weak)

Adenocarcinoma — 80% (lung)

Monoclonal Antibody Ber-EP4

e Monoclonal antibody generated using MDF-7 breast carci-
noma cell line

® Recognizes two glycopeptides on normal epithelium and
carcinoma

e Mesothelioma — 0-26% (focal)

® Adenocarcinoma — 92%

Oncoplacental Antigens

e Carcinoembryonic antigen (CEA)
e Placental antigen (PLAP)

Carcinoembryonic Antigen (CEA)

Oldest and most widely used antibody in the diagnosis of
adenocarcinoma vs. mesothelioma

Mesothelioma — 15-45% with pCEA

Adenocarcinoma — 85-95% (lung)

Papillary serous carcinoma — 16%
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Placental Alkaline Phosphatase (PLAP)

e Mesothelioma — 15%
e Adenocarcinoma (lung) — 19-67%
e Papillary serous carcinoma — 24-63%

Myelomonocytic Antigens

e LeuMI (CD15)
e LN2 (CD74)

LeuM1 (CD15)

Monoclonal antibody, recognizes glycolipid sugar sequence
Reed-Sternberg cell marker

Mesothelioma — 0-32%

Adenocarcinoma — 42-94%

Highly useful and specific marker (although comparatively
less sensitive)

Intracytoplasmic Ca++— Binding Proteins

e Calretinin
e S-100 protein
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Calretinin

e 29-kDa Ca++-binding protein

Expressed by neurons, gonads, adipose tissue, kidney, sweat
glands, thymus, and mesothelium

Mesothelioma — 42-100%

Adenocarcinoma (lung) — 6-20% (focal)

Small-cell carcinoma — 49%

Most useful positive marker for mesothelium

S-100 protein

Mesothelioma — 0%
Adenocarcinoma (lung) — 17%
Papillary serous carcinoma — 31%
Limited diagnostic value

Combined E-Cadherin and Calretinin
Immunostaining

e E-cadherin — Ca-dependent CAM, specific for epithelia

E-cadherin Calretinin
Reactive mesothelium 0% 100%
Mesothelioma 100% 100%
Adenocarcinoma 86.5% 0%
Interpretation
Reactive mesothelium - +
Mesothelioma + +
Adenocarcinoma + -

Kitazume et al., Cancer Cytopathol, 2000




72 4. Malignant Mesothelioma

Other Mesothelioma Markers
CK 5/6

e Epithelioid mesothelioma — 83%
e Sarcomatoid mesothelioma — 26%
® Adenocarcinoma: pancreatic — 35%, lung — 8—-65%

D2-40

e Monoclonal antibody directed against human podoplanin

e Transmembrane mucoprotein expressed in lymphatic
endothelial cells

e Positive in lymphovascular neoplasms (lymphangioma,
Kaposi’s sarcoma, hemangioendothelioma), nonvascular
neoplasms (epithelioid mesothelioma, seminoma, heman-
gioblastoma, primary adrenal cortical tumors, schwannoma,
skin adnexal tumors)

e D2-40 immunostains 66% of the epithelioid and 30% of the
sarcomatoid mesotheliomas (compared to calretinin which
stains 91% of epithelioid and 57% of sarcomatoid mesothe-
liomas)

e Strong membranous staining for epithelioid mesothelioma

e Combination of calretinin and D2-40 improves diagnostic
accuracy for sarcomatoid mesothelioma

e Lung adenocarcinoma (36%) may show a focal weak to
moderate cytoplasmic only expression

WT-1

e Transcription factor, the gene product of Wilms’ tumor 1

® As a tumor suppressor gene

e WT-1 protein is normally expressed in the developing
genitourinary tract, heart, spleen, and adrenal glands and is
crucial for their development
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¢ Ninety-two percent of ovarian serous carcinomas and 80%
of peritoneal serous carcinomas express WT-1

e Useful in distinguishing ovarian serous carcinoma from
uterine serous carcinoma (characteristically negative)

e Mesothelioma — 74%, lung adenocarcinoma — 0%

Role of CK 7 and CK 20

e Limited role

e Mesothelioma is CK 7+, CK 20-

e Most common metastases to SCF (breast, lung, and ovary)
are also CK 7+, CK 20—

Mesothelioma vs. Adenocarcinoma — Johns
Hopkins Cytopathology Lab Immunopanel

Stain Mesothelioma Adenocarcinoma
mCEA 3% 85-95%

Ber-EP4 0-26% 92%

LeuM1 0-32% 42-94%

Calretinin 65-100% 6-20% (focal, weak)
CK 5/6 83% 8-65%

WT-1 78% 0%

D2-40 66% 36% (focal, weak)

Cytogenetic Analysis of Effusions from Malignant
Mesothelioma

e Distinguish malignant from reactive mesothelial cells

e Direct metaphase harvests and short-term cultures may be
performed on fresh fluid

e Clonal cytogenetic aberrations indicative of malignancy —
Del(1p), Del(3p), and Del(22q)
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FISH Analysis of Effusions from Malignant
Mesothelioma

FISH with centromeric chromosome 7 and 9 probes
Destained Diff-Quik-stained smears

Chromosome 7

— Polysomy (88%)

— Trisomy (77%)

— Tetrasomy (29%)

® Chromosome 9
— Polysomy (69%)
— Trisomy (62%)
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Metastatic Cancers

Although a variety of nonneoplastic entities (inflammatory proc-
esses and infectious) can be adequately diagnosed on cytologic
analysis of serous cavity fluids (SCFs), the most common clini-
cal reason is to exclude a malignant process. Malignant mesothe-
lioma is the most common primary tumor of the serosal membrane;
however, a metastatic cancer (more specifically adenocarcinoma)
is by far the most frequently encountered malignant tumor in SCFs.
Malignant cells, when observed in SCF, impart poor prognostic sig-
nificance to an oncologic patient by defining a higher clinical stage.
Frequency analysis showed the incidence of carcinoma of the lung
to be the most common cause of malignant effusion (Hsu).

Adenocarcinoma (Figs. 5.1,5.2,5.3,5.4,5.5, 5.6,
5.7,5.8,59,5.10,5.11, 5.12, 5.13, 5.14, 5.15, 5.16,
5.17,5.18,5.19,5.20, 5.21, 5.22, 5.23 and 5.24)

e Most common metastases to the serosa
e [ung, breast, and ovary — most common primaries

(continued)

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 77
Fluid Cytopathology, Essentials in Cytopathology 10,
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e Cytologic patterns

— Predominantly tissue fragments

— Lobular breast carcinoma and some poorly differentiated
carcinomas may have predominantly single cells

— Ductal breast carcinoma may show three-dimensional
spheres or “cannon balls” and occasionally single bland-
appearing cells “mesothelial pattern”

— Acinus formation

— Papillary architecture

— Secretory vacuoles

— Mucin stains and immunochemistry can be helpful in
difficult cases

-

FiG. 5.1. Lung adenocarcinoma. Pleural effusion. Numerous three-
dimensional fragments of malignant cells are seen. Note the hollowness
of the central portion of these cellular fragments representing a true acinus
(or lumen) formation. In contrast, similar cellular fragments in mesothe-
lioma would contain a pale green submesothelial matrix tissue (Papani-
colaou, low power).
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Fi1G. 5.2. Lung adenocarcinoma. Pleural effusion. Higher magnifica-
tion illustrates the sharply punched out lumen in the center of a cellular
fragment surrounded by high N/C ratio carcinoma cells with prominent
nucleoli (Papanicolaou, high power).
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FiG. 5.3. Lung adenocarcinoma. Pleural effusion. In this patient with a
long history of asbestos exposure, these cells strongly raise the possibility
of a malignant mesothelioma. The predominant cytoarchitecture is that
of single cells with round to oval nuclei and slightly opaque cytoplasm.
Follow-up was consistent with involvement by a lung adenocarcinoma
(Papanicolaou, low power).
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FiG. 5.4. Lung adenocarcinoma. Pleural effusion. Higher magnification
also shows binucleation and prominent nucleoli. A malignant mesothe-
lioma needs to be carefully excluded by a panel of immunostains in such
cases (Papanicolaou, high power).
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F1G. 5.5. Lung adenocarcinoma. Pleural effusion. A cell block section
in the same case clearly supports the diagnosis of a metastatic carcinoma
with smooth contoured outer borders of the glandular fragments and
lumens containing mucin. Background contains numerous reactive mes-
othelial cells and histiocytes (H & E, high power).
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FIG. 5.6. Lung adenocarcinoma. Pleural effusion. A Ber-EP4 immunos-
tain confirms the epithelial nature of the cells in this case consistent with
the diagnosis of an adenocarcinoma. Note the negative background mes-
othelial cells and histiocytes. Ber-EP4 is one of the immunostains with
the “cleanest” staining pattern in SCFs where a large number of histio-
cytes are often a problem causing “dirty” slide background staining (low
power).
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FiG. 5.7. Lung adenocarcinoma. Pleural effusion. A monoclonal CEA
immunostain strongly decorates the singly dispersed adenocarcinoma cells
in this case. An mCEA stain is usually quite specific for epithelial differ-
entiation as opposed to polyclonal subtype of the marker (high power).
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FiG. 5.8. Lung adenocarcinoma. Pleural effusion. A TTF-1 immunostain
is beautifully positive in the neoplastic cell nuclei confirming the pulmo-
nary origin of the adenocarcinoma (high power).
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FiG. 5.9. Micropapillary lung adenocarcinoma. Pleural fluid. This
uncommon variant of lung adenocarcinoma with an aggressive biologi-
cal behavior illustrates a beautiful papillary architecture with occasional
psammoma bodies (1 o’clock). This tumor frequently manifests at higher
clinical stage with a poor prognosis and frequently metastasizes to the
contralateral lung, mediastinal lymph nodes, bone, and adrenal glands,
with high mortality (Papanicolaou, low power).
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Fic. 5.10. Micropapillary lung adenocarcinoma. Pleural fluid. Higher
magnification of the previous case shows a well-formed glandular frag-
ment with characteristic hob-nailed nuclei protruding outward (reverse
polarity). Nuclei show prominent nucleoli. Micropapillary growth pat-
terns have been associated with an aggressive clinical course compared
with traditional papillary adenocarcinoma and bronchioloalveolar carci-
noma (Papanicolaou, high power).



Adenocarcinoma... 87

) I b
* e ’ T
. ..__ » " ,.-. % _.'-
O 3
A . L
’
] [ L N ....‘ L™ .
ir ¥® '*6;‘. .
J".', ’
» ;..a e L]
. - v .
- = e * e b
" e o
» . [ -
a r L r
] o
- .
. . . "'..'l\"‘
> . A%y S
.’ - - .'.‘.-v '.‘..
. » LY 2 ' - -
- »
g - is” s
- . -, 4 -
’ ]
‘Re [ ’
- r '. gy
¥ - »
".0 .'P .
' *) s
‘ ., o4 .‘ .

F1G. 5.11. Micropapillary lung carcinoma. Pleural fluid. A positive
TTF-1 immunostain confirms the pulmonary origin of the carcinoma in
this case. Studies have shown a much higher expression of K-ras, EGFR,
and BRAF mutations in adenocarcinomas of lung with a dominant micro-
papillary growth pattern compared with conventional adenocarcinoma
(Papanicolaou, low power).
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FiG. 5.12. Breast ductal carcinoma. Pleural effusion. Although any meta-
static adenocarcinoma in SCF can create three-dimensional cellular balls,
this phenomenon is best illustrated in cases of metastatic breast ductal
carcinoma. These cellular fragments are also referred to as “proliferation
spheres” or “cannon balls” (Papanicolaou, low power).
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FiG. 5.13. Breast ductal carcinoma. Pleural effusion. A three-dimen-
sional ball of malignant epithelial cells displaying the characteristic
smooth outer border created by fusion of the cytoplasmic membranes of
the adjacent cells. This phenomenon is highly characteristic of adenocar-
cinomas in SCF and is often referred to as “the community border.” This
is in sharp contrast to the irregular outer border of mesothelioma cells, the
latter due to hob nailing of the markedly enlarged nuclei. Each malignant
cell in mesothelioma fragment would retain its own cytoplasmic border
(Papanicolaou, high power).
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FiG. 5.14. Breast ductal carcinoma. Pleural effusion. Another pheno-
typic appearance of breast ductal carcinoma is the so-called single cell
mesothelial pattern. The malignant cells are seen singly dispersed with
large eccentrically placed nuclei with prominent nucleoli. This feature is
in sharp contrast to the mostly centrally placed nuclei of mesothelioma
cells, which are often binucleated or multinucleated as well (Papanico-
laou, high power).
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FiG. 5.15. Breast ductal carcinoma. Pleural effusion. Another illustration
of the so-called mesothelial pattern of the ductal carcinoma cells in SCF
is pictured. Notice the cytoplasmic opacity in these cells further creating
diagnostic confusion with benign mesothelial cells or uncommonly with
mesothelioma. The nuclei show markedly convoluted and irregular out-
lines (Papanicolaou, high power).
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FiG. 5.16. Breast lobular carcinoma. Pleural effusion. A notoriously dif-
ficult diagnosis in SCF is that of metastatic lobular breast carcinoma. This
is due to the fact that the malignant cells are predominantly dispersed,
singly placed, and due to their relatively smaller size and high N/C ratios
may resemble contaminating lymphocytes. However, the presence of
mitoses and occasional nucleoli will help in proper identification espe-
cially when a substantial amount of malignant cells are present (as in this
case) (Papanicolaou, high power).
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Fi1G. 5.17. Breast lobular carcinoma. Pleural effusion. Depicted is
another example which displays high N/C ratio smaller cells with promi-
nent nucleoli. In cases with heavy mesothelial and inflammatory cell con-
tamination, malignant lobular carcinoma cells are very hard to appreciate
and immunostains need to be performed if there is a history of a breast
primary (Papanicolaou, high power).
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F1G. 5.18. Breast lobular carcinoma. Pleural effusion. Although Indian-
filing is a histologic feature of breast lobular carcinoma, occasional cases
of SCF may illustrate similar cytoarchitecture, as seen in this case. Notice
the lymphocyte-like nature of the carcinoma cells (Papanicolaou, high
power).
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FiG. 5.19. Gastric adenocarcinoma. Peritoneal fluid. Another type of
carcinoma where the malignant cells display the phenotypic appearance
similar to a breast lobular carcinoma is that of a gastric primary. These
high N/C ratio cells should be carefully differentiated from a malignant
lymphomatous process by immunostaining. In this case, the patient had a
known history of a “linitis plastica—type” stomach cancer (Papanicolaou,
high power).
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Fic. 5.20. Gastric signet-ring adenocarcinoma. Ascitic fluid. Another
common phenotypic appearance of gastric cancer is a signet-ring-type
cytomorphology. As seen here, the malignant cells display large cyto-
plasmic vacuoles containing mucin with eccentrically placed nuclei and
macronucleoli. These cells need to be differentiated from pseudo signet-
ring cells commonly observed in cases of hepatic cirrhosis (Papanicolaou,
high power).
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FiG. 5.21. Gastric signet-ring adenocarcinoma. Peritoneal fluid. Higher
magnification of another case beautifully illustrates large cytoplasmic
vacuoles indenting the nuclei and pushing them to the edge of the cell
(Papanicolaou, high power).



FiG. 5.22. Gastric signet-ring adenocarcinoma. Peritoneal fluid. The
easiest way to confirm the presence of intracytoplasmic mucin is to per-
form a mucicarmine stain. In this smear, intracytoplasmic mucin is high-
lighted by a strong and crisp orange-red staining (high power).

FiG. 5.23. Ovarian serous carcinoma. Ascitic fluid. A large population
of malignant cells forming three-dimensional balls of varying sizes is
seen. Intracytoplasmic vacuoles are also visible in most of the fragments
(Papanicolaou, low power).
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FiG. 5.24. Ovarian serous carcinoma. Ascitic fluid. The high-grade
nature of malignant cells is quite obvious in this case due to extensive
pleomorphism. The high N/C ratio cells contain macronucleoli, and the
background shows inflammatory necrosis (Papanicolaou, low power).

Adenocarcinoma — Differential Diagnosis

Malignant mesothelioma

Anaplastic large-cell lymphoma (Ki-1 positive)
Anaplastic myeloma

Malignant melanoma

Metastatic tumors with “epithelioid” morphology
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Squamous Cell Carcinoma
(Figs. 5.25, 5.26 and 5.27)

e Rarely exfoliates in effusions (less than 1% of all effusions)
e Usually discloses evidence of squamous differentiation/
keratinization and apparent malignant features
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FiG. 5.25. Lung squamous cell carcinoma. Pleural effusion. The cyto-
logic features strongly suggest an adenocarcinoma in this case due to the
presence of a tight ball of malignant epithelial cells. Note the smooth outer
edge of the cellular fragment. However, this patient has an advanced stage
lung squamous cell carcinoma. Due to the rarity of metastasis to SCFs and
in the absence of obvious keratinization, squamous cell carcinomas are
often hard to diagnose in effusion specimens (Papanicolaou, high power).
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F1G. 5.26. Lung squamous cell carcinoma. Pleural effusion. A rare
metastasis to SCF, squamous cell carcinomas are easily diagnosable when
orangeophilic cytoplasmic keratinization is evident. However, as seen in
this case, the differential diagnosis will also involve an adenocarcinoma
due to the cells containing cytoplasmic vacuoles. The cells at 1 o’clock
display the cell-in-cell appearance or the so-called cell cannibalism. This
phenomenon can be seen in mesotheliomas as well. The cell at 6 o’clock
displays a distinct cytoplasmic opacity likely reflecting keratinization
(Papanicolaou, high power).
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Fi1G. 5.27. Lung squamous cell carcinoma. Pleural effusion. This case
clearly displays a malignant keratinized squamous cell with the so-called
Halloween orange color of the cytoplasm. Rarely, squamous cell metaplasia
may occur in serosal lining resulting in occasional mature-appearing cells
in the effusions (Papanicolaou, high power).

