
123

Etiology, Diagnosis, Prognosis  
and Therapy

Second Edition   

Ben Davidson
Pınar Fırat
Claire W. Michael
Editors 

Serous Effusions



Serous Effusions



Ben Davidson • Pınar Fırat • Claire W. Michael
Editors

Serous Effusions

Etiology, Diagnosis, Prognosis and Therapy

Second Edition



Editors
Ben Davidson
Department of Pathology
The Norwegian Radium Hospital  
Oslo University Hospital 
Oslo 
Norway

Faculty of Medicine  
Institute of Clinical Medicine
University of Oslo
Oslo
Norway

Claire W. Michael
UH Cleveland Medical Center
Case Western Reserve University  
UH Cleveland Medical Center
Cleveland 
Ohio 
USA

Pınar Fırat
Department of Pathology
School of Medicine
Koç University
Istanbul
Turkey

Department of Pathology
Istanbul Faculty of Medicine
Istanbul University
Istanbul
Turkey

ISBN 978-3-319-76477-1    ISBN 978-3-319-76478-8 (eBook)
https://doi.org/10.1007/978-3-319-76478-8

Library of Congress Control Number: 2018940537

© Springer International Publishing AG, part of Springer Nature 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction 
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not 
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed 
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty, 
express or implied, with respect to the material contained herein or for any errors or omissions that may have been 
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer International Publishing AG, part of  
Springer Nature.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-319-76478-8


v

The 6 years that have passed since the publication of the first edition of this book have seen 
considerable activity focused at improving effusion diagnosis and at expanding our under-
standing of the biology of cancer cells in effusions, as well as studies focusing on the role of 
targeted therapy in this clinical setting. However, activity has not been equally distributed 
across the different malignancies that commonly affect the serosal cavities. Research of malig-
nant mesothelioma has mostly focused on improved diagnosis, including a set of guidelines 
published in several journals. Lung carcinoma research has focused on molecular diagnostics 
that are relevant for targeted therapy, where effusions are now integral part of patient work-up. 
Studies of ovarian carcinoma have predominantly, though not exclusively focused on research 
aspects, with several large studies including effusion specimens within the wider context of 
recurrent disease. Next generation sequencing has been applied in analyses of both lung and 
ovarian carcinoma. In contrast, breast and gastrointestinal carcinomas have been studied to a 
lesser extent. Nevertheless, in a medical reality in which liquid biopsies are increasingly 
regarded as central to the management and follow-up of cancer patients, it is very likely that 
effusions will become still more relevant in clinical practice. This new edition incorporates 
research performed in recent years at the diagnostic, therapeutic and experimental avenues. We 
hope that readers will become as engaged as we are in understanding serous effusions.

With best wishes,
Ben Davidson, Pınar Fırat and Claire Michael

Preface: Second Edition
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 Introduction

The serous cavities of the body—the peritoneal cavity, the 
pericardial cavity, and the two pleural cavities—are closed 
spaces covered by the parietal and visceral layers of serous 
membranes. Under physiologic conditions, the two layers of 
the serous membranes are in close apposition, and only a 
small amount of fluid is present within the cavities, acting as 
a lubricant between the parietal and visceral layers to prevent 
friction. Accumulation of fluid in the serous cavities is called 
effusion. Any serous effusion is considered to be pathologic 
irrespective of the cause and the content of the accumulated 
fluid [1, 2]. The serous cavities are lined by a monolayer of 
mesothelial cells supported by fibrous tissue rich in capillar-
ies and lymphatics. The mechanism underlying serous effu-
sions is basically an alteration in fluid homeostasis. The fluid 
in the serous cavities is not static; it is constantly being 
formed and removed [2]. The amount of fluid in the serous 
cavities is controlled by several factors: the hydrostatic and 
oncotic pressure in the circulation, negative pressure in the 
serous cavity, permeability of the capillaries in the mem-
brane, and the capacity of lymphatic absorption. Disturbances 
in the microcirculation, congestion in the vessels, vasodila-
tion, increased vascular permeability, and blockage of the 
lymphatic drainage may lead to fluid extravasation into the 
serous cavity [1].

Serous effusion is a common finding in patients with sys-
temic disease; it may also be a sign of a local disorder. 
Annually, 1.5 million individuals develop pleural effusions 
in the USA [3]. Most of the clinically detected effusions, 
both in adults and children, are associated with reactive con-
ditions [3, 4]. Involvement of more than one cavity is com-
mon in systemic disorders. Most common causes show some 

variations according to the cavity involved. Congestive heart 
failure is one of the leading causes of pleural and pericardial 
effusions. In cirrhosis or pancreatitis, effusions are usually 
peritoneal. Bilateral pleural effusions generally occur in sys-
temic diseases, whereas unilateral pleural effusions reflect 
regional pathologies, such as pneumonias. Right-sided pleu-
ral effusions may develop secondary to peritoneal effusions 
and may be the result of subdiaphragmatic and hepatic 
abscesses or as part of Meigs syndrome (characterized by 
ascites, pleural effusion, and a benign ovarian tumor, usually 
fibroma). On the other hand, pancreatic disease, esophageal 
rupture, splenic abscess, and infarction tend to produce left- 
sided pleural effusions [1, 2, 5].

 Etiologic Factors and Types of Effusions

According to the properties of the fluid accumulated, effu-
sions are divided into transudates, exudates, and chylous 
effusions.

Transudates are defined as plasma ultrafiltrates. They 
have a low cell and protein content and generally occur due 
to increased hydrostatic pressure or decreased plasma 
oncotic pressure. Exudates are hypercellular fluids rich in 
protein; increased vascular and/or membrane permeability 
and blockage of lymphatic vessels are the major mechanisms 
underlying exudates. Chylous effusions are characterized by 
a lipid-rich content and almost always reflect leakage from a 
major lymphatic duct into the serous cavity [6–8].

As the etiologic factors differ (Table  1.1), to identify 
whether an effusion is a transudate or an exudate is an impor-
tant step in the clinical management [3, 7, 9]. Classically, 
transudates are described as fluids with a specific gravity 
≤1.015 (measured by a hydrometer) and a protein 
level < 3.0 g/dL, whereas exudates are defined as fluids with 
a specific gravity >1.015 and a total protein level ≥ 3.0 g/dL.

In clinical practice, there are several tests other than pro-
tein content used in the evaluation of serous effusions 
(Table  1.2) [1, 3, 10]. Measuring lactate dehydrogenase 

P. Fırat, M.D. 
Department of Pathology, School of Medicine, Koc University, 
Istanbul, Turkey

[Previously] Department of Pathology, Istanbul Faculty of 
Medicine, Istanbul University, Istanbul, Turkey
e-mail: pfirat@kuh.ku.edu.tr; pfirat@istanbul.edu.tr

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-76478-8_1&domain=pdf
mailto:pfirat@kuh.ku.edu.tr
mailto:pfirat@istanbul.edu.tr


4

(LDH) level is an important adjunct to the diagnosis. There 
are three commonly used criteria to identify exudates, known 
as “Light’s criteria,” described for pleural fluids [11]:

Pleural fluid- to- serum protein ratio > 0.5.
Pleural fluid- to- serum LDH ratio > 0.6.
Pleural fluid LDH concentration > two-thirds of the upper 

limit of normal serum level.
If at least one of these three criteria is present, the fluid is 

an exudate with a sensitivity of 95–98% and a specificity of 
81–89% [6, 10]. Light’s criteria should be applied cautiously 
to patients with congestive heart failure who are treated with 
diuretics, as the latter may change the protein and LDH lev-
els in the pleural fluid. Albumin gradient was found to be 
more reliable in identifying transudates in these patients 
[12]. High serum or pleural fluid levels of NT-proBNP 
exceeding 1500 pg/mL are another useful finding in the diag-
nosis of effusions due to heart failure [6, 9, 13].

In addition to protein and LDH levels, increased cholesterol 
level (>45–55 mg/dL) is also a sign of an exudate [7, 10, 14]. In 
physiologic conditions, the glucose concentration and pH of the 
effusions are nearly equivalent to serum values. In inflammatory 
diseases such as empyema and rheumatoid arthritis, the effusion 
fluid is characterized by acidosis and low glucose levels [3].

Adenosine deaminase (ADA) activity is another widely 
used test in the evaluation of serous effusions: ADA level 
above 40  U/L is a strong indicator of tuberculosis [15]. 

However, extremely high levels of ADA are generally associ-
ated with empyema or lymphoproliferative diseases [6, 16]. 
The finding of amylase concentration in the effusion that is 
higher than plasma level is highly suspicious for pancreatic 
disease, esophageal rupture, or malignancy [17–19].

Transudates present as clear or straw-colored fluids, 
though not always, as nearly 10% may appear bloody or tur-
bid [20]. The most common etiologic factors for transudates 
are congestive heart failure, renal failure, and liver cirrhosis 
[3, 6, 7, 21].

Exudates appear cloudy, turbid, or bloody. Major causes 
of exudative serous effusions are inflammation, either 
regional or systemic, and malignant neoplasms. Effusions 
due to cancer are almost always exudates. An effusion is con-
sidered bloody when it is homogeneously dark red or brown, 
contains hemosiderin pigment, or has a hematocrit level 
which is at least 10% of blood hematocrit. Hemorrhagic 
effusions are commonly associated with malignancy, but 
only 11% of malignant effusions are bloody [20]. Trauma, 
infections, and infarcts are nonneoplastic causes of hemor-
rhagic effusions [1, 6, 8].

Chylous effusions are rarely encountered. They occur due 
to either trauma or neoplastic infiltration of the major lym-
phatic ducts. The triglyceride concentration of the fluid 
(>110 mg/dL) and the presence of chylomicrons are impor-
tant in the diagnosis of chylous effusions [14]. They gener-
ally present as milky fluids and contain many lymphocytes 
[2]. However, in a series of patients with chylothorax, it was 
shown that only 45% of the cases had milky effusions [22]. 
A second type of lipidic effusion is cholesterol effusion. It 
has the same appearance as chylous effusion, but it contains 
cholesterol instead of triglycerides, and has a different patho-
genesis. A cholesterol effusion is typically the result of long- 
standing pleurisy; most cases are attributed to tuberculosis or 
rheumatoid arthritis [14]. Cholesterol crystals can be seen in 
cytological preparations from these effusions [3].

Differentiating transudates from exudates and chylous 
effusions is important since malignancy is not an expected 
finding in transudates. Light’s criteria seem to be the best 
method to differentiate transudates from exudates, providing 
valuable insight into the etiology and risk of malignancy in 
patients with effusion [6, 10]. In a literature search done by 
Wilcox et  al., fluid cholesterol levels >55 mg/dL, fluid-to- 
serum cholesterol ratio > 0.3, and fluid LDH level > 200 U/L 
were found to be highly sensitive and specific tests, in addi-
tion to Light’s criteria, to differentiate exudative pleural effu-
sions from transudates [10].

Several biomarkers such as mesothelin, fibulin-3, CEA, 
CA125, and CA15–3 have also been studied in serous effu-
sions with some success for the detection of malignancy. A 
considerable amount of research based on genomics, pro-
teomics, and immunomics is going on to identify new 
 markers [9, 13, 23, 24]. The developing area of biomarkers is 

Table 1.1 Etiologic factors underlying different types of serous 
effusions

Transudates Exudates Chylous effusions
Congestive heart 
failure

Infections Trauma

Cirrhosis of the liver Collagen vascular 
diseases

Neoplastic 
infiltration

Nephrotic syndrome Embolism/infarction
Peritoneal dialysis Hemorrhage
Malnutrition Uremia
Vena cava 
obstruction

Pancreatitis

Constrictive 
pericarditis

Fistulas/perforations

Malignant neoplasms
Idiopathic

Table 1.2 The differences between transudates and exudates

Transudates Exudates
Fluid protein <3 g/dL ≥3 g/dL
Fluid-to-serum protein ratio <0.5 >0.5
Fluid LDH <200 U/L >200 U/L
Fluid-to-serum LDH ratio <0.6 >0.6
Fluid cholesterol <45–55 mg/

dL
>45–55 mg/
dL

Fluid cholesterol-to-serum 
cholesterol

<0.3 >0.3

Albumin gradient >1.2 g/dL ≤1.2 g/dL

P. Fırat
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promising; even though for today they have a limited role in 
the evaluation of serous effusions, they may be more useful 
in the future in solving the clinician’s main dilemma whether 
an effusion is benign or malignant.

The malignancy rates for pleural effusions in different 
series are reported to be 20–27% [25, 26]. The unpublished 
data from the author’s institution is also within the same 
range, being 25% for pleural, and overall 26% for all sam-
ples from different cavities sent for cytologic examination.

 Morphology

The cytomorphologic features of serous effusions do not differ 
due to the cavity involved and disorders involving different 
serous cavities present with the same cytomorphologic fea-
tures. The only exception may be the presence of florid reac-
tive changes in mesothelial cells of the pericardium, caused by 
the beating heart, which may mimic malignancy [27].

Effusions contain a variety of cells depending on the 
underlying pathology. Mesothelial cells, as the local ele-
ments, are almost always present in the effusions. The other 
nonneoplastic cells that are frequently encountered in effu-
sion cytology are macrophages and blood-borne cells. Some 
incidental cellular and noncellular elements may also be 
observed.

 Mesothelial Cells

Mesothelial cells are mesodermally derived epithelial cells 
lining the serosal cavities. In the physiological state, they 
form a flat monolayer. When serous membranes are injured, 
mesothelial cells proliferate. The cells become cuboidal and 
larger and may pile up and form papillary projections.

When mesothelial cells exfoliate into the fluid, they round 
up. They show a wide size variation but usually measure 
15–30 μm in diameter [1]. They may present as single cells 
or form small clusters (Figs. 1.1 and 1.2).

Mesothelial cells are characterized by centrally or para-
centrally located nuclei which are round to oval in shape [5, 
28] (Figs.  1.3 and 1.4). The nucleus may occasionally be 
placed eccentrically, but even in this situation, a thin layer of 
cytoplasm can be seen between the nucleus and the cell bor-
der [1] (Fig. 1.4). In contrast, the eccentric nuclei of adeno-
carcinoma cells contact the cytoplasmic border [28]. The 
chromatin pattern is finely granular in mesothelial cells, with 
varying degrees of chromasia (Figs. 1.4 and 1.5). However, as 
the nucleus gets hyperchromatic, the cytoplasm also stains 
darker [5, 27]. The nuclear membrane is usually prominent 
and smooth (Fig. 1.5). Nucleoli may be distinct, but the pres-
ence of macronucleoli is not an expected finding [27, 28] 
(Figs. 1.2 and 1.5). Rarely nuclear pseudoinclusions are seen. 

The nuclear-to-cytoplasmic (N/C) ratio of mesothelial cells 
varies. Small cells with higher N/C ratio and larger cells with 
lower N/C ratio may be found together (Fig. 1.1). Binucleation 
is a common feature of mesothelial cells (Figs. 1.2 and 1.6); 
multinucleated forms may also occur in reactive mesothelial 
proliferations [5, 27, 29] (Figs. 1.7 and 1.8).

Mesothelial cells have a rather characteristic cytoplasm 
which is basically dense and shows different staining zones. 
In Papanicolaou-stained smears, the perinuclear area which 

Fig. 1.1 Single-lying, variably sized mesothelial cells; MGG

Fig. 1.2 Mesothelial cells forming loose clusters; PAP

1 Benign Effusions
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is rich in intermediate filaments shows denser staining, in 
contrast to the periphery of the cytoplasm which looks lacy 
due to the presence of microvilli (Fig.  1.9). This is called 
endoplasmic/ectoplasmic demarcation. On the other hand, in 
Romanowsky stains, the inner perinuclear zone is generally 
stained paler and the outer zone denser (Fig.  1.10). 

Cytoplasmic blebs are seen on the surface [1, 27, 28] 
(Figs. 1.10 and 1.11).

The cytoplasm of mesothelial cells may be vacuolated. 
They may contain multiple small fat vacuoles around the 
nucleus or glycogen vacuoles at the periphery (Fig. 1.12), but 
usually multiple or single degenerative/hydropic vacuoles are 

Fig. 1.3 Centrally or paracentrally located, round to oval nuclei of 
mesothelial cells; MGG

Fig. 1.4 Mesothelial cells with occasional eccentric nuclei. A thin 
layer of cytoplasm can be seen between the nuclear and the cytoplasmic 
borders; PAP

Fig. 1.5 Mesothelial cells with smooth prominent nuclear membrane, 
finely granular chromatin, and small nucleoli; PAP

Fig. 1.6 Binucleation in mesothelial cells; MGG

P. Fırat
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observed [5, 27]. If a single large hydropic vacuole occurs in 
the cytoplasm, it displaces the nucleus toward the edge, mim-
icking a signet ring cell (Fig. 1.13a–c). The nuclear features 
should be the clue for correct interpretation. Even if pushed 
aside, the nuclei of mesothelial cells are not indented by the 
vacuole. The nucleus is wrapped around by the hydropic vac-

uole, creating an overlapping appearance under light micros-
copy, as the edge of the vacuole overlaps with the edge of the 
nucleus [29] (Fig.  1.13c). The mesothelial nuclei preserve 
their characteristics and look bland in comparison to malig-
nant nuclei. In contrast, the nuclei of signet ring cells are gen-
erally clearly indented by the vacuoles and display malignant 

Fig. 1.7 A multinucleated mesothelial cell; PAP

Fig. 1.8 Multinucleation is a common feature of reactive mesothelial 
cells; MGG

Fig. 1.9 The cytoplasm of the mesothelial cells looks dense in the peri-
nuclear area and lacy at the periphery, creating an endoplasmic/ecto-
plasmic demarcation (PAP)

Fig. 1.10 Two-tone staining in mesothelial cells with Romanowsky 
stains—inner zone is paler, outer zone is darker—MGG

1 Benign Effusions
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features such as hyperchromasia, coarse chromatin, and irreg-
ular contours (Fig. 1.14a, b). They may be pushed aside to the 
degree that the outer border of the nucleus forms an angle 
with the outer border of the cytoplasm (Fig.  1.14c). 
Additionally, degenerative vacuoles are crystal clear, while 
secretory vacuoles have substance in them which can be high-
lighted by mucin stains [5, 29] (Fig. 1.14d–f).

Mitotic figures are not rare in mesothelial cells; they 
should not lead to an incorrect diagnosis of malignancy [8, 
27] (Fig. 1.15).

When mesothelial cells come together in groups, slit-like 
spaces called “windows” are seen between adjacent cells 
(Fig. 1.16). They are the reflection of the long slender micro-
villi on their surface [5, 27]. The presence of “windows” in a 
group of cells is a clue regarding their mesothelial origin 
(Fig. 1.17). However, it should be noted that “windows” can 
be seen between adenocarcinoma cells as well (Fig. 1.18). 
Two different studies showed that “windows” are detected in 
13 and 44% of adenocarcinoma cases, and in most of these 
cases, slit-like spaces between neoplastic cells represented 
mucin secretion [30, 31].

Molding is a characteristic feature of mesothelial cells. 
They may form cell-in-cell arrangements (Fig. 1.19) and even 
Indian files. Cell-in-cell appearance, which is described as one 
cell embracing the other, is a typical feature of mesothelial cells 
but more common and more prominent in malignant mesothe-
liomas than in reactive mesothelial proliferations [28].

Mesothelial groups typically have flower-like, knobby 
contours (Fig. 1.20). In contrast, adenocarcinoma cells form 
groups with common borders, such as cell balls and papillae. 
Knobby-contoured cell clusters are a feature of mesothelial 
cells both seen in reactive proliferations and in malignant 
mesotheliomas. However, not infrequently (36.9%), they 
may also be present in adenocarcinomas [28] (Fig. 1.21). On 
the other hand, in some cases of mesothelial hyperplasia, 
papillary structures may develop, creating a pitfall in the dif-
ferential diagnosis [5] (Fig. 1.22).

Mesothelial cell clusters may contain collagen cores in 
their center, which are highlighted by Romanowsky stains as 
a homogeneous metachromatic substance surrounded by 
cells (Fig.  1.23). These groups may have smooth contours 
(also called collagen balls) and may be mistaken for meta-
static carcinoma. They are more common in peritoneal fluids 
[29, 32]. Mesothelial cells can also present as large monolay-
ered sheets, especially in washings [27].

When serous membranes are irritated and injured, meso-
thelial cells proliferate and may show both cellular and struc-
tural atypia. Cluster formation, spherical groups with collagen 
cores, multinucleation, hyperchromasia, high N/C ratio, dis-
tinct nucleoli, relatively frequent mitotic figures, and cyto-
plasmic vacuoles in mesothelial cells may be the cause of 
overdiagnosis [33] (Figs. 1.24, 1.25 and 1.26). There are sev-
eral well-known conditions causing atypia in mesothelial 
cells (Table 1.3), [5, 8, 27, 29] so that clinical information is 
important. Morphologic features should be interpreted cau-
tiously in order to avoid overdiagnosing or underdiagnosing 
serous effusions, and when needed,  immunocytochemistry is 
of great help in differentiating reactive atypical mesothelial 
cells from carcinoma cells (see Appendix). Positive mesothe-
lial markers support the mesothelial origin of the cells in 

Fig. 1.11 Cytoplasmic blebs on the surface of the mesothelial cells 
and glycogen vacuoles at the periphery of the cytoplasm; MGG

Fig. 1.12 Mesothelial cells showing multiple small fat vacuoles 
around the nucleus and glycogen vacuoles at the periphery; MGG

P. Fırat
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question. However, negative staining for nonmesothelial 
markers is even more useful, as it confirms that there are no 
foreign cells in the effusion [32–36].

 Macrophages

Macrophages are present in most effusions. Their size is 
approximately equal to the size of mesothelial cells but may 
be variable. They are observed as single cells, sometimes 

forming loose groups. Their nuclei are usually eccentric and 
show folding and grooves. The chromatin is fine, and nucle-
oli are inconspicuous (Fig. 1.27a). Macrophages have a pale, 
ill-defined, vacuolated cytoplasm, sometimes with large vac-
uoles causing a signet ring cell-like appearance [1, 8] 
(Figs. 1.13d and 1.27b). Nuclear features which are not com-
patible with malignancy and immunocytochemistry help in 
distinguishing macrophages from carcinoma cells. 
Immunocytochemically, macrophages do not express epithe-
lial markers and stain positive for CD68 [8].

a

c d

b

Fig. 1.13 (a, b) Degenerative/hydropic vacuoles in mesothelial cells; (c) vacuoles overlapping the mesothelial nuclei; (d) degenerative vacuoles 
in macrophages; (a) PAP, (b–d) MGG

1 Benign Effusions
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a b

c d

Fig. 1.14 (a) The nuclei of malignant cells are indented by secretory 
vacuoles; (b) signet ring cells displaying hyperchromasia, coarse chro-
matin, irregular nuclear contours, and mitosis; (c) the outer border of 
the nucleus forming an angle with the outer border of the cytoplasm in 

a signet ring cell; (d) malignant cells showing mucin in their cytoplasm; 
(e, f) signet ring cells containing abundant mucin, their cytoplasm does 
not appear crystal clear; (a, b, e) PAP, (c, f) MGG, (d) mucicarmine

P. Fırat
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It may be difficult to distinguish macrophages from 
mesothelial cells (Fig.  1.28). However, the former have 
nuclei that are more oval to elongated, sometimes bean-
shaped. Phagocytized debris may be present in their cyto-
plasm. The cytoplasm does not show an endoplasmic/
ectoplasmic demarcation. Macrophages may form groups 
but without molding, cell-in-cell appearance, windows, or 
knobby contours. In some effusions they may be numerous, 
with few accompanying mesothelial cells, and if they show 
atypical features, immunostains may be necessary to iden-

tify their origin. Adding CD68, calretinin and pan-cytoker-
atin to the panel will resolve the potential confusion, as 
macrophages do not stain for mesothelial or epithelial 
markers [5, 8].

The presence of macrophages with phagocytized erythro-
cytes and hemosiderin pigment is a sign of recent and old 
hemorrhage, respectively (Fig. 1.29). Lipid vacuoles may be 
the indicator of tissue destruction caused by malignancy, 
pancreatitis, etc. Melanin pigment in macrophages may be 
seen in patients with malignant melanoma [5].

Fig. 1.14 (continued)

e f

Fig. 1.15 Mitotic figure in a mesothelial cell; PAP

Fig. 1.16 Slit-like spaces—“windows”—between adjacent mesothe-
lial cells; PAP
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Fig. 1.17 “Windows” between cells in a mesothelial group; PAP

Fig. 1.18 Slit-like space between two adenocarcinoma cells looking like “windows” of the mesothelial cells, MGG. Inset: Ber-EP4 positivity in 
these carcinoma cells

Fig. 1.19 Cell-in-cell appearance in a mesothelial group; PAP
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Fig. 1.20 Knobby contours of mesothelial clusters; PAP

Fig. 1.21 Adenocarcinoma displaying groups with knobby contours; 
PAP

Fig. 1.22 Reactive mesothelial cells forming papillary structures; PAP

Fig. 1.23 Collagen cores in mesothelial cell clusters; MGG
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 Lymphocytes

Lymphocytes are almost always present in effusions. They 
may be few or many, and their presence is a nonspecific find-
ing. A wide range of etiologies is described for lymphocyto-
sis in effusions [3, 9] (Table  1.4). Any type of reactive, 
infectious, or neoplastic effusion may contain lymphocytes. 
In most of these conditions, plasma cells may accompany 
lymphocytes. In long-standing fluids, such as a persistent 

Fig. 1.24 Multinucleation and cluster formation in a reactive mesothe-
lial proliferation; MGG

Fig. 1.25 Cluster formation, high N/C ratio, distinct nucleoli, and 
some degree of hyperchromasia in a reactive mesothelial proliferation; 
PAP

Fig. 1.26 Mitotic figures, multinucleation, and cytoplasmic vacuoles 
in reactive mesothelial cells; MGG

Table 1.3 Disorders that may cause reactive atypia in mesothelial 
cells

Causes of atypia in reactive mesothelial proliferations
Heart failure
Liver disease/cirrhosis, hepatitis
Renal failure/uremia
Pulmonary embolism/infarction
Infections
Pancreatitis
Peritoneal dialysis
Collagen vascular diseases
Radiation
Asbestos
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a b

Fig. 1.27 (a, b) Macrophages with oval- or bean-shaped nuclei, fine chromatin, inconspicuous nucleoli, and vacuolated cytoplasm admixed with 
mesothelial cells; MGG

Fig. 1.28 Macrophages at the left lower corner and a group of meso-
thelial cells in the center; PAP

Fig. 1.29 Phagocytized hemosiderin pigment in the cytoplasm of mac-
rophages as a sign of old hemorrhage; PAP
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effusion due to heart failure, the number of lymphocytes 
increases [5].