Small-Cell Carcinoma (Figs. 5.28, 5.29, 5.30,
5.31,5.32,5.33 and 5.34)

e Uncommon in pleural effusions

e Usually seen as small tissue fragments

e Cellular (cytoplasm to nuclear) molding, formation of col-
umns (vertebra-like), and concentric round (onion-skin-like)
formations

e Cellular characteristics
— High N/C ratio and lack of conspicuous nucleoli
— Finely granular chromatin
— Tight nuclear molding, or less commonly, single

lymphocyte-like dispersed nuclei

— Karyorrhexis and mitoses
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Fi1G. 5.28. Lung small-cell carcinoma. Pericardial effusion. Another
uncommon metastasis to SCF is a small-cell carcinoma. These cases
can be extremely hard to diagnose when a small population of malignant
cells is present, often overshadowed and diluted by abundant background
mesothelial cells and histiocytes. In this case the malignant cells are

seen tightly molded against each other displaying hyperchromatic nuclei
(Papanicolaou, high power).
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FiG. 5.29. Lung small-cell carcinoma. Pericardial effusion. This is
another example where a large volume of malignant cells was encoun-
tered. Diagnostic features are the relatively smaller cell size, high N/C
ratios with most cells appearing as naked nuclei, nuclear hyperchromasia,
and tight cell-to-cell molding (Papanicolaou, high power).
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F1G. 5.30. Lung, small-cell carcinoma. Pericardial effusion. High magni-
fication in a case beautifully illustrates hyperchromasia and tight nuclear
molding of the adjacent cells. Also notice the lack of nucleoli in neoplastic
cells with evenly distributed and finely granular chromatin (Papanicolaou,
high power).
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Fic. 5.31. Lung small-cell carcinoma. Pericardial effusion. This par-
ticular case was difficult to differentiate from malignant non-Hodgkin’s
lymphoma due to a single cell dispersed pattern. Confirmatory immunos-
tains have to be performed before a definitive diagnosis is made in such
cases (Papanicolaou, high power).
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F1G.5.32. Lung small-cell carcinoma. Pericardial effusion. Cell block sec-
tion with a strong immunoreactivity with synaptophysin in a granular cyto-
plasmic pattern confirms the diagnosis in the above case (high power).
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FiG. 5.33. Lung small-cell carcinoma. Pleural effusion. This cell block
section from another case illustrates a morule-like architecture with small
uniform round to oval malignant cells tightly wrapped around and form-
ing a cellular ball. This unusual architecture is often observed in cell block
sections of metastatic small-cell carcinomas (H & E, high power).
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FiG. 5.34. Lung small-cell carcinoma. Pleural effusion. On immunos-
taining in the prior case, the malignant cell nuclei strongly stained with
TTF-1 confirming the pulmonary origin of the primary site. It is worth-
while to remember that small-cell carcinomas from other body sites may
also immunostain with TTF-1. Clinical and/or radiologic history of a lung
mass is extremely helpful in such cases (high power).
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Small-Cell Carcinoma — Differential
Diagnosis

e Other “small blue cell” tumors
® Adenocarcinoma of breast, endometrium, and prostate
— May form fragments with cellular molding but usually have
prominent nucleoli and well-discernible cytoplasm

e Malignant NHL
— Single discohesive cells

e Other small round tumors
— Carcinoid and PanNET
— Ewing’s sarcoma/PNET

Miscellaneous Other Cancers (Figs. 5.26, 5.27,
5.28,5.29, 5.30, 5.31, 5.32, 5.33, 5.34, 5.35, 5.36,
5.37,5.38,5.39, 540, 5.41, 5.42,5.43,5.44, 5.45,
5.46,5.47,5.48,5.49, 5.50, 5.51, 5.52, 5.53, 5.54,
5.55,5.56,5.57, 5.58, 5.59 and 5.60)
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F1G. 5.35. Merkel cell carcinoma. Pleural effusion. The malignant cells
have strong phenotypic resemblance to the previous cases of small-cell
carcinoma. As a matter of fact, morphologic distinction between Merkel
cell carcinoma of the skin and small-cell carcinoma from other body sites
cannot be made, and confirmatory immunostains are always required.
Malignant cells in this case display extreme hyperchromasia and an almost
naked nuclear population (Papanicolaou, high power).

Malignant Melanoma

e Cytomorphologic features

— Single cells and small tissue fragments

— Epithelial and sarcomatous features

— Large nuclei with macronucleoli

— Intranuclear pseudo inclusions

— Intracytoplasmic melanin pigment

— Amelanotic melanoma may require immunostaining
(Melan-A, HMB-45, and S-100 protein) to confirm the
diagnosis
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FiG. 5.36. Renal cell carcinoma. Peritoneal effusion. Depicted are
significantly larger malignant cells with distinctly vacuolated cytoplasm
(so-called soap bubble appearance) and macronucleoli. Renal cell carci-
noma rarely metastasizes to SCF (Papanicolaou, high power).

Malignant Melanoma — Differential
Diagnosis

® Variety of sarcomas may metastasize to the serosal surface

® (linical history and ancillary studies (immunostaining, EM,
and cytogenetics) may be needed to establish an accurate
diagnosis
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FiG. 5.37. Renal collecting duct carcinoma. Pleural effusion. Neoplastic
cells in this case have phenotypic resemblance to an adenocarcinoma with
round to oval nuclei, vesicular chromatin, and macronucleoli. A previous
history of a renal primary is extremely crucial to avoid misdiagnosis in
this rare tumor (Papanicolaou, high power).
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F1G. 5.38. Urothelial carcinoma. Pleural effusion. Pleomorphic malig-
nant cells with enlarged hyperchromatic nuclei, single or multiple nucle-
oli, and opaque cytoplasm are seen in a single cell pattern. Once again,
the previous history of a urinary tract malignancy is extremely important
in this case where classic features of urothelial differentiation are missing
(Papanicolaou, high power).
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FiG. 5.39. Signet-ring cell urothelial carcinoma. Peritoneal fluid. This
unusual case illustrates a rare variant of urothelial carcinoma. Notice
the well-formed signet-ring cells (arrow). All cells in this field illustrat-
ing high N/C ratios and mitoses are consistent with metastases from the
known urothelial primary in this patient (Papanicolaou, high power).
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FiG. 5.40. Signet-ring cell urothelial carcinoma. Peritoneal fluid. Cell
block section illustrates the signet-ring cell morphology and other malig-
nant features of the neoplastic cells (H & E, high power).
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Fi1G. 5.41. Anaplastic thyroid carcinoma. Pleural effusion. Metastasis
from a thyroid primary to SCF is rare. In this case of an advanced stage
anaplastic carcinoma, the large cells seen here have obvious malignant
features (pleomorphism, large nuclei with macronucleoli) and are seen
in an inflamed background. A morphologic diagnosis without the known
history and/or immunostaining would not have been possible in this case
(Papanicolaou, high power).
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FiGc. 5.42. Glioblastoma multiforme (GBM). Pleural effusion. Extracra-
nial metastasis of primary brain tumors is exceedingly rare. In this unusual
case of a metastatic small-cell GBM, the neoplastic cells are seen in this
cell block section resembling a neuroendocrine carcinoma (H & E, high
power).



FiG. 5.43. Choriocarcinoma. Ascitic fluid. In this unusual case, the malig-
nant cells are large and pleomorphic, often displaying multinucleation.
History of a previous germ cell tumor is imperative to arrive at an accurate
diagnosis. Additionally, immunostains have to be performed in such rare
tumors to confirm the diagnosis (Papanicolaou, high power).

F1G. 5.44. Malignant melanoma. Pleural effusion. This SCF was grossly
noticed to be dark brown in a patient with known history of melanoma.
Cytomorphology is highlighted by abundant melanophages explaining
the dark color of the effusion in this case. The background cells, some
with macronucleoli, are the malignant melanoma cells. In cases like this,
immunostains are often not needed (Papanicolaou, high power).
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F1G. 5.45. Malignant melanoma. Pleural effusion. This case illustrates
a much larger population of malignant cells with eccentric nuclei and
macronucleoli. Additionally, numerous melanophages are present (Papan-
icolaou, low power).
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FiG. 5.46. Malignant melanoma. Ascitic fluid. Occasionally, one may
encounter amelanotic tumors. In this case, the malignant cells appear
pleomorphic with eccentric nuclei and binucleation. Confirmatory immu-
nostains may be needed since no melanin is seen. Occasional cells have
cytoplasmic characteristics of histiocytes (Papanicolaou, high power).

F1G. 5.47. Malignant melanoma. Ascitic fluid. These examples illustrate
the characteristic binucleation of a metastatic melanoma. Also noticed are
macronucleoli (Papanicolaou, high power).
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FiG. 5.48. Malignant melanoma. Pleural effusion. In this example of
melanoma, the malignant cells have a prominent epithelioid morphol-
ogy with eccentrically placed large nuclei and macronucleoli. Numerous
mitotic figures are also evident. Confirmatory immunostains are needed
(Papanicolaou, high power).



F1G. 5.49. Malignant melanoma. Pleural effusion. The malignant cells
display extreme anisonucleosis with eccentrically placed nuclei, macro-
nucleoli, and mitoses. Due to phenotypic resemblance with metastatic
carcinoma in this cell block section, the diagnosis should be confirmed by
a panel of immunostains (H & E, high power).
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FiG. 5.50. Epithelioid hemangioendothelioma. Pleural effusion. Mesen-
chymal neoplasms are rare metastases to SCF. In this example of an epithe-
lioid hemangioendothelioma, the malignant cells have large eccentrically
placed nuclei with macronucleoli. Due to the rare nature of this lesion and
a prominent epithelioid appearance, the diagnosis should be confirmed by
immunostaining with vascular markers (Papanicolaou, high power).
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Fic. 5.51. Epithelioid hemangioendothelioma. Pleural effusion. Cell
block section illustrates the characteristic “floweret” appearance of the
neoplastic cells. Due to the reverse polarity, the nuclei are located at the
outer edges of the cell cytoplasm creating this characteristic architecture
(H & E, low power).
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Sarcomas

e May mimic a variety of tumors
e Immunostaining is needed when pathognomonic features are

absent

Sarcomatous Effusions — Some Facts

e NEVER present as occult metastases
¢ Objective of the cytologic examination is to:

— Document the presence or absence of cancer
— Confirm the morphologic resemblance to the known pri-
mary sarcoma

IMPERATIVE to review/compare with the original resection
specimen
Perform ancillary studies

Sarcomas — Cytomorphologic Characteristics

e [arge pleomorphic cells

MFH, liposarcoma, undifferentiated embryonal sarcoma,
MMMT

Epithelioid/round cells

Osteosarcoma, chondrosarcoma, clear cell sarcoma

Small round blue cells

Ewing’s sarcoma/PNET, endometrial stromal sarcoma,
embryonal rhabdomyosarcoma

Spindle/fusiform cells

e [ eiomyosarcoma, PNST




FiG. 5.52. Epithelioid sarcoma. Pleural fluid. In this rare example, the
tumor cells show round to oval nuclei and prominent nucleoli, resembling
an epithelial neoplasm. Diagnosis in such cases hinges upon the clinical
history of a previous sarcoma as in most cases the phenotypic appearance
can be nonspecific (Papanicolaou, high power).

FiG. 5.53. Clear cell sarcoma. Pericardial effusion. This patient had a
large ankle soft tissue mass resected a few months before this effusion
was tapped. The malignant cells display binucleation with macronucleoli
and a distinct paranuclear globoid inclusion (similar to a rhabdoid tumor)
(Papanicolaou, high power).
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FiG. 5.54. Endometrial stromal sarcoma, low grade. Peritoneal fluid. A
large fragment of high N/C ratio cells is seen. The cells barely display any
cytoplasm and appear as mostly naked nuclei. A previous history of a uter-
ine primary is extremely important. A CD10 immunostain would confirm
the diagnosis (Papanicolaou, high power).

FiG. 5.55. Endometrial stromal sarcoma, high grade. Peritoneal fluid. In
contrast to the previous example, this high-grade sarcoma shows numerous
karyorrhectic nuclei and background necrosis (Papanicolaou, high power).
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FI1G. 5.56. Leiomyosarcoma. Pleural effusion. Very often, spindle cell sarco-
mas appear much more rounded (or “epithelioid”) in SCF due to the prolonged
suspension of the malignant cells in a fluid environment. In this example of
leiomyosarcoma, the spindle cell morphology is lost despite the fact that pri-
mary leg sarcoma had fusiform nuclei. A confirmatory immunostain with
muscle-cell actin is shown on the right (Papanicolaou, high power).
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FiG. 5.57. Malignant fibrous histiocytoma (MFH). Pleural fluid. A pleo-
morphic multinucleated giant cell is visible in a background with exten-
sive necrosis. A specific cytologic diagnosis is impossible in this case
without knowing the history of a known retroperitoneal MFH (Papanico-
laou, high power).
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F1G. 5.58. Osteosarcoma. Pleural effusion. These high N/C ratio cells
have vesicular nuclei and prominent nucleoli. The cytologic diagnosis
would not have been possible without knowing the history of a lower
femoral shaft osteosarcoma (Papanicolaou, high power).
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FiG. 5.59. Undifferentiated embryonal sarcoma of liver. Peritoneal fluid.
This young child had a large liver tumor. The malignant cells seen here
have extreme pleomorphism with large nuclei, macronucleoli, and fine
wispy cytoplasm (Papanicolaou, high power).
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F1G. 5.60. Malignant mixed Mullerian tumor of uterus. Ascitic fluid. This
pleomorphic tumor is attempting to form glandular structures. The cells
display large nuclei, macronucleoli, and cytoplasmic vacuoles. Without
the known history of a uterine MMMT, the cytomorphology would have
been considered consistent with an adenocarcinoma. MMMT may also
display sarcomatous components in SCF (Papanicolaou, high power).
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6
Effusions in Children

Serous cavity effusions in children are usually related to infec-
tious diseases, and malignant effusions are distinctly uncommon.
The latter, when seen, typically include malignant tumors of the
small round blue cell family such as neuroblastoma, nephroblas-
toma, Wilms’ tumor, hepatoblastoma, and thabdomyosarcoma. In
one large series (Wong et al. 1997 ), the incidence was lymphoma
and leukemia (52%), neuroblastoma (14%), Wilms’ tumor (9%),
gonadal and extragonadal germ cell neoplasms (8%), bone and
soft tissue sarcomas (7%), epithelial neoplasms (5%), Ewing’s
sarcoma/PNET (2%), and other neoplasms (3%). Cancers were
encountered in 47% of pleural fluids, 23% of ascitic fluids, 27% of
peritoneal washings, and 43% of pericardial fluids. Pleural fluids
were the most common specimen type and showed the highest pro-
portion of positivity. Others (Hallman and Geisinger) have shown
that the major diagnostic difficulty in interpreting pediatric effu-
sion cytology is in distinguishing neoplasms of the small-cell type
from mononuclear inflammatory cells. The usefulness of perito-
neal washings in pediatric patients is similar to that in adults.

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 133
Fluid Cytopathology, Essentials in Cytopathology 10,
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Malignant Effusions in Children

e Small round blue cell tumors
— Ewing’s sarcoma/PNET
— Wilms’ tumor
— Neuroblastoma
— Embryonal rhabdomyosarcoma
— DSRCT
— Hepatoblastoma

e Hematologic neoplasms
— Lymphomas and leukemias

e Other tumors
— Extrarenal rhabdoid tumor

Malignant Effusions in Children —
Cytomorphologic Findings (Figs. 6.1, 6.2, 6.3,
6.4,6.5,6.6,6.7,6.8,6.9, 6.10, 6.11, 6.12, 6.13,
6.14 and 6.15)

e Small round blue cell tumors
— Hypercellular, mostly single cells
— Monotonous, small round blue cells
— Rosetting and/or nuclear molding
— Occasional mitoses, rare necrosis

e Hematologic neoplasms
— See Chap. 8

e Extrarenal rhabdoid tumor
— Large epithelioid cells
— Eccentric nuclei with macronucleoli
— Globular fibrillary cytoplasmic inclusions
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F1G. 6.1. Neuroblastoma. Pleural fluid. This case, prepared on a filter,
essentially illustrates a population of primitive small round blue cells. The
cytomorphology would generate a specific list of differential diagnosis
in this age group. Additional immunostains are almost always needed.
Neuroblastoma is a childhood tumor originating from sympathetic nerv-
ous system cells and represents one of the most common malignancies in
early childhood. Neuroblastoma is a cancer with a heterogeneous profile
and a prognosis ranging from near uniform survival to high risk for fatal
demise. The expression of the MYCN oncogene is considered critical for
progression of neuroblastoma (Papanicolaou, high power).
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FiG. 6.2. Wilms’ tumor. Peritoneal fluid. Similar to the previous case,
fragments of small round blue cells are seen. Occasional cases of Wilms’
tumor may also display better differentiated areas with tubular formations.
Others have reported epithelial cells with three-dimensional aggregates
with many cystic and tubular structures. Wilms’ tumor, also known as
nephroblastoma or renal embryoma, is the fifth most common pediatric
malignancy, arising from the embryonal tissue of kidneys. This childhood
cancer has an overall cure rate of over 85% (Papanicolaou, high power).
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F1G. 6.3. Ewing’s sarcoma/PNET. Pleural fluid. A distinct population
of small round blue cells is seen in the middle of the field in the back-
ground of reactive mesothelial cells and histiocytes. Immunostaining with
CD99 and bcl-2 would confirm the diagnosis in this case. SCFs are con-
sidered excellent samples for molecular and cytogenetic analysis in the
small round blue cell tumors of the childhood, and such studies are occa-
sionally required in difficult cases even after immunostaining has been
performed. Ewing’s sarcoma/PNET represents the second commonest pri-
mary osseous malignancy in adolescents and young adults (Papanicolaou,

high power).

°
.'i




138 6. Effusions in Children

" ® e ®
«@e 4
¢ » .

a8

F1G. 6.4. Ewing’s sarcoma/PNET. Pleural fluid. This tumor, due to tight
nuclear molding, resembles a neuroendocrine carcinoma. However, due to
the young age of the patient and additional immunostains, these cells were
deemed consistent with Ewing’s sarcoma/PNET. The tumor can occur in
any bone in the body; the most common sites are the pelvis, thigh, lower
leg, upper arm, and rib and can be extraskeletal (primarily arising in the
soft tissues). The metastatic Ewing’s sarcoma/PNET has an extremely
poor prognosis. Despite aggressive treatment, 20-40% of patients with
localized disease and almost 80% of patients with metastatic disease at
presentation die of their disease (Papanicolaou, high power).
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FIG. 6.5. Renal medullary carcinoma. Pleural effusion. This young
patient had enlarged neck lymph nodes consistent with a metastatic dis-
ease. Additionally, the patient was sickle cell trait positive. Cytomorphol-
ogy in this effusion strongly suggested an adenocarcinoma. However, due
to the young age of the patient and the clinical history, this was reported
as consistent with renal medullary carcinoma. Note the three-dimensional
tumor cell fragments comprised of high N/C ratio malignant cells, nuclear
hyperchromasia, and frequent mitoses (Papanicolaou, high power).
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FIG. 6.6. Renal medullary carcinoma. Radiologic imaging. A transaxial
CT scan at the level of the kidneys shows a large cystic right renal mass in
this patient (arrow). Renal medullary carcinoma is a rare tumor that arises
centrally in the renal medulla. Due to its rapid growth and invasion of the
renal sinuses, it behaves very aggressively with nearly all patients dying
of the disease within days to several months after the initial diagnosis. The
mean duration of life after surgery is about 15 weeks. The right kidney is
involved much more often than left.
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FiG. 6.7. Renal medullary carcinoma. Pericardial effusion. Cell block
section in the previous case shows an aggressive phenotype with brisk
mitoses and karyorrhexis. Luminal spaces suggest gland-like differentia-
tion in this high-grade tumor. Cytologically, tumor cells display dark eosi-
nophilic cytoplasm and nuclei with conspicuous and usually prominent
nucleoli. The presence of rhabdoid-like cells has also been reported in
some cases. Renal medullary carcinoma is typically seen in young patients
with the sickle cell trait and rarely with sickle cell disease. The infiltra-
tive pattern of growth of renal medullary carcinoma is in sharp contrast
with renal cell carcinoma and Wilms’ tumor, which grow by expansion
(H & E, low power).
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F1G. 6.8. Hepatoblastoma. SCF. A primitive small round blue cell neo-
plasm is seen. However, with the history of a large hepatic mass in this
young baby and an extremely high serum alpha fetoprotein, this case was
adequately interpreted as metastatic hepatoblastoma. Without clinical his-
tory and serological information, a definitive diagnosis would not have
been possible in this case as the morphological features are not specific for
hepatoblastoma and any childhood small-cell tumor could show similar
cellular characteristics. These limitations should always be kept in mind
when interpreting the rare childhood malignancies. Although rare, hepa-
toblastoma accounts for two-thirds of malignant liver tumors in children.
Patients with familial adenomatous polyposis (FAP) frequently develop
hepatoblastomas. Complete surgical resection of the tumor at diagnosis,
followed by adjuvant chemotherapy, is associated with 100% survival
rates (Papanicolaou, high power).
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F1G.6.9. Intra-abdominal desmoplastic small-round-cell tumor (DSRCT).
Peritoneal fluid. Depicted is a dispersed population of small round blue
cells with fine powdery chromatin and uniform round to oval nuclei. Intra-
abdominal location and the young age favored this diagnosis, which was
further confirmed in cell block sections with neuroendocrine markers
and desmin. These patients may present with innumerable tumor nodules
studding the entire peritoneal cavity. DSRCT is considered a multifocal
disease. Metastases can be found in lung and liver. DSRCT is an aggres-
sive intra-abdominal malignancy with excellent chemoresponsiveness,
but relapse is frequent (Papanicolaou, low power).
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FiG. 6.10. Embryonal rhabdomyosarcoma (RMS). Pleural effusion.
Loosely aggregated population of primitive small round blue cells is seen.
In conjunction with the patient’s previous history of a known RMS and
immunostaining in the cell block sections with desmin and myogenin, this