A polymorphic population showing different levels of 
maturation is the characteristic of benign lymphocytic 
effusions (Fig. 1.30). However, one should not rely on this 

feature in differentiating lymphomas from reactive 
conditions, since few lymphoma cells admixed with 
reactive lymphocytes, or the lymphoma itself, if com-
posed of polymorphic cells, may mimic benign lympho-
cytosis. If the clinical and morphologic findings are 
suspicious for lymphoma, ancillary tests are needed for 
correct diagnosis [37].

The diagnosis of tuberculosis should be borne in mind 
within the category of benign lymphocytic effusions. It is the 
most common cause of lymphocyte-rich pleural effusions. 
Mesothelial cells are few in tuberculous effusions, and as 
many as 90% of the cells are lymphocytes [3, 38].

 Neutrophils

It is possible to find a few neutrophils in any effusion. The 
presence of neutrophils is considered significant when their 
count exceeds 25% (Fig.  1.31). Etiologic factors are vari-
able, with parapneumonic effusion, empyema, embolism/
infarction, and pancreatitis being the most common causes 
(Table 1.4). Neutrophils are rarely seen in malignant effu-
sions unless there is a superimposed infection [3, 5, 39].

Indeed, any type of injury causing exudates attracts neu-
trophils at the acute phase. One example is the early tubercu-
lous effusion. The mononuclear cells—macrophages and 
lymphocytes—reach the serous cavity within 72 h, and as the 
effusion becomes older, the number of lymphocytes increases. 
Transudates practically never contain neutrophils [3, 6].

Table 1.4 Common causes of effusions according to the predominant 
inflammatory cell type

Predominant cell 
type Underlying disease
Lymphocytes Congestive heart failure

Chronic renal failure, uremia
Cirrhosis of the liver
Infections
 Tuberculosis
 Viral
Collagen vascular diseases
Acute lung rejection
Malignancy

Neutrophils Purulent infection, empyema
Embolism and infarction
Gastrointestinal rupture
Collagen vascular diseases

Eosinophils Idiopathic
Air introduction
Infections
  Parasitic
  Fungal
Embolism and infarction
Hypersensitivity (asthma, drug reaction, 
peritoneal dialysis, etc.)
Asbestosis
Malignancy

Fig. 1.30 Benign lymphocytic effusion containing a polymorphic 
population; MGG

Fig. 1.31 Neutrophils as the dominating cell type in an effusion; MGG
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 Eosinophils

Eosinophilia in an effusion is defined by an eosinophil 
count of more than 10% (Fig. 1.32). Eosinophilic effusions 
are most common in the pleural cavity. Even though vari-
able etiologies attract eosinophils to the serous cavities, the 
most common causes are pneumothorax, infections, asbes-
tosis, and hypersensitivity states such as asthma and drug 
reactions [3, 9, 40]. One-third of the cases are idiopathic 
(Table 1.4).

Air introduction into the pleural cavity causes eosino-
philia, probably as an allergic reaction to particles in the air 
(5). It has been suggested that as thoracocentesis introduces 
air into the pleural cavity, the number of eosinophils in an 
effusion increases with repeated procedures. However, there 
are reports in the literature which disagree with this state-
ment, arguing that no significant change occurs in the num-
ber of eosinophils after thoracocentesis and that there is no 
relationship between eosinophilia and the number of proce-
dures [41, 42].

About 20% of eosinophilic effusions are due to a malig-
nant neoplasm. The previous belief that eosinophilia sig-
nificantly reduces the risk of malignancy has been 
disproved by some studies [42]. However, the higher the 
percentage of eosinophils in an effusion (>40%), the lower 
the likelihood of malignancy. The presence of eosinophilia 
makes tuberculosis very unlikely as an etiologic factor 
[43]. Most of the cases with very high eosinophil numbers 
are idiopathic [41].

Charcot-Leyden crystals may develop in eosinophilic 
effusions. They are more common if the preparation is 
delayed and specimens are stored in the refrigerator [44].

 Benign Cells and Noncellular Material Rarely 
Found in Effusions/Pitfalls in Cytological 
Diagnosis

 Megakaryocytes/Bone Marrow Cells

The presence of megakaryocytes in serous effusions is a very 
rare condition. In a series of 4844 pleural and 3279 perito-
neal effusions, only five specimens were found to contain 
megakaryocytes, all from patients with myeloproliferative 
disease or diffuse neoplastic involvement of the bone mar-
row [45] (Fig. 1.33a, b). The presence of megakaryocytes is 
best explained by extramedullary hematopoiesis on the 
serous membranes. Myeloproliferative diseases, hemolytic 
anemias, hereditary spherocytosis, and Gaucher disease have 
been reported to cause pulmonary/pleural extramedullary 
hematopoiesis [46]. Patients with space-occupying lesions in 
the bone marrow, such as extensive metastatic involvement, 
may develop leukoerythroblastosis, a condition described as 
the presence of immature cells of the erythrocytic and granu-
locytic series in the circulation. In the presence of peripheral 
blood in serous fluids, these specimens may also contain 
immature hematopoietic cells.

Megakaryocytes should be differentiated from malignant 
cells. They are huge cells with large multilobed nuclei, indis-
tinct nucleoli, and abundant cytoplasm. Sometimes smaller 
forms are observed with high N/C ratios and unilobed nuclei 
which may mimic carcinoma cells more closely (Fig. 1.33c, 
d). They may present as anucleated cytoplasmic masses as 
well. Immune markers such as factor VIII, CD61, and CD41 
are useful in their identification. Familiarity with the mor-
phology of bone marrow elements and recognizing immature 
hematopoietic cells in the background are important [29, 45, 
47]. The presence of megakaryocytes should be reported, as 
it is almost always an indirect sign of a malignant tumor, 
either hematopoietic or carcinomatous, with bone marrow 
involvement [45].

 Benign ciliated Epithelial Cells/Ciliary Tufts

Ciliated columnar cells or their detached ciliated apical por-
tion (ciliary tufts) may be desquamated into peritoneal fluids 
(Fig. 1.34a, b). The origin of ciliated cells is the fallopian 
tube, usually in the second half of the cycle (cyclic shed-
ding). They may otherwise originate from endosalpingiosis 
or benign ovarian serous tumors [32, 48]. They are more 
common in peritoneal washings than in effusions. Detached 

Fig. 1.32 A small group of mesothelial cells with many eosinophils in 
the background; MGG
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a b

c d

Fig. 1.33 (a, b) Bone marrow elements—erythroid and myeloid precursors—in an effusion from a patient with widespread metastases, (c, d) 
megakaryocytes in the ascitic fluid of a patient with primary myelofibrosis; (a, b, d) MGG, (c) PAP

a b

Fig. 1.34 (a, b) Benign ciliated cells originating from the fallopian tube desquamating into the peritoneal fluid; (a) H&E, (b) PAP
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ciliary tufts may be mistaken to be parasites when examined 
in wet preparations because of their appearance and motility, 
but they are generally correctly identified in fixed specimens 
prepared for cytological examination [49, 50]. Benign- cili-
ated cells have bland oval nuclei with finely dispersed chro-
matin and a uniform nuclear membrane [32, 48, 50]. These 
cells stain for epithelial immune markers such as Ber-EP4 
and should not be misdiagnosed as carcinoma cells as a 
result of this fact [51].

Not only endosalpingiosis but also endometriosis may 
mimic metastatic tumors such as low-grade serous carci-
noma. The presence of cilia and lack of single atypical cells 
or marked nuclear atypia are features favoring a benign pro-
cess [52]. However, cilia or cilia-like structures are rarely 
identified on cells from ovarian borderline serous tumors and 
even more rarely on mesothelial cells [53].

 Psammoma Bodies

Psammoma bodies are occasionally encountered in serous 
effusions. They are commonly associated with malignant 
tumors, especially ovarian carcinoma (Fig.  1.35), but their 
presence is not diagnostic of malignancy. Psammoma bodies 
were present in 3.7% of cases in a series of 3335 effusions 
[54]. In this series, most of the effusions with psammoma 
bodies (91%) were peritoneal, 8.1% were pleural, and only 
one case was pericardial. All pleural and pericardial effu-
sions were malignant, consisting of carcinomas of the thy-
roid, lung, and ovary. However, 36.6% of peritoneal effusions 

containing psammoma bodies were associated with benign 
disorders, such as papillary mesothelial hyperplasia, 
 endosalpingiosis, endometriosis, and ovarian cystadenoma/
cystadenofibroma. Detecting psammoma bodies in serous 
cavities other than the peritoneum is a strong indicator of 
malignancy, but in peritoneal effusions the associated cellu-
lar features should be carefully examined before malignancy 
is suspected [5, 54].

 Contaminants

Skin and appendages, fibroadipose tissue, muscle, cartilage, 
hepatocytes, lung and gut tissue, and fecal matter (Fig. 1.36) 
may be seen in serous effusions, generally as pickups of the 
needle. Rarely, they represent fistulas [5, 29].

 Cytologic Features of Benign Conditions 
in Effusions

 Heart Failure

Patients with heart failure often develop pleural effusions. 
Pericardial effusion and peritoneal effusion may also occur 
in heart failure. Pleural effusions are usually bilateral. When 
unilateral, they are commonly right-sided for unknown 
reasons. Effusions caused by heart failure are typically 
transudates and contain mesothelial cells, lymphocytes, 
and sometimes macrophages. In long-standing effusions, Fig. 1.35 Psammoma bodies in serous carcinoma of the ovary; PAP

Fig. 1.36 Fecal matter as a contaminant in a peritoneal effusion; PAP
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hemosiderin- laden macrophages may appear. Effusions due 
to heart failure rarely cause a diagnostic dilemma on cyto-
logical examination [55, 56].

 Cirrhosis

Effusions are usually the result of hypoalbuminemia in cir-
rhosis and are transudates. Reactive changes, sometimes 
with nuclear atypia, may be seen [5]. Many macrophages are 
usually encountered. Lymphocytes are present in the back-
ground. Bacterial peritonitis may develop in long-standing 
ascites, resulting in effusions rich in neutrophils [2, 8].

 Renal Failure/Uremia

Uremic effusions are usually hemorrhagic and are exudates 
rich in lymphocytes. Pericardial effusions are the most com-
mon, but pleural and peritoneal effusions may also develop. 
Reactive mesothelial atypia is frequent in uremic effusions. 
Erythrophagocytosis and hemosiderin may be seen in mac-
rophages [57].

Dialysis may result in the formation of peritoneal, pleural, 
and pericardial effusions. Lymphocytes, occasionally eosin-
ophils, predominate. Reactive atypia may be seen in meso-
thelial cells. Peritonitis may complicate dialysis [58–60].

 Pancreatitis

Peritoneal and pleural effusions are well-recognized compli-
cations of pancreatitis. Amylase level is high in these effu-
sions. In most cases, effusions are the result of chronic 
pancreatitis. Acute pancreatitis causes pleural effusion, and 
the presence of pleural effusion is a poor prognostic sign for 
patients suffering from this disease [61, 62]. Cytological 
examination reveals reactive mesothelial cells and inflamma-
tory cells, the latter consisting mainly of neutrophils and 
macrophages with lipid and/or bile phagocytosis, as well as 
proteinaceous debris in the background. Mesothelial cells 
may show atypical features.

 Embolism/Infarction

Pulmonary embolism is one of the most common causes of 
pleural effusion. It is estimated that each year 300,000–
500,000 patients develop pleural effusions secondary to pul-
monary embolism in the USA [63]. The effusion is almost 
always exudative and bloody. Clinically, the D-dimer test 
supports the diagnosis, and computed tomographic angio-
gram is used to show the emboli in the pulmonary arteries. 
The two complications of pleural effusion in patients with 

pulmonary embolism are hemothorax and pleural infection 
[53]. In the early phases of the effusion, neutrophils predom-
inate but are not many in number unless the fluid is infected. 
Subsequently, lymphocytes, macrophages, and eosinophils 
replace the neutrophils, and hemosiderin-laden macrophages 
appear [2]. The mesothelial cells in the effusion may show 
atypical features mimicking metastatic carcinoma. Caution 
is warranted in diagnosing malignancy when there is clinical 
evidence of pulmonary embolism. Ancillary tests are needed 
in equivocal cases.

 Tuberculosis

Tuberculous pleuritis should be considered in any patient 
with an exudative pleural effusion rich in lymphocytes. The 
incidence of pulmonary tuberculosis in the USA has been 
shown to decrease steadily through a 10-year period (1993–
2003), while the ratio of pleural to pulmonary tuberculosis 
has remained stable [64]. Tuberculosis may not be a fre-
quently encountered cause of pleural effusions in western 
countries. However, in developing countries where the dis-
ease is endemic, it is the most common cause of exudative 
pleural effusions. The incidence of tuberculous pleuritis 
among tuberculosis patients varies geographically and 
ranges from 4% in the USA to 10% in Spain and up to 
20–30% in developing countries [65, 66].

In a series of 132 patients with pleural tuberculosis, ade-
nosine deaminase (ADA) activity was the most sensitive test, 
and detecting antibodies against mycobacterium antigens 
was the most specific test for the diagnosis. The sensitivity of 
culture was 42% [67]. Smears for bacteria are virtually 
always negative in tuberculous effusions [15]. In a recent 
review, it has been shown that the ability of ADA to rule-in 
or rule-out tuberculosis is affected by the prevalence of the 
disease in that setting. The complementary use of interferon-γ 
or interleukin-27 increases the efficacy of ADA to rule-in or 
rule-out tuberculosis, respectively [66]. Due to limitations of 
conventional tests and the delayed culture results, new tests 
such as inflammatory and immune response markers, nucleic 
acid amplification tests, and scoring systems based on a 
combination of clinical and biological markers are being 
evaluated. Valdes et al. found in their study that younger age, 
high levels of TNF-α, LDH, ADA, C-reactive protein, and 
low levels of CEA were significant predictors in distinguish-
ing tuberculous from malignant pleural effusions [68].

Tuberculosis is characterized by hypercellular lympho-
cytic effusions which are poor in mesothelial cells. 
Lymphocytes are of T-cell origin and mainly CD4+ helper 
cells. In effusions, lymphocytosis was found to be the best 
predictive factor for the presence of tuberculous infection, 
whereas the presence of mesothelial cells and eosinophils 
was shown to be a negative predictor. However, the absence 
of mesothelial cells is not a constant finding, as occasional 
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cases present with many mesothelial cells, the majority of 
which are from HIV+ patients [69, 70]. A hypercellular spec-
imen containing many lymphocytes (>50%) and few meso-
thelial cells (<10%) is a characteristic of tuberculosis. If 
more than 10% of the cells are mesothelial in an effusion 
from an HIV patient, tuberculosis is virtually excluded [69].

The differential diagnosis includes lymphoma, especially 
small lymphocytic lymphoma (SLL)/chronic lymphocytic 
leukemia (CLL). The cells of SLL/CLL are positive for 
B-cell markers, in contrast to the T-cell predominance of 
lymphocytes in tuberculous effusions [65].

 Rheumatoid Arthritis

Pleural effusion is an uncommon but well-known manifesta-
tion of rheumatoid arthritis. It develops in 2–4% of the 
patients, more frequently in males, usually in the setting of a 
previously diagnosed rheumatoid arthritis. Patients are typi-
cally older than 35 years with high titers of rheumatoid fac-
tor (RF). However, pleural effusion may precede the 
development of joint manifestations and consequently 
remains undiagnosed for months [71, 72]. The effusion is an 
exudate with low glucose level and reduced pH. Among exu-
dative pleural effusions, rheumatoid arthritis-associated 
effusions constitute 0.6% [72]. In some patients pericardial 
involvement may additionally occur.

Effusions caused by rheumatoid arthritis have character-
istic morphological features, reflecting the histopathologi-
cal findings in the pleura. The mesothelial lining is replaced 
by pseudostratified palisading epithelioid histiocytes, mul-
tinucleated giant cells, and necrosis which appear like “an 
opened out rheumatoid nodule exposing its necrotic/fibri-
noid content to the pleural cavity.” [73] This histiocytic 
layer may easily detach, and all its three components are 
seen in the effusion fluid: slender, elongated histiocytes/
macrophages, multinucleated giant cells, and an amorphous 

granular material in the background [71–73] (Figs. 1.37a, b 
and 1.38a, b). The fluids are usually devoid of mesothelial 
cells. The elongated histiocytes with oval nuclei and long 
and tadpole- like cytoplasmic tails are the typical cells of 
rheumatoid effusions and are sometimes called “comet 
cells” [74]. Various transitional forms occur between the 
elongated histiocytes and the multinucleated giant cells. 
Both cell types have similar nuclear and cytoplasmic fea-
tures with regular chromatin, inconspicuous nucleoli, finely 
granular cytoplasm, and distinct cell borders. Giant cells 
may contain more than 20 nuclei and are indistinguishable 
from the giant cells of any other granulomatous inflamma-
tion elsewhere in the body. The granular necrotic material 
may be abundant in the background, dominating the cyto-
logical picture. It has a “fluffy” appearance and usually 
forms aggregates (Fig.  1.38). Neutrophils, lymphocytes, 
and small mononuclear macrophages may also be present 
in the effusion [71–73].

 Systemic Lupus Erythematosus (SLE)

Patients with SLE commonly develop pleural and pericardial 
effusions, affecting nearly one-third of patients. Peritoneal 
effusions are rare [75]. Effusions are usually exudates and 
show a normal glucose level, in contrast to rheumatoid effu-
sions. The predominant cell type is either neutrophils or lym-
phocytes. Nuclear fragmentation and apoptosis are frequent 
in the background. The characteristic finding is the presence 
of LE cells, but they are rarely observed and cannot be 
depended on to make the diagnosis in most cases (Fig. 1.39a).

The LE cell is a neutrophil or a macrophage phagocytiz-
ing a round homogeneous basophilic material called hema-
toxylin body (Fig. 1.39b). Hematoxylin bodies are apoptotic 
blebs representing the cell death caused by the penetration of 
anti-DNA antibodies into the cells [76]. Some authors 
describe LE cells as only neutrophils, not macrophages, 

a b

Fig. 1.37 Slender, elongated cell (a) and multinucleated histiocytic giant cell (b) in the pleural effusion of a patient with rheumatoid arthritis;  
(a, b) MGG. (Courtesy of Koray Ceyhan, Professor of Pathology, Ankara University Faculty of Medicine, Ankara, Turkey)
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which phagocytose the basophilic homogeneous material, 
and name macrophages with the same phagocytosis as “tart” 
cells. Described this way, LE cells are said to be highly spe-
cific for SLE [77]. Though characteristic, LE cells maybe 
observed in drug-induced SLE-like syndromes as well. LE 
cells are more common in fluids that are kept at room tem-
perature and processed with some delay [5, 78].

Pleural effusion may be the first manifestation of SLE. In 
unexplained effusions from women of childbearing age, or in 
persistent effusions rich in neutrophils without any response 
to antibiotics, the presence of LE cells should be carefully 
searched for [79, 80].

 Radiation and Chemotherapy Effects

The cytopathological diagnosis of effusions obtained from 
patients with malignant tumors treated by radiation and/or 
chemotherapy has significant therapeutic and prognostic 
implications. The atypical changes in mesothelial cells 
caused by radiation may lead to an erroneous diagnosis. 
Several nuclear and cytoplasmic changes related to radiation 
have been reported in the literature: cytomegaly, multinucle-
ation, variation in nuclear size, hyperchromasia, cytoplasmic 
vacuolization, and the presence of bizarre cells [81–83] 
(Fig. 1.40a, b). Caution is warranted in the interpretation of 

a b

Fig. 1.38 (a) Elongated histiocytic giant cell with a long cytoplasmic tail, and mixed inflammatory cells in the pleural fluid of a patient with 
rheumatoid arthritis; (b) Amorphous “fluffy” material in the background of a rheumatoid effusion; (a) MGG, (b) H&E

a b

Fig. 1.39 (a) Two LE cells are seen within a mixed population of inflammatory cells; (b) LE cell, a macrophage phagocytizing a round homoge-
neous basophilic material; MGG

P. Fırat



23

morphological alterations in mesothelial cells (Fig. 1.41a, b). 
On the other hand, abnormal features should not be over-
looked and directly attributed to the radiation and/or chemo-
therapy history. In a series comparing the cytological features 
of pleural effusions from patients treated with and without 
radiation, only the presence of bizarre cells in specimens 
from patients who received radiation was found to be signifi-
cantly different [83]. Immunocytochemistry would be an 
invaluable tool to resolve the problematic cases.

 Differential Diagnosis

Overcalling and undercalling effusion samples are well- 
known problems. The reason why mimicry is so common in 
effusion cytology may be the physical environment. The 

mesothelial cells and “foreign” cells exfoliated into the fluid 
may resemble one another. Nevertheless, despite their super-
ficial resemblance, persisting morphological differences 
should allow us to separate entities and make a correct inter-
pretation [29]. In doubtful cases, ancillary tests are needed.

 Reactive Mesothelial Hyperplasia vs. 
Metastatic Carcinoma

Differentiating reactive mesothelial proliferations from met-
astatic carcinomas can be difficult in some cases due to either 
the atypical features of reactive mesothelial cells or the bland 
appearance of some carcinomas, resembling mesothelial 
proliferations [29]. The pattern and the cellular features 
should be evaluated together. Cells in reactive mesothelial 

a b

Fig. 1.40 (a, b) Cytomegaly, multinucleation, variation in nuclear size, hyperchromasia, and cytoplasmic vacuolization in reactive mesothelial 
cells, caused by radiation; PAP

a b

Fig. 1.41 (a, b) Tight clustering, vacuolization, and variation in nuclear size and shape mimicking malignancy in reactive mesothelial cells due 
to chemotherapy; MGG
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proliferations resemble one another (Fig. 1.42), and even the 
most atypical reactive mesothelial cells retain their charac-
teristics. The presence of a discrete cell population is the 
major finding of metastatic carcinoma in serous effusions 
(Fig. 1.43). Unless all cells are neoplastic, carcinoma cells 
contrast with the mesothelial cells [33].

Mesothelial cell nuclei are centrally or paracentrally 
located, with fine chromatin and smooth contours. Nucleoli 
may be conspicuous but are regular (Figs. 1.2, 1.3, 1.4 and 
1.5). Adenocarcinomas have eccentric nuclei with features of 
malignancy (Fig.  1.44), while their cytoplasm is delicate. 
The dark nuclei of adenocarcinomas are highlighted within 
this delicate cytoplasm. On the other hand, the cytoplasm of 
mesothelial cells is dense with a lacy skirt. Their nuclei may 
sometimes look hyperchromatic but do not form a real con-
trast with the cytoplasm (Fig.  1.4). If a clear-cut benign 
mesothelial cell is attached to a cell in doubt, it is accepted 
that both are mesothelial in origin [5] (Fig. 1.45).

Secretory vacuoles are seen in adenocarcinomas, displac-
ing and indenting the nuclei (Figs. 1.14 and 1.44). Hydropic 
vacuoles occupying most of the cytoplasm may be observed 
in mesothelial cells, but these vacuoles do not contain mucin, 

Fig. 1.42 Reactive mesothelial proliferation; the cells forming the 
cluster and the cells in the background resemble each other; PAP

a b

Fig. 1.43 Lung adenocarcinoma; a small but discrete group of carcinoma cells looking different than other cells in the background; (a) PAP, (b) TTF-1 
positivity in carcinoma cells
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and the nuclei are not indented, look benign, and do not dif-
fer from the nuclei of the other cells in the background [5, 
27, 33] (Fig. 1.13).

Mesothelial cells form loose groups which are generally 
composed of few cells. Intercellular windows, cell-in-cell 
arrangement, and knobby contours are typical features of 
mesothelial groups (Figs. 1.17, 1.19, and 1.20). In contrast, 

adenocarcinomas form tight clusters with common borders 
like cell balls and papillae [5, 27]. Any three-dimensional 
tight group detected in a serous effusion should be alerting 
for metastatic carcinoma.

The sensitivity of morphologic examination in diagnosing 
metastatic carcinoma in effusions varies from 40% to 80%, 
mainly depending on the experience of the cytopathologist 
and the quality of the preparations. It was shown that if cyto-
morphology is combined with immunocytochemistry, the 
sensitivity increases from 84 to 94%, and the specificity 
increases from 92 to 100% [35].

Ber-EP4, MOC-31, claudin-4, CEA, and B72.3 are immu-
nocytochemical markers that are used to highlight the pres-
ence of carcinoma cells within a reactive proliferation of 
mesothelial cells [33, 34]. Ber-EP4 and MOC-31 target the 
same antigen on the cell surface and are highly sensitive and 
specific markers for carcinoma, especially for adenocarci-
noma. Claudin-4, a relatively recent marker, also shows high 
sensitivity and specificity for the differential between meso-
thelial proliferations and metastatic carcinomas [84]. On the 
other hand, mesothelial markers such as calretinin and 
D2–40 which would show that the cells in question are actu-
ally mesothelial are also useful in identifying the origin of 
atypical cells [34]. The expression of immunocytochemical 
markers varies in different carcinomas, and the antibodies 
that will be included in the panel should be selected accord-
ing to the differential diagnosis. Antibodies that are rather 
organ-specific, such as TTF-1, estrogen receptor, PSA, etc., 
which may both be diagnostic for metastatic carcinoma and 
aid in locating the primary site, can also be used in correla-
tion with the clinical features [85–88]. Recommended anti-
body panels for the most common differential diagnostic 
settings in effusion cytology are detailed in the Appendix.

 Reactive Mesothelial Hyperplasia vs. 
Malignant Mesothelioma

In mesotheliomas, the malignant cells look like native mesothe-
lial cells. If the cells are sufficiently well differentiated to be 
recognized as mesothelial, it becomes difficult to call them 
malignant based on morphology [33, 89]. On the other hand, 
atypia in reactive proliferations may alert the pathologist to the 
diagnosis of malignant mesothelioma in an appropriate clinical 
setting. An important clue to the diagnosis of malignant meso-
thelioma is the presence of “more and bigger cells in more and 
bigger clusters.” [5] High cellularity with many large aggregates 
suggests malignancy, especially in pleural effusions [89]. 
Benign effusions show fewer mesothelial cells and smaller, less 
complex groups. Cell-in-cell arrangements are more common 
in malignant proliferations [5, 28]. Macronucleoli favor malig-
nancy. In general, clear- cut malignant nuclear features are not 
seen in malignant mesotheliomas but may be observed in some 

Fig. 1.44 Adenocarcinoma with hyperchromatic eccentric nuclei 
indented by vacuoles; PAP

Fig. 1.45 Atypia in reactive mesothelial cells; MGG
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cases, in which the diagnosis of malignancy is easy to reach 
[89]. Pattern analysis is more important than individual cell fea-
tures in differentiating reactive mesothelial proliferations from 
malignant mesotheliomas (Figs. 1.46 and 1.47).

The immunocytochemistry panel available for the differ-
ential diagnosis between benign and malignant mesothelial 

proliferations is limited but is nevertheless of some value. 
p53, EMA (thick membranous staining), E-cadherin, and 
Glut-1 have been reported to be positive in mesotheliomas 
and negative in reactive proliferations and have been consid-
ered to be useful markers in this setting. Desmin, another 
useful marker, has been shown to be positive in benign but 
negative in malignant mesothelial proliferations [90–93]. 
Loss of BAP1 expression is a recently introduced feature of 
malignant mesotheliomas which is reliably used in distin-
guishing benign from malignant mesothelial proliferations 
[94]. As detailed in Chap. 5 and the Appendix, the authors of 
this book find EMA, desmin, and BAP1 to be especially use-
ful in this setting. Other ancillary techniques in this differen-
tial, as well as in the differential diagnosis between malignant 
mesothelioma and adenocarcinoma, are detailed in Chap. 11.

Differentiating malignant mesothelioma from benign 
mesothelial proliferations is a problematic area. The ques-
tion of how far we can go in effusion cytology is still a con-
troversial issue, and the diagnostic accuracy depends on the 
experience of the cytopathologist and the ancillary tech-
niques available.
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Lung Carcinoma

Claire W. Michael

 Introduction

 Epidemiology

Lung cancer is considered the most common source of new 
cancer worldwide and contributes the highest number of 
deaths from cancer, with an estimated 1.8 million new cases 
diagnosed in 2012 (12.9% of all cancer deaths) [1]. In the 
United States, more than 222,500 new cases and approxi-
mately 155,870 deaths are expected in 2017 [2]. The 
Surveillance, Epidemiology, and End Results (SEER) group, 
who studied the incidence of lung cancer in 17 geographic 
areas, reported that the highest incidence occurred in Europe 
and North America and the lowest incidence in Africa, Latin 
America, and the Caribbean [1, 2].

Among males, squamous cell carcinoma predominates, 
except for selected countries (North America, China, and 
Japan), in which adenocarcinoma predominates. Among 
females, adenocarcinoma is the dominant histological type 
worldwide, except in England and Poland, where squamous 
cell carcinoma predominates, and Scotland, where small cell 
carcinoma is the most common subtype [3, 4].

Smoking increases the risk for lung carcinoma, as does 
occupational exposure to asbestos and silica [4].

Lung carcinoma continues to be the most common cause 
of malignant effusion, accounting for 37% of 840 malignant 
effusions evaluated in a recent study [5]. About 40% of 
patients with lung carcinoma present with pleural effusions 
at some time during the course of their disease. In half of 
these patients, the effusions progress enough to require tho-
racocentesis, with less than 20% of them attributed to a 
benign etiology [6].

In a study evaluating 584 malignant pleural effusions, 
lung carcinoma was the etiology for 167 effusions, repre-
senting 49.1% of cases among male patients and 15% among 

female patients. Histologically, 41.3% of these specimens 
were adenocarcinomas, 24.6% small cell carcinoma, 20.3% 
squamous cell carcinoma, 9.6% large cell undifferentiated 
carcinoma, 3.6% adenosquamous carcinoma, and 0.6% car-
cinoid [7]. A similar study of positive pleural effusions eval-
uated 143 patients who died of malignancy and underwent 
autopsy. Lung carcinoma was the source of effusion in 28.7% 
of males and 20.6% of females [8].

 Clinical Presentation

Pleural effusion develops in a considerable percentage of 
patients with lung carcinoma. The effusion results from one 
of two mechanisms: (1) reduced drainage as a result of 
obstruction of the pleural lymphatics through various routes, 
invasion, direct seeding, or from obstruction of the hilar 
lymph nodes [9] and (2) overproduction and capillary leak 
resulting frequently in the very rapid accumulation of malig-
nant effusions [10]. Pleural effusion may initially present as 
a transudate but quickly develops into an exudate. The pres-
ence of a confirmed malignant effusion would upgrade the 
staging of a lung tumor of any size to stage T-IXA according 
to the TNM classification of the lung. Meanwhile, it is 
important to recognize that in rare cases where the effusion 
remains a transudate and consistently negative by cytologi-
cal examination, the presence of effusion should not be con-
sidered in the staging [11, 12].

The most common symptom is dyspnea, resulting from 
the reduced compliance of the chest wall, diaphragm, and 
lung volume. The trachea may be shifted to the contralateral 
side. Physical examination will reveal reduced breath sounds 
and dullness to percussion.

 Diagnosis

Standard chest X-ray is the first radiological test performed, 
and it can detect as little as 50 mL of pleural fluid on a lateral 
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view and 200  mL on the posterior–anterior view [13]. 
Computerized tomography (CT) can play a great role in dis-
tinguishing malignant from benign pleural disease with a 
sensitivity of 72% and specificity of 83%. It was noted that 
nodular and parietal pleural thickening of more than 1 cm 
and mediastinal pleural involvement are highly suggestive of 
malignancy. In addition, malignant effusions tend to involve 
the entire pleural surface, while pleural calcifications suggest 
reactive pleurisy [14]. Magnetic resonance imaging (MRI) is 
useful in demonstrating tumor invasion into the chest wall 
and diaphragm. Positron emission tomography (PET) has 
been very helpful in identifying malignant effusions, with 
95% sensitivity and 80% specificity. A negative PET can be 
very useful to rule out a malignant effusion. However, it is 
important to recognize that some benign pleural diseases can 
be PET-avid [15].

Thoracocentesis and cytological examination of the 
pleural fluid are necessary to establish the diagnosis and 
remain the standard initial evaluation [16]. The effusion 
can also be subjected to other analyses, such as cell count 
and chemical analysis, particularly pH and glucose. It is 
critical to understand that these tests can only be performed 
on the initial thoracentesis fluid and might not be valid on 
subsequent thoracentesis [16]. Most malignant effusions 
have a high lymphocyte count, and a considerable number 
have a high eosinophil count. A pH  <  7.30 or glucose 
<60 mg/dL suggest malignancy. The presence or absence of 
blood in pleural effusions was not found to be useful in 
predicting cancer. In fact, in a study evaluating 390 patients 
who were diagnosed with cancer and underwent thoracen-
tesis, 82.5% of the cytologically positive fluids were not 
bloody [17].

Cytological evaluation has a wide range of reported diag-
nostic yield ranging from 62 to 90%, particularly when meso-
thelioma is included in the differential. Immunocytochemical 
staining is frequently necessary in order to confirm the 
diagnosis.

When cytology fails to establish a diagnosis, in approxi-
mately 47% of patients, several diagnostic procedures can be 
approached, such as repeated thoracentesis, closed pleural 
biopsy, or thoracoscopy. The method of choice varies by 
geographic location, performer experience, and available 
resources. Closed pleural biopsy is not generally performed, 
as the additional diagnostic yield is only 7% above a negative 
cytology. Thoracoscopic pleural biopsy is performed via 
video assistance (VATS) as the method of choice by many 
experts to obtain a biopsy. Thoracoscopy offers many 
advantages:

 1. Can expedite the diagnosis as it obviates the need for 
repeated thoracentesis and/or pleural biopsy.

 2. Offers direct visualization of virtually the entire pleural 
surface, and thus the clinician can localize and perform 

direct biopsy of the nodule even when they occur as iso-
lated scattered islands of tumor.

 3. Tissue can be retrieved for intraoperative frozen section 
and immediate assessment.

 4. If required, pleurodesis can be performed in the same 
setting.

Thoracoscopy is generally considered safe and has high 
sensitivity and specificity for the diagnosis of cancer in 
malignant effusions [15, 16].

 Treatment

Management of a malignant pleural effusion is performed 
for palliative reasons only, as it does not change the progno-
sis or survival. In the absence of respiratory symptoms, ther-
apeutic intervention is not indicated. Thoracentesis is the 
first management of choice since it will also improve the 
breathlessness and indicate the rate of reaccumulation. 
Repeated thoracocentesis is not advised, as it may lead to 
complications such as adhesions and infections and is only 
performed in patients with expected very short life expec-
tancy [16].

For recurrent effusions, chemical pleurodesis is the 
method of choice, as it induces inflammation and fibrin 
deposition, consequently resulting in adhesions between the 
layers of pleura. As a result pain and fever are common side 
effects. While talc is the most common chemical used for 
pleurodesis, other agents, including bleomycin, tetracycline, 
cisplatin, etc., have been used with comparable success. 
Respiratory failure and acute respiratory distress syndrome 
(ARDS) have been reported in patients who underwent talc 
pleurodesis, and this complication has been attributed to sys-
temic absorption of small-sized talc particles. However, this 
was not reported when preparations with strictly large parti-
cles are used [15]. Pleurodesis is usually limited to patients 
with recurrent effusions resulting in respiratory distress, 
malignant effusions that are not responsive to chemotherapy, 
and lung expansion to the chest wall after thoracentesis and 
patients with life expectancy longer than 2–3 months [18].

Long-term indwelling pleural catheter is used when 
pleurodesis is not recommended. It provides immediate 
relief of dyspnea in over 90% of patients while allowing 
them to function independently at home. Complications 
include catheter dislodgment, infection, and loculation. An 
alternative, especially in patients with inadequate lung 
expansion, is pleuroperitoneal shunting. This method can 
achieve effective palliation in 95% of patients. However, 
complications such as shunt occlusion and infection were 
reported in 14.8% of patients [13].

Surgical resection is contraindicated in patients with 
malignant pleural effusion. However, a recent study  evaluated 
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the effect of intraoperative intrathoracic hyperthermotherapy 
(IIH) and hyperthermochemotherapy (IIHC) in patients who 
were discovered to have malignant effusion or dissemination 
at the time of surgery. The study found that the use of IIH and 
IIHC may be beneficial in the prevention of future pleural 
effusion rather than in improving prognosis [19].

 Morphology

Histologically, the major types of carcinoma of the lung are, 
in the order of frequency, squamous cell carcinoma, small 
cell carcinoma, adenocarcinoma, and large cell anaplastic 
carcinoma. However, in effusions, the incidence of these 
tumors is different, mainly due to their access and propensity 
to invade the pleura. While squamous and small cell carci-
noma are very common, they are traditionally centrally 
located and thus do not manifest as effusion unless they 
erode into the pleural surface. In contrast, adenocarcinoma 
tends to arise peripherally and has tendency to invade the 
pleura and directly seed the pleural lymphatics. Consequently, 
adenocarcinoma is the most common type encountered in 
effusions [20–23].

 Adenocarcinoma (ADC) [21, 23]

 Morphology

The most common presentation is in the form of numerous 
variably sized clusters in a background of single malignant 
cells (Figs. 2.1 and 2.2). The presence of the native reactive 
mesothelial cells can be helpful in identifying their alien 
nature. However, cancer cells frequently predominate the 

fluid (Fig. 2.3). The clusters are comprised of medium-sized 
tightly cohesive cells with finely vacuolated cytoplasm, 
enlarged nuclei, and increased nuclear-to-cytoplasmic (N/C) 
ratio. The cellular clusters vary from small groups to large 
cell balls similar to the spheres seen in mesothelioma 
(Fig. 2.4). They tend to exhibit a common cell border at least 
partially, although they may also exhibit scalloping of their 
borders. The nuclei may be moderately to significantly 
enlarged, with coarse irregularly distributed chromatin and 
prominent nucleoli. Mitotic figures may be detected. It is not 
unusual to see large disfiguring cytoplasmic vacuoles 
(Fig.  2.5). These vacuoles, particularly when small, may 
mimic intercellular windows of mesothelium (Fig. 2.6). In 
very well-differentiated ADC, particularly those that have a 
lepidic growth pattern, the clusters may be loose, with prom-
inent scalloped borders, and the cells arranged like petals 

Fig. 2.1 Lung ADC presenting as variably sized clusters and single 
malignant cells in a background of benign mesothelial cells; PAP

Fig. 2.2 Lung ADC presenting as large geographic sheets of malignant 
cells in a background of benign mesothelial cells; PAP

Fig. 2.3 Cell block of a lung ADC presenting predominantly as cohe-
sive spheres mimicking mesothelioma; H&E
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around a central core (Fig.  2.7). Intranuclear pseudoinclu-
sions and psammoma bodies may also be detected. The 
background malignant cells are usually larger, with more 
prominent atypia, and in many cases multinucleated cells are 
also seen (Fig. 2.8).

Poorly differentiated ADC may present mainly as single 
discohesive cells with very rare groups (Fig. 2.9). The nuclei 
are eccentric in location, enlarged, and obviously abnormal, 
with coarse chromatin, irregular nuclear membranes, and 
prominent nucleoli. The N/C ratio is high, and bizarre- 
appearing cells are not unusual (Fig. 2.10). Occasional cases 
may not manifest a high degree of atypia and therefore would 
be difficult to separate from reactive mesothelium. ADC 
cells of lung primary may rarely contain cytoplasmic glyco-

gen. However, contrary to mesothelioma, in the rare cells 
containing glycogen, it tends to fill the cytoplasm, rather 
than form submembranous elongated vacuoles as in the case 
of mesothelium (Fig. 2.11).

 Differential Diagnosis

 1. Reactive mesothelium: This differential is mainly signifi-
cant in samples presenting as single cells with subtle 
cytological atypia (Fig.  2.12). The malignant cells may 
also have vacuoles that mimic intercellular windows, 

Fig. 2.5 Malignant cells frequently exhibit large and disfiguring cyto-
plasmic degenerative vacuoles; Diff-Quik

Fig. 2.6 Lung ADC presenting as clusters with scalloped borders in a 
background of opposing cells with degenerative cytoplasmic vacuoles 
mimicking windows. This pattern should not be mistaken for mesothe-
lioma; PAP

Fig. 2.7 Malignant effusion from a patient with previous history of 
ADC with lepidic growth pattern. The malignant cells are arranged in a 
flat flowerlike pattern. The hobnailing cells are arranged like petals 
around a central core; PAP

Fig. 2.4 Correlating smear showing medium-sized cellular spheres, 
some with common cell border and others with scalloped surface mim-
icking mesothelioma; PAP
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although careful evaluation will reveal the presence of 
disfiguring large vacuoles elsewhere in the smear. ADC 
cells lack the characteristic two-tone cytoplasm and the 
submembranous glycogen vacuoles of mesothelial cells. 
Their nuclei tend to be eccentric rather than central and 
are more atypical than those of mesothelium.

 2. Malignant mesothelioma: This differential presents itself 
whether the tumor manifests as single cells or as tight 
clusters in the background of large multinucleated cells 
(Fig. 2.13). Moreover, it is well-known that lung adeno-
carcinoma can grow along the pleural surface and present 
on radiographic evaluation primarily as pleural thicken-
ing rather than a parenchymal nodule [24]. However, the 
cells lack the features of mesothelial origin, and they 
present with significant cytological atypia rarely encoun-
tered in mesothelioma (Figs.  2.14 and 2.15). While the 

Fig. 2.8 Background single cells in lung ADC usually appear larger 
than those within the clusters and exhibit obvious atypical features. The 
cells are frequently multinucleated, and degenerative cytoplasmic vacu-
oles are common; PAP

Fig. 2.9 Poorly differentiated lung ADC presenting as single malig-
nant cells. The nuclei are eccentric in location and show hyperchroma-
sia, irregular nuclear contours, and prominent nucleoli; PAP

Fig. 2.10 Discohesive ADC cells may contain bizarre cells and show 
cell-within-cell pattern; PAP

Fig. 2.11 Lung ADC may rarely contain intracytoplasmic glycogen. 
However, contrary to mesothelioma, the glycogen occupies a diffuse 
area of the cytoplasm and may displace the nucleus rather than being in 
submembranous elongated vacuoles; PAP

Fig. 2.12 Lung ADC presenting as few discohesive single cells with mild 
cytological atypia that could be mistaken for reactive mesothelial cells; PAP

2 Lung Carcinoma



34

presence of large multinucleated cells is a common fea-
ture, adenocarcinoma lacks the monotonous cytology and 
the wide range of cell size characteristically seen in 
mesothelioma.

 3. Other adenocarcinomas: When presenting as tightly 
cohesive clusters, lung ADC may be difficult to  distinguish 
from breast carcinoma (Fig. 2.16), carcinoma of Müllerian 
origin (particularly ovarian serous carcinoma), and in rare 
occasions carcinoma of the gastrointestinal tract (GIT) 
(Fig. 2.17). When presenting as single cells, the differen-
tial should include GIT, especially gastric carcinoma and 
breast carcinoma (Fig. 2.18). Ancillary tests are usually 
required to establish the primary origin.

Fig. 2.13 Cellular effusion from a patient who radiologically had a 
thickened pleural rind. The cells are arranged as short rows and small 
clusters with intercellular spaces mimicking windows, a pattern that 
can be easily mistaken for mesothelioma. However, notice that the 
spaces are actually intracytoplasmic vacuoles. The cells are obviously 
atypical and do not have the otherwise characteristic features of meso-
thelial origin; PAP

Fig. 2.14 Correlating pleural biopsy reveals a cellular pleura-based 
proliferation. The cells were negative for calretinin and D2-40 and posi-
tive for traditional ADC markers; H&E

Fig. 2.15 Correlating pleura-based ADC showing positive nuclear 
reaction with TTF-1 confirming the pulmonary ADC origin

Fig. 2.16 ADC of the breast presenting as medium-sized clusters in a 
pleural effusion. Clinical history and immunostains are essential to 
resolve the differential with lung ADC; PAP

Fig. 2.17 ADC of the pancreas presenting as clusters very similar to 
those of pulmonary ADC; PAP
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 Ancillary Tests

In selecting the panel of immunostains, one should consider 
which differential is in question. Some immunostains will 
serve to differentiate ADC from mesothelioma or reactive 
mesothelium, and these should include stains that confirm 
the epithelial identity of the tumor and those that exclude the 
diagnosis or, in other words, confirm a mesothelial origin. 
Other stains are used to confirm pulmonary origin and should 
be selected as a complement to the panel once ADC is con-
firmed. Kaur et  al. confirmed the value of morphologic 
assessment combined with immunostains in evaluating pleu-
ral fluids from patients suspected of lung carcinoma and 
found that it had comparable results with biopsy samples for 
the diagnosis and subclassification of lung carcinoma even in 
cases where radiology failed to identify the definitive lung 
lesion [25].

 Tests Useful in Confirming the Diagnosis 
of ADC

 Mucin-Directed Stains
Both mucicarmine and PAS-D can be used to detect neutral 
mucin. Lung adenocarcinoma was reported to have intracy-
toplasmic mucin in about 50% of cases, while mesothelioma 
is negative for mucin [26, 27]. Mucicarmine was reported to 
be less sensitive than PAS-D (Fig. 2.19).

 ADC Markers [27–32]
Epithelial membrane antigen (EMA): It is directed against 
polymorphic epithelial mucins and is generally positive in 
carcinoma and mesothelioma. However, in carcinoma, it 
tends to exhibit diffuse strong cytoplasmic staining, while in 

mesothelioma, it shows a distinctive margination at the brush 
border (Figs. 2.20 and 2.21).

Carcinoembryonic antigen (CEA): It is among the most 
extensively studied antigens and reported to react with the 
majority of lung ADC (Fig. 2.22). Its reactivity varies widely 
depending on the clone used, and positive staining was 
reported in up to 30% of mesotheliomas in the old literature. 
However, this does not hold true with the use of newer 
clones, and it is believed to be negative in the majority of 
mesotheliomas, according to the more recent literature.

B72.3: It recognizes a tumor-associated glycoprotein 
(TAG-72) and is present in a wide range of ADC.  It was 
reported to stain between 44 and 85% of lung ADC and may 
exhibit weak reaction in up to 20% of mesotheliomas 
(Fig. 2.23).

Ber-EP4: It is directed against 34 and 39 kDa glycopro-
teins present on the cell membrane of most epithelial cells. It 

Fig. 2.18 Gastroesophageal ADC presenting as single abnormal cells 
very similar to the poorly differentiated lung ADC; PAP

Fig. 2.19 Intracytoplasmic mucin can be detected in about 50% of 
lung ADC; mucicarmine stain

Fig. 2.20 Lung ADC showing diffuse cytoplasmic staining with EMA
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was reported to stain between 60% and 100% of lung ADC 
(Fig.  2.24). It may stain up to 27% of mesotheliomas. 
However, the staining tends to have a focal pattern.

MOC-31: It reacts with a 38 kDa glycoprotein present on 
the cell membrane of epithelial cells and was reported to 
stain 67% of lung ADC (Fig. 2.25). Similar to Ber-EP4, it 
may stain focally in up to 10% of mesotheliomas. Lv et al. 
evaluated the potential use of combined MOC-31 and cal-
retinin in the work-up of patients suspected of lung carci-
noma. MOC-31 was expressed in 90.2% of pleural fluids 
with lung cancer and 2.9% from patients with benign lung 
disease, while calretinin was expressed in 87% of benign 
lung effusions and 6.5% in effusions with lung cancer with a 
combined sensitivity of 100% and specificity of 98.6% [33].

CD15 (Leu-M1): It belongs to the cluster designation 15 
and was found to recognize many ADC. It is reported to rec-
ognize the majority of lung adenocarcinomas, although it is 

Fig. 2.21 Mesotheliomas positively react with EMA. However, con-
trary to ADC, the staining has distinctive margination at the brush 
border

Fig. 2.22 Lung ADC showing diffuse cytoplasmic staining for CEA

Fig. 2.23 Lung ADC showing positive membranous reaction with the 
B72.3 antibody

Fig. 2.24 Lung ADC showing membranous staining for Ber-EP4

Fig. 2.25 Lung ADC showing membranous staining with the MOC-31 
antibody
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believed to be less sensitive in effusions than in histological 
sections [28, 34]. It rarely reacts with mesothelioma.

Blood group-related antigens: These antigens were found 
in cells other than erythrocytes. Earlier studies showed that 
mesotheliomas do not express these antigens, while many 
ADC do. The BG-8 antibody, directed against Lewisy blood 
group antigen, was extensively studied and reported to react 
with 90–100% of pulmonary ADC and with less than 9% of 
mesotheliomas [35, 36]. On the other hand, CA19-9, a 
sialylated Lewis antigen, is commonly expressed in pancre-
atic, gastrointestinal, and ovarian ADC but is less sensitive for 
pulmonary ADC, reacting with only 35–57% of tumors [37].

E-cadherin and N-cadherin: These are transmembrane 
glycoproteins that mediate calcium-dependent intercellular 
adhesion. It is believed that E-cadherin detects a large num-
ber of pulmonary ADC but is negative in mesothelioma, 
while N-cadherin has the opposite profile. Studies of effu-
sions have nevertheless shown less consistent results 
[38–40].

CD138: Syndecan-1 is a transmembrane heparan sul-
fate proteoglycan that is detected on the surface of plasma 
cells and epithelial cells. Saqi et al. evaluated its utility in 
the work-up of malignant effusions. CD138 was found to 
be expressed in a distinct membranous pattern without 
background staining (Fig. 2.26). Used in the separation of 
ADC from mesothelioma, CD138 was expressed in 55% 
of ADC and 8% of mesotheliomas, with 94% positive pre-
dictive value, 97% specificity, and 55% sensitivity. It 
stained 69% of the lung ADC. Other studies showed com-
parable results, with a range of 41–100% staining of pul-
monary ADC [41–43].