case was diagnosed as consistent with the above diagnosis. Rhabdomy-

osarcoma is the most frequent soft tissue sarcoma in children (Papanico-
laou, high power).
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F1G. 6.11. Embryonal rhabdomyosarcoma. Pleural effusion. This fil-
ter preparation shows high N/C ratio cells with hyperchromatic nuclei.
A diagnosis of RMS in the effusion is not possible without clinical history
of the known primary and/or ancillary studies. The most common pri-
mary site of origin is head and neck with embryonal RMS being the most
common histologic subtype. The 5-year survival rate is around 48% and
depends on the primary site, histologic subtype, and size of the tumor at
the time of presentation. The final clinical outcome for infants with RMS
is less satisfactory than older children, and those aged 1-9 years have the
best 5-year survival (Papanicolaou, high power).
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FiG. 6.12. Extrarenal rhabdoid tumor. Pericardial effusion. This effusion
was tapped from a 2-week-old baby with a large chest wall mass. Presence
of degenerated blood is a worrisome finding. The epithelioid malignant
cells are singly dispersed with large nuclei and macronucleoli. Extrarenal
rhabdoid tumor is a rare, highly aggressive tumor of childhood with a
poor prognosis. It represents <1% of pediatric soft tissue malignancies,
typically involving infants (Papanicolaou, low power).
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FiG. 6.13. Extrarenal rhabdoid tumor. Pericardial effusion. The classic
“rhabdoid” morphology is evident here with large epithelioid cells with
eccentric nuclei, single macronucleolus, and a whorled/globoid paranu-
clear cytoplasmic inclusion. Rhabdoid tumor frequently involves extrare-
nal sites such as the neck, abdomen, and paraspinal regions (Papanicolaou,
high power).
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FiG. 6.14. Extrarenal rhabdoid tumor. Pericardial effusion. Cell block
section illustrates the prominent rhabdoid appearance of the neoplastic
cells. Note the characteristic macronucleoli. In an adult patient, differen-
tial diagnosis would also have included metastatic adenocarcinoma and
mesothelioma. The effusion specimen in this case was also used to culture
cells for karyotypic analysis and demonstrated the characteristic t(1;22)
translocation (H & E, high power).



Selected Reading 149

F1G. 6.15. Extrarenal rhabdoid tumor. Pericardial effusion. Cell block
section shows strong immunostaining with EMA. Additionally, the tumor
cells stained with desmin. Extrarenal RT is more common than either
renal or CNS RTs, the latter observed in older patients. Concomitant CNS
RTs are found in almost one-third of patients with extrarenal RT. Meta-
static disease at diagnosis is present in more than half of the patients (high
power).
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7
Abdominopelvic Washings

Morphologic evaluation and appropriate characterization of neoplas-
tic cells in peritoneal and pelvic fluids are important in the staging of
patients with ovarian neoplasms. Peritoneal and/or pelvic washing
specimens are submitted routinely for cytologic evaluation as part
of the staging protocol for gynecologic tract and other abdominal
cancers. Both benign conditions as well as malignant cells from a
locally invasive tumor or a distant primary site can be observed in
abdominopelvic washings (APW). Accurate pathologic evaluation
and staging of the extent of the disease is important to determine
the necessity for further therapy. One study highlighted the diagnos-
tic problems encountered on cytologic evaluation as differentiating
reactive mesothelial cells from low-grade malignancies, distinguish-
ing between benign ovarian tumors, ovarian tumors of borderline
malignancy, and low-grade ovarian malignancies; and potential
false-positive diagnoses in endometriosis and endosalpingiosis.
Another study included mesothelial cell hyperplasia, collagen balls,
endometriosis, and endosalpingiosis as the most serious diagnostic
pitfalls on peritoneal washing cytology in women who present with
gynecologic lesions.

In a typical APW for a suspected gynecologic tract disease,
approximately 200 cm® of sterile normal saline is instilled and
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allowed to wash the uterus, tubes, ovaries, and cul-de-sac. The
fluid is then aspirated, mixed with 1,000 units of heparin, and sent
to the cytology laboratory. If the fluid is grossly bloody, lysing
with a hemolytic agent (such as glacial acetic acid) often helps.

Benign Diseases (Figs. 7.1, 7.2,7.3,7.4,7.5, 7.6,
7.7,7.8,7.9,7.10,7.11 and 7.12)

Endometriosis, endosalpingiosis, mesothelial proliferation, and
hyperplasia (such as in cases of ovarian cystadenofibromas) are com-
monly diagnosed in APWs. The hallmarks of a washing specimen (as

FiG.7.1. Collagen ball. Abdominopelvic washing. Often considered a mis-
nomer, these peculiar structures are a hallmark of abdominopelvic washing
on cytology and are almost never seen in spontaneous effusions. Collagen
balls have no clinical significance and likely represent the loose submes-
othelial matrix tissue which gets “rolled-up” with the adhered mesothelial
cells due to physical trauma of the wash. Collagen balls tend to occur more
commonly in pelvic than the rest of the abdominal washings and seem to
arise from the surface of the ovaries (Papanicolaou, low power).
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F1G. 7.2. Collagen ball. Abdominopelvic washing. This shows the pale
green submesothelial matrix tissue with several benign mesothelial cell
nuclei surrounding the core. These structures should not be confused with
acini formations of a metastatic adenocarcinoma. Some have reported an
unexplained sevenfold increase in the percentage of peritoneal washing
samples with collagen balls, perhaps related to a better appreciation of this
clinically unremarkable structure in routine cytology practice (Papanico-
laou, high power).

opposed to spontaneous effusion or ascites) are the presence of large
intact tissue fragments of benign mesothelium and/or the round to
oval structures called “collagen balls.” The presence of these two cel-
lular components is explained by the physical lifting up of the fragile
mesothelium from the underlying stroma to which these cells are only
loosely adherent. The mesothelial fragments more commonly assume
small- to large-sized monolayered fragments or linear fragments often
referred to as “string of pearls.” Collagen balls (a misnomer) are round
to oval structures of varying sizes that appear pale green. The center
(which appears amorphous) is surrounded by an attenuated lining
of flattened mesothelium. The amorphous center does not contain
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collagen but is thought to consist of loose submesothelial matrix
tissue which rolls up into balls due to the washing. Endometriosis in
particular should always be included in the differential diagnosis of
peritoneal effusions, or APWs, from women.

Endometriosis

® Young to middle-aged women, history of pelvic pain, can be
asymptomatic, often ascites is presenting complaint

e Ovary is the most common site

e Often nonspecific cytologic findings of:

— Bland-appearing endometrial cells, often in small tissue
fragments, can be seen singly, but mostly small tight balls
of epithelial cells, less often cells in syncytia and honey-
combs

— Psammoma bodies

— Hemosiderin-laden macrophages are common and can
predominate

— Spindled stromal cells are rarely identified

— Acute inflammatory cells (depending on the influence of
hormonal levels)

e The appearance of the glandular component can be altered
by hormonal and metaplastic changes, as well as cytologic
atypia and hyperplasia

e CD10 immunostaining in cell block sections may help in the
diagnosis by identifying stromal cells but is not routinely
indicated

>
>

F1G. 7.4. Endometriosis. Abdominopelvic washing. This example beauti-
fully illustrates a classic tight ball of endometrial glandular cells admixed
with hemosiderin-laden macrophages. Few reactive mesothelial cells are
also seen, which are a common accompaniment of endometriosis (Papani-
colaou, high power).




Fic. 7.3. Endometriosis. Abdominopelvic washing. A tight ball-shaped
fragment of benign endometrial glandular epithelium is seen here. Note
the small cell size, uniform nuclei lacking prominent nucleoli. No stromal
cells or hemosiderin-laden macrophages are evident in this case. These
two other cell types are not always needed in an effusion specimen to
make the diagnosis of endometriosis as long as the clinical picture is con-
sistent with the diagnosis (Papanicolaou, low power).
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Endosalpingiosis

e Arises from secondary Mullerian system (pelvic and lower
abdominal mesothelium)

¢ Young to middle-aged women

e Often asymptomatic

e Often large, epithelial fragments with tubal-type epithelium,
indistinct ciliated border, smooth contours, often papillary-
like, oval to elongated and stratified nuclei at the periphery

® Psammoma bodies

e No hemosiderin-laden macrophages

F1G. 7.5. Endometriosis. Abdominopelvic washing. A papillary-like frag-
ment of endometrial glands containing a psammoma body in the middle
(left). The corresponding cell block section nicely illustrates the benign
endometrial tissue (right) (Papanicolaou and H & E, low power).



F1G. 7.6. Endosalpingiosis. Abdominopelvic washing. A large monolay-
ered fragment of tubal-type epithelium with flat cuboidal cells forming a
honeycombed architecture is depicted (Papanicolaou, low power).

o
o

Fic. 7.7. Endosalpingiosis. Abdominopelvic washing. Higher magni-
fication from the previous case shows focal ciliated border. Nuclei are
enlarged and crowded with micronucleoli. Absence of significant atypia
and lack of three dimensionality excluded a neoplastic process (Papani-
colaou, high power).
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FiG. 7.8. Endosalpingiosis. Abdominopelvic washing. In this case, a
large branching glandular fragment is seen with peripheral palisading of
the nuclei which display short columnar- to cuboidal-type configuration.
A psammoma body is also noticed at the upper right hand corner (Papani-
colaou, low power).
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F1G.7.9. Endosalpingiosis. Abdominopelvic washing. These round glandu-
lar fragments are lined by short columnar cells with focally ciliated borders,
containing numerous psammoma bodies (Papanicolaou, high power).
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FiG. 7.10. Benign mesothelial proliferation with psammoma bodies.
Fragment of mesothelium with a crowded three-dimensional appearance.
Note several partially intact psammoma bodies in the center of the frag-
ment (Papanicolaou, high power).
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FiG. 7.11. Benign mesothelial proliferation with psammoma bod-
ies. Seen here is benign-appearing mesothelium forming an acinus-like
structure containing a large psammoma body. Mesothelial proliferation
accompanies a number of nonneoplastic and neoplastic gynecologic tract
conditions such as endometriosis, endosalpingiosis, and ovarian neo-
plasms (such as adenofibroma) (Papanicolaou, high power).
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FiG. 7.12. Benign mesothelial proliferation with psammoma bod-
ies. Cell block section illustrates an acinus-like structure occupied by a
large partially intact psammoma body. This patient had a large ovarian
adenofibroma, and the overlying mesothelium showed exuberant reactive
hyperplasia (Papanicolaou, high power).

Malignant Diseases (Figs. 7.13, 7.14, 7.15, 7.16,
7.17,7.18,7.19,7.20,7.21,7.22, 7.23, 7.24, 7.25,
7.26 and 7.27)

The cancers most often encountered in APWs are low-grade/bor-

derline ovarian neoplasms (micropapillary serous), high-grade/
serous ovarian carcinoma, and endometrial carcinomas.

Serous Borderline Tumors of the Ovary

Young age, often the patient is pregnant
Presence of a two-cell population

Psammoma bodies

Cytoplasmic vacuolization

Smooth fragment contours

High N/C ratios and coarse nuclear chromatin
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Micropapillary Serous Carcinoma of the Ovary

e A proliferative serous ovarian neoplasm that often lacks
destructive infiltrative growth but behaves like a low-grade
invasive carcinoma

e Displays a characteristic histologic architecture consisting
of a filigree pattern of highly complex micropapillae arising
directly from large, bulbous papillary structures

e Can be associated with invasive peritoneal implants and, in
these cases, the disease is likely to be progressive and fatal

e Cytomorphologic features
— Small but well-formed papillary fragments (generally <30

cells)

— Monotonous, relatively small, orderly arranged epithe-
lial cells, with hyperchromatic nuclei often with multiple
nucleoli

— Occasionally, larger papillary fragments, which have a
well-formed fibrovascular core

— Prominent peripheral palisading of the nuclei with focal
hob nailing of the nuclear contours, giving the fragments
an undulating outer edge

— Single, large atypical cells seldom present and seen in less
than one-half of cases

— Psammoma bodies are commonly present
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F1G. 7.13. Micropapillary serous carcinoma of the ovary. Abdominopel-
vic washing. A well-defined fragment of glandular epithelium is seen.
Notice the fine papillary-like architecture, small cell size with nuclei lack-
ing prominent nucleoli. In cases where a definitive cytologic diagnosis is
not possible, it is better to wait an extra day and correlate the findings with
the histology of the resected lesion (as most of the abdominopelvic wash-
ings are intraoperative procedures and are accompanied by a concurrent
tissue resection) (Papanicolaou, low power).
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F1G.7.14. Micropapillary serous carcinoma of the ovary. Abdominopelvic
washing. A beautiful illustration of the fine finger-like papillary architec-
ture of the tumor with the center containing what appears to be a fibrov-
ascular core. Some peripheral palisading of the small cuboidal nuclei is
visible at the top of the fragment (Papanicolaou, low power).



Malignant Diseases... 165

F1G. 7.15. Micropapillary serous carcinoma of the ovary. Abdominopel-
vic washing. Abundant mesothelial proliferation accompanies this tumor
as evident here along with numerous small psammoma bodies (Papanico-
laou, high power).



166 7. Abdominopelvic Washings
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F1G. 7.16. Micropapillary serous carcinoma of the ovary. Abdominopel-
vic washing. Higher magnification shows the three-dimensional acinar-
like arrangement with uniform small cuboidal cells lacking nucleoli
(Papanicolaou, high power).
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FiG. 7.17. High-grade serous carcinoma of the ovary. In contrast to
micropapillary carcinoma, a high-grade serous carcinoma of the ovary
shows a much higher cellularity with larger tissue fragments displaying
a more complex architecture. Macronucleoli are hard to miss even at this
low magnification (Papanicolaou, low power).
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High-Grade Papillary Serous Carcinoma
of the Ovary

® One of the most common epithelial tumor diagnoses of the
ovary
e Primary mode of dissemination in ovarian carcinoma is
intraperitoneal spread
e S-year survival of 70% if confined to ovary; drops to 25%
if it involves peritoneum
e Cytomorphologic features
— Larger papillary fragments (generally >30 cells)
— Disorderly placed pleomorphic, hyperchromatic cells,
often with single prominent nucleoli
— Papillary tissue fragments have a more complex, elaborate
arborizing architecture
— Pronounced nuclear crowding and pleomorphism with
relatively larger round to oval-shaped nuclei. Nuclei show
a distinct vesicular chromatin texture, often with single
atypical-appearing nucleoli
— Peripheral palisading of the nuclei rarely observed, in
contrast to the MPSC specimens. Single large tumor cells
exhibiting eccentrically placed atypical nuclei or multinu-
cleation present in high concentration
e Immunostaining — WT-1 (78%), CA-125 (78%), CK 5/6
(55%), and D2-40 (23%)
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F1G. 7.18. High-grade serous carcinoma of the ovary. Pleomorphic epi-
thelial cells with significant anisonucleosis, open chromatin, and macro-
nucleoli are seen. High-grade serous carcinoma is fairly easy to diagnose
on abdominopelvic washings as opposed to low-grade or borderline
tumors (Papanicolaou, high power).

Psammomatous Effusions

Psammoma bodies (PBs) are encountered only rarely in SCFs.
Psammomatous effusions are much more common in abdominal
than pleural or pericardial cavities and in general observed more
often in female patients undergoing intraoperative abdominopelvic
washings. Although their presence in certain neoplasms of thyroid,
ovary, lung, brain, etc., is established, their significance in SCF is not
well understood. PBs are concentrically laminated calcific spherules
that occasionally appear cracked on smears, surrounded by cells,
and often appear either acidophilic or basophilic on Papanicolaou
stain. PBs usually are associated with papillary neoplasms of various
organs as well as a variety of benign conditions such as the use of
intrauterine devices, oral contraceptives, endosalpingiosis, endome-
triosis, endometritis, and many others. The presence of PBs in fine
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F1G. 7.19. High-grade serous carcinoma of the ovary. In this case, a large
three-dimensional tissue fragment is evident with crowded and pleomor-
phic nuclei showing macronucleoli. Additionally, a few single malignant
cells are present as well (Papanicolaou, low power).

needle aspiration of certain neoplasms, such as papillary thyroid
carcinoma, ovarian papillary serous carcinoma, bronchioloalveolar
carcinoma, meningioma, and others, is well established and is con-
sidered to be diagnostically significant. In one of the largest series
(see the table below), the incidence was 3.7%. Of all PBs, 91% were
seen in peritoneal fluid, 8.1% in pleural, and 0.81% in pericardial
fluids. However, all cases of pleural and pericardial effusions with
PBs were malignant (carcinomas of the thyroid, lung, and ovary)
compared with 55.4% of peritoneal fluid (carcinoma of the ovary
and uterus and mesothelioma). In 36.6% of peritoneal fluid with
PB, the follow-up diagnoses were benign (ovarian cystadenoma/
cystadenofibroma, papillary mesothelial hyperplasia, endosalpingi-
osis, endometriosis, and other miscellaneous benign diagnoses).
Cytomorphologically, PBs in SCFs are round, mostly intact struc-
tures with easily identifiable concentric laminations with a pale red-
dish coloration on Papanicolaou staining. They are almost always
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F1G. 7.20. High-grade serous carcinoma of the ovary. Depicted is a popu-
lation of almost naked nuclei with open chromatin and macronucleoli.
Occasionally, when the patient has more than one primary site, a positive
immunostaining with WT-1 in the cell block sections is extremely helpful
(Papanicolaou, high power).

observed in association with the cellular component. Only rarely
are isolated PBs noted in the slide background. In benign lesions
such as endosalpingiosis or endometriosis, the PBs are well formed
and easily discernible structures and are well contained within the
glandular lumina. The lining epithelial cells are observed to be well
polarized around the periphery of the fragments. In cases of cys-
tadenofibroma of the ovaries and benign mesothelial hyperplasia,
PBs are noted to be associated with small papillary-like fragments
of mesothelium. In benign lesions, the number of PBs is noted to
range from rare (one to two) to few (three to five). However, in
cases of cancers, the number of PBs usually is higher (greater than
five), such as in ovarian carcinoma. Paraffin-embedded cell block
sections offer a better visualization of the PBs. However, in the
majority of cases, the PBs are observed to be shattered structures
that still were associated with the cells of concern.
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FiG. 7.21. High-grade serous carcinoma of the ovary. Malignant cells
accompanied by a well-formed psammoma body. High-grade papillary
serous carcinoma of the ovary is known to harbor abundant psammoma
bodies (Papanicolaou, high power).