MUC4: It belongs to the membrane-bound mucin family 
with MUC1 and MUC3. MUC4 is expressed early in the 
primitive gut and is commonly expressed in normal bron-
chial mucosa. Llinares et  al. explored its utility in distin-
guishing pulmonary ADC from mesothelioma and reported 

it to be 100% specific and 91.4% sensitive for lung carci-
noma. However, it is important to remember that it may also 
be detected in extrapulmonary ADC [44].

 Markers Related to Pulmonary Origin
Peripheral airway cell markers: It has been noted that sur-
factant protein (SP-A) is detected in alveolar type II pneu-
mocytes and Clara cells, while SP-C is only detected in type 
II pneumocytes, and CC10 is specific for Clara cell 10 kDa 
protein. Based on this, Takezawa and colleagues explored 
the utility of these markers in identifying pulmonary ADC in 
effusions and separating it from other neoplasms [45]. 
Among the 52 samples studied, 20 were lung ADC, 6 small 
cell carcinoma, 11 extrapulmonary carcinomas, and 15 
benign effusions. SP-A positively reacted with 10/20 lung 
ADC, while 6/20 reacted with proSP-C. All 20 cases were 
negative to CC10. These markers were nonreactive with the 
remaining effusions.

TTF-1: Thyroid transcription factor 1 is a nuclear tran-
scription factor expressed in the normal lung and thyroid and 
their malignant counterparts. It is highly expressed in both 
ADC and small cell carcinoma of the lung (Fig.  2.27). 
Studies of effusions have shown TTF-1 to have up to 92% 
sensitivity for separating lung ADC from mesothelioma, 
staining 61/66 cases, [46] and up to 100% specificity [47, 
48]. Recently, TTF-1 has been reported to react focally with 
some extrapulmonary metastatic carcinomas, such as those 
of colon, gastric, and endometrial origin [49–51].

Napsin A: This is an aspartic protease involved in the N- 
and C-terminal processing of proSP-B expressed in type II 
pneumocytes. It was reported to be diagnostically superior to 
SP-A and was detected in up to 87.5% of lung ADC [52]. In 
a study by Dejmek et al., the authors compared Napsin A and 
TTF-1 in 50 pleural effusions, of which 12 cases were pul-
monary ADC.  Napsin A detected more cases than TTF-1 
(10/12 vs. 8/12) and was noted to stain more cells per case 

Fig. 2.26 Lung ADC showing distinct membranous staining for 
CD138 Fig. 2.27 Lung ADC showing characteristic TTF-1 nuclear staining
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(Fig. 2.28). The authors suggested that Napsin A could be 
particularly useful in cases with low cellularity [53]. El Hag 
et al. evaluated TTF-1 and Napsin A in the work-up of malig-
nant effusions. They concluded that both Napsin A and 
TTF-1 performed well in distinguishing lung ADC from 
extrapulmonary metastatic ADC (EP-ADC). TTF-1 reacted 
with 65% of lung ADC and 1.8% of EP-ADC, while Napsin 
A reacted with 54% of lung ADC and was nonreactive with 
all EP-ADC. Interestingly, Napsin A reacted with 78% (7/9 
cases) of the poorly differentiated cases, while only 45% (4/9 
cases) were identified by TTF-1 [54].

Cytokeratins 7 and 20: These markers are not specific to 
pulmonary origin but play an important role in the differen-
tial with other primaries. Lung ADC is generally CK7- 
positive and CK20-negative [55]. It is important to recognize 
that mucinous ADC has the opposite profile [56].

 Small Cell Carcinoma (Smcc)

 Morphology

Smcc is rarely encountered in fluids, and studies have been 
published mainly in the form of case reports. The fluids are 
low to moderate in cellularity at best. The cells exfoliate 
mainly as single cells or small groups and tend to rapidly 
degenerate and therefore may be difficult to detect.

In well-preserved samples, the neoplastic cells are seen as 
small cords, long-arching cords, and small clusters and in 
rare cases as large clusters (Figs. 2.29 and 2.30).

The cells are relatively small, not exceeding the size of 
three resting lymphocytes, and have a high N/C ratio. 
Because fluids are a hospitable medium, more cytoplasm 
than traditionally seen for Smcc can be seen. The nuclei are 

hyperchromatic, and the chromatin has a coarse granular 
quality, obscuring the nucleoli. Nuclear molding is very 
pronounced, and consequently the cellular cords appear 
stacked like the “vertebrae in the vertebral column” or 
“rouleau arrangement” (Fig.  2.31). Cellular clusters fre-
quently show an “onion-ring arrangement” as the semilu-
nar cells mold around a central round nucleus (Fig. 2.32). 
The nuclear shapes are widely variable with irregular, 
angulated, semilunar, biconcave, or rounded form. This 
variability is a result of the cells attempting to accommo-
date each other and each fitting snugly within the adjacent 
cell [57–62].

Fig. 2.28 Lung ADC showing characteristic Napsin A granular cyto-
plasmic staining

Fig. 2.29 Smcc in a typical moderately cellular effusion. Notice the 
presence of short rows of cells and rare clusters. Within these rows, the 
cells have tight molding, throwing them at times into crescent shapes; 
PAP

Fig. 2.30 Rarely, Smcc effusions are cellular and present with cell 
clusters in addition to the cell cords. Notice the tight molding of cells 
within the clusters and almost lack of visible cytoplasm when compared 
to ADC; PAP
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 Ancillary Tests [63–65]

Despite the potential of Smcc to rapidly degenerate in fluids, 
it tends to retain its reactivity to immunomarkers.

Cytokeratins: Smcc is typically positive for the broad- 
spectrum antibody cytokeratin CAM5.2, as well as for CK8, 
CK18, CK5/6, CK7, and CK19. Staining is typically in a 
dot-like pattern. CK20, while commonly expressed in neuro-
endocrine tumors of the skin, is expressed in less than 10% 
of Smcc of lung origin (Figs. 2.33 and 2.34).

Neuroendocrine markers: The combination of chromo-
granin, synaptophysin, and CD56 represents the best balance 
between sensitivity and specificity.

Chromogranin A: It is the major constituent of the secre-
tory granules and is highly specific. However, its detection is 
directly proportional to the number of neurosecretory gran-
ules detected by electron microscopy and consequently is not 
easily detected in Smcc (Fig. 2.35).

Synaptophysin: It is a calcium-binding glycoprotein 
that is an integral membrane constituent of the neuronal 
synaptic vesicles and therefore, while not specific, is 
highly sensitive and can detect Smcc with sparse granules 
(Fig. 2.36).

Neuron-specific enolase (NSE): This is a gamma-dimeric 
form of an enzyme that is present in the cells of the diffuse 
neuroendocrine system. While this marker is very sensitive, 
it lacks specificity due to cross-reactivity between gamma- 
dimers and heterodimers (Fig. 2.37).

Fig. 2.31 Smcc cells presenting as long-arching cords with a rouleau- 
like arrangement. Within the cord, the cells form a crescent shape as a 
result of the tight molding; PAP

Fig. 2.32 A small cluster of Smcc in which the tight molding results in 
crescent-like cells around a central rounded nucleus, forming an onion 
ring-like pattern; PAP

Fig. 2.33 Smcc showing strong positive cytoplasmic reaction with 
pancytokeratin stain

Fig. 2.34 Smcc showing strong positive cytoplasmic reaction with 
cytokeratin 7 stain
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CD56: This is a member of the neural cell adhesion mol-
ecule family and, though not specific for neuroendocrine 
tumors, has been reported to stain 95–100% of pulmonary 
Smcc (Fig. 2.38). Positive reaction has also been reported in 
neuroendocrine tumors of extrapulmonary origin, including 
ovarian, endometrial, and renal tumors.

Thyroid transcription factor 1 (TTF-1): This has been 
reported to stain up to 94% of pulmonary Smcc (Fig. 2.39). 
Positive reaction has also been reported infrequently in 
extrapulmonary Smcc, including tumors of salivary gland, 
cervical, and urinary bladder origin.

 Differential Diagnosis

The differential would include other small blue cell 
tumors:

Fig. 2.35 Smcc showing focal positive reaction with chromogranin 
A stain

Fig. 2.36 Smcc showing positive synaptophysin staining

Fig. 2.37 Smcc showing strong cytoplasmic NSE staining

Fig. 2.38 Smcc showing distinct cytoplasmic staining for CD56

Fig. 2.39 Smcc showing strong positive nuclear reaction for TTF-1
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Lymphocytosis and lymphoma: Lymphocytes tend to 
present as single cells and lack the linear arrangement and 
tight molding so characteristic of Smcc. The cells are usually 
monomorphic in appearance and may have a skirt of blue 
cytoplasm, nuclear grooves, or nucleoli depending on the 
type of lymphoma. The nuclei are rounded and lack the angu-
lated and semilunar shapes seen in Smcc. Immunostaining 
and flow cytometry are helpful in confirming the lympho-
cytic origin and monoclonality.

Small blue round cell tumors: These include Ewing’s 
sarcoma/primitive neuroectodermal tumor, rhabdomyo-
sarcoma, Wilms’ tumor, and neuroblastoma. These tumors 
rarely present as effusions without a known primary, and 
the clinical history is therefore essential in the differential. 
Morphologically, they all present as single cells or small 
groups of round to oval cells with scant cytoplasm and 
high N/C ratio. However, they lack the linear arrangement, 
 onion- ring pattern, and extensive molding of Smcc. With the 
exception of neuroblastoma,  which stains positively with 
neuroendocrine markers, all these tumors are negative for all 
the markers described above.

Extrapulmonary small cell carcinoma: These may be 
morphologically indistinguishable from the pulmonary ones. 
Luckily, they are extremely rare in effusions and usually 
have a known history of the primary site. Cutaneous tumors, 
i.e., Merkel cell tumor, stain in a dot-like pattern with CK20, 
which is traditionally negative in pulmonary Smcc. TTF-1 
tends to stain the majority of the pulmonary Smcc and is less 
frequently expressed by Smcc of extrapulmonary origin.

 Squamous Cell Carcinoma (Sqcc)

 Morphology

Metastatic Sqcc in effusions is exceedingly rare. The largest 
series published is a bi-institutional study of 46 cases col-
lected from a total of 9297 effusions covering a period of 
33 years [66]. Pulmonary Sqcc was the most common origin 
and contributed 13/34 pleural and 2/4 pericardial fluid sam-
ples, but only 1/8 peritoneal samples. Morphologically, there 
are no specific features that would discriminate pulmonary 
from extrapulmonary Sqcc [66].

Well-differentiated keratinizing Sqcc are usually low in 
cellularity but easily recognized. A variety of squamous 
shapes can be detected, including tadpole cells, which are 
elongated with a bulbous end containing the nucleus; fiber 
cells, which are spindled in shape and contain central elon-
gated nuclei; third-type cells, which are rounded with dense 
refractile cytoplasm that may stain eosinophilic or cyano-
philic; and polygonal cells and anucleated squames reminis-
cent to those seen in cervical smears. The nuclei are 
hyperchromatic, and prominent nucleoli tend to be visible, 

mainly in the third-type cells. Keratinization may be evident 
(Figs. 2.40 and 2.41).

With less differentiation, the fluids may become more cel-
lular and consist predominantly of third-type cells. The 
malignant cells manifest mainly as large flat sheets or cellu-
lar spheres and therefore could easily be confused with ADC 
or mesothelioma (Fig.  2.42). Frequently, these clusters 
exhibit a swirling pattern reminiscent of squamous eddies 
and appear two-dimensional. Contrary to ADC, the borders 
of these cellular groups are rarely smooth, but rather undulat-
ing and frequently appear as if they are budding (Fig. 2.43).

The poorly differentiated third-type cells are usually 
rounded and have dense refractile cyanophilic cytoplasm. 
The cell border is well defined. Keratinization normally 
occurs from the periphery of the cytoplasm inward toward 
the nucleus. However, in these less differentiated cells, kera-
tinization tends to abruptly stop midway (abnormal keratini-
zation) and consequently result in refractile rings as if 
successive zones of keratinization are occurring which create 
an endo-ectoplasmic demarcation (Figs. 2.44 and 2.45). The 
endo-ectoplasmic border can be ruffled or thrown into linear 
folds and when viewed in stretched cells appear as spirals, 
also known as “Herxheimer’s spirals.”

In the background, it is common to see cells within cells, 
as well as small groups of two or more cells that tightly swirl 
around each other in an attempt to form squamous pearls 
(Fig. 2.46). Sometimes, the cells stack in long cords with an 
appearance similar to the vertebrae in the vertebral column 
(Fig. 2.47). However, contrary to Smcc, the cells do not mold 
around each other, instead being flattened where they oppose 
each other in a manner that mimics cell windows, but with-
out a space. This appearance is most likely the result of 
opposing cell junctions [67–70].

Fig. 2.40 Well-differentiated keratinizing Sqcc presenting as spindled, 
tadpole, and polygonal cells. The cytoplasm has the classic robin blue 
color characteristic of keratinizing cells, and the nuclei are hyperchro-
matic; Diff-Quik
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Despite the characteristically dense cytoplasm, it is not 
unusual to see cytoplasmic vacuoles, mainly in the single 
cells and small clusters. Although fine vacuoles may be seen, 
vacuoles tend to be large and disfiguring, as in ADC 
(Figs. 2.48 and 2.49).

a

b

c

Fig. 2.41 (a) Well-differentiated keratinizing Sqcc presenting as 
polygonal cells with refractile orangeophilic cytoplasm and very dark 
nuclei; PAP. (b) Tadpole cell with elongated shape and a bulbous end 
containing the nucleus. Notice the polychromatic staining of the cyto-
plasm; PAP. (c) Fiber cells are spindled in shape and contain central 
elongated nuclei; PAP

a

b

c

Fig. 2.42 (a) Moderately differentiated Sqcc presenting as large irreg-
ular cellular groups. Although at first glance these groups appear very 
similar to spheres seen in ADC or mesothelioma, in Sqcc they tend to 
be much larger and to have irregular shapes; PAP. (b) Corresponding 
cell block showing numerous cellular groups/spheres with evidence of 
swirling reminiscent of squamous eddies. Notice the well-defined cell 
borders within the cellular groups in contrast to the syncytial appear-
ance traditionally seen in ADC; PAP. (c) High magnification of the cell 
block showing the distinct cell borders and intercellular junctions indic-
ative of the squamous nature of these cells; PAP
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 Differential Diagnosis

 1. Malignant mesothelioma: Sqcc can be easily confused 
with mesothelioma. The cells have an endo-ectoplasmic 
demarcation, tend to whorl around each other mimicking 
cellular clasping, and form cell rows with cellular connec-
tions that mimic windows. However, closer examination 
will reveal that the two-tone cytoplasm in squamous cells is 
the reverse of that seen in mesothelial cells and that cell 

borders are distinct and dense rather than the fine submem-
branous vacuoles or brush border of the mesothelium. 
While mesothelioma rarely exhibits definitive malignant 
features, Sqcc is usually obviously atypical with abnormal 
nuclear features and numerous mitotic figures.

 2. ADC: The large cellular groups and scattered cells with 
cytoplasmic vacuoles may resemble ADC.  However, 
rather than the syncytial appearance typically seen in 
ADC, the cell borders within the clusters are typically 
well defined. Examination at low magnification reveals a 
swirling appearance within these clusters which is remi-
niscent of squamous eddies.

Fig. 2.43 In contrast to ADC and mesothelioma, this cell group from 
Sqcc has a very undulating circumference and appears as if there are 
budding clusters sprouting from the surface; PAP

Fig. 2.44 Third-type cells in clusters and as single cells are rounded 
cells with basophilic cytoplasm and well-defined cell borders. The two- 
tone cytoplasm has a well-defined refractile central line corresponding 
to the immature abnormal keratinization; PAP. Inset shows a higher 
magnification of a single cell; PAP

Fig. 2.45 Cell cluster from a poorly differentiated Sqcc distinctly 
showing well-defined borders and a central refractile wavy line corre-
sponding to the “Herxheimer’s spirals”; PAP

Fig. 2.46 Small groups of cells tightly wrapped around each other 
attempting to form squamous pearls; PAP
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 Ancillary Tests [71–76]

Sqcc reacts with many of the markers used to identify ADC 
and mesothelioma, and therefore, a panel of stains should 
always be utilized and judiciously interpreted. In pleural flu-
ids, the differential includes mainly lung ADC and mesothe-
lioma, while in peritoneal fluids the differential should 
include ovarian ADC. ADC of other body sites that tradition-
ally present as cellular clusters, such as breast carcinoma, 
would enter the differential diagnosis depending on the 
patient’s history.

 Mesothelial Markers

Podoplanin: reportedly expressed in up to 50% of Sqcc, 
between 86 and 100% of mesotheliomas, and up to 15% of 
serous ovarian carcinomas.

Calretinin: one of the best markers for mesothelioma but 
can be expressed in 6–10% of lung ADC and up to 40% of 
Sqcc.

Keratins 5 and 6: generally expressed as strong and dif-
fuse reaction in Sqcc; also highly expressed in mesothelioma 
(up to 93%) and in about 10% of lung ADC (Fig. 2.50).

Cytokeratin 7: expressed in both mesothelioma and lung 
ADC, but only in about 20–50% of Sqcc.

Fig. 2.47 Sqcc may form long twisted cords which should not be mis-
taken with those of mesothelioma. In Sqcc, the opposing cell surfaces 
have flat rather than the biconcave surface seen in mesothelial cell win-
dows, and a real space is seldom seen. The cells have obvious malignant 
features, in contrast to the usual bland appearance of mesothelioma; 
Diff-Quik stain

Fig. 2.48 Large and sometimes disfiguring cytoplasmic vacuoles may 
be seen in effusions of Sqcc, especially in single cells; PAP

Fig. 2.49 Small groups of Sqcc with cytoplasmic vacuoles mimicking 
ADC. These vacuolated cells are usually a minority population; PAP

Fig. 2.50 Sqcc clusters showing diffuse strong cytoplasmic staining 
for cytokeratin 5/6
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Thrombomodulin: not useful in the differential diagnosis, 
as it is reportedly expressed in 34–100% of mesotheliomas, 
the majority of Sqcc, and 5–77% of ADC (Fig. 2.51).

Mesothelin: can be expressed in up to 100% of mesothe-
liomas but was also reported to stain about 40% of lung ADC 
and 27% of lung Sqcc. However, the staining in the latter two 
is usually cytoplasmic and focal, while in mesothelioma, the 
reaction occurs along the cell membrane. Mesothelin has 
been reported to stain ADC of extrapulmonary sites 
(Fig. 2.52).

WT1: very useful in this differential, since it is consis-
tently negative in Sqcc and lung ADC but reportedly 
expressed in 43–93% of mesotheliomas. Of note, it is addi-
tionally expressed in 83–100% of ovarian serous ADC. It is 
therefore very useful as a confirmatory negative marker for 
Sqcc (Fig. 2.53).

 Epithelial Markers

MOC-31: It reacts with up to 97% of Sqcc, 90–100% of 
lung ADC, and 98% of ovarian serous ADC. In contrast, 
only 2–10% of mesotheliomas express MOC-31 
(Fig. 2.54).

Ber-EP4: It is expressed in up to 87% of Sqcc, 100% of 
lung and ovarian ADC, and 13–18% of mesotheliomas.

Carcinoembryonic antigen (CEA): It is reportedly 
expressed in up to 77% of Sqcc, although in the author’s 
experience, Sqcc is not that frequently positive. It is expressed 
in 50–100% of lung ADC, but mesothelioma and ovarian 
ADC are virtually negative (Fig. 2.55).

B72.3: The reported reactivity for Sqcc ranged between 
45 and 84%. It is also highly expressed in 75–85% of lung 

Fig. 2.51 Sqcc presenting as single cells positively reacting with the 
thrombomodulin antibody

Fig. 2.52 Sqcc clusters staining positive for mesothelin

Fig. 2.53 Sqcc clusters are completely negative for WT1, which is 
strongly staining the background mesothelial cells

Fig. 2.54 Sqcc clusters showing distinct membranous staining with 
the MOC-31 antibody
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and up to 75% of ovarian ADC.  It is usually negative in 
mesothelioma (Fig. 2.56).

BG-8: Up to 83% of Sqcc are positive, as well as 89–100% 
of lung ADC and 73% of ovarian ADC, compared to only 
3–7% of mesotheliomas.

Leu-M1 (CD15): It has no value in the differential diagno-
sis between Sqcc and ADC since it is expressed in about 30% 
of Sqcc compared to 50–70% of lung ADC and 30–60% of 
ovarian ADC. It is rarely expressed in mesothelioma.

 Other Markers

TTF-1: expressed in up to 75% of lung ADC but invariably 
negative in mesothelioma and Sqcc (Fig. 2.57).

p63 and p40: expressed as strong nuclear staining in 
80–100% of Sqcc but rarely expressed in mesothelioma or 

lung ADC. It is therefore very useful as a confirmatory posi-
tive marker for Sqcc (Fig. 2.58). Bishop et al. reported that 
p40 is superior to p63  in a tissue-based study, staining no 
more than 5% of cells in rare ADC, while p63 stained up to 
26% of ADC [76]. A recent cytology study disputed these 
results in effusions and reported that in 20 effusions with 
lung ADC, p40 positively reacted with 40% of cases, while 
p63 reacted with only 15% [77].
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Ovarian Cancer

Ben Davidson

 Introduction

 Epidemiology

Ovarian cancer is the seventh most common cancer among 
women worldwide and ranks eighth in lethality, accounting 
globally for an estimated 238,700 newly diagnosed cases 
and 151,900 fatalities in 2012. The disease has variable inci-
dence in different geographic regions and among different 
ethnic groups, with a high incidence in developed countries, 
where it ranks fifth in incidence and sixth in mortality [1]. 
Ovarian cancer is rarely diagnosed in women under the age 
of 30 years, and disease incidence increases with age, with a 
median age of diagnosis at 63 years [2].

The majority of cases are sporadic, but 15–20% of the 
affected women have genetic predisposition for breast or 
ovarian cancer, most commonly related to germline muta-
tions in the BRCA1 or BRCA2 genes. Mutations in other 
genes whose protein products are involved in DNA repair 
and/or are tumor suppressors, including RAD51C, RAD51D, 
BRIP1, BARD1, PALB2, CHEK2, MRE11A, RAD50, ATM, 
and TP53, are additionally implicated, as are mutations in 
the DNA mismatch repair genes MLH1, PMS2, MSH2, or 
MSH6 associated with the hereditary nonpolyposis colorec-
tal cancer (HNPCC) or Lynch syndrome. Among environ-
mental factors, use of oral contraceptives reduces the risk of 
developing ovarian cancer, whereas hormone replacement 
therapy in postmenopausal women increases it. Parity, prior 
tubal ligation, salpingectomy, and unilateral or bilateral 
oophorectomy are additional factors conferring reduced risk 
of ovarian cancer [2].

 Clinical Presentation, Diagnosis, 
and Treatment

Ovarian cancer is diagnosed at advanced stage in the major-
ity of cases due to insidious onset, characterized by non-spe-
cific symptoms such as abdominal discomfort and pain, 
dyspepsia, vomiting, alteration of bowel habit, urinary fre-
quency, menstrual irregularities, fatigue, weight loss, 
anorexia, and depression. Pelvic or abdominal mass may be 
palpable, and abdominal distention due to peritoneal effu-
sion (ascites) may be present. Extra-abdominal disease may 
present as respiratory difficulty due to pleural effusion or 
enlarged inguinal or supraclavicular lymph nodes. Less fre-
quently, parenchymal metastases to distant organs are found. 
The diagnosis is based on clinical findings, ultrasonography 
and/or abdominal- pelvic CT, and serum measurement of CA 
125 levels [3, 4].

Ovarian cancer staging is based on the 2013 FIGO system 
by the International Federation of Gynecology and Obstetrics 
[5]. Patients with localized ovarian cancer or ovarian cancer 
with regional spread have 5-year survival at 92% and 73%, 
respectively, whereas this figure is 29% for those with distant 
metastasis [6]. This makes early detection of ovarian cancer 
crucial for improving disease outcome. However, screening 
for ovarian cancer has not altered the course of this disease to 
date [2]. In view of the suboptimal performance of CA 125 
alone in this setting, use of a larger panel of serum biomark-
ers, e.g., CA 125 combined with human epididymis antigen 
4 (HE4), CA 72.4, and anti-TP53 autoantibodies, has been 
advocated. Other approaches include analysis of circulating 
microRNA (miRNA), cell-free DNA (cfDNA), circulating 
tumor cells (CTC), and exosomes, as well as advanced imag-
ing [7]. Prophylactic surgery, i.e., bilateral salpingo-oopho-
rectomy, is advocated for women at high-risk of developing 
the disease [2].

Established clinicopathologic prognostic factors in addi-
tion to FIGO stage include histological type, tumor grade, 
and residual tumor volume [3].
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The majority of ovarian cancer patients undergo standard 
therapy consisting of surgery followed by adjuvant chemo-
therapy. The former includes total abdominal hysterectomy, 
bilateral salpingo-oophorectomy, omentectomy, lymphade-
nectomy, and maximal debulking of tumor nodules on all 
peritoneal surfaces, in addition to tapping of ascites or perito-
neal washing. When complete resection is not possible, cyto-
reductive surgery is performed, as it increases the effectiveness 
of subsequent chemotherapy. Standard first-line chemother-
apy consists of combination paclitaxel in combination with a 
platinum-based compound (cisplatin or carboplatin) or 
platinum- based therapy alone. Neoadjuvant chemotherapy, 
i.e., administration of platinum-based chemotherapy prior to 
cytoreductive surgery, is an alternative treatment approach in 
patients with stage III/IV ovarian cancer [2, 3]. Intraperitoneal 
(IP) administration of platinum compounds and taxanes has 
been investigated for a possible role as standard care for 
advanced ovarian cancer but has not become standard therapy 
in the majority of institutions, partly due to concerns regard-
ing the toxicity and complications associated with IP drug 
administration [8]. While more radical surgery and optimiza-
tion of chemotherapy protocols have increased the 5-year sur-
vival rate to 45%, the percentage of patients cured of ovarian 
cancer has remained at about 30% [7].

Targeted therapy is discussed in Chap. 9.

 Histological Classification

Ovarian carcinoma (OC) accounts for about 90% of all 
malignant diseases of the ovary and is the main topic of this 
chapter, as the overwhelming majority of malignant effu-
sions of ovarian origin are from carcinomas or carcinosarco-
mas (CS). Recent years have brought major changes to our 
understanding of ovarian carcinogenesis, with obvious effect 
on the classification of these tumors.

OC has been previously divided into type I and type II 
disease based on clinical, pathological, and molecular 
genetic studies. Type I tumors, consisting of low-grade 
serous carcinoma (LGSC), mucinous carcinoma (MC), 
endometrioid carcinoma (EC), and clear cell carcinoma 
(CCC), arise from borderline tumors and grow slowly. They 
are characterized by KRAS and BRAF mutations. Type II 
tumors, including high-grade serous carcinoma (HGSC), 
CS, and undifferentiated carcinomas, are highly aggressive 
and grow rapidly. Type II tumors are characterized by TP53 
and BRCA mutations and frequent gross genomic instability 
[9]. While this division is informative in many ways, it is 
now evident that OC consists of five distinct diseases—
HSGC, LGSC, CCC, MC, and EC—in terms of origin, mor-
phology, immunohistochemistry (IHC) profile, genetic 
characteristics, and clinical course. It is further accepted that 
many, though probably not all HGSC have their origin in the 
fimbriae of the fallopian tube rather than the ovary or perito-

neum [10, 11]. The latter observation impacts on both the 
assigning of primary site and staging of many HGSC and on 
the adoption of prophylactic approaches.

 Effusions in OC

Malignant effusions are a frequent clinical finding in advanced 
carcinomas of different origin, particularly primary tumors of 
the lung and breast. However, none of these malignancies has 
the practically universal predilection that OC, particularly of 
the serous type, has for the serosal cavities. This undoubtedly 
reflects the presence of widespread intra-abdominal disease 
in advanced-stage OC, although tumor cell homing to this 
anatomic site is of major significance as well. The accumula-
tion of effusion fluid within the serosal cavities is believed to 
be the result of lymphatic obstruction by metastatic cancer 
cells, increased production of fluid by cells lining these cavi-
ties, and increased vascular permeability, as well as new ves-
sel formation (angiogenesis), fibrin accumulation, and 
changes in the peritoneal stroma [12–16]. Ascites is found in 
75% of patients with advanced-stage disease at diagnosis [17] 
and predicts the presence of malignant disease in the differen-
tial diagnosis from borderline tumors or benign ones, espe-
cially at advanced stage [18].

The clinical significance of ascites has been investigated in 
several studies. Although some authors have reported that 
positive ascites is not an independent prognostic marker in OC 
[17, 19, 20], the majority of large studies support the opposite 
view [21–25]. Involvement of the pleural space occurs in 
33–55% of patients with stage IV disease and is the most com-
mon site for distant metastasis in the majority of series [26–
31]. Pleural effusion defines stage IV, designated FIGO IVA 
disease, even in the absence of solid metastases [5]. Despite 
the fact that pleural effusion constitutes distant metastasis and 
is generally associated with poor survival, patients diagnosed 
at this stage have been shown to benefit from maximal surgical 
debulking in several studies [26–28, 31, 32], although the 
choice upfront therapy may be dependent on resectability of 
the abdominal disease and the extent of pleural disease [33]. 
Survival did not depend on the site of stage IV disease (pleural 
effusion, parenchymal metastasis, or extra-abdominal lymph 
node) but rather resectability of the abdominal disease, in the 
recent study by Jamieson et al. [32]. Pericardial involvement is 
infrequent in OC, reported in 6/97 patients with stage IV dis-
ease in the series of Dauplat et al. [30].

 Morphology

 HGSC and LGSC

HGSC of extrauterine origin, including tumors originating 
from the fallopian tube, the ovary, and the peritoneum, is the 
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most frequent histologic type of OC. In a population-based 
study from Canada, HGSC comprised 68.1% of all OC, 
whereas LGSC comprised only 3.4% of cases. HGSC and 
LGSC were further overrepresented in the group of patients 
with advanced-stage disease, in which these entities made 
up 87.7% and 5.3% of tumors, respectively [34]. Based on 
the author’s experience, these entities constitute the over-
whelming majority of OC effusions, with the remaining 
cases being CCC and CS. The presence of EC and MC in 
effusions is rare.

Serous carcinomas have highly variable morphology, 
although definite classification as LGSC vs. HGSC based on 
effusion morphology may be difficult in many cases.

LGSC are composed of cells in well-defined papillary 
structures, often with calcifications in the form of psam-
moma bodies in their core. The latter may mask the presence 
of tumor cells in the so-called psammocarcinoma (Fig. 3.1a), 
although the majority of LGSC contain fewer (if any) psam-
moma bodies and present in the form of papillary groups 
with a varying degree of atypia (Fig. 3.1b). In LGSC, atypia 
is often minimal; nuclei are round, fairly uniform and cen-

trally located; and nucleoli are small and round (Fig. 3.1c). 
Vacuolization is often seen (Fig. 3.2a, b) and may occasion-
ally create confusion with mucinous carcinoma. LGSC spec-
imens obtained post-chemotherapy may lack papillary 
architecture and form less well-defined groups that are non- 
specific for this entity or for serous carcinoma in general 
(Fig.  3.3a, b). Cells in such tumors have higher grade of 
nuclear atypia with coarse chromatin and large nucleoli. 
Nuclei are often eccentrically located.

HGSC consist characteristically of cohesive cell groups, 
some with papillary architecture, with overt high-grade 
atypia (Fig. 3.4a–c). Rarely, tumors consist mainly of large 
cell balls which may be reminiscent of breast carcinoma 
(Fig. 3.4d, e). Poorly differentiated tumors may present as 
single cells of moderate to large size and variable nuclear-to- 
cytoplasmic (n/c) ratio, including multinucleated tumor cells 
(Fig.  3.5a–c). Cells with intracytoplasmic and intranuclear 
vacuoles resembling those in breast carcinoma may be 
observed (Fig.  3.5a). Multiple mitotic figures, including 
atypical ones, are usually found (Fig. 3.5b). Phagocytosis of 
other cells may rarely be seen (Fig. 3.6a, b).

a

c

b

Fig. 3.1 (a–c) Low-grade serous adenocarcinoma (LGSC; a: so-called psammocarcinoma); (a) Diff-Quik, (b, c) H&E
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HGSC effusions are often tapped after neo-adjuvant che-
motherapy has been administered or at disease recurrence. 
Cells exposed to chemotherapy have bizarre morphology, 
with giant, often multinucleated cells that lie singly or in 
small groups consisting of few cells (Fig. 3.7a, b). Even in 
tumors with lesser atypia prior to chemotherapy, pleomor-
phic cells may be found intermingled with less atypical cells 
in papillary structures (Fig. 3.7c, d).

 Differential Diagnosis
As is true for all effusions with metastatic cancer, an impor-
tant clue to the diagnosis of malignancy is the presence of 
two cell populations, i.e., tumor cells and reactive cells. The 
latter vary considerably and may consist predominantly of 
reactive mesothelial cells, be dominated by leukocytes or 

contain large populations of both cell classes (Fig. 3.8). The 
leukocytic infiltrates are usually composed predominantly of 
macrophages and lymphocytes, but neutrophils may pre-
dominate in a minority of cases, occasionally in very large 
numbers.

Pattern recognition is essential in reaching a correct dif-
ferential diagnosis, as comprehensively reviewed by Pereira 
et al. [35].

The differential diagnosis of LGSC constitutes the 
following:

 1. Fallopian tube epithelium (mainly in peritoneal wash-
ings) or endosalpingiosis.

 2. Benign ovarian tumors located at the ovarian surface (pre-
dominantly serous cystadenofibroma).

a b

Fig. 3.2 (a, b) Vacuolization in LGSC cells; (a) PAP, (b) H&E

a b

Fig. 3.3 (a, b) LGSC post-chemotherapy showing moderate atypia; (a) PAP, (b) H&E
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 3. Serous borderline tumors, particularly when the ovarian 
capsule is breached or when the tumor originates from the 
ovarian surface.

 4. Reactive mesothelial cells (RMC) and macrophages.
 5. Malignant mesothelioma (MM).

 6. Metastatic serous carcinoma of the uterine corpus.
 7. Metastatic nongenital papillary carcinoma. These may 

essentially originate from any organ, but morphological 
resemblance is most problematic with renal and pancrea-
tobiliary adenocarcinomas.

a b

c

e

d

Fig. 3.4 High-grade serous adenocarcinoma (HGSC): (a–c) papillary group with overt atypia; (d, e) cell balls in HGSC; (a, d) Diff-Quik, (b, e) 
PAP, (c) H&E
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a

c

b

Fig. 3.5 (a–c) Dissociated HGSC cells; (a, c) Diff-Quik, (b) H&E

a b

Fig. 3.6 (a, b) Cancer cell phagocytosis. Leukocytes in giant, partially degenerated adenocarcinoma cells; (a, b) PAP
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HGSC need to be differentiated from metastases from 
other organs, primarily from lung and breast carcinoma 
within the pleural cavity and breast, genital tract, and gastro-
intestinal (GI) carcinoma in peritoneal effusions. Poorly dif-
ferentiated tumors, especially with single-lying tumor cells, 
must be differentiated from any malignant tumor, including 
carcinoma, hematological malignancies, germ cell or stro-
mal/sex cord tumors of the ovary, sarcoma, and melanoma.

Benign epithelium, benign serous tumors, and borderline 
tumors are unlikely diagnoses in the face of pronounced 
atypia but may be extremely difficult to differentiate from 
carcinomas with minimal atypia. Effusions originating from 
serous borderline tumors may have mild–moderate degree of 
atypia, making their differentiation from serous carcinoma 
essentially impossible without evaluation of the surgical 
specimen (Fig. 3.9a), although occasional tumors may have 
benign appearance (Fig. 3.9b, c).

a b

c d

Fig. 3.7 (a–d) Chemotherapy-induced alterations in HGSC cells; (a) Diff-Quik, (b) H&E, (c, d) PAP

Fig. 3.8 HGSC cell group surrounded by many reactive cells; 
Diff-Quik
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Reactive mesothelium may similarly be difficult to sepa-
rate from serous carcinoma, and a set of morphological 
characteristics rather than a single one needs to be applied 
(see Chap. 1), as even so-called specific features, such as the 
presence of intercellular windows, have been shown to be 
non-specific [36].

The diagnosis of serous carcinoma based on IHC is dis-
cussed below.

 CCC

CCC constitute about 5% of ovarian carcinomas in the 
Western world and are more common in Asian countries. In 
the author’s effusion series, approximately 3% of cases are 
of this histotype. In surgical specimens, this tumor assumes 
a variety of growth patterns, including papillary, tubulocys-
tic, solid, and hobnail patterns [37].

The morphology of ovarian CCC in effusions is as heteroge-
neous as it is in surgical specimens. Hobnailing is often present 
but may be less distinct than in surgical specimens in some 

cases. Cell groups may have papillary or tubulocystic arrange-
ment (Fig. 3.10a) and may appear as non-specific clusters com-
mon to all adenocarcinomas (Fig.  3.10b) or as open acinar 
structures with one cell layer (Fig. 3.10c). The acinar structures 
may surround an empty lumen or, more frequently, have a 
metachromatic core in Diff-Quik-stained sections (Fig. 3.10d), 
which stains eosinophilic in H&E sections. The latter structure 
is the only diagnostic feature of this tumor in effusions, as the 
remaining ones are non-specific. It was termed “raspberry 
body” by Ito et al. and shown to stain positive for PAS, Alcian 
Blue, colloidal iron, and PAS- methenamine silver. These stain 
positive for laminin and collagen type IV and were shown to 
represent excessive synthesis of basal lamina by electron 
microscopy [38]. This characteristic eosinophilic material may 
occasionally take the form of a ring (Fig. 3.10e) or diffusely 
cover the tumor cell cluster. The presence of this extracellular 
material has been highlighted as a central feature of CCC in a 
recent series of five specimens [39].

CCC cells in effusions have variable size, some attaining 
huge proportions (Fig.  3.10f). Vacuolization may be fine, 
may be in the form of large intracytoplasmic vacuoles fill-

a b

c

Fig. 3.9 (a–c) Serous borderline tumor in peritoneal effusions. (a) tumor cells with atypia; (b, c) tumor cells with minimal atypia; (a, b) Diff- 
Quik, (c) PAP

B. Davidson



57

a b

c d

e f

Fig. 3.10 (a–i) The many faces of clear cell carcinoma (CCC). (a) 
papillary group; (b) non-specific; (c) open acinar; (d) metachromatic 
material in the tumor group core; (e) metachromatic material as a ring 
in the basal aspect of the tumor group; (f) giant tumor cells; (g, h) vacu-

olization of carcinoma cells; (i) granular cytoplasm; (j) malignant 
mesothelioma groups with cores containing metachromatic material; 
(a, b, g, i) PAP, (d–f), (j) Diff-Quik, (c, h) H&E
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ing the entire cytoplasm or is altogether absent (Fig. 3.10g, 
h). In other cases, the cytoplasm is lacy or finely granular 
(Fig. 3.10i). Cells may have coarse chromatin, but this is 
more often rather fine in texture. Nucleoli are large and 
eosinophilic. Mitotic figures may be found but are only 
rarely abundant. In the abovementioned series of Damiani 
et  al., the cytoplasm was granular or clear, nuclei were 
large or pleomorphic, and hobnailing was observed in all 
cases [39].

 Differential Diagnosis
CCC of the ovary cannot be differentiated from its counter-
part in the uterine corpus or from the rare primary tumor of 
the fallopian tube based on morphology. The differential 
diagnosis otherwise includes the following entities:

 1. Serous carcinoma (genital or other) or serous borderline 
tumor with vacuolization.

 2. EC, especially with secretory features.
 3. Clear cell borderline tumor.
 4. Metastatic renal cell carcinoma.

 5. Clear cell or deciduoid variant of malignant 
mesothelioma.

 6. MC (ovarian or other).
 7. Germ cell tumors (especially yolk sac tumor).
 8. Stromal/sex cord tumors.
 9. Other tumors with clear cell features (e.g., sarcomas).
 10. Macrophages or reactive mesothelial cells.

The morphological differentiation of carcinomas from 
macrophages or benign mesothelial cells is discussed in 
Chap. 1. Non-epithelial tumors are a less likely diagnosis 
when acinar or tubular structures are found, and the finding 
of true signet-ring cells suggests that one is dealing with a 
MC rather than CCC.  As discussed above, the finding of 
extracellular metachromatic material is highly suggestive of 
CCC, although this finding should not be confused with the 
extracellular material found in MM (Fig. 3.10j) or the rare 
granulosa cell tumor (see below).

Despite the morphological clues, the use of IHC is man-
dated in some cases, especially when the primary tumor site 
is unknown. With the exception of clear cell borderline tumor 

g h

i j

Fig. 3.10 (continued)
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and the abovementioned genital counterparts of ovarian 
CCC, all tumors listed above can be differentiated from CCC 
based on IHC (see below).

 MC

MC of the ovary infrequently metastasizes to the serosal cavi-
ties. In our database, these cases constitute <1% of malignant 
effusions with an ovarian primary. Tumor cells may have non-
specific features, such as papillary groups, or form true glandu-

lar/acinar structures (Fig.  3.11a, b). Cell balls may be 
additionally seen (Fig.  3.11c). Dissociated cells are often 
found, and signet-ring morphology is evident in poorly differ-
entiated tumors (Fig. 3.11d). Mucinous carcinoma cells often 
have thick cell membrane. The cytoplasm is vacuolated, either 
finely or with large mucin vacuoles (Fig. 3.11b–f), although 
this may be difficult to appreciate in some cells. The n/c ratio is 
usually low to moderate, and nuclei do not exceed moderate 
size in most cases. Nucleolar size is variable, as is the mitotic 
activity. Larger cells, occasionally with binucleation or multi-
nucleation, may be infrequently found (Fig. 3.11e).

a b

c d

e f

Fig. 3.11 (a–f) The many faces of mucinous carcinoma (MC). (a) papillary; (b) acinar; (c) cell ball; (d, e) dissociated cells, some with signet-ring 
cell morphology; (f) small cytoplasmic vacuoles; (a, b, e) Diff-Quik, (c, d) PAP, (f) H&E
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 Differential Diagnosis
The differential diagnosis of mucinous ovarian carcinoma 
overlaps considerably with that of CCC and includes the fol-
lowing entities:

 1. MC of GI origin, including cases diagnosed clinically as 
pseudomyxoma peritonei.

 2. EC of Müllerian origin.
 3. CCC (ovarian, uterine, renal, other).
 4. Clear cell or deciduoid variant of malignant 

mesothelioma.
 5. Germ cell tumors.
 6. Macrophages or reactive mesothelial cells.

MC of the ovary cannot be morphologically differentiated 
from tumors originating in the GI tract or other primaries, 
such as breast and lung. IHC is unfortunately of very limited 
value in making the important distinction between MC of the 
ovary and metastasis from a primary in the upper GI tract, 

although it may be useful in separating mucinous OC from 
colon carcinoma (see below). In unresolved cases, clinical 
and radiological evaluation of the possible site of origin is 
critical. IHC is of more help in differentiating MC from the 
remaining entities in the above list (see below).

 EC

As its mucinous counterpart, EC of the ovary metastasizes 
infrequently to the serosal cavities, constituting approxi-
mately 1% of malignant effusions with an ovarian primary in 
our database. Metastases from tumors of mixed histology do 
metastasize to the serosal cavities, but the metastases usually 
have non-EC morphology.

Well-differentiated EC forms glandular structures that are 
reminiscent of those seen in surgical specimens from the 
ovary or the uterine corpus and even more so of endometrial 
cytology (Fig. 3.12a–c). The glands may be dilated, with an 

a b

c d

Fig. 3.12 (a–f) The morphologic spectrum in endometrioid carcinoma 
(EC). (a, b) gland structures with typical endometrial architecture; (c) 
endometrial type glands and open glands; (d) near-total absence of 

lumen; (e, f) variable atypia (papillary group in e); (g) cytoplasmic 
vacuolization; (h) dissociated cells with marked atypia; (a, f, h) Diff- 
Quik, (b, e) PAP, (c, d, g) H&E
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empty lumen in H&E sections, or have partially or totally 
obliterated lumen (Fig.  3.12c, d). Nuclei are elongated or 
oval. Nuclear atypia is variable but may be pronounced 
(Fig.  3.12e, f). Mitotic activity may be pronounced 
(Fig.  3.12c). Less differentiated tumors consist of dissoci-
ated cells, some with vacuolated cytoplasm that is indistin-
guishable from MC (Fig.  3.12g). Previous exposure to 
chemotherapy results, as in serous carcinoma, in the appear-
ance of bizarre-looking cells of variable size, some reaching 
very large proportions (Fig. 3.12h).

 Differential Diagnosis
The differential diagnosis of ovarian EC depends on the 
degree of differentiation. In well-differentiated cases, it 
includes the following:

 1. Endometriosis.
 2. Metastatic adenocarcinoma of GI or non-GI (breast, lung, 

other) origin, especially of the colon.
 3. MC of Müllerian origin.
 4. Germ cell tumors (mainly yolk sac tumor).

In poorly differentiated tumors, especially those with dis-
sociated cells, the differential diagnosis needs to include 
other tumor types, including mesothelioma, sarcoma, mela-
noma, and hematological cancers.

EC of the ovary or fallopian tube cannot be morphologi-
cally differentiated from tumors of the same type originating 
in the uterine corpus. However, EC of the uterine corpus 
rarely metastasizes to effusions, unless the tumor has invaded 
the entire wall and reached the serosal surface. In such cases, 
clinical data are essential to establishing the correct diagno-
sis. IHC cannot distinguish between EC of the ovary and 
uterine corpus. It is nevertheless useful in differentiating this 
tumor from the remaining entities in the above list (see 
below).

 Other Carcinomas

Rare cases of malignant Brenner tumor metastasis in ascites 
have been reported, in which the cells displayed squamous 
features [40, 41]. Mixed carcinomas, as abovementioned, 

e f

g h

Fig. 3.12 (continued)
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may be encountered. Undifferentiated OC commonly metas-
tasizes to effusions, and their morphology at this site is as 
non-specific as it is in the primary organ. CS metastases are 
from the epithelial component in the vast majority of cases, 
most frequently as HGSC (Fig. 3.13a–c), although the pres-
ence of sarcomatous elements has been recorded in rare 
cases [42] (see Chap. 7).

The author diagnosed a case of a primary peritoneal small 
cell carcinoma that has metastasized to the pleural cavity in 
a young woman (Fig. 3.14a–c). No hypercalcemia was pres-
ent. The tumor was positive for hormone receptors, vimentin 
and pan-cytokeratin AE1/AE3, and was negative for all IHC 
and molecular markers of hematological cancers and specific 
sarcoma entities. It proved rapidly fatal.

 Other Ovarian Tumors

Sex cord-stromal tumors of the ovary may very rarely give 
rise to a malignant effusion. Several reports of granulosa cell 
tumor of adult type in effusions have been published [43–
48]. In a recent report of two cases in ascites and pleural 
effusion, the presence of Call-Exner bodies and nuclei with 
longitudinal grooves (coffee-bean nuclei) was regarded as 
morphological evidence supporting this diagnosis [48]. A 
granulosa cell tumor of adult type in a peritoneal effusion, 
with Call-Exner bodies and coffee-bean nuclei, was seen by 
the author (Fig. 3.15a–c). A case of granulosa cell tumor of 
juvenile type in ascites was described [49], and one case of 
Sertoli-Leydig tumor at this anatomic site has been pub-

a

c

b

Fig. 3.13 (a–c) Carcinosarcoma in a peritoneal effusion. Metastasis is in the form of malignant epithelial elements (a, b) PAP, (c) H&E
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lished [50]. Immunostaining for inhibin may aid in confirm-
ing the diagnosis in such cases.

Several reports of ovarian germ cell tumors spreading to 
effusions have been published [51–57]. This group of tumors 
is discussed in Chap. 7, as they may have origin in organs 
other than the ovary.

Sarcomas of the ovary are rare tumors, and their metastasis 
to effusions is still less frequently observed, with publications 
limited to case reports, including the author’s report of ovarian 
angiosarcoma metastasis in ascites [58] (see Chap. 7) and a 
single report of ovarian adenosarcoma in ascites [59].

 Ancillary Techniques

The differentiation of OC from other malignancies, and 
occasionally from the abovementioned benign prolifera-
tions, requires ancillary methods. OC cells carry a large 

number of genetic aberrations at both the chromosome and 
gene level (see Chap. 9). However, none of these has been 
universally accepted to be useful in diagnosing this tumor. 
Consequently, molecular tests may aid only in excluding 
other diagnoses. For all practical purposes, IHC is the method 
of choice in this diagnostic setting.

Evaluating published data regarding the IHC profile of 
OC in effusions is made difficult by the fact that many stud-
ies have analyzed adenocarcinomas of various origin, often 
with only few OC specimens included. Another limitation is 
the fact that the histological type of the OC cases studied is 
rarely detailed in older studies. One may assume that the 
majority of cases analyzed in this setting are serous carcino-
mas, making the literature regarding CCC and EC in effu-
sions very scarce. Nevertheless, the more robust positive and 
negative diagnostic markers are generally similarly expressed 
in surgical specimens and in effusions, allowing one to rely 
on studies of the former specimens as well. The following 

a

c

b

Fig. 3.14 (a–c) Primary peritoneal small cell carcinoma, metastasis in a pleural effusion. Small cells with high n/c ratio, predominantly dissoci-
ated, few in small clusters. (a, b) Diff-Quik, (c) PAP
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discussion attempts to summarize the current status in this 
area, focusing on studies in which at least ten tumors of each 
diagnostic category were included.

 Serous OC Vs. MM and RMC

The most useful positive markers of OC in this differential 
diagnosis include Ber-EP4, B72.3, and BG8 as general ade-
nocarcinoma markers [60–63] (Fig. 3.16a–c) and PAX8 as 
marker of Müllerian origin (Fig. 3.16d) [64–67]. MOC-31 
and EpCAM antibodies recognize the epithelial surface mol-
ecule EpCAM (Fig. 3.16e), as does Ber-EP4, and are favored 
by some authors. These markers are highly sensitive and spe-
cific in differentiating OC from RMC. However, it is note-
worthy that epithelioid MM not infrequently expresses 
Ber-EP4 and MOC-31, at least focally. Two additional 
OC-specific markers in this setting are estrogen receptor 

(ER) (Fig. 3.16f) and Leu-M1, although the sensitivity of the 
latter is lower than that of the abovementioned markers [60–
62]. Additional markers reported to be overexpressed in OC 
compared to MM and/or RMC in effusions include PAX2, 
CA 19-9, MUC4, claudin-3, claudin-4, cyclin E, non- integrin 
67  kDa laminin receptor, MMP7, and CD24 [67–76] 
(Fig. 3.17a–d; see also Chap. 9).