Psammomatous Effusions

e General incidence in SCFs  3.7%

— Abdominal (91%) Percentage malignant — 63%
— Pleural (8%) Percentage malignant — 100%
— Pericardial (0.8%) Percentage malignant — 100%

e Malignant abdominal effusions with psammoma bodies
— Carcinoma of ovary or endometrium and MMMT
e Thirty-seven percent of abdominal effusions with psam-
moma bodies are benign
— Endosalpingiosis, endometriosis, papillary mesothelial
hyperplasia, cystadenoma/adenofibroma




FiG. 7.22. High-grade serous carcinoma of the ovary. Another case
which was almost exclusively comprised of singly dispersed pleomorphic
malignant cells with frequent multinucleation. Background contains reac-
tive mesothelial cells and histiocytes (Papanicolaou, high power).

F1G.7.23. Serous surface papillary adenocarcinoma. Peritoneal washing.
A large truly three-dimensional tumor fragment seen here is comprised of
high N/C ratio cuboidal cells. The center appears hollow and suggests a
lumen formation (Papanicolaou, high power).
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F1G. 7.24. Serous surface papillary adenocarcinoma. Peritoneal wash-
ing. In this case, the large tumor fragment shows prominent hob nailing of
the outer edge due to enlarged nuclei. The center seems to contain psam-
moma bodies (Papanicolaou, low power).
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F1G. 7.25. Serous borderline tumor of the ovary. Abdominopelvic washing.
The diagnosis of this tumor is often quite challenging. Although these pleo-
morphic tumor cells suggest a high-grade carcinoma, the follow-up diagno-
sis was a borderline serous tumor. Cytohistologic correlation is imperative
to avoid misdiagnosis in such cases (Papanicolaou, high power).
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Fi1G. 7.26. Pseudomyxoma peritonei, appendiceal primary. Peritoneal
washing. Abundant thin mucin containing a fragment of benign-appearing
glandular epithelium is pictured. Presence of extensive mucin is a highly
abnormal finding in an abdominal fluid even when the glandular com-
ponent is missing and should raise a serious possibility of a low-grade
mucinous neoplasm (Papanicolaou, low power).
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FiG. 7.27. Pseudomyxoma peritonei, appendiceal primary. Peritoneal
washing. A large fragment of what appears to be muciphages trapped within
a ball of thick mucin. No distinct glandular epithelium was identified in
this case despite repeated tapping. The patient was found to have a small
appendiceal mucin-producing neoplasm (Papanicolaou, high power).
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Lymphocytic Effusions

Lymphocytes are commonly present in any SCF, admixed with
mesothelial cells and histiocytes. When a predominant population
of lymphocytes is observed, a careful evaluation of the morpho-
logic features should permit distinction between a reactive process
and lymphoproliferative disorder. However, in effusions where a
large amount of small mature lymphocytes are encountered, a state-
ment should be added to the cytologic report stating the diagnostic
possibilities. Predominant lymphocytosis in an effusion caused by
small mature lymphocytes can be seen in cases of an underlying
tuberculosis (such as in the lung), a low-grade lymphoproliferative
disorder, or an occult malignancy. In cases where a lymphopro-
liferative process is suspected, it is best to send a fresh portion
of SCF for flow cytometric analysis. It is agreed that serous cav-
ity involvement by a low-grade lymphoma is notoriously difficult
to differentiate from a reactive process on cytopathology alone.
Several studies have demonstrated the sensitivity of flow analysis
when morphologic evaluation alone cannot provide a conclusive
diagnosis of lymphoma.

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 179
Fluid Cytopathology, Essentials in Cytopathology 10,

DOI 10.1007/ 978-1-4614-1776-7_8,

© Springer Science+Business Media, LLC 2012



180 8. Lymphocytic Effusions

Chronic Inflammatory Process vs.
Lymphoma/Leukemia (Figs. 8.1, 8.2,
8.3, 8.4, 8.5, 8.6 and 8.7)

Cytologic features

Ancillary techniques
Immunostaining

Flow cytometry

Cytogenetics and molecular studies

F1G. 8.1. Tuberculous pleuritis. This SCF shows a predominant popula-
tion of small mature lymphocytes. No other abnormality was noted; how-
ever, the suspicion of TB or a lymphoproliferative disorder was raised on
cytology. Follow-up serosal biopsy showed granulomatous inflammation

(Papanicolaou, high power).
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Fic. 8.2. Tuberculous pleuritis. Lymphocytosis comprised of small
mature lymphocytes is seen. No granulomas or any other evidence of TB
was noticed in this SCF. Immunostaining confirmed the T-cell lineage of
these lymphocytes (Papanicolaou, high power).
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FiG. 8.3. Reactive lymphocytosis. Ascitic fluid. Pictured is hypercellu-
larity due to an overabundance of small mature-appearing lymphocytes.

Only rare mesothelial cells were present in this case (Papanicolaou, low
power).
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F1G. 8.4. Reactive lymphocytosis. Ascitic fluid. These cells have the
characteristics of small mature lymphocytes; however, the possibility of
involvement by a low-grade lymphomatous process (such as CML/SLL)
is often difficult to exclude without immunostaining with B- and T-cell
markers. Occasionally, a flow cytometric analysis is required if the clini-
cal presentation is indicative of lymphoma/leukemia (Papanicolaou, high
power).
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FiG. 8.5. Reactive lymphocytosis. Ascitic fluid. A diffuse immunolabe-
ling in this cell block section from the above case with CD3 indicating a
T-cell lineage consistent with a reactive process (high power).

FiG. 8.6. Reactive lymphocytosis. Ascitic fluid. Cell block section dis-
plays only a few B cells as indicated by immunolabeling with CD20 (high
power).
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F1G. 8.7. Reactive lymphocytosis. Ascitic fluid. The uniform appearance
of lymphocytes in this case prompted a flow cytometric analysis, which
was consistent with a reactive polyclonal process despite the cytologic
atypia present (nuclear monomorphism, nucleoli, etc.) (Papanicolaou, high
power).

The role of flow cytometry (FC) in the diagnosis of lymphoid
lesions by fine needle aspiration (FNA) is well established. How-
ever, studies evaluating the usefulness of FC in SCF are few.
Malignant lymphomas may present as an effusion, but more often
involve serous cavities secondarily. In a patient with malignant
lymphoma, the accurate diagnosis of SCF constitutes part of the
staging procedure and as such influences treatment decisions. The
presence of a small population of malignant lymphoid cells may be
difficult to detect on cytomorphology alone, especially if they are
admixed with background reactive lymphoid cells as often seen in
effusion samples. Cytomorphology combined with flow cytometry
results in a substantial reduction of nondefinitive diagnoses in SCF
specimens.



186 8. Lymphocytic Effusions

Role of Flow Cytometry as an Adjunct
to Cytomorphologic Analysis

3 or 4 color analysis

CD45, CD71, CD33, CD22, CD19, CD20, Kappa, Lambda,
CDS5, CD3, CD10, CD56

17% (16/96) — significant modification of pre-flow diagnosis*
Cannot diagnose Hodgkin’s lymphoma

*Czader and Ali, Diagn Cytopathol, 2003

Other studies have shown utility of molecular genetics in the
diagnosis of lymphoid-rich effusions by using PCR and South-
ern blot analysis to assess B- and T-cell clonality (Mihaescu et al.
2002).

Malignant Effusions (Figs. 8.8, 8.9, 8.10, 8.11,
8.12, 8.13, 8.14, 8.15, 8.16, 8.17, 8.18, 8.19, 8.20,
8.21, 8.22, 8.23, 8.24, 8.25 and 8.26)

Serous cavity effusions are a common finding in malignant lym-
phomas. Pleural effusions are seen in 20-30% of all lymphomas
(non-Hodgkin’s and Hodgkin’s) and uncommonly in peritoneal
and pericardial cavities. Among the lymphoma subtypes, T-cell
neoplasms, especially the lymphoblastic lymphomas, more fre-
quently involve the serous fluids (Das). It is postulated that tho-
racic duct obstruction and impaired lymphatic drainage are the
primary mechanisms for pathogenesis of pleural effusion in Hodg-
kin’s lymphoma, and direct pleural infiltration is the predominant
cause in NHL (Das). There is wide variation in the rate of positive
cytologic findings of NHL in pleural effusion (22.2-94.1%).
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FiG. 8.8. Large B-cell lymphoma in SCF. A pure population of mono-
morphic lymphocytes is seen. No other cell type was appreciated in this
peritoneal effusion (Papanicolaou, low power).

e Single cells
e Morphology varies according to the subtype
e Ancillary techniques (e.g., flow cytometry) are needed for
definitive classification
e Differential diagnosis
— Breast lobular carcinoma
— Poorly differentiated carcinomas
— Benign lymphocyte-rich effusions (e.g., TB)
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FiG. 8.9. Large B-cell lymphoma in SCF. Note the cellular monotony,
irregular nuclear outlines, occasional prominent nucleoli, and numerous
karyorrhectic bodies. Additionally, a flow cytometric analysis was con-
sistent with an aggressive phenotype (Papanicolaou, high power).

Primary Effusion Lymphoma

e Rare form of non-Hodgkin’s lymphoma seen frequently in
HIV-positive patients

e Characterized by the development of effusion in one or more
body cavities with no tumor masses and a positive human
herpesvirus-8 (HHV-8) status

e Morphologically shares features of large-cell immunoblastic
and anaplastic large-cell lymphoma

e Carries a very poor prognosis

e Malignant cells have a null phenotype but are believed to be
of B-cell origin

e Detection of HHV-8 is an important confirmatory test
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e High level of IL-6 in tumor cells, which aids in the diagnosis
and could be a potential target for therapy
e Cytomorphologic features
— High-grade lymphoma with round nuclei, prominent
nucleoli, and abundant basophilic cytoplasm
— Many cells have immunoblastic features; some display
plasmocytoid differentiation
— Numerous mitotic figures

FiG. 8.10. Large B-cell lymphoma in SCF. This ascitic fluid is diagnostic
of an aggressive large-cell lymphoma. In such cases where cytomorphol-
ogy is diagnostic and the patient has a known history, further ancillary
testing may not be needed. Note markedly irregular nuclear envelopes,
prominent nucleoli, and extensive karyorrhexis (Papanicolaou, high
power).
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FiG. 8.11. Burkitt’s lymphoma. This ascitic fluid shows malignant cells
with finely granular chromatin, lack of nucleoli, and fine cytoplasmic
vacuoles. Numerous mitoses are evident. Focal nuclear molding in an air-
dried smear is usually an artifact and may lead to an erroneous diagnosis
of a high-grade neuroendocrine carcinoma (Diff-Quik, high power).
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F1G. 8.12. Primary effusion lymphoma. Pleural fluid shows large popu-
lations of malignant lymphocytes with large nuclei, prominent nucleoli,
frequent binucleation, and relatively abundant basophilic cytoplasm (Diff-
Quik, high power).
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FiG. 8.13. Primary effusion lymphoma. Malignant characteristics are
more obvious in this lymphoid population with nuclei having single or
multiple nucleoli and mitoses. Abundance of cytoplasm is unusual in
lymphoid malignancy and should raise the possibility of PEL in the right
clinic-radiologic setting (Diff-Quik, high power).
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FiG. 8.14. Primary effusion lymphoma. Cell block section shows a high-
grade malignancy. Cells are relatively large and show abundant cyto-
plasm and frequent binucleation. Pleomorphism and prominent nucleoli
cause this tumor to resemble an anaplastic large-cell (Ki-1) lymphoma.
Immunostains are usually extremely helpful in such cases (H & E, high
power).
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F1G. 8.15. Primary effusion lymphoma. Immunolabeling with HHV-8 in a
cell block section shows diffuse and strong nuclear reaction (low power).

.

2

FiG. 8.16. Anaplastic large-cell (Ki-1) lymphoma. Pleural effusion. Pleo-
morphic malignant cells are difficult to interpret as lymphoid due to the
large size, macronucleoli, and anisonucleosis (Papanicolaou, high power).
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FiG. 8.17. Anaplastic large-cell (Ki-1) lymphoma. Pleural effusion. In
addition to the extreme pleomorphism, cells in the photograph illustrate

the so-called horseshoe-shaped or wreath-like nuclei characteristic of a
Ki-1 lymphoma (Papanicolaou, high power).

%

F1G. 8.18. Anaplastic large-cell (Ki-1) lymphoma. Pleural effusion. Cell
block section displays extreme pleomorphism, markedly irregular nuclear
contours, some spindled cells, and the characteristic “wreath-like” nuclei
(H & E, high power).



196 8. Lymphocytic Effusions

Fic. 8.19. Anaplastic large-cell (Ki-1) lymphoma. Pleural effusion.
Immunoperoxidase staining is diffusely and strongly positive for CD30
(high power).
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Fic. 8.20. Plasma cell myeloma. Pleural effusion. Neoplastic plasma
cells with prominent nucleoli and frequent binucleation are pictured.
A large pleomorphic cell is present in the middle of the field. Morphologic
kinship with plasma cell differentiation is still retained as most nuclei are
eccentrically placed in the cell cytoplasm and display speckled chromatin
(Papanicolaou, high power).
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F1G. 8.21. Plasma cell myeloma. Pericardial effusion. In these malignant
cells, the only helpful clue is the eccentric nuclear placement. Without
immunostaining or prior history, this would be a difficult case to diagnose
as plasma cell myeloma (Papanicolaou, high power).
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FiG. 8.22. Plasma cell myeloma. Pericardial effusion. Cell block section
shows pleomorphic plasma cells with macronucleoli and abundant kary-
orrhexis. There is hardly any morphologic resemblance to plasma cells in
this particular case (H & E, high power).
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FiG. 8.23. Plasma cell myeloma. Pericardial effusion. Cell block section
shows strong and diffuse reactivity with CD138 consistent with plasma
cell differentiation (high power).
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FiG. 8.24. T-cell acute lymphoblastic leukemia. Pleural effusion. Malig-
nant small lymphocytes with blastoid morphology and few background
reactive mesothelial cells are seen (Papanicolaou, high power).



202 8. Lymphocytic Effusions

~ TWLT® T ST 90 &
()4 .:‘o e .._U?“...o
.&k e .—o’to.. Ny
o« e o %0 9% 90 ‘se
e o P& 0 2
be 0, 2o A
(] ® Q‘...._c‘\ a....
. .‘ik .‘% . . \.,. ‘.’;‘.
‘.\, P ) 0" o0 @ ® ¢
® o e _o®
il o, -2 .. pe
oo ¥ %y e e ool
® b .... o LIRE Y
.,. "7 @ ... 8< » .“. G"?ﬁ
.. e - .b:'l... ° . .. : 2 ® & .‘

'@ ® 0 a® aw o0 ¢29

FiG. 8.25. Hodgkin’s lymphoma. Pleural fluid. A classic Reed-Sternberg
cell is observed (arrow) in a background of polymorphous lymphocytes
and few eosinophils. A history of the disease is almost always known
(Papanicolaou, high power).
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FiG. 8.26. T-cell-rich B-cell lymphoma. Peritoneal fluid. These cases are
harder to diagnose on morphology due to a large population of mature T lym-
phocytes diluting the phenotypically abnormal and neoplastic B lymphocytes.
This case was initially deemed reactive; however, flow analysis showed a
small clonal population of malignant B cells (Papanicolaou, low power).
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Benign Inflammatory and Other
Uncommon Conditions

A number of benign conditions may be routinely encountered in
SCFs. A careful evaluation of the various cytologic components in
the fluid may suggest a more specific pathologic condition.

e Benign conditions

— Reactive mesothelial hyperplasia

— Significance of background cellular composition
Predominantly blood

Predominantly lymphocytes

Predominantly eosinophils

Predominantly PMNs

Benign diseases with specific cellular patterns

Benign Diseases with Specific Cellular Patterns
(Figs. 9.1,9.2,9.3,9.4,9.5,9.6,9.7,9.8, 9.9, 9.10,
9.11,9.12,9.13,9.14, 9.15,9.16 and 9.17)
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F1G. 9.1. Rheumatoid pleuritis. Despite the low incidence (~1%) of pleu-
ral effusions caused by systemic diseases, more often connective tissue
diseases, such as rheumatoid arthritis or systemic lupus erythematosus,
may present with this picture. In this case, SCF with marked acute inflam-
mation and a characteristic multinucleated giant cell (middle of the field)
juxtaposed with amorphous globular necrotic debris is observed. Bilateral
pleural effusions are infrequent in rheumatoid pleuritis, and massive pleural
effusions are rare (Papanicolaou, low power).