The most useful mesothelial marker is calretinin, which 
stains the overwhelming majority of MM and RMC.  It is 
infrequently expressed in serous carcinoma and then only 
focally [77–79]. Desmin is expressed in RMC and is absent 
from OC, making it very useful for this differential diagno-
sis. However, it is negative or only focally expressed in 
MM [77].

The author’s group reported on the potential role of tenas-
cin- X in differentiating MM from OC in effusions and solid 
specimens, as it is overexpressed in the former tumor 
(Fig. 3.18a, b) [78], and the same was reported for hyaluronic 

a b

c

Fig. 3.15 (a–c) Granulosa cell tumor, adult type, in a peritoneal effusion. Nondescript tumor groups are seen (b, upper part), but typical acinar 
structures with metachromatic/eosinophilic core are easily discerned (a): H&E, (b, c): Diff-Quik
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acid [80]. Epithelial membrane antigen (EMA) is expressed 
in MM in a characteristic thick brush-like membrane pattern, 
whereas it usually stains OC in a combined membrane and 
cytoplasmic pattern (Fig.  3.18c). However, exceptions do 
occur (Fig. 3.18d) [78],  making this marker unreliable as a 

single one. RMC are as a rule EMA-negative or express it 
weakly in their cytoplasm.

Loss of BAP1 (BRCA1-associated protein 1) expression 
has been reported to be specific for MM in the differential 
diagnosis from both RMC and metastatic carcinoma [81–83].

a b

c d

e f

Fig. 3.16 (a–f) Immunohistochemistry, carcinoma markers. (a) Ber-EP4, (b) B72.3, (c) BG8, (d) PAX8, (e) MOC-31, (f) ER
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Of the markers that are of no diagnostic use in this setting, 
CEA is the best example of one that is negative in all three 
entities [84], whereas CA 125, Wilms’ tumor antigen 1 
(WT1), pan-cytokeratin, CK5/6, CK7, and vimentin are 
expressed in all three (Fig. 3.19a–d) [77, 84, 85]. HBME-1 is 
expressed in both OC and MM [86].

One unresolved issue is related to antibodies against the 
lymphatic marker podoplanin. In analysis of 290 effusions, 
the author showed that D2–40 performed poorly in the dif-
ferential diagnosis between OC and MM (Fig. 3.20a, b) [87]. 
Hanna et al. used another antibody against podoplanin and 
reported expression in 94% MM vs. 7% OC in a smaller 
series [88]. Whether this antibody is more specific than the 
one used in our series remains to be tested in larger series, 
although these two antibodies were reported to perform simi-
larly in surgical specimens [89].

 Serous OC Vs. Fallopian Tube Epithelium, 
Endosalpingiosis, Benign Serous Ovarian 
Tumors, and Serous Borderline Tumors

These benign entities and serous borderline tumors have 
similar expression pattern of many of the abovementioned 
markers (Fig.  3.21a). This makes it necessary to obtain 
detailed clinical and radiological data of cases in which the 
degree of atypia of papillary groups in effusion is minimal or 
mild and occasionally to wait for evaluation of the surgical 
specimen prior to reporting the effusion, especially when the 
material for evaluation is a peritoneal washing. Based on the 
experience of the author, B72.3 is the best marker for distin-
guishing OC and borderline tumors from benign entities but 
does not differentiate between the former two (Fig. 3.21b). 
Aberrant p53 expression (strong nuclear staining in >75% of 

a b

c d

Fig. 3.17 (a, b) New potential markers for ovarian/peritoneal carcinoma. (a) MUC4 (membrane and cytoplasm), (b) cyclin E (nuclei), (c) claudin-
 4 (membrane), (d) CD24 (membrane)
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cells or entirely negative staining) favors HGSC over LGSC, 
borderline tumors, and benign proliferations, but its diagnos-
tic role is primarily in differentiating HGSC from LGSC 
(Fig. 3.21c, d). It remains to be seen whether some of the 
new markers listed above will prove to be a useful addition to 
B72.3.

 Serous OC/PPC Vs. Other Metastatic 
Carcinomas

There is little data with respect to expression differences 
between serous OC and serous carcinoma of the uterine 
 corpus in effusions. However, WT1 has been shown to dif-
ferentiate between these lesions in surgical specimens, as it 
is often only focally expressed in uterine serous carcinoma 
[90, 91]. The combination of WT1 and MUC5AC was 

reported to differentiate between pancreatic serous carci-
noma (WT1- negative, MUC5AC-positive) and OC (WT1-
positive, MUC5AC-negative) in 100% of studied specimens 
[92]. A pilot study by the author supports this observation 
(Fig. 3.22a, b). WT1 is generally negative in non-serous ade-
nocarcinomas of female genital origin, as well as in the 
majority of carcinomas of other origin (see also Appendix in 
this book).

In addition to its role in differentiating OC from RMC and 
MM, PAX8 differentiates OC and uterine carcinomas from 
metastatic carcinomas of other origin, including breast, lung, 
and GI primaries [65–67]. In the series of Wiseman et al., 
cell block sections from 54 Müllerian and 98 non-Müllerian 
carcinoma effusions were stained for PAX2 and PAX8, and 
expression of these proteins was found in 24 and 96% of the 
former, compared to 0 and 4% of the latter, suggesting that 
both markers may be useful in this diagnostic setting [67].

a b

c d

Fig. 3.18 (a, b) Tenascin-X in the differential diagnosis between 
mesothelioma and serous ovarian carcinoma. (a) Tenascin-X-positive 
epithelioid mesothelioma, (b) negative staining in serous carcinoma (c, 

d) EMA in HGSC. (c) combined cytoplasmic and membrane staining, 
typical for adenocarcinoma; (d) accentuated membrane staining which 
mimics the pattern seen in malignant mesothelioma.

3 Ovarian Cancer
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a b

c d

Fig. 3.19 (a–d) Non-specific markers. (a, b) WT-1. WT-1 immunostaining in HGSC (a) and malignant mesothelioma (b); (c, d) cytokeratins. 
CK7 (c) and CK5/6 (d) in ovarian carcinoma

a b

Fig. 3.20 D2–40. Staining in seen in serous ovarian carcinoma (a) and in malignant mesothelioma (b)
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a b

c d

Fig. 3.21 Immunohistochemistry as differentiator between serous borderline tumor, LGSC and HGSC. (a) Ber-EP4; (b) B72.3 in serous border-
line tumor; (c) aberrant p53 in HGSC; (d) wild-type p53 in LGSC

a b

Fig. 3.22 MUC5AC. (a) Expression is seen in metastatic pancreatic carcinoma; (b) negative staining in HGSC

3 Ovarian Cancer
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Data regarding the differential diagnosis between renal 
and ovarian carcinomas is predominantly from studies of 
CCC (see below).

 CCC

Large series focusing on the immunophenotype of CCC in 
effusions are rare, as this tumor is only infrequently found at 
this anatomic site. Based on studies of tissue sections, CCC 
are usually WT1-negative and ER-negative, a characteristic 
that aids in their differentiation from serous carcinoma (both 
markers) and endometrioid carcinoma (ER) [93].

Hepatocyte nuclear factor-1β (HNF-1β) was shown to 
be a CCC-specific marker that does not stain serous, endo-
metrioid, or mucinous OC in a series of 21 effusions [94]. 
The author’s experience only partly concurs with this 
 observation. HNF-1β does stain the majority of CCC and 
is negative in the majority of serous carcinomas 
(Fig. 3.23a, b). However, EC of both ovarian and uterine 

origin are often stained, as are carcinomas of other origin 
[95]. Napsin A is another useful marker supporting the 
diagnosis of CCC, as is loss of ARID1A (Fig. 3.23c, d), 
though the latter is also seen in EC.

Differentiation of CCC from clear cell borderline tumor 
may be impossible, as is the case with serous tumors. 
However, this is an exceedingly rare problem in effusion 
cytology. Markers that have been shown to be useful in sepa-
rating renal from ovarian CCC in tissue sections are renal 
cell carcinoma antigen (RCC) and CD10 as markers of the 
former and CK7 (and ER and PR, when expressed) as marker 
of the latter [96, 97]. Mesothelin is another marker that may 
be useful in this context, as it is expressed in OC but not in 
RCC [96]. PAX2 and carbonic anhydrase IX were shown to 
stain CCC of both origins and is therefore of little use in this 
context [98–100].

Differentiation of CCC from carcinomas of other origin, 
benign or malignant mesothelial cells, non-epithelial can-
cers, and macrophages is fairly easily achieved applying the 
panels discussed elsewhere in this book.

a b

c d

Fig. 3.23 (a, b) HNF-1β in ovarian carcinoma. CCC cells are strongly stained at the nucleus, whereas a serous carcinoma stains focally at the 
cytoplasm, with very weak nuclear staining in isolated cells. (c) Napsin A expression in CCC. (d) Loss of ARID1A in CCC
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 MC

As stated above, differentiation of mucinous OC from 
other mucinous carcinomas based on IHC may be diffi-
cult. Differentiation of this tumor from colorectal carci-
noma is often possible based on CK7/CK20 expression, as 
mucinous OC are CK7+/CK20- or CK7+/CK20±, whereas 
colorectal carcinomas are CK7−/CK20+. Exceptions do 
occur, however. Upper GI carcinomas may have the same 
CK7/CK20 expression pattern as mucinous OC does. 
CEA, CDX2, and villin are expressed both ovarian and 
non-ovarian MC based on the author’s experience, 
although CDX2 expression is generally more widespread 
in the latter. SATB2 may be helpful in this differential 
diagnosis as a colorectal carcinoma marker, but no studies 
of effusion specimens investigating this marker have been 
published to date.

As is true for the other types of OC, differentiation from 
mucinous borderline tumor may be impossible but is fortu-
nately rarely needed.

Differentiation of mucinous from other types of OC is 
easier using markers specific for the former, including CEA 
(may be focally expressed in ovarian EC but not diffusely as 
in mucinous OC) and CDX2, as well as negative markers 
such as WT1 and ER. HNF-4α was reported to be mucinous 
OC-specific in this differential diagnosis [101].

As is the case for CCC, differentiation of MC from benign 
or malignant mesothelial cells, non-epithelial cancers, and 
macrophages is generally easy using sufficiently broad pan-
els, as discussed elsewhere in this book.

 EC

As is true for all non-serous carcinomas, guidelines for choos-
ing the relevant IHC panel are largely based on studies of surgi-
cal specimens. EC express ER and PR and are WT1- negative 
[93], whereas CEA expression is focal or absent, features that 
help in the differential diagnosis from other OC histotypes, as 
well as from metastatic tumors. For the latter, addition of 
CDX2, SATB2, CK7, and CK20 to the panel may be useful.
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Breast Carcinoma

Fernando Schmitt and Ben Davidson

 Introduction

Breast cancer is the most commonly diagnosed malig-
nancy in women in the majority of countries, with an esti-
mated 1.7 million new cases and 521,900 deaths in 2012. 
Disease incidence is highest in North America, Western 
and Northern Europe, Australia, and New Zealand [1]. In 
the USA, 61% of new breast cancer cases are diagnosed 
while localized, 31% are diagnosed in a regional stage, 
and 6% have already metastasized to distant sites at diag-
nosis (stage unknown in the remaining 2%) [2]. Breast 
cancer metastasizes most often to axillary lymph nodes 
but may involve any organ. Tumor spread to the serosal 
surfaces is common in patients with metastatic disease, 
involving primarily the pleural cavity [3, 4] and occasion-
ally the pericardial and peritoneal cavities [5–7]. Breast 
carcinoma was reported to be the most common tumor 
diagnosed in pleural effusion in women in a large study of 
584 effusions, constituting 37.4% of cases [8]. The risk 
for metastasis to the pleural or pericardial cavity has been 
reported to be fourfold for patients with invasive carci-
noma of no special type (NST) located in the inner breast 
quadrants compared to the outer ones [9]. Pleural effu-
sions may occur at any point during the clinical course 
and may be the presenting sign of malignancy and/or the 
sole manifestation of metastatic disease [3, 4, 10, 11].

The large majority of effusions in breast cancer patients 
are the result of involvement of the pleural surfaces by solid 
metastases. However, the presence of a pleural effusion in a 
patient with breast cancer does not necessarily imply pleu-
ral metastasis. Clinically, effusions that are hemorrhagic 
and recurrent and that re-accumulate rapidly after drainage 
are highly suspicious to be secondary to cancer. Although 
the presence of tumor cells within the pleural space and 
surface may cause an increase in the amount of pleural fluid 
secondary to increased oncotic pressure and inflammation-
related effects that cause increased capillary permeability, 
the latter also secondary to production of vascular endothe-
lial growth factor (VEGF), most large effusions are due to 
obstruction of the pleural lymphatics, preventing the reab-
sorption of pleural fluid.

 Diagnosis

About 75% of malignant effusions in breast cancer 
patients are symptomatic. More than 50% of patients 
complain of dyspnea of varying degree, depending on the 
size of the effusion. Any new unilateral pleural effusion in 
a patient with a history of breast cancer and without 
known metastatic disease justifies diagnostic needle tho-
racocentesis. Similarly, bilateral effusions in a patient 
with no history of congestive heart failure or other medi-
cal causes of bilateral effusions should be aspirated. The 
vast majority of malignant effusions are exudative, and 
the fluid should always be sent for cytological examina-
tion. Cytologic evaluation of pleural fluid has a higher 
sensitivity than needle biopsy for the diagnosis of malig-
nant effusions [12]. In patients who are ultimately diag-
nosed with a malignant effusion, the cytologic detection 
of cancer cells in effusions can generally be made with the 
submission of two samples. If the initial specimen is sus-
picious but not conclusive for malignancy, it is easy to 
obtain a repeat sample because the malignant fluid rapidly 
re-accumulates.

F. Schmitt, M.D., Ph.D., F.I.A.C. (*) 
Department of Pathology and Oncology, Medical Faculty of Porto 
University, Porto, Portugal 

Molecular Pathology Unit, Institute of Pathology and Molecular 
Immunology of Porto University, IPATIMUP, Porto, Portugal 

International Academy of Cytology, Freiburg, Germany
e-mail: fschmitt@ipatimup.pt; fernando.schmitt@ipatimup.pt 

B. Davidson, M.D., Ph.D. 
Department of Pathology, The Norwegian Radium Hospital, Oslo 
University Hospital, Oslo, Norway

Faculty of Medicine, Institute of Clinical Medicine,  
University of Oslo, Oslo, Norway
e-mail: bend@medisin.uio.no; bdd@ous-hf.no

4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-76478-8_4&domain=pdf
mailto:fschmitt@ipatimup.pt
mailto:fernando.schmitt@ipatimup.pt
mailto:bend@medisin.uio.no
mailto:bdd@ous-hf.no


76

 Morphology

The cytology of a malignant effusion may be highly vari-
able. In some cases, there is an obvious abnormal popula-
tion of cells distinct from mesothelial cells, macrophages, 
and other inflammatory cells. Evaluation of the slides at 
low amplification allows for easy distinction of these cells 
from the nonneoplastic reactive constituents of an effu-
sion. This is the most common presentation of breast car-
cinoma cells in effusions (Fig. 4.1a, b). In other specimens, 
a population of abnormal cells is present that is difficult to 
distinguish from mesothelial cells. The cells may be in 
aggregates or single and sometimes the atypia is not so 
severe. This feature may be misinterpreted as benign, 
resulting in false-negative diagnosis. This is mainly, but 
not exclusively, seen with metastases from breast carci-

noma of the lobular subtype (Fig. 4.2a, b). A third pattern 
is characterized by a background population of inflamma-
tory and mesothelial cells that are so predominant that 
rare neoplastic cells may be missed. Alternatively, speci-
mens may be sparsely cellular with respect to both malig-
nant and reactive cells (Fig. 4.3a, b). These three patterns 
have been observed in cytology of breast cancer in effu-
sions by several authors [12–16].

The main challenge to reaching a correct diagnosis is due 
to the degree of cytological overlap between benign/reactive 
processes and between malignancies of diverse origins. This 
is usually not a problem in patients with a previous history of 
breast cancer in which the effusions appear during disease 
progression. However, the cytological categorization of an 
effusion can be of the utmost importance in patients in which 
an effusion is the presenting symptom of an unknown under-

a b

Fig. 4.1 (a, b) Groups of breast carcinoma cells in a reactive background, predominantly with lymphocytes and mesothelial cells; a: PAP, b: 
Diff-Quik

a b

Fig. 4.2 (a, b) Dissociated medium-sized tumor cells with little atypia, which may mimic reactive mesothelial cells; a: Diff-Quik, b: PAP
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lying malignancy as first manifestation of the disease. In this 
case, it is worthwhile to remember that breast and lung car-
cinomas are the most common causes of pleural effusions, 
although gastric and ovarian carcinomas are the most com-
mon causes of ascites [12–16].

General aspects related to the morphology of breast cancer 
cells in effusions are similar to those pertaining to adenocarci-
nomas of other origin in effusions, and in most cases we can 
identify two cell populations—the reactive ones and the 
malignant ones. However, as highlighted in Table 4.1, several 
clues may direct us to consider the breast as the organ of origin 
for carcinoma cells in effusions, including the presence of cell 
balls, acini, and intracytoplasmic lumina, as well as detection 
of many single malignant cells and tumor cell chains.

Carcinoma cells may be present singly or in clusters that 
may deviate in size from few cells to large three-dimensional 
cell balls or cannonballs (Fig. 4.4a–c). Typically the edges of 
the cell balls are smooth, although they may appear knobby, 
similar to those seen in mesothelial cells (Fig. 4.4c). One of 
the main cytological features of adenocarcinoma cells is 
increased nuclear-to-cytoplasmic (n/c) ratio. The nuclei in 
the cell balls show considerable overlapping and crowding 
(Fig. 4.5). Cell-in-cell cannibalism which is indicative of a 
malignant population in general, and not specifically of ade-
nocarcinoma, may be seen.

One of the authors diagnosed a rare case in which tumor 
cells had a ciliated columnar morphology with minimal 
atypia (Fig. 4.6a, b).

Proliferation spheres, similar to those formed by a stem 
cell-like population of CD44+CD24−/low breast cancer cells, 
originally identified in cells from metastatic pleural effusions 
of breast carcinoma patients, may be present and aid in diag-
nosing the tumor as breast carcinoma [17]. These round- to- 
irregular groups of cells without stromal cores are solid or 
hollow (Fig.  4.7a, b), in comparison to those observed in 
mesothelioma, which often show cores (Fig. 4.7c, d). Some 
authors use the term tissue fragments to highlight the fact that 
they are true fragments formed in vivo rather than physical 
aggregations secondary to in vitro processing factors [16]. The 
neoplastic cells of adenocarcinoma in the proliferation spheres 
may show ill-defined gland formations. The cytomorphologi-
cal details are best observed in the cells along the periphery of 
such groups, with additional details from the single neoplastic 
cells also present in the background.

Most of the morphological descriptions of breast carci-
noma cells in effusions are of invasive carcinoma, NST, 
previously termed invasive ductal carcinomas. These carci-
nomas tend to produce large cell balls with smooth borders 
and acini and have typically eccentric nuclei with high n/c 
ratios. Although the presence of tumor cell chains, intracy-
toplasmic lumina, and single malignant cells may suggest a 
lobular subtype, these are not completely reliable indica-
tors. In general, lobular carcinomas present with cells that 
are quite monotonous, with high n/c ratio and fairly uni-
form bland nuclei. There are few descriptions in the litera-
ture concerning the particular cytological aspects of breast 
carcinomas of different histological subtype in effusions 
[18]. There have been, however, rare reports of pseudomyx-
oma peritonei secondary to mucinous carcinoma of the 
breast [13, 14, 16].

a b

Fig. 4.3 (a, b) Sparsely cellular specimen with isolated carcinoma cells, which was originally reported as benign; a: Diff-Quik, b: PAP

Table 4.1 Cytomorphological features suggestive of breast primary 
site in metastatic effusions

Architecture-based feature Individual cell features
1.  Tridimensional round cell 

groups—proliferation spheres 
with sharp edges

1.  Targetoid intracytoplasmic 
vacuole containing 
secretion

2. Acini/glands 2. Signet-ring cells
3.  Carcinoma cells in chains and 

rows
3.  Single and small cells 

(lobular)
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 Differential Diagnosis

There are three main entities from which breast carci-
noma cells on effusions should be distinguished: reac-
tive mesothelial cells, malignant mesothelioma, and other 
adenocarcinomas.

The distinction of adenocarcinoma from reactive meso-
thelial cells can be a challenging cytological distinction, par-
ticularly in long-standing effusions with reactive mesothelial 
atypia and in cases of involvement of the pleural cavity by 
lobular breast carcinoma. In most cases, the individual carci-
noma cells show features of malignancy. The cells have high 
n/c ratio with irregularly shaped nuclear membranes with 
rounded contours. They may also demonstrate variable 
degrees of nuclear pleomorphism and multinucleation with 
atypia. The nuclei are usually eccentric with nucleoli that 

a

c

b

Fig. 4.4 (a–c) Cell balls in breast carcinoma. The outer surface is smooth in a and b, knobby or irregular in c; a, b: PAP, c: H&E

Fig. 4.5 Breast carcinoma cell ball with overlapping nuclei; 
Diff-Quik
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a b

Fig. 4.6 (a, b) Ciliated breast carcinoma cells with little atypia in pleural effusion; a: Diff-Quik, b: PAP

a b

c d

Fig. 4.7 (a–d) Proliferation spheres. In breast carcinoma (a, b), spheres are often hollow, whereas in malignant mesothelioma they have a core 
with proliferation of smaller lumina (c) or accumulation of extracellular material, occasionally with spindle cells; a–d: H&E
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may be less prominent compared to other types of adenocar-
cinoma. The cytoplasmic boundaries may be sharply defined. 
The presence of true three-dimensional aggregates with 
rather smooth outlines is strongly suggestive of malignancy 
in these cases. The true three-dimensional aggregates char-
acteristic of breast carcinoma (cell balls) appear as many 
overlapping nuclei with an ill-defined cytoplasm. Because 
carcinoma cells typically have a high n/c ratio, it appears as 
though there are too many nuclei for the given amount of 
cytoplasm. In contrast, in the cellular aggregates associated 
with reactive mesothelial cells, the cytoplasm is more abun-
dant, and the nuclei are not as numerous nor as overlapping. 
In lobular carcinomas, sometimes the predominance of one 
type of cells, with less atypia, is a reason for the difficulty in 
differentiating tumor cells from mesothelial cells. In lobular 
carcinoma cells, it is not rare to find a single cytoplasmic 
vacuole pushing the nucleus to the cell periphery (Fig. 4.8). 
However, degenerative changes in mesothelial cells may 
result in a single large cytoplasmic vacuole. The lack of 
nuclear atypia is an important clue. Additionally, the  presence 
of a secretory vacuole with sharp outline with secretions, 
giving a targetoid appearance, was reported to be highly sug-
gestive of breast carcinoma.

Although clinically, the distinction between mesotheli-
oma and a secondary effusion from metastatic breast carci-
noma is an extremely rare condition, the morphological 
distinction can be posed in some situations, since the inci-
dence rate of mesothelioma in females is not negligible [19]. 
As is true for other adenocarcinomas, the presence of acinar 
formations, overt features of malignancy such as high n/c 
ratios, irregular nuclear borders, atypical mitoses, and cell 
balls with smooth or less often scalloped edges is more fre-
quently observed in cytology specimens of adenocarcinoma 
than in mesothelioma. The presence of proliferative spheres 
without stromal cores also favors breast carcinoma.

Breast carcinoma should be differentiated from other ade-
nocarcinomas, mainly those originating from the ovary, lung, 
or stomach. Although ovarian carcinomas can show large 
cell balls with smooth edges like breast carcinoma, ovarian 
carcinoma cells in general have abundant large vacuoles that 
push the nuclei to a perimembranous location. Papillary for-
mation, mucin, and psammoma bodies that may be present in 
ovarian carcinomas are generally absent in breast carcinoma 
effusions. Effusions associated with lung adenocarcinoma 
have variable morphology, depending on the appearance of 
the primary tumor and the degree of differentiation. Papillary 
clusters, acini, tridimensional aggregates, and single cells 
may be seen. More pronounced pleomorphism, presence of 
mucin, and rare formation of cell balls are the main differen-
tiating characteristics from breast carcinoma. Cells of lobu-
lar carcinoma have a tendency to form small, caterpillar-like 
chains similar to those commonly seen in small-cell carci-
noma. However, in the latter tumor, cells lack visible cyto-
plasm, and the nuclei are more hyperchromatic than in 
lobular carcinoma cells. Finally, gastric carcinoma cells, 
especially with signet-ring appearance, need to be differenti-
ated from lobular carcinoma cells in effusions. In general, 
the cells in gastric adenocarcinoma are larger and more pleo-
morphic than those seen in breast carcinoma.

 Ancillary Techniques

The use of ancillary techniques to distinguish reactive meso-
thelial cells from mesothelioma and adenocarcinoma in effu-
sions is discussed in different sections of this book. Here we 
wish to highlight some techniques used to identify breast 
origin in malignant cells in effusions.