e Infectious diseases

e Viral, fungal, or parasitic (identify the microorganisms or
characteristic associated cellular changes)

e Rheumatoid pleuritis

e Multinucleated giant cells, fibroblasts, and histiocytes in a
granular background

e Systemic lupus erythematosus (SLE)

e LE cells in an acute inflammatory background
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FiG. 9.2. Rheumatoid pleuritis. SCF with abundant PMNs and necrotic
cellular debris also shows a multinucleated giant histiocyte containing
slender elongated and grooved nuclei. These features often constitute the
diagnostic triad of rheumatoid pleural effusion: elongated macrophages,
giant multinucleated macrophages, and background of granular necrotic
debris (Papanicolaou, high power).
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FiG. 9.3. Rheumatoid pleuritis. Cell block section from the same case
displays multinucleated giant histiocytes, extensive acute inflammation,
cellular necrosis, and fragments of amorphous eosinophilic material.
Rheumatoid pleuritis characteristically occurs in middle-aged men and
can often occur before the onset of the arthritis. Although the absolute
incidence of rheumatoid pleural effusion is low, they are one of the more
common pulmonary manifestations of rheumatoid arthritis (H & E, high
power).
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F1G. 9.4. Rheumatoid pleuritis. The characteristic multinucleated giant
histiocyte from a cell block section is depicted here. The pleural fluid in
this disease is exudative, frequently turbid, and may appear milky on gross
examination. The fluid shows a characteristic low glucose level. The rheu-
matoid effusion also has a characteristically low pH, typically between
7.00 and 7.13. The combination of a polymorphonuclear exudate along
with a low pleural fluid glucose and pH makes the distinction between
rheumatoid effusions and empyema difficult. Hence, a routine cytologic
analysis of the effusion is imperative to look for the diagnostic triad (H &
E, high power) (Image courtesy of Dr. Y. Erozan).
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F1G. 9.5. Systemic lupus erythematosus. Pleural effusion. Predominantly
lymphomononuclear cells with few containing glassy-appearing intracy-
toplasmic inclusions characteristic of the so-called LE cell (arrows). LE
cells are leukocytic phagocytes containing hematoxylin bodies represent-
ing partially digested lymphocytic nuclei. Pleuropulmonary manifesta-
tions in SLE are present in almost half of the patients during the disease
course and may be the presenting symptoms in 4-5% of patients. Pleuritis
with or without pleural effusion is the most common manifestation and
can be particularly troublesome to manage but is rarely life-threatening.
Local measures such as talc pleurodesis are often employed if systemic
measures fail or when pleural effusion is the only manifestation of lupus
(Papanicolaou, low power).
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FI1G. 9.6. Systemic lupus erythematosus. Pleural effusion. Lymphomono-
nuclear cells with the characteristic intracytoplasmic bodies “LE” cells.
Extremely rarely, systemic lupus erythematosus may present with mas-
sive bilateral pleural effusions as the first manifestation months before
the patient develops the full-blown syndrome. Studies have shown that
the pleural effusion ANA at a titer of31:160 is a sensitive and specific
diagnostic biomarker for lupus pleuritis in patients with lupus. How-
ever, pleural effusion ANA can occasionally be found in other conditions
(Papanicolaou, high power).
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F1G. 9.7. Chylous effusion. This ascitic fluid contains an almost pure
population of macrophages with characteristic vacuolated “bubbly” cyto-
plasm indicative of high lipid content. The main clinical manifestations
of chylous effusion include dyspnea, edema, abdominal distention, and
loss of weight. Common etiologic factors are abdominal injury or sur-
gery, mediastinal irradiation, filariasis, thrombosis of subclavian vein
and superior vena cava, malignancies, infections (chest tuberculosis),
lymphatic disorders, or idiopathic or drug-associated lymphadenopathy
(Papanicolaou, low power).
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F1G. 9.8. Chylous effusion. Chyle is a fluid rich in triglycerides and is
characterized by the presence of chylomicrons. This pleural fluid con-
tained numerous large histiocytes with “soap bubble” cytoplasm. Grossly,
this effusion had an opaque pale yellow appearance. Other tests for a
positive identification of chylous effusion are by Sudan III staining, high
triglyceride levels (>1.25 mmol/L), lymphangiography, or lymphangi-
oscintigraphy. Medical thoracoscopic talc pleurodesis, which has an
acceptable complication rate and a 100% success rate in the prevention
of recurrences, is often considered the standard management approach
(Papanicolaou, high power).
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FiG. 9.9. Chylous effusion. Numerous macrophages displaying distended
and distinctly vacuolated cytoplasm are depicted. These should not be con-
fused with metastatic clear cell neoplasms such as renal cell carcinoma.
Chylous ascites is a rare condition. Its etiological factors can be broadly
classified as congenital, infective, neoplastic, and traumatic or postsurgical.
The combination of chyloperitoneum and chylothorax is even rarer. When
abdominal lymphatics are obstructed, chylous ascites results and eventu-
ally leads to a chylothorax. The patient typically presents with progressive
abdominal distention and weight gain (Papanicolaou, high power).
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F1G. 9.10. Chylous effusion. Cell block section convincingly shows innu-
merable histiocytes with well-defined cytoplasmic borders containing
voluminous amounts of finely vacuolated cytoplasm. Only rare mesothe-
lial cells are seen in such cases (H & E, low power).
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FiG. 9.11. Chylous effusion. Oil Red O stain confirms the presence of
abundant intracytoplasmic lipid. Treatment modalities for chylous effu-
sion include dietary modification, management of underlying causes, and
subcutaneous octreotide. Refractory cases need either open or laparo-
scopic ligation of the leaking lymphatic channels (low power).
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F1G. 9.12. Varicella-zoster infection. Pleural effusion in a patient with
disseminated VZ infection. Numerous PMNs and few mesothelial cells
with totally effaced “ground glass” chromatin containing eosinophilic
inclusions (Papanicolaou, high power).
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FiG. 9.13. Varicella-zoster infection. Notice the characteristic “ground
glass” nuclei of the mesothelial cells. A VZV immunoperoxidase stain can
also be performed to confirm the diagnosis (Papanicolaou, high power).

F1G.9.14. Pneumocystis jiroveci infection. Pleural effusion. A silver stain
(GMS) illustrates the characteristic disk-shaped organisms embedded in a
thick proteinaceous precipitate (high power).
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F1G. 9.15. Radiation changes. Depicted is a pleural effusion in a patient
who received radiation to the chest wall. Bizarre cells with multinuclea-
tion and cytoplasmic vacuolization are likely reactive mesothelial cells
(Papanicolaou, high power).
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FiG. 9.16. Radiation changes. A large mesothelial cell with unusual
appearance is seen here. There is multinucleation and a distinct opacity of
the cell cytoplasm. This patient had an ovarian adenocarcinoma (Papani-
colaou, high power).

F16.9.17. Extramedullary hematopoiesis. Ascitic fluid displays mononu-
clear cells consistent with maturing hematopoietic cells. The large multi-
nucleated cell represents a megakaryocyte (Papanicolaou, high power).
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Significance of Background Cellular
Composition

— Predominantly blood
e Traumatic tap
e Infarct
e Malignancy
¢ Endometriosis

— Predominantly lymphocytes
e Tuberculosis
e Malignancy
— Malignant lymphoma
— Other malignant neoplasms
— Predominantly eosinophils
e No specific disease
e Postpneumothorax
e Tuberculosis
— Predominantly PMNs
e Acute inflammatory conditions (e.g., empyema, purulent
peritonitis)
e SLE
— Predominantly anthracotic pigment/carbon-laden macro-
phages

e Crack (freebase cocaine) users
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Pulmonary Infarct

® A notorious cause of marked mesothelial atypia in pleural
fluid

e Single mesothelial cells and fragments (when accompanied
by reactive hyperplasia)

e High N/C ratios, prominent nucleoli

Pleural Effusions in HIV-Positive Patients

e General incidence — 7%
e Concomitant pulmonary disease — 96%
— Bacterial pneumonia
— Mycobacterial infection
— Non-Hodgkin’s lymphoma
— Kaposi’s sarcoma

Pleural Effusions with Specific
Infectious Etiology

Pneumocystis jiroveci
CMV

Varicella zoster
Microfilaria
Blastomycosis
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Tuberculous Pleuritis/Peritonitis

Abundant mature-appearing lymphocytes, predominantly
CD3 positive on immunostaining

Macrophages

Rare mesothelial cells

Intact granulomas rarely seen

Rheumatoid Pleuritis/Ascites

e Necrotizing granulomatous pleuritis
e Typically large exudative pleural effusions
e Afflicts more men than women and 95% of the patients have

high titers of rheumatoid factor (RF)
In 46% of cases, rheumatoid pleural effusion is diagnosed in
close temporal relationship with the diagnosis of RA

e Slender, elongated multinucleated macrophages
e Round giant multinucleated macrophages
e Loosely cohesive fragments of small cytologically bland

epithelioid cells

e Pleural effusion with predominant eosinophilia is rare
e Necrotic and amorphous (eosinophilic) background material
e Cell block sections may display fibroconnective tissue frag-

ments lined by hyperplastic mesothelium with squamous
metaplasia
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Systemic Lupus Erythematosus (SLE)

e Chronic inflammatory autoimmune disorder that predomi-
nantly affects women and may affect any organ system
Serosal cavities often involved with acute recurrent serositis
Signs and symptoms of lupus pleuritis are nonspecific
Predominance of PMNs

LE cells

Immunological workup typically shows positive response of
ANA-speckle, anti-dsDNA, and anti-ENA in patient serum
and SCF. High pleural fluid ANA titer (greater than or equal
to 1:160) and a PF/S ANA ratio of greater than or equal to 1
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Cerebrospinal Fluid

The lumbar puncture (spinal tap) was introduced in 1891, and in
1904 a French neurologist first described malignant cells in cer-
ebrospinal fluid (CSF). Since then, preparatory methods have been
refined and diagnostic features described in a number of mono-
graphs and atlases, attesting to the importance of CSF cytology for
excluding leptomeningeal metastasis in a patient with neurologic
symptoms.

Anatomy and Physiology

The brain contains four cavities known as ventricles, which
communicate with each other and with the subarachnoid space
surrounding the brain and spinal cord. The ventricles are lined by
a cuboidal ciliated cell layer called the ependyma. In some areas,
the ependyma differentiates into a complex villous structure called
the choroid plexus, which is composed of a single layer of cuboi-
dal nonciliated cells overlying a vascular core. The choroid plexus
produces most of the CSF by both filtering plasma across capillary
walls and actively secreting fluid. After leaving the ventricles via
the midline foramen of Magendie and the two lateral foramina of
Luschka, CSF circulates in the subarachnoid space, formed by the
leptomeninges (composed of the pia mater and arachnoid mater),

S.Z. Ali and E.S. Cibas, Serous Cavity Fluid and Cerebrospinal 227
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DOI 10.1007/978-1-4614-1776-7_10,

© Springer Science+Business Media, LLC 2012



228 10. Cerebrospinal Fluid

over cerebral and spinal surfaces. Fluid is then reabsorbed by
the arachnoid granulations into the venous system, and the cycle
begins anew.

The total volume of CSF in the adult is about 150 mL. Approxi-
mately 500 mL/day is produced (0.35 mL/min), meaning that the
CSF is renewed three or four times daily.

Obtaining and Preparing the Specimen

Most CSF specimens are obtained by lumbar puncture (LP), in
which a needle is passed through the intervertebral space at L3-L4
or L4-L5. Rarely, because of inflammation at these sites or a bony
abnormality, the specimen must be obtained from the cisterna
magna at the base of the brain. Cisternal CSF sometimes yields
positive results when LP is negative. CSF is sometimes aspirated
directly from a lateral ventricle during a neurosurgical procedure;
such specimens often contain fragments of normal brain. In patients
undergoing chemotherapy for leptomeningeal metastases, a silicone
pouch (Ommaya reservoir) is implanted in subcutaneous tissue,
and a cannula leads from the pouch into a lateral ventricle through
a 3-mm burr hole. This is an efficient way to introduce chemothera-
peutic drugs and to withdraw CSF periodically for examination.

A minimum of 1 mL should be collected for cytologic evalu-
ation, but 3 mL or more is preferable, and at least 10 mL is con-
sidered ideal. Surprisingly, the amount of CSF removed does not
affect the likelihood that a patient will develop a headache.

Fluid should be collected fresh and delivered to the laboratory
as quickly as possible to prevent cellular deterioration. If the speci-
men cannot be prepared immediately, it should be refrigerated at
4°C. If a delay of more than 48 h is anticipated, the sample can
be preserved by adding an equal volume of 50% ethanol. A CSF
sample for cytologic examination should never be frozen.

The most common ways to prepare specimens are by cyto-
centrifugation, membrane filtration, and thin-layer preparation.
Because greater technical skill is needed to process membrane
filtration specimens, this is best done in a laboratory that special-
izes in this method. Cytocentrifugation has greater flexibility,
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because both alcohol-fixed and air-dried slides can be prepared
using this method. Lymphoid cells are best evaluated using
air-dried preparations; thus it is advisable to prepare both alcohol-
fixed Papanicolaou-stained slides and air-dried Wright-stained
slides. Depending on the volume and cellularity of the specimen,
additional slides can be used for immunocytochemical studies if
needed.

Blood is a common contaminant. The needle lacerates the veins
that course along the crowded nerve roots of the cauda equina in
75% of LPs, and this can create diagnostic problems. Neutrophils,
if accompanied by red blood cells, should not necessarily be inter-
preted as evidence of acute meningitis. Similarly, leukemic blasts
from peripheral blood can contaminate the fluid, leading to an
erroneous impression of meningeal involvement by leukemia. It
takes only a minute amount of blood to alter the cellular composi-
tion of CSF significantly, an amount that can be invisible to the
naked eye. Because alcohol fixation lyses red blood cells, contami-
nation is best detected on air-dried preparations. If red blood cells
are present, the possibility of contamination by peripheral blood
blasts should be raised.

Reporting Terminology

As with most cytologic specimens, CSF cytology results are
commonly reported as either “negative for malignancy,” “atypi-
cal,” “suspicious,” or “positive.” Over 90% of CSF specimens are
assigned a cytologic diagnosis of “negative for malignant cells.”
Many show only a small number of lymphocytes and monocytes,
essentially a normal CSF.

The primary role of CSF cytology is to exclude circulating
malignant cells in CSF pathways. Although a specific diagnosis
of some benign diseases (e.g., cryptococcosis) can be made cyto-
logically, in most nonmalignant CNS diseases, CSF cytology is
frustratingly unrevealing. The myriad diseases that cause aseptic
meningitis, for example, have as their final common denominator
nothing more than a lymphocytic and/or monocytic pleocytosis.
The cause is identified by other clinical and laboratory methods.
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Accuracy

The sensitivity of CSF cytology for detecting malignant cells is
about 60%. But sensitivity depends on several factors. First and
foremost, a positive CSF sample will occur only if a CNS malig-
nancy actually invades into a ventricle or the subarachnoid space.

The sensitivity of CSF cytology depends upon:

The number of specimens examined

The volume of fluid submitted

The extent of leptomeningeal disease

The site from which the sample was obtained (lumbar vs.
cisterna magna)

The sensitivity of a single cytologic examination is 54% but
increases to 84% with a second sample. Smaller incremental
increases in sensitivity are observed with more than two speci-
mens. Sensitivity is dependent of sample volume: sensitivity is
greater if 10 mL is submitted rather than 3 mL. Sensitivity also
depends on the extent of leptomeningeal disease: 38% for focal
and 66% for disseminated leptomeningeal tumor. Similarly, only
50% of patients with early meningeal involvement by acute lym-
phoblastic leukemia have a suspicious or positive CSF. The site
from which the sample is obtained can also affect the sensitivity:
if LP specimens are negative, a tap from the cisterna magna some-
times yields malignant cells.

The specificity of CSF cytology is high. False-positive diag-
noses are estimated at 2-3%. The most common cause is the
overdiagnosis of lymphoma or leukemia, particularly in patients
with herpes zoster meningitis, cryptococcal meningitis, Lyme
disease, viral meningitis, and in LP specimens contaminated
with blood.

In light of these data, the American College of Physicians has
determined that cytologic examination of CSF for meningeal
malignancy has moderate sensitivity and high specificity.
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Normal Elements

Normal CSF is sparsely cellular and, in adults, contains less than
five cells/mm? (equivalent to 5,000 cells/mL). In newborns the
fluid is more cellular.

Normal CSF elements:
e Common

— Lymphocytes
— Monocytes

e Rare

— Choroid plexus/ependymal cells
— Brain fragments

— Germinal matrix

— Chondrocytes

— Bone marrow

Normal CSF is composed of lymphocytes and monocytes
(Figs. 10.1 and 10.2). Only small numbers of mature lymphocytes
are present in normal CSF, but their number can increase mark-
edly, particularly in viral meningitis and other inflammatory or
infectious conditions. Such specimens can be highly cellular,
with a minor population of so-called atypical lymphoid cells that
are large and may show irregular nuclear contours, with clefting,
blebs, and nucleoli.

Monocytes are also present in normal CSF. Larger than lym-
phocytes, they have folded, kidney bean-shaped nuclei and a mod-
erate amount of cytoplasm.

Choroid plexus and ependymal cells are seen in less than 0.5%
of LP specimens. These cells have round to oval, regular nuclei,
a moderate amount of cytoplasm, and are seen singly or in small
clusters (Fig. 10.3). Brain fragments have a fibrillary texture and
contain glial cells, neurons, and capillaries (Fig. 10.4). They are
seen in samples taken directly from the ventricles because the nee-
dle traverses brain parenchyma, and are not seen in LP samples.
Rarely, isolated neurons are present (Fig. 10.5).
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FiG. 10.1. Normal CSF. Lymphocytes and monocytes are the usual compo-
nents of a normal CSF (Papanicolaou-stained cytocentrifuge preparation).

FiG6. 10.2. Normal CSF. Lymphocytes and monocytes (Wright—Giemsa-
stained cytocentrifuge preparation).
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FiG. 10.3. Choroid plexus/ependymal cells. These cells are rare in CSF;
even when present, their number is usually small. They may be isolated
or arranged in small clusters. Note the dispersed chromatin texture of the
nucleus and the abundant cytoplasm (Wright-Giemsa stain).

FiG. 10.4. Brain tissue. This fragment, obtained from a ventricular tap,
has a fibrillary texture and contains normal glial cells and neurons. Some
fragments may contain capillaries (Papanicolaou stain).
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F1G. 10.5. Neuron. Neurons have an angular cell shape, a round nucleus,
and a prominent nucleolus (Wright—Giemsa stain).

In CSF from neonates, most commonly those born prematurely,
one occasionally sees small, immature cells of germinal matrix
origin. Germinal matrix cells lie beneath the ependyma in the wall
of the lateral ventricles and exfoliate when there is subependy-
mal and intraventricular hemorrhage (Fig. 10.6). They are often
clustered and molded to one another, thus mimicking a small cell
malignancy (see section “Medulloblastoma” below). Because of
their frequent association with hemorrhage, these cells are often
accompanied by hemosiderin-laden macrophages.

If the LP needle is inserted too far anteriorly, the CSF can be
contaminated by chondrocytes (Fig. 10.7) or bone marrow cells
(Fig. 10.8) from the intervertebral disk or vertebral body, respec-
tively. These cells, seen in less than 1% of CSF specimens, should
not be mistaken for malignant cells. Other common contaminants
are starch granules and squamous cells. Although mitoses are
more common in malignant specimens, they are occasionally seen
in benign conditions such as bacterial and viral meningitis.
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FiG. 10.6. Germinal matrix. Clusters of small cells accompanied by mac-
rophages are seen in CSF (Wright—Giemsa stain).

F1G. 10.7. Chondrocyte. Rarely seen in CSF, chondrocytes are large cells
with a pyknotic nucleus surrounded by an extracellular mucopolysaccha-
ride matrix that stains blue purple with the Papanicolaou stain (Papanico-
laou stain).
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F1G. 10.8. Bone marrow. If the needle penetrates a vertebral body, imma-
ture erythroid and myeloid elements from normal bone marrow are sam-
pled, as seen here (Wright—Giemsa stain).

Abnormal Inflammatory Cells

Inflammatory cells such as macrophages, plasma cells, and eosi-
nophils are an abnormal finding in CSE. They may accompany malig-
nancy, but are also seen in a variety of nonneoplastic conditions.

Macrophages have abundant, vacuolated cytoplasm that some-
times contains ingested cells, organisms, or pigment.

Macrophages in CSF are associated with:

Meningitis

Subarachnoid hemorrhage
Intraventricular hemorrhage
Cerebral infarction
Posttreatment inflammation
Multiple sclerosis
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Plasma cells are also an abnormal but nonspecific finding
in CSE.

Plasma cells in CSF are associated with:

Viral meningitis (e.g., enterovirus, HIV)
Lyme disease

Tuberculosis

Cysticercosis

Syphilis

Multiple sclerosis

Polymorphonuclear leukocytes are a normal finding if there
is contamination by peripheral blood, but numerous neutrophils
unaccompanied by a proportionate increase in red blood cells raise
the possibility of acute meningitis (Fig. 10.9). In a patient with
AIDS, numerous neutrophils are highly suggestive of cytomegalo-
virus (CMV) radiculopathy. Viral cytopathic inclusions, however,
are not seen. The diagnosis of CMV radiculopathy can be con-
firmed by viral culture.
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F1G. 10.9. Acute bacterial (pneumococcal) meningitis. There are numer-
ous neutrophils and bacteria (Wright—Giemsa stain).
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Differential diagnosis — neutrophils in CSF:

e Peripheral blood contamination
Acute bacterial meningitis

CMYV radiculopathy

Toxoplasma meningoencephalitis
Viral meningitis (early stage)

Eosinophils are rare in CSF; when present, especially in large
numbers, they suggest a parasitic infection, particularly Taenia
solium (see section “Cysticercosis” below) and Angiostrongylus
cantonensis (see section “Angiostrongyliasis” below).

Differential diagnosis — eosinophils in CSF:

Parasites

Coccidioides immitis
Ventriculoperitoneal shunts
Rocky Mountain spotted fever

Nonneoplastic Disorders

Acute Bacterial Meningitis

Many bacteria can cause meningitis, including Neisseria menin-
gitidis (meningococcus), Haemophilus influenzae, Streptococcus
pneumoniae (pneumococcus) (Fig. 10.9), and Listeria monocy-
togenes.

Cytomorphology of acute bacterial meningitis:

e Numerous neutrophils
e Bacteria (may or may not be seen)

Because bacterial meningitis can be fatal if not treated imme-
diately, prompt diagnosis is crucial. Any CSF sample composed
predominantly of neutrophils should be considered high probabil-
ity for bacterial meningitis; precise identification of the organism
depends on microbiologic cultures.
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Differential diagnosis of acute bacterial meningitis:

Traumatic tap

Toxoplasma meningoencephalitis
CMYV radiculopathy

Aseptic meningitis (early)

Neutrophils admixed with red blood cells and other blood ele-
ments are a normal finding resulting from a traumatic tap. Abun-
dant neutrophils are seen in other conditions, such as toxoplasmosis
(see below), CMV radiculopathy, and in the early stages of aseptic
meningitis.

Aseptic Meningitis

Aseptic meningitis is a misnomer, but the term is ingrained in
clinical practice. Despite its name, it is most commonly caused
by an infectious organism, usually a virus. The clinical course is
less fulminant than that of acute bacterial (pyogenic) meningitis.
Aseptic meningitis is usually self-limited and is treated sympto-
matically. The most common pathogen is one of the enteroviruses
(non-paralytic poliovirus, echovirus, and coxsackieviruses).

Cytomorphology of aseptic meningitis:

e Increase in lymphocytes and monocytes
e Small proportion of “atypical” lymphocytes

The cytologic findings are nonspecific. There is an increased
number of predominantly small, mature lymphocytes, but also
monocytes, plasma cells, and enlarged (so-called atypical) lym-
phocytes, some of which have prominent nucleoli and irregular
nuclear contours (Fig. 10.10). In the early stages, neutrophils are
present. Viral inclusions are rarely seen in CSF.

Aseptic meningitis is caused by a wide range of organisms, sys-
temic diseases, and miscellaneous conditions (Table 10.1), with
identical cytologic findings. It is seen in about 10% of patients
within 1-2 weeks of seroconversion due to HIV-1. Aseptic menin-
gitis occurs in some patients with Lyme disease.
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FiG. 10.10. Aseptic meningitis (viral). An increased number of lym-
phocytes are present, including occasional so-called atypical lymphoid
cells: larger cells with larger nuclei, some of which have irregular con-
tours, more finely dispersed chromatin, and prominent nucleoli (Wright—
Giemsa stain).

TABLE 10.1. Partial list of causes of aseptic meningitis.

e Viruses

— Enteroviruses

— HIV

— Herpes simplex virus (Mollaret’s meningitis)

— Varicella zoster virus

— Mumps

— Arboviruses

— Arenavirus (lymphocytic choriomeningitis)
¢ Bacteria

— Borrelia burgdorferi (Lyme disease)

— Treponema pallidum (syphilis)

— Mycobacterium tuberculosis

— Ehrlichiosis

— Mycoplasma pneumoniae

(continued)
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TaBLE 10.1. (continued)

¢ Fungi
— Cryptococcus neoformans
— Histoplasma capsulatum
— Coccidioides immitis

¢ Systemic diseases
— Behcet’s disease
— Sarcoidosis

e Other
— Drugs
— Vaccines
— Parainfectious syndrome (acute disseminated encephalomyelitis)
— Vasculitis

A rare form of aseptic meningitis, idiopathic recurrent
meningitis, also known as Mollaret’s meningitis (MM) after the
man who first described the disease in 1944, is characterized by
recurring attacks of fever, headache, and neck stiffness. Symp-
toms appear suddenly, last for 5-7 days, resolve spontaneously,
but recur days or years later. Herpes simplex viruses 1 and 2 have
been identified as putative causative agents in some cases. The
diagnosis of MM is made clinically after excluding other causes
of aseptic meningitis. Cytologic findings are nonspecific, but there
is often a marked predominance of monocytes. So-called Mollaret
cells, monocytes with deep nuclear clefts that impart a footprint-
like appearance to the nucleus, are seen within the first 24 h of
the onset of symptoms. They are characteristic of but not specific
for MM; they can be seen in other diseases like sarcoidosis and
Behcet’s disease.

Differential diagnosis of aseptic meningitis:

e Primary CNS lymphoma
e Secondary involvement by lymphoma
e Acute leukemia

A polymorphous lymphoid population supports the diagno-
sis of a benign, reactive process. Nevertheless, the presence of
some “atypical” lymphocytes raises the possibility of malignant
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lymphoma. Some lymphomas in the CNS are accompanied by
numerous small, reactive T lymphocytes and can, in fact, mimic
aseptic meningitis. Because the cells in most cases of aseptic
meningitis are T cells, immunocytochemistry and flow cytometry
are useful in selected cases. If all the lymphoid cells are T cells,
a malignant lymphoma is unlikely, because most lymphomas,
including primary CNS lymphomas, are B-cell neoplasms.

In contrast to viral meningitis, the meningeal infiltrate in Lyme
disease is comprised of B-cells. In order to distinguish the florid
pleocytosis in some cases of Lyme disease from lymphoma, dem-
onstration of polyclonal vs. monoclonal expression of kappa and
lambda light chains is necessary.

Cryptococcal Meningitis

The only organism that is identified cytologically with any fre-
quency in CSF is Cryptococcus neoformans, which causes disease
in both healthy and immunocompromised persons.

Cytomorphology of cryptococcal meningitis:

Round yeast forms

Variable size: 5-15 pm diameter
Pink/purple (Papanicolaou stain)
Asymmetric, narrow-based budding
Mucin-positive capsule

Refractile artifact

The degree of inflammation is variable. There can be a marked
lymphocytic/monocytic pleocytosis, in which case organisms are
hard to identify. Alternatively, there may be abundant organisms
and very little inflammatory response (Fig. 10.11). C. neoformans is
sometimes perfectly round, but often indented. The indentations trap
air under the coverslip, resulting in a crystal-like refractile artifact.

Toxoplasmosis

In immunocompromised patients, the protozoon Toxoplasma gon-
dii can cause a variety of diseases of the CNS, including menin-
goencephalitis.
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F1G. 10.11. Cryptococcal meningitis. The organisms have a mucopoly-
saccharide capsule. Note the characteristic thin-necked budding (Papani-
colaou stain).

Cytomorphology of Toxoplasma meningoencephalitis:

e Neutrophils
e Mononuclear cells
e Tachyzoites

Toxoplasma tachyzoites are small, crescent-shaped organisms,
3-6 um in length, with a tiny, round nucleus. In patients who
develop obstructive hydrocephalus, tachyzoites are more likely to
be found in ventricular rather than lumbar samples.

Cysticercosis

Cerebral cysticercosis results from colonization of the brain by
larvae of the tapeworm Taenia solium. Clinical symptoms are
nonspecific. Imaging studies usually show a focal lesion in the
brain.
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Cytomorphology of cysticercosis:

e Eosinophils (2-70% of cells)
e Mononuclear cells

Larvae are not seen in the CSF. Serologic tests confirm the
diagnosis.

Angiostrongyliasis

The lungworm Angiostrongylus cantonensis is endemic to Asia,
particularly the Pacific region, but is found elsewhere. Infec-
tion, with subsequent migration of larvae to the CNS, results in
eosinophilic meningitis. Headache is the most common present-
ing symptom. The percentage of eosinophils in CSF is usually
very high (20-70%). Larvae are occasionally seen in the fluid.
Focal lesions on computed tomography examination are usually
absent, thus helping to distinguish angiostrongyliasis from cyst-
icercosis. The disease is usually self-limited, and patients recover
completely.

Other roundworm infections that usually present as eosinophilic
meningitis are Gnathostoma spinigerum, a parasite of dogs and
cats, and Baylisascaris procyonis, a parasite of raccoons.

Primary Amebic Meningoencephalitis

The free living ameba Naegleria fowleri can cause acute menin-
goencephalitis. The organisms enter the subarachnoid space
through the nose, often while a person is swimming in stagnant
water or in an unchlorinated swimming pool. The organisms are
best seen on wet preparations, where their motility can be appreci-
ated. With conventional cytologic preparations they can be diffi-
cult to distinguish from mononuclear cells. They have a relatively
large nucleus and little cytoplasm, unlike Entamoeba histolytica.
Fortunately, the disease is rare; it can be fatal within several days.
Primary amebic meningoencephalitis must be distinguished
from an amebic brain abscess caused by Entamoeba histolytica.
Amoebae are not seen in the CSF with the latter infection.
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Neoplasms

Involvement of the subarachnoid space by malignancy occurs in
5-8% of patients with cancer. Some tumors, like small cell car-
cinoma of the lung (11%) and melanoma (20%), have a greater
predilection than most for involving the leptomeninges. Malig-
nant cells gain access to the subarachnoid space by hematogenous
dissemination, direct extension from a parenchymal brain lesion,
or by tracking along spinal or cranial nerves. Involvement of the
leptomeninges by tumor is often referred to as carcinomatous
(or lymphomatous, etc.) meningitis, but the term leptomeningeal
metastasis is best because it applies to all tumors that involved the
meninges.

The clinical presentation of patients with leptomeningeal metas-
tasis is highly variable. Symptoms can include headache, mental
changes, gait difficulty, diplopia, back pain, and lower extremity
weakness. Gadolinium-enhanced magnetic resonance imaging
often shows suspicious enhancement of the leptomeninges when
malignancy is present, but CSF for cytology is needed to confirm
the diagnosis.

CSF examination is an important component in the diagnosis of
leptomeningeal metastasis. Many patients have elevated opening
pressure, with elevated protein and depressed glucose levels. Cyto-
logic examination of CSF, however, is essential for documenting
leptomeningeal metastasis. When present, malignant cells are usu-
ally easily identified in CSF samples because they are strikingly
different from the normal cells of CSF. Thus, most CSF samples
are easily classified as either negative or positive for malignancy.
When findings are inconclusive, often because of scant cellularity
or poor preservation, a “suspicious” or “atypical” interpretation is
warranted. Not surprisingly, the greatest difficulty is in the diagno-
sis of lymphoma and leukemia.

When malignant cells are identified, the clinical history often
points to their site of origin. In most cases the patient is known to
have a malignancy, and the findings simply confirm metastasis.
The most commonly encountered malignancies in CSF are lung
and breast cancer, melanoma, lymphoma, and leukemia.

In about 10% of patients with a positive CSF, cytologic exami-
nation provides the first documentation of a neoplasm. The lung is
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by far the most common occult primary site, followed by gastric
cancer and melanoma. Patients with lymphoma, leukemia, or a pri-
mary CNS tumor can also present with a positive CSF examina-
tion. Curiously, a primary breast cancer is very rarely occult when
CSF involvement is detected.

Likely primaries in a patient with positive CSF and no history
of cancer:

Lung
Stomach
Melanoma
Lymphoma
CNS

Metastatic tumors are much more frequent than primary CNS
tumors in CSF; primary CNS tumors account for only 6% of all
positive CSF samples.

Immunocytochemistry is not needed to diagnose most cases of
leptomeningeal metastasis. In selected cases, however, it is useful
for establishing a likely primary site, for example, in a patient whose
cancer first manifests itself as a positive CSF. Epithelial markers
can establish a diagnosis of carcinoma and exclude the possibility
of lymphoma, melanoma, and a primary glioma. Glial fibrillary
acidic protein (GFAP) differentiates glial from non-glial tissue and
can be used to confirm a primary CNS origin for malignant cells
in CSE. GFAP is useful in establishing a diagnosis of malignancy
when the cytologic examination is equivocal because normal CSF
obtained by LP does not contain GFAP-positive cells.

The median survival of untreated patients with leptomeningeal
metastasis is 1 month. Treatment stabilizes or improves about 75%
of patients, but it is almost always palliative rather than curative,
because current treatments cannot eliminate tumor from the sub-
arachnoid space. The median survival of treated patients ranges
from 4 to 10 months and depends in part on the tumor type: breast
cancer and lymphoma respond better than most other tumors.
Radiation therapy is often considered in patients with bulky and/or
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symptomatic leptomeningeal metastasis and is especially helpful
in relieving pain and other symptoms. Intrathecal chemotherapy,
administered by Ommaya reservoir, has been the mainstay of treat-
ment for leptomeningeal metastasis, but its palliative effects are
usually short-lived. The most commonly used intrathecal agents
are methotrexate, cytarabine, and thiotepa. Systemic chemother-
apy is gaining acceptance for treating leptomeningeal metastasis
because of its greater ability to penetrate bulkier tumor deposits.

Metastatic Solid Tumors

Carcinoma of the Lung

All four of the common histologic subtypes of lung cancer (ade-
nocarcinoma, squamous cell carcinoma, large cell carcinoma, and
small cell carcinoma) can metastasize to the CSF pathways. Ade-
nocarcinomas of the lung are common and squamous cell carcino-
mas uncommon in CSF.

Cytomorphology — adenocarcinoma of the lung (Fig. 10.12):

Isolated cells and/or small clusters
Large cells

Abundant cytoplasm

Eccentric nucleus

The differential diagnosis of metastatic adenocarcinoma of the
lung to CSF includes macrophages, plasma cells, and ependymal/
choroid plexus cells. Macrophages have smaller nuclei that are
pale and often folded or curved, with granular and microvacuolated
cytoplasm (Fig. 10.13). Plasma cells are smaller than the cells of
an adenocarcinoma of the lung, with more condensed chromatin
and a tell-tale perinuclear hof. Ependymal/choroid plexus cells are
rare in CSF; when present, they are few in number, usually with
round, centrally placed nuclei.
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Fic. 10.12. Adenocarcinoma of the lung. (a) The malignant cells have
large, hyperchromatic nuclei and abundant cytoplasm (Papanicolaou
stain). (b) Note the eccentric placement of the nucleus and the cytoplasmic
blebs. A red blood cell, lymphocyte, and monocyte are present for
comparison (Wright—Giemsa stain).
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F1G. 10.13. Macrophages. Macrophages have abundant cytoplasm and
are seen in benign and malignant conditions (Papanicolaou stain).

Cytomorphology — small cell carcinoma of the lung:

Isolated cells and/or clustered
Small cells

Nuclear molding
Karyorrhexis

Mitoses

Small cell carcinomas of the lung appear as small isolated or
clustered cells in CSF. When isolated, they are easily mistaken
for lymphocytes. Finding clusters with their characteristic mold-
ing is often essential for diagnosis (Fig. 10.14). Linear, molded
arrangements with a “vertebral body” appearance are seen. The
differential diagnosis includes other small cell malignancies,
most of them pediatric, like medulloblastoma. A cytomorpho-
logic distinction is impossible, but this rarely presents a problem
because patients have a history of small cell carcinoma or a suspi-
cious lung mass.
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F1G. 10.14. Small cell carcinoma of the lung. The small cells have dis-
persed chromatin, indistinct nucleoli, and scant cytoplasm. Nuclear mold-
ing is prominent (Wright-Giemsa stain).

Carcinoma of the Breast

Breast cancer not uncommonly metastasizes to the CSF. In con-
trast to lung cancer, it is rare that a positive CSF is the presenting
finding in a woman with breast cancer.

Cytomorphology — ductal breast cancer (Fig. 10.15):

Isolated cells or small groups
Linear rows, rings (rare)
Large cells

Round nucleus

Prominent nucleolus

Scant cytoplasm (often)

The large cannonball-like arrangements typical of breast cancer
cells in pleural fluid are almost never seen in CSF. Instead, the
malignant cells are usually dispersed as isolated cells. Nuclei are
round or irregular, and some cells can be binucleated.
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F1G. 10.15. Ductal carcinoma of the breast. The malignant cells of this
Bloom—Richardson grade 3 ductal cancer are round, large, and highly
variable in size. Cytoplasmic blebs are commonly seen (Wright—Giemsa
stain).

Cytomorphology — lobular breast cancer:

e Small- to medium-sized cells
e [solated cells
e Signet-ring shapes

The differential diagnosis of ductal and lobular breast cancers is
similar to that for adenocarcinoma of the lung and includes mac-
rophages, and ependymal/choroid plexus cells. Macrophages have
smaller, pale, often folded or curved nuclei, with abundant granu-
lar and microvacuolated cytoplasm (see Fig. 10.13). Ependymal/
choroid plexus cells are rare in CSF; when present, they are few in
number and usually have a round, centrally placed nucleus. Some
lobular breast cancer cells in CSF form linear arrangements remi-
niscent of the vertebral body-like structures seen in patients with
small cell carcinoma.
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F1G. 10.16. Melanoma. Melanoma cells tend to be isolated or only loosely
aggregated (Papanicolaou stain).

Melanoma

Melanoma can metastasize to the meninges from a primary in the
skin or other site, but it can also (rarely) arise in the leptomeninges
as a primary CNS neoplasm. In a condition known as melanosis
cerebri, the meninges contain melanocytes; presumably, it is these
cells that give rise to leptomeningeal melanomas.

Cytomorphology of melanoma (Fig. 10.16):

e Large cells

e Macronucleolus

e Melanin (not always)
e Melanophages

With a history of melanoma, the diagnosis is straightforward in
most cases. Rarely, as in a patient without a documented melanoma
whose malignant cells lack visible melanin, the distinction from a
carcinoma may require immunocytochemistry. Stains for HMB45
and S-100 are generally positive, whereas stains for keratin and
epithelial membrane antigen are negative.
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Leukemia

Acute Lymphoblastic Leukemia

Acute lymphoblastic leukemia (ALL), a malignancy of lym-
phocyte precursors that arises from the bone marrow, is the most
common malignancy in children. The peak incidence is between
the ages of 2 and 7 years, but adults are also affected. Patients
often present with pallor and weakness because of anemia, and
bleeding due to thrombocytopenia. They can have lymphadenopa-
thy, hepatosplenomegaly, and an anterior mediastinal mass. The
diagnosis is made by bone marrow aspiration and biopsy, which
shows replacement of normal elements by lymphoblasts. CNS
involvement is present at initial diagnosis in 5% of cases and is
usually occult. In fact, 75% of ALL patients with leptomeningeal
metastasis are asymptomatic.

The appearance of the blasts is variable. According to the
French—American—British (FAB) classification system, ALL is
divided into types L1, L2, and L3 based on the cytomorphologic
appearance on air-dried Wright-Giemsa-stained preparations
(Fig. 10.17). The WHO recommends that the FAB classification
be abandoned, because morphological classification has no clini-
cal or prognostic relevance. Instead, the WHO advocates the use
of a combined immunophenotypic and cytogenetic classification
which carries prognostic significance. Nevertheless, knowledge of
the spectrum of morphologic appearances of ALL can be very use-
ful in evaluating CSF, particularly in correlating CSF findings with
prior bone marrow aspirates.