As most adenocarcinomas, breast carcinoma cells in effu-
sions are positive for epithelial markers like cytokeratins 
(CK), including, among others, pan-CK, CK7, and CK8, as 
well as MOC-31, Ber-EP4, B72.3, and CEA (Fig. 4.9a–c). It 
was reported that MOC-31 exhibits superior reactivity com-
pared to Ber-EP4 in detecting invasive breast carcinomas of 
both lobular type and NST in effusions, whereas these two 
antibodies perform similarly in detecting other adenocarci-
nomas [20].

In our hands, CEA, though not very sensitive, is highly 
specific for malignancy and allows the detection of rare 
tumor cells intermixed with inflammatory and mesothelial 
cells (Fig. 4.9d).

A word of caution is mandated regarding CK5, a marker 
used to characterize mesothelial cells, because a very aggres-
sive subset of breast carcinomas, the so-called basal-like 
subtype, is also positive for this marker [21] (Fig. 4.9e).

Gross cystic disease fluid protein (GCDFP-15), mam-
maglobin, and GATA-3 are three markers considered as 
helpful to confirm a diagnosis of metastatic breast carci-

Fig. 4.8 Lobular carcinoma cells with a single cytoplasmic vacuole 
pushing the nucleus to the cell periphery; Diff-Quik
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a b

c d

e f

Fig. 4.9 (a–j) Immunohistochemistry. Breast carcinoma cells express B72.3 (a), Ber-EP4 (b), CK7 (c), CEA (d), CK5/6 (e), GCDFP-15 (f), 
mammaglobin (g), GATA-3 (h), ER (i), PR (j), and HER2 (k)

4 Breast Carcinoma



82

noma in effusions (Fig. 4.9f). GCDFP-15 is a glycoprotein 
originally  isolated from human gross cystic disease fluid 
that has been used as marker for breast carcinoma. When 
applied to effusions, GCDFP-15 has shown poor sensitivity 
(47–56%) [22, 23]. Although considered highly specific, 

GCDFP-15 can be expressed in a subset of lung adenocar-
cinoma [24, 25].

Mammaglobin is a 93 amino acid glycoprotein with 
homology to other secretoglobin-uteroglobin fam-
ily  members. Mammaglobin was originally identified 

g h

i

k

j

Fig. 4.9 (continued)
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as a breast cancer-restricted biomarker by differential 
screening, and subsequent studies have focused on fur-
ther elucidating its function and expression profile [26]. 
Although data have been accumulating regarding the 
clinical utility of mammaglobin as a biomarker for diag-
nostic purposes, few reports have focused on its utility 
in identifying metastatic breast cancer. Mammaglobin is 
expressed in 48–72% of breast carcinomas (Fig. 4.9g) but 
also in 11–39% of endometrial carcinomas, 40% of sweat 
gland carcinomas, 20% of salivary gland tumors, and rare 
lung adenocarcinomas [26–28]. A comparative analysis 
of GCDFP-15 and mammaglobin in tissue sections found 
the latter more sensitive but less specific than GCDFP-15, 
staining approximately 8% of non- breast tumors, particu-
larly endometrioid carcinomas [27]. These results suggest 
that mammaglobin is a valuable diagnostic marker for 
metastatic carcinoma of breast origin, although endome-
trial carcinoma should be considered in the differential 
diagnosis of mammaglobin-positive adenocarcinoma. In 
body fluids there are two studies examining the value of 
mammaglobin as a marker for breast carcinoma, showing 
a sensitivity of 55% and 87% [22, 29].

More recently, GATA-3 was described as a new marker 
of breast carcinoma origin in metastasis [30–32]. GATA- 
binding protein 3 (GATA3) is a member of the zinc finger 
transcription factor family that plays an essential role in 
regulating mammary gland morphogenesis and normal 
development of urothelium and a subset of lymphocytes 
[31]. GATA-3 has recently emerged as a multi-specific but 
successful marker for breast and urothelial carcinomas in 
surgical and cytology specimens [32]. GATA3 and estrogen 
receptor (ER) are involved in a cross regulatory loop and 
are frequently coexpressed in breast carcinomas. However, 
there are studies demonstrating that subsets of “triple-neg-
ative” breast carcinomas (negative for ER, progesterone 
receptor [PR], and human epidermal growth factor 2 
[HER2]) also stain for GATA3 [31, 33]. This has important 
implications for confirming metastatic breast carcinoma in 
patients who have primary and/or metastatic tumors that 
are negative for ER, PR, and HER2. In pleural effusions, 
GATA3 is reportedly more sensitive than both GCDFP-15 
and mammaglobin as a marker of metastatic breast cancer 
[30, 31] (Fig. 4.9h). The sensitivity of GATA3 for detecting 
metastatic breast carcinomas in effusions is around 95% 
with a specificity of 89%, including for triple-negative car-
cinomas [31, 32]. However, although GATA3 positivity 
may be very supportive of the involvement of an effusion 
by a breast carcinoma, besides urothelial carcinoma, a 
small percentage of other tumors can exhibit GATA3 posi-
tivity, including Mullerian, pancreatobiliary, lung, and gas-
trointestinal tract primaries [31]. GATA3 should therefore 
always be used as part of a panel to help rule in or rule out 
other primary sites. Another word of caution is that GATA3 

stains lymphocytes. In cases with rare tumor cells against 
an inflammatory background, the interpretation of the 
staining can be challenging [32].

Detection of estrogen receptor (ER) may aid in identify-
ing metastatic breast carcinoma cells in effusions (Fig. 4.9i). 
However, although mesothelial cells are ER-negative, other 
malignancies, such as gynecological carcinomas originating 
in the vulva, vagina, cervix, endometrium, ovary, and fallo-
pian tube, are often ER-positive. ER positivity can be helpful 
in pointing to a breast or gynecologic origin, but it is impor-
tant to remember that some pulmonary adenocarcinomas 
may express ER [34]. Additionally, breast carcinoma cells in 
effusions are not infrequently hormone receptor-negative. 
Progesterone receptor (PR) may be expressed (Fig. 4.9j) but 
is less specific.

Another marker expressed by 15–20% of breast carcino-
mas is HER2. The overexpression of this tyrosine-kinase 
receptor detected by immunostaining or the amplification of 
the gene detected by in situ hybridization can be useful to 
distinguish breast carcinoma cells from mesothelioma and 
reactive mesothelial cells (Fig. 4.9k), but other carcinomas 
may be positive, as, for example, ovarian, gastric, lung, and 
pancreatic carcinoma. Discrepancies in HER2 expression 
between the primary breast carcinoma and breast carcinoma 
effusions have been reported and reinforce the need to ana-
lyze the effusion specimen rather than the primary tumor 
when the former is present, in much the same way as it is 
done for solid metastases [35–38].

Several cancer-associated molecules have been reported 
to be highly expressed in breast carcinoma cells in effusions, 
some of which are upregulated at this anatomic cite com-
pared to primary breast carcinoma ([39–43]; see Chap. 10 of 
this book). However, none of these molecules appears to 
have with immediate applicability in the diagnostic setting. 
More recently, comparative analyses of breast carcinoma and 
other carcinomas in effusions using high-throughput tech-
nology have revealed a larger number of genes and proteins 
that are differentially expressed among these cancers ([44, 
45]; see Chap. 10). It is hoped that some of these markers 
may be applied to the differential diagnosis between these 
tumors in effusions in the near future.
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Malignant Mesothelioma

Claire W. Michael

 Introduction

While malignant mesothelioma is a relatively rare neoplasm, 
it provokes a lot of anxiety due to its poor prognosis, the 
litigation that follows such a diagnosis, and the difficulty 
in establishing the diagnosis itself. Mesothelioma presents 
with a large serosal effusion in over 90% of patients [1], a 
fact that situates cytology as the primary mode of evalua-
tion and diagnosis. Previous guidelines by the International 
Mesothelioma Interest Group (IMIG) for the diagnosis and 
treatment of mesothelioma shed doubt on the role of cytol-
ogy in the definitive diagnosis of mesothelioma and hence 
the need for tissue biopsy despite ample literature to the con-
trary [2]. However, recent guidelines published by several 
groups acknowledged that cytology can have a role in this 
diagnosis, and consequently supplemental guidelines for the 
cytopathologic diagnosis in effusions were published [3–6].

 Epidemiologic and Mineralogical Aspects

Malignant mesothelioma is one of very few malignancies 
directly associated with exposure to a natural substance. The 
reported rate of asbestos exposure in patients with mesothe-
lioma has ranged between 15% and 80%. This wide range is 
primarily attributed to the methodology of taking history and 
asking the right questions as well as inaccurate histories 
sometimes provided by family members. It is now well 
established that asbestos exposure can be documented in 
over 80% of cases [1]. Not only direct exposure is implicated 
in mesothelioma; secondary exposure of family members 
has been documented as well to cause mesothelioma in the 
spouses and children of asbestos workers. It is believed that 
asbestos fibers are carried on their clothes, etc. Despite the 

well-documented association of asbestos and mesothelioma, 
the threshold of exposure is not known yet, in part because of 
the long latency period between exposure and the develop-
ment of symptoms (at least 20  years), decades from the 
exposure, and the far higher prevalence of lung carcinoma 
with asbestos exposure [7]. In a study by Roggli et al., the 
authors compared the number of asbestos bodies from 
patients who died of mesothelioma versus those who died of 
other diseases and found no correlation with development of 
the disease [8].

Other causes for mesothelioma have also been reported, 
albeit very rarely. These include history of radiation and 
exposure to beryllium, nickel and silica dust, and fiberglass. 
Few patients may genuinely have no history of exposure [7].

Historically, the use of asbestos has been reported as early 
as 3000 BC. Its fire-resistant quality made its use very popu-
lar for many applications, including incorporation into pot-
tery since antiquity, designing of funeral clothes by the 
Greeks that would survive cremation of nobility, coating of 
the feet of victims undergoing trial by fire in the Middle 
Ages, and manufacturing of purses that safeguard money 
against fire. While asbestos-related lung disease has also 
been reported as early as 100 AD, and while rare reports of 
mesothelioma have been published throughout the last two 
centuries, malignant mesothelioma as a pleura-based distinct 
malignancy has only been recognized around the second half 
of the twentieth century [9].

Asbestos is a general term applied to a group of crystalline 
hydrated silicates with fibrous geometry defined as having a 
length three times greater than their width. There are three 
commonly occurring asbestos varieties: chrysotile, crocido-
lite, and amosite. Anthophyllite, tremolite, and actinolite occur 
less commonly and mainly as contaminants. Pleural plaques 
are strongly dose-dependent, yet the threshold for mesotheli-
oma is unknown. While crocidolite has a more well- established 
association with mesothelioma than chrysotile, cases with 
pure exposure to the latter have also been documented [7].

In addition to asbestos, erionite was identified and docu-
mented in the villages of Cappadocia, Turkey, as another 
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highly potent mineral that induces mesothelioma. Erionite is 
a member of the zeolite family, a complex group of silicates 
found in volcanic ash [10].

 Clinical Presentation

Despite the banning of asbestos products for several 
decades, the incidence of mesothelioma is reported as 2500 
cases in the USA and 5000 cases in Western Europe annu-
ally. In fact, it is projected that the incidence worldwide will 
peak by 2020 [1].

Mesothelioma can occur in any of the body cavities lined 
with serosal cells. However, it most commonly arises in the 
pleural, followed by the peritoneal and pericardial cavities. 
The ratio of pleura to peritoneum ranges from 3:1 to 11:1 
according to the literature. Pleural mesothelioma presents 
mainly as a unilateral disease, although it might be bilateral 
in rare cases.

Because of the long latency period that may last up to four 
decades, the age of presentation is generally around 60 years. 
Patients with history of exposure in their childhood may 
present earlier. The presenting symptoms tend to be insidi-
ous, and it consequently takes between 3 and 6  months 
before a definitive diagnosis is established. Most patients ini-
tially present with shortness of breath that develops due to 
the large pleural effusion or nonpleuritic chest pain resulting 
from significant chest wall and diaphragmatic invasion. 
Other symptoms may include fever, fatigue, dry cough, and 
weight loss. Pleural effusion tends to be unilateral in about 
95% of cases and bilateral in the remaining 5%. The right 
pleura is affected in 60% of these patients. Pleural mesothe-
lioma is a disease that predominates in males.

Initial workup by chest X-ray detects large pleural effu-
sions in 80–95% of patients, while the remaining patients 
may have no detectable fluids. Pleural plaques are also 
detected in patients with asbestos-related lung disease, and 
focal or diffuse pleural thickening is also detected, although 
it may initially be obscured by the large effusion. As the dis-
ease progresses, the pleural fluid decreases, becomes locu-
lated, and eventually disappears due to fusion of the visceral 
and parietal surfaces, forming a rind that encases the lung 
and extends into the fissures. Computed chest tomography 
with contrast has recently been proven to be more sensitive, 
especially in the detection of pleural effusions, assessment of 
the size of hilar and mediastinal lymph nodes, and evaluation 
of the presence of pleural masses or rind. Magnetic reso-
nance imaging of the chest with contrast is more useful in 
detecting chest wall invasion and diaphragmatic spread. 
Positron emission tomography is used to detect contralateral 
chest involvement and extrathoracic metastatic sites. The lat-
ter information is essential for tumor staging and for treat-
ment planning, particularly surgery [1, 11].

 Diagnosis and Treatment

Pleural mesothelioma presents early as small rounded yellow 
to gray nodules studding the parietal pleura that coalesce as 
the disease advances to eventually form the characteristic 
thick pleura otherwise known as “pleural rind.” With disease 
progression, the parietal and visceral pleura fuse and the 
effusion disappears. Peritoneal mesotheliomas were reported 
to have a more variable growth pattern and could present as 
disseminated carcinomatosis-like pattern or as large omental 
masses and mimic carcinoma [12].

Since most mesotheliomas are associated with large effu-
sions, cytological examination is logically the first line of 
workup. However, the effectiveness of cytology is a subject 
of great controversy. Several factors may contribute to this 
controversy, including the subtle cytological features that are 
not easily recognized by pathologists, a general lack of 
pathologists experienced in mesothelioma diagnosis due to 
the rare occurrence of the disease, and finally, the fact that 
some effusions are mostly bloody or lack diagnostic cells. It 
is recommended that a minimum of 100  mL of fluid and 
preferably the entire volume of aspirated fluid is submitted 
for cytological examination. Such volume would allow the 
preparation of a cell block with optimum cellularity for addi-
tional ancillary testing [6].

When a definitive diagnosis by cytological examination is 
not achieved, a pleural biopsy is the next step. CT-guided 
needle biopsy of a pleural mass can be up to 87% sensitive, 
while video-assisted thoracoscopy (VATS) allows direct 
visualization of the chest with aspiration of the pleural fluid, 
direct biopsies of the pleural mass, and direct injection of 
talc. This results in up to 95% accuracy and the highest rate 
of successful pleurodesis. It is important, however, to recog-
nize that seeding of the tumor along the chest tube and the 
surgical incision tracts, eventually resulting in chest wall 
invasion, is a possible complication of VATS in up to 20% of 
patients.

While a diagnosis of malignant mesothelioma can be 
made by cytology, VATS with extensive pleural biopsies is 
still recommended to exclude the presence of a sarcomatoid 
component. Mediastinoscopy to examine the mediastinal 
lymph nodes is also essential prior to considering the patient 
for extrapleural pneumonectomy (EPP). This is because, as 
previously mentioned, patients with either metastatic lymph 
nodes or sarcomatoid component do not respond to EPP [1, 
6, 11, 13].

Untreated, the mean survival rate is about 6 months. With 
recent treatment regimens including surgery and chemother-
apy, survival rate of up to 5 years has been reported, a fact 
that underscores the significance of early detection and diag-
nosis of mesothelioma. For pleural mesothelioma, surgical 
procedures used for either treatment or palliation include 
VATS with talc pleurodesis, pleurectomy with decortications 
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(P/D), and EPP. The latter provides the most complete reduc-
tion of tumor and is the only method in which long-term sur-
vival is documented. Unfortunately, EPP does not control the 
nonepithelial variant of mesothelioma, and only 10–15% of 
patients with the epithelial variant, particularly those with 
negative mediastinal lymph nodes, seem to benefit from this 
procedure. Chemotherapy with combination of cisplatin and 
pemetrexed demonstrated significant survival advantage 
(12  months) and is currently used as first-line treatment, 
while radiation therapy is only used to control local chest 
wall invasion such as implants in chest tube or surgical 
wound tracts [1, 6, 11].

Considering the localized nature of peritoneal mesotheli-
oma, locoregional therapies have been explored [14]. The 
most accepted therapy at this time is cytoreduction and 
hyperthermic intraoperative intraperitoneal perfusion with 
chemotherapy (HIPEC). First, cytoreduction is performed so 
as to remove all grossly visible tumor. This is followed by 
HIPEC which distributes the high-dose IP chemotherapy 
uniformly to all the peritoneal surfaces. Infusing a clinically 
relevant hyperthermic IP is known to enhance the cytotoxic 
effect of multiple chemotherapeutic agents. While experi-
ence is limited with peritoneal mesotheliomas due to the rar-
ity of the disease and the variability in its biological behavior, 
it has been noted that patients with smaller tumor burden and 
female gender had prolonged survival [15–17]. In a review 
of 83 patients, epithelioid histology, low mitotic count, com-
plete gross cytoreduction, and pathologically negative lymph 
nodes were identified as independent factors associated with 
improved survival [18].

 Morphology

 Histological Features

Histologically, malignant mesothelioma is divided into epi-
thelioid (50%), sarcomatoid (16%), or mixed variants (34%) 
[12]. The epithelioid variant may present with a variety of 
patterns, most commonly tubulopapillary, acinar, and conflu-
ent sheets. Well-differentiated tumors present mainly with 
papillary and tubular architecture (Fig.  5.1). The papillary 
structures project into large tubular structures and usually 
contain fibrous cores. The tubular structures form elongated 
and complex clefts lined by the malignant cells. Henderson 
et al. noted that they frequently observed an eruptive organiz-
ing granulation tissue layer covering the mesothelioma and 
eventually entrapping the mesothelial proliferation within a 
fibrous tissue layer at the interface with the adjacent adipose 
tissue [19]. Metaplastic changes such as squamous differen-
tiation have been described [20]. Less common patterns 
include signet ring, small cell [21], clear [22], lipid-rich [23], 
and microcystic. The sarcomatoid variant may be homolo-

gous, consisting predominantly of a fibrosarcoma- like prolif-
eration (Fig.  5.2), or contain heterologous stroma, such as 
osteoid, chondroid, rhabdomyoblastic, etc. [24]. The biphasic 
variant is a mixture of the epithelioid and sarcomatoid pat-
terns (Fig.  5.3). Rare variants include an undifferentiated 
(Fig.  5.4), desmoplastic [25, 26], lymphohistiocytoid [27, 
28], and deciduoid type [29–31]. Desmoplastic mesothelioma 
is defined as a mesothelioma in which collagenous tissue con-
stitutes more than 50% of the tumor (Fig. 5.5). The majority 
of these mesotheliomas are of the sarcomatoid variant.

While the rare variants are very infrequently encountered, 
their features are worth noting because of the differential 
diagnosis they present.

The small cell variant is characterized by sheets of uni-
form small cells with open nuclei and prominent nucleoli. In 

Fig. 5.1 Well-differentiated epithelioid mesothelioma showing papil-
lary and tubular structures admixed with cellular sheets. Notice the 
overall monotony of the cells; H&E

Fig. 5.2 Sarcomatoid variant of mesothelioma consisting predomi-
nantly of fibrosarcoma-like proliferations of spindled cells; H&E
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all reported cases, adequate sectioning of the tumor revealed 
a component of typical epithelioid or sarcomatoid mesothe-
liomatous patterns. According to Mayall et  al. [21], who 
reported 13 cases, all cases contained frequent areas of necro-
sis and lymphatic invasion. In some cases, intralymphatic 
tumors exhibited a typical mesotheliomatous pattern. Mitotic 
activity was low in all cases (less than 5 per 10 high- power 
fields). The classic features of neuroendocrine tumors 
described by Azzopardi [32], such as pseudo-rosettes, 
streams, ribbons, or tubular growth patterns, salt-and-pepper 
hyperchromatic nuclei, nuclear molding, and hematoxyphilia 
in blood vessels, were all consistently lacking in their cases.

The deciduoid variant is a very rare morphologic phenotype 
first described in 1985 as a diffuse epithelioid mesothelioma 

occurring in the peritoneum of a 13-year-old female with mor-
phologic resemblance to deciduosis [33]. Since then, it has also 
been described in the pleural surface and in older patients of 
both genders [29, 31, 34, 35]. Histologically, this variant pres-
ents as sheetlike proliferation of large polygonal cells with 
abundant pink, glassy cytoplasm and well- defined borders 
(Fig. 5.6). Some cells have a perinuclear cytoplasmic density. 
The nuclei are round to oval with  vesicular chromatin and single 
prominent nucleoli. Binucleated cells are also present. Mitotic 
figures are present and may be abnormal but not frequent.

The lymphohistiocytoid variant presents as sheets of 
histiocyte- like cells with no evidence of differentiation in 
the form of tubular or papillary architecture (Fig.  5.7). 
The cells vary from round to spindle in appearance. The 

Fig. 5.3 Biphasic variant of mesothelioma exhibiting both the spindle 
cell proliferation and the epithelioid-type cells; H&E

Fig. 5.4 Poorly differentiated mesothelioma appearing predominantly 
as solid sheets of malignant cells with no papillary, tubular, nesting, or 
other previously described features. The cells are not readily identified 
as mesothelial; H&E

Fig. 5.5 Desmoplastic mesothelioma showing few abnormal spindled 
cells infiltrating in a very heavily collagenous connective tissue stroma; 
H&E

Fig. 5.6 Deciduoid mesothelioma exhibiting large cells with abundant 
pink glassy cytoplasm and enlarged obviously abnormal nuclei. The 
cellular features are closely akin to those of decidual cells; H&E
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nuclei are usually round to oval, are vesicular, and contain 
prominent nucleoli. The cytoplasm is moderate in amount 
and eosinophilic. A diffuse lymphoid infiltrate predomi-
nantly of T cells is noted. The histiocytoid cells have an 
immunostaining profile that is similar to epithelioid meso-
thelioma [28].

Localized well-differentiated papillary mesothelioma is 
another rare variant that arises in the peritoneum and is fre-
quently discovered incidentally during abdominal and pelvic 
surgeries. It is believed to have an indolent clinical course 
and may behave either as a benign neoplasm or have a ten-
dency to recur. Histologically it is a localized proliferation of 
well-developed papillary structures with thick fibrovascular 
cores covered by a single layer of mesothelial cells (Fig. 5.8). 
It is important to distinguish this variant from the well- 
differentiated diffuse papillary mesothelioma that carries a 
much worse prognosis.

 Cytological Features

 The Role of Cytology in the Diagnosis 
of Mesothelioma [3, 36]
The reported sensitivity of cytology for the diagnosis of meso-
thelioma ranges from 4% to 63%, and many doubt the utility 
of cytology in establishing this diagnosis [37]. However, the 
reader should distinguish the probability of establishing the 
diagnosis by examining serosal effusions from the ability of 
the pathologist to render the diagnosis from a cellular fluid 
based on cytological features. In fact, the literature suggests 
that in experienced hands, mesothelioma diagnosis can be 
established in up to 50% by cytological evaluation alone and 
in up to 80% of cases utilizing ancillary techniques [38].

The cytological diagnosis is challenged at two points; the 
first is that not all malignant mesothelioma effusions contain 
diagnostic cells. In fact, about 10% of the effusions are 
bloody and virtually acellular. Sarcomatoid and some of the 
other rare variants do not exfoliate. In almost all cases, it is 
the epithelioid component that exfoliates and renders itself to 
diagnosis. The second challenge was much more significant 
in the past because of the difficulty in separating mesotheli-
oma from adenocarcinoma. However, with the availability of 
new immunocytochemical stains, the last decade has wit-
nessed a plethora of literature confirming that mesothelioma 
can be distinguished from carcinoma with a high degree of 
accuracy [39, 40]. A more significant morphologic challenge 
is separating mesothelioma from reactive effusions. Rakha 
et  al. reviewed a total of 154 effusions with histologically 
proven pleural mesothelioma and were able to either diag-
nose or suspect mesothelioma in 79 cases, with a sensitivity 
of 53%. A benign or reactive diagnosis was rendered in 65 
cases (42.2%), and 5 cases (3.2%) were considered inade-
quate for diagnosis. The sarcomatoid variant presented 
mainly as benign effusion and showed the least sensitivity 
(20%), with 11/15 cases diagnosed as benign [41]. The lack 
of exfoliated diagnostic cells in mesothelioma fluids has 
been attributed to several factors: (1) the tumor could be cov-
ered by a thick layer of fibrinous material or fibrosis; (2) the 
tumor may consist predominantly of fibrous stroma, as in the 
case of desmoplastic or sarcomatoid tumors [42].

The inability to detect invasion of preexisting tissue (not 
granulation tissue), a key feature in the definitive histologic 
diagnosis of mesothelioma, has been used for the last several 
decades as a supportive evidence against the cytological diag-
nosis of mesothelioma. However, the latest guidelines recog-
nize that the cytological diagnosis relies on different criteria. 
The updated statement on mesothelioma from British 
Thoracic Society (BTS) and the guidelines issued by the 
Asbestos Disease Research Institute (ADRI) accept the cyto-
logical diagnosis as sufficient in some patients when corre-
lated with imaging studies, i.e., utilizing imaging studies as 
an equivalent to the histologic diagnosis of invasion [5, 6].