Cytomorphology of ALL (Wright—Giemsa-type stains):
e LI

— Small blasts

— Round nucleus (rare clefts)

— Fine chromatin

— Inconspicuous nucleolus

— Scant, slightly basophilic cytoplasm

(continued)
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FiG. 10.17. Acute lymphoblastic leukemia. Depending on the subtype, the
blasts of acute lymphoblastic leukemia may have several different appear-
ances, which are best appreciated on air-dried preparations. L2 blasts
(seen here) are larger, with irregular nuclei and more abundant cytoplasm
(Wright-Giemsa stain).

e [2

— Larger blasts

— Irregular nucleus

— Fine chromatin

— Prominent nucleolus
— Abundant cytoplasm

e [3

— Coarse chromatin

— Multiple nucleoli

— Dark blue cytoplasm

— Small cytoplasmic vacuoles (lipid)

— Indistinguishable from Burkitt lymphoma

Inasmall percentage of cases, the cells of ALL contain azurophilic
cytoplasmic inclusions that resemble myeloid granules.
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The treatment of ALL in children is one of the great successes
of chemotherapy. At one time ALL was almost invariably fatal;
today nearly 60% of children are long-term survivors of the dis-
ease. CNS prophylaxis is a mainstay of therapy. Without CNS
prophylaxis, more than 50% of patients would develop CNS leuke-
mia. Although prophylactic treatment of the CNS with radiother-
apy to the cranium and intrathecal methotrexate has reduced the
incidence of such relapses dramatically, they still occur in 5-10%
of cases. Therefore, periodic monitoring of CSF for the presence
of blasts is essential.

Differential diagnosis of ALL:

e Reactive lymphocytes (e.g., aseptic meningitis)
e Peripheral blood contamination

Whenthe sampleis hypercellular, the diagnosisisusually straight-
forward, particularly with air-dried Wright—Giemsa-stained slides,
which accentuate the characteristic morphologic features. Sparsely
cellular samples can be difficult. Immunocytochemistry for termi-
nal deoxytransferase (Tdt), a nuclear enzyme found in 90-95%
of L1 and L2 leukemias (but not in type L3), can be extremely
useful in distinguishing blasts from reactive lymphocytes, which
are consistently negative for this marker. An aliquot of fluid is also
often sent to the hematology laboratory, and blasts, if present, are
noted in the differential count. Contamination of CSF by blasts
in peripheral blood must be excluded, because this can result in a
false-positive diagnosis. If CSF contains leukemic blasts admixed
with red blood cells, the specimen is essentially noncontributory.
The only exception is a patient in remission, whose peripheral
blood counts are negative for blasts. In such a patient, a traumatic
tap with blasts is diagnostic of a CSF recurrence.

Acute Myeloid Leukemia

The acute myeloid leukemias (AML) are neoplastic prolifera-
tions of the myeloid progenitor cells: immature granulocytes,
monocytes, erythrocytes, and megakaryocytes. They are more
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common in adults than in children. AML can involve CSF either
at presentation or subsequently, although CSF involvement is less
common than in ALL.

The French—American—British system recognizes eight mor-
phologic types of AML based on bone marrow aspirates:

AML undifferentiated (MO)

AML without maturation (M1)

AML with maturation (M2)

Acute promyelocytic leukemia (M3)
Acute myelomonocytic leukemia (M4)
Acute monocytic leukemia (M5)
Erythroleukemia (M6)

Acute megakaryoblastic leukemia (M7)

These subtypes have somewhat different clinical presenta-
tions. For example, it is more common for patients with acute
myelomonocytic leukemia (AML M4) to have CNS involvement
at the time of presentation than for those with other types of AML.
As with ALL, the WHO recommends abandoning the FAB classi-
fication for AML and replacing it with a system that relies more on
clinical and cytogenetic criteria. The WHO subtypes of AML are:

AML with recurrent cytogenetic abnormalities

AML with multilineage dysplasia

AML and myelodysplastic syndrome, therapy related
AML, not otherwise categorized.

Cytomorphology of AML:

Round or highly irregular nucleus
Fine chromatin

Prominent nucleolus

Azurophilic granules (sometimes)
Mature granulocytes (some subtypes)

As with ALL, characteristic features of AML are best seen
on Wright-Giemsa-stained preparations (Fig. 10.18). Although
azurophilic granules can be present, they are not diagnostic of
AML because they are also seen in some cases of ALL. An impor-
tant finding in many but not all cases of AML is the Auer rod.
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F1G. 10.18. Acute myeloid leukemia. In CSF from patients with leukemia,
it is usually sufficient simply to identify the presence of blasts; further typ-
ing (myeloid vs. lymphoid and their subtypes) is done on peripheral blood
and bone marrow biopsy and aspirated material (Wright—-Giemsa stain).

This linear structure is a crystallization of azurophilic granules and
is pathognomonic of a myeloid disorder. More mature cells such
as granulocytes can be present. In evaluating the CSF, it is usually
sufficient simply to identify blasts, because definitive diagnosis of
ALL or AML and their subtypes depends on the evaluation of the
bone marrow aspirate and biopsy.

Chronic Lymphocytic Leukemia

Chronic lymphocytic leukemia (CLL) predominantly affects adults
and has a long and protracted clinical course. Despite this, leptome-
ningeal metastasis is extremely uncommon. The cells of CLL are mor-
phologically indistinguishable from small, mature lymphocytes. It is
very important, therefore, to exclude peripheral blood contamination
from a traumatic tap: if the sample contains a significant number of
red blood cells and the patient is known to have circulating leukemic
cells at the time of specimen procurement, the CSF sample is essen-
tially noncontributory. Even if red blood cells are scant or absent,
immunophenotyping of the lymphoid cells must be performed to
exclude meningitis due to a compromised immune system.
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Myeloproliferative Neoplasms

The myeloproliferative neoplasms are clonal hematopoietic stem
cell disorders characterized by a bone marrow proliferation of
granulocytic, erythroid, or megakaryocytic cells. Clinically hetero-
geneous, they include chronic myelogenous leukemia, chronic neu-
trophilic leukemia, chronic eosinophilic leukemia, polycythemia
vera, primary myelofibrosis, essential thrombocythemia, mastocy-
tosis, and myeloproliferative neoplasm, unclassifiable. During the
chronic phase, the neoplastic cells are minimally invasive, confined
to bone marrow, blood, liver, and spleen, and they virtually never
involve the CSF. Unfortunately, most patients eventually develop
“blast crisis”, a transformation to acute leukemia that is almost
always fatal, involving the CNS in some patients. As with other
leukemias, opportunistic infections are common and must be sus-
pected when a specimen is examined.

Malignant Lymphoma

Leptomeningeal metastasis occurs in 5—10% of patients with non-
Hodgkin lymphoma, either at presentation, at a later point during
the disease course, or at relapse. Leptomeningeal involvement is
more common than parenchymal brain involvement by lymphoma.
Some histologic types have a higher incidence of CNS involve-
ment than others. Diffuse large B-cell, lymphoblastic, Burkitt,
and Burkitt-like lymphomas have an especially high affinity for
the CNS. On the other hand, some lymphomas like Hodgkin lym-
phoma and small lymphocytic lymphoma are almost never seen in
CSF. Patients with leptomeningeal metastasis due to lymphoma
have a higher frequency of cranial nerve signs and symptoms.

Cytomorphology of lymphoma in CSF:

e Dispersed cells

e Larger than normal lymphocytes
e Irregular nuclear contours

e Abnormal chromatin

e Prominent nucleolus
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F1G. 10.19. Diffuse large B-cell lymphoma. Tumor cells are dispersed as
isolated cells with irregular nuclei, coarsely textured chromatin, and scant
to abundant cytoplasm. Pyknosis and karyorrhexis are common and can
be prominent. A few small benign lymphocytes are present (Papanicolaou
stain).

Typically, the CSF shows a monomorphous population of highly
atypical cells, with perhaps only a small percentage of normal lym-
phocytes (Fig. 10.19). In some cases, however, the lymphoma cells
are a minority of the total cell population.

The differential diagnosis is a reactive lymphocytosis caused by
meningitis. A reactive lymphocytosis is composed of a heteroge-
neous population of small, mature lymphocytes as well as larger,
activated, so-called “atypical” lymphocytes. This distinction is not
always straightforward.

Because lymphomas have many different appearances, compari-
son with a previous biopsy of a lymph node or other site is helpful.
In some cases, definitive diagnosis is not possible without lymphoid
marker studies. These can be performed on duplicate air-dried cyt-
ospins stained with antibodies against a pan B-cell marker (e.g.,
CD20), a pan T-cell marker (e.g., CD3), and kappa and lambda
immunoglobulin light chains (Fig. 10.20a—c). Alternatively, fluid
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FiG. 10.20. Follicular lymphoma. The malignant cells are relatively small
and have irregular nuclear contours. The cells show monotypic expression
of immunoglobulin light chains. (a) Wright-Giemsa stain, (b) kappa, and
(c¢) lambda.

can be sent fresh for flow cytometric assessment of lymphocyte
surface markers. When used selectively, successful results are
obtained by flow cytometry in up to 75% of cases. In combination
with cytology in the evaluation of atypical lymphoid cells in CSF,
flow cytometry improves sensitivity for malignancy. Most reactive
and inflammatory fluids are composed primarily of T-cells (Lyme
disease is an exception), whereas the great majority of lymphomas
that involve the CNS are B-cell neoplasms. Thus, a predominantly
B-cell proliferation in CSF is highly suspicious for lymphoma; the
diagnosis can be established by demonstrating light chain restriction
(predominance of either kappa or lambda expression). The polymer-
ase chain reaction is useful in selected cases and can be performed
on archival as well as fresh CSF samples.

Primary CNS Tumors

CSF cytology is an important test for documenting leptomeningeal
metastasis of a primary CNS tumor, either at the time of presenta-
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TaBLE 10.2. Clinical features of primary CNS tumors that spread via CSF
pathways.

Tumor Predominant age Preferred location(s)
Medulloblastoma  Children Cerebellum

Glioblastoma Adults Cerebral hemispheres
Ependymoma Children and adolescents Fourth ventricle (children);

spinal cord (adults)

Choroid plexus Children Ventricles (most com-

tumors mon = fourth)

Pineoblastoma Children Pineal gland

Germ cell tumors ~ Children and adolescents Pineal, suprasellar regions
Atypical teratoid/  Infants and children Cerebellum, brainstem, cer-
rhabdoid tumor ebral hemispheres

Primary CNS Adults Cerebral hemispheres, cerebel-
lymphoma lum, brain stem, spinal cord

tion or recurrence. Certain CNS tumors have a greater predilection
for involving the leptomeninges than others. These include medul-
loblastoma, ependymoma, germinoma, pineoblastoma, primitive
neuroectodermal tumors (PNETS), atypical teratoid/rhabdoid
tumor, choroid plexus tumors, astrocytomas and glioblastomas,
and primary CNS lymphomas. The clinical features of some of
these are summarized in Table 10.2.

Primary CNS Lymphoma

Primary CNS lymphoma represents between 4% and 15% of all
primary CNS tumors. It occurs in both immunocompetent and
immunocompromised patients. Epstein—Barr virus is detected in
most primary CNS lymphomas in immunocompromised patients
and almost never in those arising in immunocompetent individu-
als. Diffuse large B-cell lymphoma is the most common type; the
indolent small cell lymphomas and lymphomas of T-cell phenotype
occur much less frequently. In most patients with primary CNS
lymphoma, the tumor involves the brain parenchyma, with or with-
out leptomeningeal involvement. But about 8% of cases involve
the leptomeninges only (“primary leptomeningeal lymphoma”).
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Fig. 10.21. Primary CNS lymphoma. Four large, atypical lymphoid
cells are present in this field. (Two benign lymphocytes are smaller, with
darker nuclei.) In some cases of primary CNS lymphoma, the malignant
B-cells are outnumbered by small reactive T-cells, and the findings mimic
aseptic meningitis. In this case there was a strong clinical suspicion of
malignancy because the patient had cranial nerve findings (diplopia and
facial droop). A portion of the sample was sent for flow cytometry, which
showed immunoglobulin light chain restriction by the large cells (Wright-
Giemsa stain).

CSF cytology is positive in one-third of patients. The diagnosis
is difficult because in some cases the large atypical cells are out-
numbered by small reactive T-cells, thus mimicking the appearance
of an aseptic meningitis (Fig. 10.21). Flow cytometric analysis can
be helpful by proving clonality and is highly sensitive: the tech-
nique can detect malignant cells that represent as few as 2% of the
total cell population. It is not practical to do flow cytometric analy-
sis on all samples that show a lymphocytic pleocytosis, but flow
cytometry should be considered in patients with suspicious clinical
symptoms. Localized neurologic signs such as cranial nerve pal-
sies are common in patients with primary CNS lymphoma and rare
in patients with aseptic meningitis.
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Medulloblastoma

Medulloblastomais apoorly differentiated small cell tumor of uncer-
tain histogenesis that arises in the cerebellum. It is predominantly
a disease of children but is sometimes seen in adults. It tends to
invade the adjacent fourth ventricle and/or meninges; approxi-
mately 25% of patients with medulloblastoma have positive CSF
cytology. At autopsy, leptomeningeal involvement is discovered in
more than 50% of cases. Morphologically identical tumors in the
cerebrum or suprasellar region are called supratentorial primitive
neuroectodermal tumors (PNETS).

Cytomorphology of medulloblastoma (Fig. 10.22):

e Small- to medium-sized cells
Hyperchromatic nucleus
Scant cytoplasm

Nucleolus may be prominent

[ ]
[ ]
[ ]
e Nuclear molding

Differential diagnosis of medulloblastoma:

Poorly preserved lymphocytes
Germinal matrix

Small cell carcinoma
Pineoblastoma
Neuroblastoma
Retinoblastoma

Anaplastic ependymoma

When clusters of small cells are seen in a neonate, especially
one born prematurely, they most likely represent cells of germi-
nal matrix origin (see Fig. 10.6). These cells mimic a poorly dif-
ferentiated small cell malignancy like medulloblastoma. Clinical
correlation is very important: the possibility of benign cells of
germinal matrix origin should be considered in all neonates with
hydrocephalus and in premature infants with intraventricular
hemorrhage. In cases associated with hemorrhage, hemosiderin-
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F1G. 10.22. Medulloblastoma. The tumor cells are small, with hyperchro-
matic, irregular nuclei and scant cytoplasm. Nuclear molding is prominent
(Papanicolaou stain).

laden macrophages are numerous. Morphologically, medullob-
lastoma cells are indistinguishable from those of other anaplastic
small cell tumors like small cell carcinoma of the lung, but clini-
cal and radiographic findings help in establishing the diagnosis.
Anaplastic ependymoma of the fourth ventricle may be clinically
and cytologically impossible to distinguish from medulloblastoma
however.

Astrocytomas and Glioblastoma

This group of tumors is the most commonly encountered primary
CNS malignancy in adults. They arise from astrocytes, the sup-
porting cells of the CNS, and are divided into diffusely infiltrat-
ing astrocytomas, pilocytic astrocytoma (WHO grade I), and a few
other rare types. Diffusely infiltrating astrocytomas are further
subclassified as diffuse astrocytomas (WHO grade II), anaplastic
astrocytomas (WHO grade III), and glioblastoma (WHO grade
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IV), based on the degree of nuclear pleomorphism, necrosis, and
vascular proliferation. These tumors can arise virtually anywhere
in the CNS (cerebrum, cerebellum, brain stem, and spinal cord),
and all types can spread to the ventricles and subarachnoid space.

Glioblastoma, the highest grade astrocytoma, is the most
common of all brain tumors. It comprises 12—-15% of all intrac-
ranial tumors and more than half of all astrocytic neoplasms.
Pilocytic astrocytoma is a circumscribed, slowly growing, often
cystic tumor that arises in children and young adults. Subarach-
noid space involvement is a characteristic feature of pilocytic
astrocytomas, and CSF is positive in 11% of patients in whom it is
examined, but dissemination along CSF pathways is uncommon.
An uncommon type of astrocytic neoplasm, gliomatosis cerebri,
presents as a diffuse astrocytic proliferation without an obvious
tumor mass. It often spreads to involve the subarachnoid space,
and CSF examination is useful in establishing a diagnosis.

Cytomorphology of anaplastic astrocytoma and glioblastoma:

e Large pleomorphic cells, or
e Smaller, anaplastic cells with hyperchromatic nuclei

Anaplastic astrocytomas and glioblastomas appear as iso-
lated cells and small clusters. They have hyperchromatic, highly
pleomorphic nuclei with coarse chromatin, irregular nuclear
outlines, and prominent nucleoli (Fig. 10.23).

Pilocytic astrocytomas appear in CSF as isolated cells or clus-
ters. The isolated cells have long, hairlike cytoplasmic processes,
and clustered cells appear epithelioid, often with finely textured
chromatin and cobweb-like cytoplasm.

Ependymoma

Ependymomas arise from the lining cells of the ventricles and
can occur anywhere in the CNS, but the fourth ventricle and spi-
nal cord are the most common sites. Although more common in
children and adolescents, they are also seen in adults. Histologi-
cally, ependymomas are considered WHO grade II neoplasms
and are comprised of monomorphic cells that form perivascular
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pseudorosettes and ependymal rosettes, and mitoses are rare. The
prognosis is poor because their location makes them inoperable.
Of the patients who undergo CSF cytologic examination, 11%
have either suspicious or positive cytology. Clinically significant
leptomeningeal metastasis is uncommon, however, most likely
because of the inability of the seedlings to adhere and proliferate.

The myxopapillary ependymoma is a slowly growing, WHO
grade I tumor with a favorable prognosis. It accounts for 13% of all
ependymomas, has a predilection for young adults, and is virtually
always located at the terminal end of the spinal cord. Anaplastic
ependymomas represent the other end of the spectrum of ependy-
momas. Considered WHO grade III tumors, anaplastic ependymo-
mas are poorly differentiated, with brisk mitotic activity.

Cytomorphology of ependymomas:

e [solated cells or small groups
e Round, eccentrically placed nucleus

The appearance of ependymoma cells in CSF depends on the
histologic subtype. The cells of the usual type of ependymoma
are cuboidal or columnar (Fig. 10.24), with a round or oval, bland
nucleus and a moderate amount of cytoplasm. They can be difficult
to distinguish from benign ependymal cells. In patients with a tan-
ycytic ependymoma, CSF samples show bipolar cells with long,
hairlike glial processes. Anaplastic ependymomas are cytologi-
cally indistinguishable from medulloblastomas.

Oligodendroglioma

This tumor of oligodendrocytes is more common in adults but is
also seen in children. The great majority occur in the cerebral hem-
isphere. Spread to the CSF can be either rapid and fatal or chronic
and sustained. The tumor is composed of uniform polygonal cells
with round nuclei. In tissue sections there is a pronounced perinu-
clear cytoplasmic clearing that imparts a characteristic “fried egg”
appearance to the tumor cells. Positive CSF has been reported, but
the cytologic features have not been described in depth.
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F1G. 10.23. Glioblastoma. The tumor cells are highly pleomorphic, with
hyperchromatic nuclei and abundant cytoplasm (Papanicolaou stain).

Cytomorphology of oligodendroglioma:

Uniform round cells
Distinct cell outlines
Abundant clear cytoplasm
Round nucleus

Fine chromatin
Prominent nucleolus

Atypical Teratoid/Rhabdoid Tumor

The atypical teratoid/rhabdoid tumor (ATRT) is a newly described
CNS tumor of unknown histogenesis that predominantly affects
infants and children. One-third of patients have leptomeningeal
metastasis at presentation. Histologically and cytologically, the
tumor contains rhabdoid cells: medium-sized to large cells with
a round, eccentrically placed nucleus and a prominent nucleolus.
The cytoplasm is homogeneous and may contain a large, poorly
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FiG. 10.24. Ependymoma. The tumor cells have a round, eccentrically
placed nucleus (Papanicolaou stain).

defined, dense, inclusion-like structure that pushes aside the
nucleus (Fig. 10.25). Binucleated cells can be seen. Two-thirds
of cases have a poorly differentiated small cell component that
resembles medulloblastoma cells in CSF. ATRT cells are immu-
noreactive for epithelial membrane antigen and vimentin, and they
may express smooth muscle actin, GFAP, neurofilament protein,
and keratin.

Choroid Plexus Tumors

Tumors of the choroid plexus account for 0.5-0.6% of intracranial
tumors. Predominantly seen in children, they also occur in adults.
The fourth ventricle is the most common location, followed by the
lateral ventricles and the third ventricle. The great majority are
cytologically benign choroid plexus papillomas. Histologically,
the tumors are papillary, composed of a fibrovascular core covered
by a single layer of cuboidal or columnar epithelium.
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F1G. 10.25. Atypical teratoid/rhabdoid tumor. This large rhabdoid cell has
a dense cytoplasmic “body” that pushes the nucleus to an eccentric posi-
tion. Two monocytes and some red blood cells are also present (Wright-
Giemsa stain).

Cytomorphology — choroid plexus papilloma:

e Large clusters
e Uniform cuboidal cells
e Round nucleus

The individual cells of a choroid plexus papilloma can be indis-
tinguishable from normal choroid plexus or ependymal cells.
When present in abundance and in large clusters, the diagnosis of
a papilloma is suggested.

Choroid plexus carcinomas are rare, arising almost exclusively
in infants and children. Their existence in adults has been ques-
tioned.
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Cytomorphology — choroid plexus carcinoma:

Single cells or clusters

Pleomorphic nuclei

Prominent nucleolus

Indistinguishable from adenocarcinoma

In adults, a metastasis from an occult lung adenocarcinoma must
be excluded clinically before the diagnosis can be considered.

Pineal Tumors

The pineal gland is a small, midline structure whose precise func-
tion is not known. Pineal tumors are rare, accounting for 0.4—1%
of intracranial tumors. More than half of the tumors that arise here
are germ cell tumors (discussed below). The rest arise from astro-
cytes or from specialized neurons called pinealocytes. Tumors of
pinealocytic origin affect children more often than adults. They are
subclassified as pineocytomas, pineoblastomas, and pineal paren-
chymal tumors of intermediate differentiation. Pineoblastomas
commonly spread to the CSF; in a study of 11 cases, all showed
leptomeningeal involvement at autopsy. Pineoblastoma is morpho-
logically indistinguishable from medulloblastoma.

Pineocytomas are typically localized neoplasms that do not
metastasize. Although aggressive behavior has been described,
some authors question whether these aggressive tumors might
have been misclassified.

Germ Cell Tumors

Germ cell neoplasms in the brain arise from primordial germ cells
that migrated to the CNS, particularly to the pineal and suprasellar
areas. The entire spectrum of testicular and ovarian germ cell
tumors can be seen. The most common is the germinoma, histo-
logically identical to the testicular seminoma and the ovarian dys-
germinoma and equally radiosensitive. It occurs most commonly
in children and young adults, and is more common in males than
females. It is likely to infiltrate ventricles and meninges and spread
via the CSF. In one study, two of seven patients had positive
cytology on CSF examination. Serum and/or CSF elevations of
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alpha-fetoprotein, beta-HCG, and placental alkaline phosphatase
are considered strong presumptive evidence in patients suspected
of harboring a CNS germ cell tumor.

Cytomorphology — germinoma:

Isolated cells
Large, round nucleus
Prominent nucleolus

[ ]
[ ]
[ ]
e Moderate amount of cytoplasm

Other types of germ cell tumors, including embryonal carci-
noma, endodermal sinus tumor, teratoma, choriocarcinoma, and
various combinations of these tumors can also occur, and can be
identified in CSF. Choriocarcinomas are highly chemosensitive,
and early diagnosis is essential for the prompt institution and suc-
cess of therapy.

Other Tumors of the CNS

Some of the very common tumors of the CNS rarely spread by
CSF pathways and are therefore rarely diagnosed by CSF cytology.
Meningiomas constitute 14% of intracranial tumors and almost all
are benign. Their spread by means of CSF is extremely uncommon
and probably not distinguishable by cytologic methods. Pituitary
adenomas represent up to 25% of intracranial tumors. Most are
benign, but a small percentage spread to the CSF. In a study of 20
cases, the CSF was positive in both of the patients whose tumors
behaved aggressively. Exfoliated cells are arranged in clusters that
mimic metastatic adenocarcinoma.
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diagnosis, 92
N/C ratio, 93
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malignant lymphoma (see
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metastatic solid tumors (see
Metastatic solid tumors)
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Primary CNS tumors)
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hemosiderin-laden
macrophages, 234
lymphocytes and monocytes,
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subependymal and intraven-
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Choriocarcinoma, 118
Choroid plexus, 227
Chronic lymphocytic leukemia
(CLL), 257
Chronic myeloproliferative diseases
(CMPDs), 258
Chylous effusion
cell block section, 215
chyle, 213
clinical manifestation, 212
etiology, 214
oil red O stain, 216
Cryptococcus neoformans, 242
Cytokeratins and vimentin, 68
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Cytologic atypia
acini-like structures, 22
acute serositis, 23
Diff-Quik-stained SCF smears,
22
hyperplastic mesothelium, 26
initial impression, 21
lymphomononuclear cells, 25
vs. malignant mesothelioma, 20
tissue fragment, mesothelial
cells, 24
Cytology, SCF
histiocytes
benign SCF, 11, 13
and PMNs, 11, 14
lymphomononuclear cells, 13
mesothelial cells
cellular monotony and tissue
culture, 16
cell window, 14, 17
cytoplasmic whiskers, 14
mesothelioma, 13-15
SCEF cell type, 11, 12
Cytoplasmic whiskers, 14

D
Desmoplastic small-round-cell
tumor (DSRCT), 143
Diff-Quik stain
malignant mesothelioma, 47
reactive mesothelial hyperplasia,
22
Ductal carcinoma, breast, 250, 251
cannon balls, 88
community border, 89
cytoplasmic opacity, 91
single cell mesothelial pattern, 90

E
E-cadherin and calretinin
immunostaining, 71
Embryonal rhabdomyosarcoma
cell block section,
immunostaining, 144
diagnosis, 145
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diagnosis, 154
hemosiderin-laden macrophages,
155
psammoma body, 155, 156
tubal-type epithelium, 155, 156
Endosalpingiosis
acinus-like structure, 161
benign mesothelial proliferation,
159
cell block section, 161
focal ciliated border, 157
glandular fragment, 157, 158
psammoma body, 159
Ependyma, 227
Epithelial membrane antigen
(EMA), 68
Epithelioid hemangioendothelioma
cell block section, 123
pleural effusion, 122
Epithelioid malignant mesothelioma
acidic mucin/matrix and
hyaluronic acid, 46
adenocarcinoma differential
diagnosis, 44
adenocarcinoma fragment, 40
cell block, 43
cellular fragment, 48
cytoplasmic vacuolization, 55
cytoplasmic whiskers and
retraction halos, 57
differential diagnosis, 53, 54, 56
Diff-Quik stain, 47
3D tissue fragment, 39
gland-like fragment, 42
hypercellular smear, 49
malignant cellular fragment, 48
vs. metastatic cancer, 55
metastatic neoplasms, 59
mucicarmine stain, 45
N/C ratio cells, 50
neoplastic cells, 51
pleural effusion, 52
reactive mesothelial
proliferation, 59
rhabdomyosarcoma, 59
submesothelial matrix tissue, 41

Ewing’s sarcoma/PNET, 137, 138
Extramedullary hematopoiesis, 220

F

Flow cytometry (FC), 185

French—American—British (FAB)
classification system, 253

G

Gastric adenocarcinoma, 95

Gastric signet-ring adenocarcinoma
cytomorphology, 96
cytoplasmic vacuoles, 97
mucicarmine stain, 98

Glial fibrillary acidic protein

(GFAP), 246
Glioblastoma multiforme (GBM), 117
Gliomatosis cerebri, 266

H
Hodgkin’s lymphoma, 202

J
Johns Hopkins Cytopathology Lab
Immunopanel, 73

L
Leptomeninges, 227
Leukemia
acute lymphoblastic leukemia
CNS prophylaxis, 255
cranium and intrathecal
methotrexate, 255
cytomorphology, 253-254
terminal deoxytransferase, 255
thrombocytopenia, 253
acute myeloid leukemia,
255-257
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cytoarchitecture, 94
diagnosis, 92
N/C ratio, 93

Lung

adenocarcinoma
Ber-EP4 immunostain, 83
binucleation, 81
cell block section, 82
hob-nailed nuclei, 86
lumen, 79
malignant mesothelioma, 80
monoclonal CEA
immunostain, 84
papillary architecture, 85
pulmonary carcinoma,
TTF-1, 87
three-dimensional fragment,
78
TTF-1, 84
small-cell carcinoma
cellular characteristics,
102, 104
differential diagnosis, 109
hyperchromasia and nuclear
molding, 105
morule-like architecture, 107
vs. non-Hodgkin’s lymphoma,
106
pericardial effusion, 103
synaptophysin
immunoreactivity, 106
TTF-1 immunostaining, 107
squamous cell carcinoma
cytologic characteristics,
100
differential diagnosis, 101
halloween orange color,
cytoplasm, 102

Lymphocytic effusion

chronic inflammatory process vs.
lymphoma/leukemia
cytomorphology and flow
cytometry, 186
FC role, 185
reactive lymphocytosis (see
reactive lymphocytosis)
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tuberculous pleuritis (see
Tuberculous pleuritis)
cytometric analysis, 179

Lymphomononuclear cells, 13

Malignant effusion

anaplastic large-cell (Ki-1)
lymphoma
cell block section, 195
immunoperoxidase staining
and CD30, 196
neoplastic plasma cell, 197
pleomorphic malignant cell,
194
wreath-like nuclei, 195
Burkitt’s lymphoma, 190
Hodgkin’s lymphoma, 202
large B-cell lymphoma
ascitic fluid, 189
cellular monotony, 188
mono-morphic lymphocytes,
187
plasma cell myeloma
cell block section, 199
diagnosis, 198
differentiation of, 200
primary effusion lymphoma
cell block section, 193
characteristics of, 188, 192
cytomorphology, 189
HHV-8 immunolabeling, 194
lymphocytes, 191
phenotype of, 188
T-cell acute lymphoblastic
leukemia, 201
T-cell-rich B-cell lymphoma, 203

Malignant effusion, children

blue cell tumors, 133, 134
cytomorphologic findings
embryonal rhabdomyosarcoma
(see Embryonal
rhabdomyosarcoma)
Ewing’s sarcoma/PNET, 137
extrarenal rhabdoid tumor
(see Rhabdoid tumor)
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hepatoblastoma, SCF, 142

intra-abdominal DSRCT, 143

metastatic Ewing’s sarcoma/
PNET, 138

neuroblastoma, 135

renal medullary carcinoma
(see Renal medullary
carcinoma)

Wilms’ tumor, 136

incidence, 133

Malignant fibrous histiocytoma

(MFH), 127

Malignant lymphoma

air-dried cytospins, 259

B-cell proliferation, 261
cytomorphology, 258

diffuse large B-cell lymphoma, 259
follicular lymphoma, 259-261
Hodgkin lymphoma, 258
leptomeningeal metastasis, 258
reactive lymphocytosis, 259

Malignant melanoma

anisonucleosis, 122

binucleation characteristics, 120

cytomorphologic characteristics,
109, 118

differential diagnosis, 111

eccentric nuclei and binucleation,
120

epithelioid morphology, 121

pleural effusion, 119

Malignant mesothelioma (MM)

ys. adenocarcinoma, 59—60
vs. adenocarcinoma-

EMA, 68
LeuM1 (CD15), 70
monoclonal antibody
B72.3, 69
myelomonocytic antigens, 70
p53, 64
PLAP, 70
S-100 protein, 71
‘WT-1 stain, 66
asbestos exposure, 35
clinico-radiologic
characteristics, 37
cytochemical stain
disadvantage, 62
cytomorphologic
characteristics, 38
cytomorphology and metastatic
adenocarcinoma, 36-37
effusion, cytogenetic analysis, 73
epithelioid type (see Epithelioid
malignant mesothelioma)
etiologic factors, 37
FISH analysis, 74
histologic subtype, 36
latency period, 35
mesothelioma markers
CK 5/6, 72
CK 7 and CK 20 role, 72-73
D2-40, 72
WT-1, 72-73
mucin, type
acidic, 60, 61
neutral, 60, 62
oncogenetic pathway, 36
therapeutic and prognostic

immunoperoxidase treatment, 38
markers Malignant pleural effusion, 2
Ber-EP4, 69 Merkel cell carcinoma, 110

calretinin, 71 Metastatic cancer

calretinin immunostain, 65

CEA, 69

cell block section, 63

cell surface glycoproteins, 68

CK 5/6, 67

cytokeratins and vimentin, 68

E-cadherin and calretinin
immunostaining, 71

adenocarcinoma differential
diagnosis, 99
breast ductal carcinoma
cannon balls, 88
community border, 89
cytoplasmic opacity, 91
single cell mesothelial
pattern, 90



breast lobular carcinoma

cytoarchitecture, 94
diagnosis, 92
N/C ratio, 93

gastric adenocarcinoma, 95
gastric signet-ring

adenocarcinoma
cytomorphology, 96
cytoplasmic vacuoles, 97
mucicarmine stain, 98

lung adenocarcinoma

Ber-EP4 immunostain, 83

binucleation, 81

cell block section, 82

hob-nailed nuclei, 86

lumen, 79

malignant mesothelioma, 80

monoclonal CEA
immunostain, 84

papillary architecture, 85

pulmonary carcinoma,
TTF-1, 87

three-dimensional fragment,
78

TTF-1, 84

ovarian serous carcinoma

pleomorphism, 99
three-dimensional balls, 98

renal cell carcinoma, 111
small-cell carcinoma

cellular characteristics,
102, 104
differential diagnosis, 109
hyperchromasia and nuclear
molding, 105
morule-like architecture, 107
vs. non-Hodgkin’s lymphoma,
106
pericardial effusion, 103
synaptophysin
immunoreactivity, 106
TTF-1 immunostaining, 107

squamous cell carcinoma

cytologic characteristics, 100

differential diagnosis, 101

halloween orange color,
cytoplasm, 102
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Metastatic solid tumors
breast carcinoma, 250-251
lung carcinoma
adenocarcinomas, 247, 248
cytomorphologic
distinction, 249
differential diagnosis, 247
macrophages, 249
small cell carcinoma,
249, 250
melanoma, 252
Micropapillary serous carcinoma
3D acinar-like structure, 166
glandular epithelium, 163
mesothelial proliferation, 165
tumor, papillary architecture,
161-162, 164
Mollaret’s meningitis (MM), 241
Myelomonocytic antigens, 70
Myxopapillary ependymoma, 267

N
Nephroblastoma. See Wilms’ tumor
Neuroblastoma, 135

(0]

Oncoplacental antigens
CEA, 69
PLAP, 70

Ovarian serous carcinoma
pleomorphism, 99
three-dimensional balls, 98

P
Papillary serous carcinoma
chromatin and macronucleoli,
171
3D tissue fragment, 170
pleomorphic epithelial cells,
162-163, 168
psammoma body, 163, 172
singly dispersed pleomorphic
malignant cell, 173
tissue fragment, 167
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PeritonitisSee Tuberculous pleuritis
Pilocytic astrocytoma, 266
Placental alkaline phosphatase
(PLAP), 70
Pleural effusion
HIV-positive patient, 222
infectious etiology, 222
radiation, 219, 220
Pneumocystis jiroveci infection, 218
Primary CNS tumors
astrocytomas and glioblastoma,
265-267
atypical teratoid/rhabdoid
tumor, 269
choroid plexus tumors, 270
clinical features, 262
ependymoma, 266268
germ cell tumors, 271-272
leptomeningeal metastasis, 261
medulloblastoma, 263-265
meningiomas, 272
oligodendroglioma, 268
pineal tumors, 271
primary CNS lymphoma, 262-263
Primary effusion lymphoma
cell block section, 193
characteristics of, 188, 192
cytomorphology, 189
HHV-8 immunolabeling, 194
lymphocytes, 191
phenotype of, 188
Psammoma body (PB)
benign lesions, 171
cytomorphological
characteristics, 166
incidence, 170, 172
papillary neoplasm, 169-170
Pulmonary infarct, 222

R

Reactive lymphocytosis
cell block section, 184
diffuse immunolabeling, 184
flow cytometric analysis, 185
hypercellularity, lymphocytes, 182
low-grade lymphomatous

process, 183

Reactive mesothelial hyperplasia
(RMH)
clinico-cytopathologic
characteristics
acini-like structures, 22
acute serositis, 23
Diff-Quik-stained SCF
smears, 22
hepatic cirrhosis, 27
hyperplastic mesothelium, 26
initial impression, 21
lymphomononuclear cells, 25
vs. malignant mesothelioma,
20, 31
morphologic separation,
30-31
pseudo signet-ring cells, 29
signet-ring cell
adenocarcinoma, 30
signet-ring cells, 28
tissue fragment, mesothelial
cells, 24
HBME-1, 33
IMP3, 33
Ki-67 labeling index, 33
mesothelial hyperplasia vs.
cancer
GLUT-1, 33
p53, 32
mesothelial proliferation,
31-32
Renal medullary carcinoma
cell block section, 141
cytomorphology, 139
radiologic imaging, 140
Rhabdoid tumor
cell block section, 148
EMA immunostaining, 149
epithelioid malignant cell, 146
morphology, 147
Rheumatoid pleuritis
bilateral pleural effusion, 206
cell block section, 208, 223
diagnostic triad, 207
multinucleated giant
histiocyte, 209
RMHSee Reactive mesothelial
hyperplasia
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Sarcoma
clear cell sarcoma, 125
cytomorphologic
characteristics, 124
epithelioid sarcoma, 125
high grade endometrial stromal
sarcoma, 126
leiomyosarcoma, 127
low grade endometrial stromal
sarcoma, 126
malignant mixed mullerian
tumor, uterus, 130
MFH, 127
osteosarcoma, 128
sarcomatous effusion, 124
undifferentiated embryonal
sarcoma, liver, 129
Serous cavity fluids (SCF)
clinical and radiologic
impression, 4
cytochemical stains, 5
cytologic diagnosis, 1-2
cytologic interpretation, 7-8
cytology (see Cytology, SCF)
diagnostic profile, 6
etiology, 7-8
immunoperoxidase (IPOX)
stains, 6
malignant neoplasm, 2
malignant pleural effusion, 2
Papanicolaou stain, 4
SCF preparation, 3
Small-cell carcinoma, lung
cellular characteristics, 102, 104
differential diagnosis, 109
hyperchromasia and nuclear
molding, 105
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