Fig. 5.7 Lymphohistiocytoid mesothelioma presenting as large 
histiocyte- like cells with abundant clear cytoplasm admixed with a 
highly lymphocytic background; H&E

Fig. 5.8 Well-differentiated localized papillary mesothelioma present-
ing as well-defined papillary proliferation with thick fibrovascular cores 
covered by a single layer of mesothelial cells; H&E
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It is important to recognize that despite the limitation of 
diagnosing mesothelioma by cytology, it still plays a major 
role as the initial and least invasive step in the evaluation of 
the patient. In fact, a definitive diagnosis may be established 
in a patient with positive radiological and clinical findings, 
and further workup may not be necessary if the tumor is 
unresectable. On the other hand, suspicion of mesothelioma 
or a negative persistent effusion in a patient with positive 
clinical findings should be followed up aggressively to avoid 
further progression of the disease and afford a patient at an 
early stage of the disease the opportunity for surgical treat-
ment or adjuvant therapy [43].

 Stepwise Review of Effusions [3, 44]
When evaluating an exudative effusion, the pathologist 
should answer three questions based on the morphologic 
features:

 1. Are the cells mesothelial or epithelial in origin?
 2. If mesothelial, are the cells benign or malignant?
 3. If epithelial, what is the primary origin?

Features of mesothelial origin have been described in  
chap. 1. The following is a summary of these features which 
tend to be subtle in quiescent effusions, easily detected in 
reactive effusions, and prominent in mesotheliomas.

 1. Cell windows seen in mesothelial cords and within clus-
ters (Fig. 5.9).

 2. Cellular clasping and pinching (described as pincerlike) 
(Fig. 5.10).

 3. Cell within cell arrangement (Fig. 5.11).
 4. Clusters with scalloped borders (Fig. 5.12).

 5. Cells with two-tone cytoplasm, i.e., endo-ectoplasmic 
demarcation (Fig. 5.12).

 6. Vague cell borders or brush border (Fig. 5.13).
 7. Sub-membranous glycogen vacuoles. Yellow glycogen 

might be detected on fixed smears (Fig. 5.14).
 8. Perinuclear small fat vacuoles best detected on 

Romanowsky stain.

 Cytological Features of Mesothelioma
The cytological features of mesothelioma appeared in spo-
radic reports since the nineteenth century. However, the first 
well-illustrated examples were shown by Dr. Papanicolaou 

Fig. 5.9 Mesothelial cells in apposition with windows between the 
adjacent cells. The cells form short cords and small clusters; Diff-Quik

Fig. 5.10 The cytoplasm of one mesothelial cell wraps around the 
adjacent cell to form the cellular clasping rather than the windows as 
seen in the short cord in the top left; PAP

Fig. 5.11 A mesothelial cell might be situated within the cytoplasm of 
the other cell like a cup sitting on its plate giving the appearance of “cell 
within cell”; PAP
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in 1954 [45]. Following that, many reports describing meso-
thelioma appeared in the literature [38, 42, 46–51].

 Epithelioid Variant (Table 5.1)
The fluids are usually of large volume, although the entire 
volume may not be submitted to the laboratory. Grossly, the 
fluid has been described to have a viscous, tar, or honey-like 
consistency while processing and smearing. The majority of 
fluids are moderately to highly cellular and can comprise 
almost exclusively cellular clusters and spheres (cohesive) 
(Fig. 5.15), single cells (discohesive) (Fig. 5.16), or a mix-
ture of both (Fig. 5.17), with the latter being the most com-
mon. The background is usually very bloody or contains a 
very viscous material. Chronic inflammatory cells may be 
seen. However, acute inflammation is not characteristic. 
Once a drain is permanently installed, the fluid will exhibit a 
considerable acute inflammatory background.

Most mesotheliomas are highly cellular, although some 
cases are low in cellularity. The individual cells exhibit all 
the previously described mesothelial features. Mitotic fig-
ures may be seen but tend to be inconspicuous, and atypical 
mitoses are not seen [52]. Examination at scanning magnifi-
cation reveals a monotonous population of cells that exhibit 
similar morphologic features yet vary tremendously in size. 
The cells may vary from the size and shape of benign or reac-
tive mesothelial cells to large or even gigantic cells 
(Fig. 5.18). Binucleated and trinucleated cells are very fre-
quent and many scattered multinucleated cells can be identi-
fied (Fig.  5.19). In fact, the multinucleated cells in 
mesothelioma have been described to contain between 2 and 
50 cells or more nuclei (Fig.  5.20). Despite the obvious 
nuclear enlargement, the cells retain abundant cytoplasm and 
consequently have low nuclear-to-cytoplasmic (N/C) ratio.

The nuclei are centrally located and do not exhibit obvi-
ous malignant features, contrary to their counterparts in 
adenocarcinoma and other metastatic epithelial malignan-
cies. Nevertheless, closer examination will reveal nuclear 

Fig. 5.12 Mesothelial cells from a mesothelioma case forming loose 
clusters with scalloped borders. The adjacent single cell is markedly 
enlarged with two-tone cytoplasm and well-defined sub-membranous 
vacuoles; Diff-Quik

Fig. 5.13 The mesothelial cell has a poorly defined cell circumference 
with a brushlike border corresponding to the long slender microvilli 
seen by electron microscopy; PAP

Fig. 5.14 Large cytoplasmic vacuoles are full of glycogen that is 
sometimes readily recognized as yellow granular material within these 
vacuoles; PAP
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atypia in the form of slightly coarse chromatin, irregular 
nuclear membranes, and most importantly, prominent 
nucleoli, and sometimes macronucleoli. The cytoplasm in 
well-visualized cells has two-tone or endo-ectoplasmic 
demarcation. The cell circumference tends to be hazy due 

Table 5.1 Features of malignant mesothelioma

Feature Description Comment
Gross 
appearance

Thick and viscous 
fluid
Bloody in most 
cases

Tar- or honey-like 
consistency

Background Numerous red 
blood cells
Lymphocytosis 
frequent

Neutrophils are only seen 
after insertion of drain

Cell population Monotonous single 
cell population

No alien population 
identified

Pattern 1.  Predominantly 
cohesive groups

Morules and clusters

2.  Predominantly 
discohesive cells

3.  Mixture of 
clusters and 
single cells

Most common pattern

Clusters 1.  Cohesive tight 
clusters

Smooth outline, sphere 
like

2. Loose clusters Knobby borders, berrylike
Cellular 
features
  Scanning 

magnification
Mesothelial 
characteristics

Small to gigantic; cells are 
large and may attain the 
size of a small morule

Wide variation in 
size

  Cytoplasm Dense with vague 
brush border

Blebs may also be seen

Endo-ectoplasmic 
demarcation

Two-tone staining

Sub-membranous 
vacuoles

Glycogen might be seen

Small perinuclear 
vacuoles

Fat droplets

  Nucleus Centrally located
Enlarged
Frequently 2–3 
nuclei

May contain up to 50 
nuclei

Multinucleation 
common

  Nucleoli Prominent Macronucleoli might be 
seen

One or more
  Chromatin Slightly coarse May be clumped

Slightly 
hyperchromatic

  Nuclear 
membrane

Smooth or slightly 
irregular

Rarely very irregular

  N/C ratio Low May be high in few cells
Cytological 
atypia

Mild to moderate at 
most

Rare cases are very 
atypical

Fig. 5.15 Highly cellular smear of mesothelioma, consisting mainly of 
cellular spheres and morules; PAP

Fig. 5.16 Highly cellular smear consisting of discohesive single cell 
population of malignant mesothelial cells; PAP

Fig. 5.17 Mesothelioma presenting with a mixture of cellular morules 
and numerous discohesive single cells; PAP
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to the circumferential brush border formed by the long 
slender microvilli visualized by electron microscopy. Sub-
membranous vacuoles are frequently noted and sometimes 
coalesce to form long vacuoles, described as sausage links. 
It is not unusual, especially in the Papanicolaou-stained 
smears, to see yellow glycogen clumps within these vacu-
oles (Fig. 5.21).

The cellular clusters are of two types. The first are 
loose clusters with knobby or scalloped borders, also 
described as berrylike. The second are tight clusters or 
spheres with smooth borders also known as morules 
(Fig. 5.22). In the former type, the crowded cells forming 
the clusters can be easily visualized and intercellular win-
dows can be identified. The cytoplasm with its character-
istic mesothelial features can be visualized, particularly in 
those cells located at the knobby borders. The cells in the 
morules are very tightly cohesive and therefore frequently 

Fig. 5.18 The mesothelioma cells exhibit a wide variation of size 
ranging from small size similar to those of benign mesothelial cells to 
very large cells attaining gigantic size. Notice the large cell on the left 
approaching the same size of the small morule on the right; PAP

Fig. 5.19 Enlarged mesothelial cells with binucleation and prominent 
nucleoli; PAP

Fig. 5.20 Multinucleation is common in mesothelioma with nuclear 
number ranging from 2 to 50 or more; Diff-Quik

Fig. 5.21 Mesothelioma with high glycogen content appearing as 
large cytoplasmic vacuoles beneath the cell membrane; PAP

Fig. 5.22 Cell block of a mesothelioma presenting with two types of 
cellular clusters, the loose cluster having a knobby or scalloped border 
(berrylike) and the tight spherical group with smooth outline; H&E
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difficult to discern. Large branching and papillary clusters 
may be seen and rarely predominate (Fig. 5.23). The clus-
ters may contain an amorphous eosinophilic core that 
stains negative with PAS, positive with Van Gieson stains, 
and bright blue with the Martius Scarlet Blue technique, 
indicating that it comprises collagen (Fig. 5.24). On elec-
tron microscopy, these cores were found to consist of 
whorls with periodicity of 640 Å, confirming their collag-
enous origin [53].

Whitaker et al. identified five features to be of particular 
value in the diagnosis of mesothelioma, namely, the presence 
of cell aggregates, multinucleation, brushlike borders, close 
opposition of cell borders, and the characteristic two-tone 
cytoplasm [39].

 Sarcomatoid and Biphasic Variants
While most of these mesotheliomas present with persistent 
effusions, they seldom exfoliate the sarcomatoid malignant 
cells in the fluids. Consequently, the fluids tend to be bloody 
and virtually acellular. Rarely, very few malignant spindled 
or highly atypical large cells are seen with diligent search 
(Fig.  5.25). The biphasic type may exfoliate, but only the 
epithelioid component is found in the effusion.

 Other Rare Variants
Because of their rarity, very few cases have been reported in 
the cytology literature and the following features are mainly 
based on the author’s experience. Effusions with the small 
cell variant have low cellularity. The exfoliated cells are 
small in size and show the immunophenotypic profile of 
mesothelioma rather than that of small cell carcinoma 
(Fig. 5.26a, b). The lymphohistiocytoid variant may present 
with cellular effusion consisting predominantly of lympho-
cytes and histiocyte- like cells that stain as mesothelial cells. 
The deciduoid variant tends to have large and cellular effu-
sions with highly atypical cells that have definitive malignant 
features, but may not be initially recognized as mesothelial 
in origin [54–57] (Fig. 5.27a, b). The majority of the reported 
cases had the immunostaining pattern of mesothelioma.

Localized well-differentiated papillary mesothelioma has 
mainly been described in peritoneal washes or fine needle 
aspirates. However, two cases with ascitic fluids were 
described [58, 59]. Cytological evaluation revealed papillary 
clusters formed mainly of a collagenous core surrounded by 
one layer of mesothelial cells.

While most of the cytology literature has focused on pleu-
ral effusions, Patel et  al. reviewed 49 cases of peritoneal 
mesothelioma, including 6 peritoneal washes obtained after 

Fig. 5.23 A well-differentiated mesothelioma with papillary features 
presenting as highly cellular smear consisting predominantly of papil-
lary groups with complex branching and obvious collagen cores; PAP

Fig. 5.24 Cell block of the corresponding papillary mesothelioma 
showing the papillary groups with central collagenous cores; H&E

Fig. 5.25 Sarcomatoid mesothelioma presenting as bloody and 
sparsely cellular smear with rare clusters of spindled cells; Diff-Quik
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cytoreduction and HIPEC and reported as negative for resid-
ual mesothelioma [52]. The peritoneal fluids ranged from 15 
to 1000 mL in volume and were predominantly moderate to 
highly cellular. The smears were typically bloody or had pro-
teinaceous background. The discohesive single cell presenta-
tion was uncommon in these cases, but otherwise cytological 
features similar to those of pleural mesothelioma were 
described. Mitotic activity was noted in one-third of the 
cases, but no atypical mitotic figures were identified. 
Peritoneal washes presented with some different features. 
When compared to effusions, peritoneal washes were more 
likely to contain broad, irregular branching sheets, frequently 
containing several hundreds of malignant cells. Mitotic fig-
ures were more readily observed in washes, particularly 
within the cellular sheets. Peritoneal washes post-HIPEC 

were uniformly bloody and generally low in cellularity. 
Residual malignant cells manifested as few small scattered 
clusters and small sheets admixed with clusters of reactive 
mesothelial cells. To address this challenge, the authors rec-
ommended comparing these samples with diagnostic mate-
rial evaluated prior to therapy.

 Ancillary Tests

 Histochemical Stains

Prior to the recent introduction of the currently available 
wide array of immunostains, particularly mesothelial mark-
ers, histochemical stains used to play a major role in the 

a b

Fig. 5.26 (a) Mesothelioma of the small cell variant presenting as a 
sparsely cellular smear with few clusters as the one shown. The cells are 
tightly cohesive and exhibit molding simulating small cell carcinoma; 

PAP. (b) Mesothelioma of small cell variant, corresponding biopsy 
showing small mesothelial cells invading the fibrous stroma; H&E

a b

Fig. 5.27 (a) Deciduoid mesothelioma presenting as enlarged highly 
atypical cells with abundant cytoplasm. While occasional cells show 
two-tone cytoplasm and sub-membranous vacuoles, the mesothelial ori-

gin is difficult to ascertain without the confirmatory immunostains; Diff-
Quik. (b) Deciduoid mesothelioma, corresponding peritoneal biopsy 
showing a highly atypical infiltrative mesothelial proliferation; H&E
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diagnosis of mesothelioma. At present, these stains do not 
play such an essential role, with the exception of the rare 
undifferentiated case that may not express the expected 
immunostaining profile.

Because of the high glycogen content of mesothelial cells, 
they stain strongly positive with PAS and convert to negative 
or weakly positive upon treatment with diastase (PAS-D). 
Mesothelial cells secrete hyaluronic acid (HA) and acid 
muco-substances. Consequently, 40–50% of mesotheliomas 
stain positive with Alcian blue, which converts to negative 
upon treatment with hyaluronidase. Mayer’s Mucicarmine is 
generally negative in mesothelioma, although rare cases may 
focally stain positive [60] (Fig. 5.28a). This positive staining 
will convert to negative with hyaluronidase treatment, con-
firming a focal nonspecific staining [61].

Measurement of HA in the fluid is believed to be of value. 
Whitaker et al. measured HA in fluids of reactive mesothe-
lium, mesotheliomas, and metastatic adenocarcinomas. They 
found that mesothelioma specimens tend to have levels higher 
than 200  mg/L, and in some cases, levels were as high as 
3130 mg/L. The authors noted, however, that some mesothe-
liomas had levels of less than 90 mg/L and therefore com-
mented that while high HA levels confirm the diagnosis of 
mesothelioma, low levels do not necessarily exclude it [62]. 
In a study by Welker et  al., the authors reported the cutoff 
value of 30 mg/L as having maximum diagnostic reliability, 
with 87% sensitivity and 86% specificity, while a value of 
100 mg/L resulted in sensitivity and specificity of 39% and 
98%, respectively. The addition of HA measurement to cytol-
ogy increased the sensitivity from 48% to 71–91%, while 
only slightly decreasing the specificity to 94–96% [63].

A useful, fast and very affordable yet underutilized stain 
is Oil Red O to identify the perinuclear fat droplets charac-
teristic of mesothelial cells (Fig. 5.28b) [3].

 Electron Microscopy (EM)

Before the introduction of immunoperoxidase stains, EM 
was the most conclusive method to document mesothelioma. 
The following are features described as characteristic of 
mesothelial origin [50]:

 1. Cytoplasm rich in intermediate filaments concentrically 
arranged and particularly concentrated in a ringlike pat-
tern around the nuclear envelope and in the sub- 
plasmalemmal position beneath the cell surface. This 
phenomenon contributes to the endo-ectoplasmic demar-
cation noticed on light microscopy.

 2. Paucity of organelles and mainly glycogen vacuoles seen 
near the periphery of the cytoplasm.

 3. Cell surface rich with microvilli that are distributed 
throughout the periphery of the cell. Characteristically, 
these microvilli are bushy, complex, and frequently 
branching and very long. The microvilli lack glycocaly-
ceal bodies and filamentous core rootlet at their base and 
usually contain actin-like filaments along their length.

The role of EM in diagnosing mesothelioma is discussed 
in more detail in Chap. 11.

 Immunostains

To date, there is no specific marker that can alone separate 
adenocarcinoma from mesothelioma, and it is important to 
use a panel of stains including a minimum of two mesothe-
lial markers and two carcinoma markers. Additional mark-
ers can follow if the results of the initial panel are not 
conclusive [3].

a b

Fig. 5.28 (a) Mesothelioma showing rare focal positive staining with Mucicarmine stain. (b) Mesothelioma showing distinct perinuclear fat 
droplets with Oil Red O stain
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 Positive Mesothelial Markers [64–66]

Mesothelin (Fig. 5.29) was reported to show a diffuse strong 
staining in up to 100% of mesotheliomas, and some consider 
a negative stain as strong evidence against mesothelioma. 
However, it has also been reported to stain a high percentage 
of adenocarcinomas.

Calretinin (Fig.  5.30) is considered as one of the most 
sensitive stains for mesothelioma. It strongly and diffusely 
stains both nuclei and cytoplasm, resulting in a “fried egg” 
appearance. It was reported to stain from 55% to 100% of 
epithelioid mesotheliomas cases and 30–60% of sarcomatoid 
mesotheliomas. The wide range of positivity is likely related 
to the type of antibody used, and the best results were 
reported with polyclonal antibodies against recombinant 
human calretinin. It is worth noting that calretinin was 

reported to stain carcinomas from various sites of origin 
including 6–23% of lung ADC, 31–38% of serous carcino-
mas, 15–74% of breast ADC, 0–10% of renal cell carcino-
mas, 23–40% of squamous cell carcinomas of the lung, and 
41–49% of small cell carcinomas.

Wilms tumor 1 protein (WT-1) (Fig.  5.31) is strongly 
expressed in the nuclei and has been reported to stain 
43–100% of epithelioid mesotheliomas. It was also reported 
to react with 83–100% of serous carcinoma of the ovary and 
peritoneum. However, it is negative or very weakly positive 
in adenocarcinoma of the lung and squamous cell carcinoma 
and therefore useful in this differential diagnosis [67].

Podoplanin A and D2–40 (Fig. 5.32) are expressed in the 
cytoplasm of over 90% of epithelioid and 57% of sarcoma-
toid mesotheliomas. Up to 15% of adenocarcinomas may 
also show positive staining, though the expression is usually 

Fig. 5.29 Mesothelioma with positive membranous reaction to 
mesothelin

Fig. 5.30 Mesothelioma with positive nuclear and cytoplasmic reac-
tion (so-called fried egg appearance) to calretinin

Fig. 5.31 Mesothelioma with positive nuclear reaction with WT-1 
antibody

Fig. 5.32 Mesothelioma with distinct membranous staining for D2–40
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weak [68, 69]. Podoplanin is also expressed in squamous cell 
carcinoma of the lung and serous carcinomas. Bassarova 
et al. [70] evaluated the diagnostic role of D2–40 in 290 effu-
sions, including 169 ovarian carcinomas and 32 mesothelio-
mas, and observed frequent staining in the former tumor, 
concluding that it performed poorly in this differential diag-
nosis. Ordonez reported similar performance for these two 
antibodies in surgical specimens [66].

Thrombomodulin stains over 75% of mesotheliomas but 
was reported to be expressed in up to 25% of adenocarcino-
mas, although staining is weaker. Staining is also seen in 
squamous cell carcinoma [71].

Cytokeratin 5/6 (Fig.  5.33) exhibits strong cytoplasmic 
staining in 65–100% of epithelioid mesotheliomas and a 
high percentage of squamous cell carcinomas. It has also 
been reported to stain a significant percentage of breast and 
gynecologic adenocarcinomas [67]. However, it is predomi-
nantly negative in adenocarcinoma of the lung with only 
0–19% reported to express CK5/6, attributed to be likely due 
to squamous differentiation.

HBME-1 (Fig. 5.34) is seldom used now because of the 
significant staining overlap with adenocarcinomas, particu-
larly of ovarian origin. It is expressed with a distinct mem-
branous or brush border staining in mesothelioma [72],

 Negative Mesothelial Markers

Carcinoembryonic antigen (CEA) exhibits cytoplasmic 
staining in 50–90% of adenocarcinomas, particularly breast 
(80%), gastrointestinal, and lung origin, as well as in 77–86% 
of squamous cell carcinoma. While the old literature 
describes up to 30% staining in mesothelioma, newer clones 
are more specific and are consistently negative. Of note, 
most ovarian carcinomas, except for mucinous carcinomas, 
rarely express CEA, and this marker is therefore not useful 

by itself in the differential diagnosis between mesothelioma 
and ovarian carcinoma [73].

B72.3 identifies the Sialyl-Tn sugar group and stains the 
membrane and/or cytoplasm in over 80% of adenocarcino-
mas, 75–85% of lung carcinoma, 70–75% serous carcinoma, 
and 50–70% of breast carcinoma. It is also reportedly 
expressed in 45–84% of lung squamous cell carcinoma but 
negative in mesothelioma.

CD15 (Leu-M1) exhibits cytoplasmic staining in a high 
percentage of adenocarcinomas of various body sites, up to 
30% of squamous cell carcinoma and is negative in 
mesothelioma.

MOC-31 antibody recognizes the membrane protein 
EpCAM and exhibits strong and diffuse membrane and/or 
cytoplasmic staining in most adenocarcinomas and squa-
mous cell carcinoma of the lung. It can be focally expressed 
in 2–15% of mesotheliomas [67, 74].

Ber-EP4 is directed against the same epitope as MOC-31 
and exhibits a staining pattern similar to the latter. It may be 
focally positive in 13–26% of mesotheliomas [74].

BG-8 identifies the Lewisy sugar group and strongly stains 
the membrane and/or cytoplasm of over 95% of adenocarci-
nomas. It can be weakly and focally expressed in 3–9% of 
mesotheliomas.

Claudin 4 is a transmembrane protein located in the tight 
junctions. It is expressed in most epithelial cells but not in 
mesothelioma. It is expressed in most adenocarcinomas of 
the lung, breast, ovary, and kidney and most squamous and 
urothelial carcinomas but predominantly negative in meso-
theliomas [75].

PAX8 stains as strong nuclear reaction. This stain is essen-
tially negative in mesothelioma and positive in a high per-
centage of Müllerian tumors, with a sensitivity of 96% and 
specificity of 100% [76].

MMP-7 is a member of the matrix metalloproteinases, a 
family of more than 20 zinc- and calcium-dependent enzymes 

Fig. 5.33 Mesothelioma with strong cytoplasmic reaction with cyto-
keratin 5/6 antibody

Fig. 5.34 Mesothelioma expressing HBME-1, highlighting the brush 
border of the cells
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involved in degrading all components of basement mem-
branes and consequently the physiologic process of tumor 
progression. Davidson et  al. reported that MMP-7 was 
expressed in 124/307 (40%) of adenocarcinomas and was 
uniformly negative in all 49 mesotheliomas [77].

 Other Immunostains

Pancytokeratin (Fig.  5.35) is usually strongly positive in 
mesothelioma, squamous cell carcinoma, and adenocarci-
noma [78].

Cytokeratin 7 is strongly positive in mesothelioma and in 
some adenocarcinomas but is expressed in only 30% of squa-
mous carcinomas [79].

Cytokeratin 20 (Fig.  5.36) is variably expressed in 
mesothelioma and therefore should be cautiously evalu-
ated in the differential diagnosis with adenocarcinomas 

known to express CK20, such as gastrointestinal tract or 
urothelial carcinomas that may occasionally mimic meso-
thelioma [78].

BRCA1-associated protein 1 (BAP1) is a tumor suppres-
sion gene encoded by the BAP 1 gene at 3p21.1. Recent 
studies revealed that BAP1 expression is lost in 57–66% of 
mesothelioma while expressed in reactive mesothelium with 
a specificity of 100%. This stain is emerging now as the best 
immunostain to distinguish mesothelioma from reactive 
mesothelium [80–82].

Desmin and EMA (Figs. 5.37 and 5.38) play a role in the 
differential diagnosis between mesothelioma and reactive 
mesothelium. Mesothelioma has strong membranous EMA 
staining in the majority of cases which is rarely present in 
reactive mesothelium. Desmin is preferentially expressed by 
benign mesothelium and is lost in mesothelioma. Caution 
should be exercised when evaluating desmin in mesotheli-
oma, since scattered reactive mesothelium in the background 
may stain positive [69, 83].

E-cadherin and N-cadherin are currently not believed to 
be of use in the differential diagnosis between mesotheli-
oma and adenocarcinoma. E-cadherin, however, is useful in 

Fig. 5.35 Mesothelioma with strong cytoplasmic cytokeratin 7 
staining

Fig. 5.36 Mesothelioma showing a rare reaction to cytokeratin 20

a

b

Fig. 5.37 (a) Reactive mesothelium showing positive staining for des-
min. (b) Reactive mesothelium showing negative reaction to EMA
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separating adenocarcinoma, which tends to be positive, 
from the negatively reacting benign mesothelium [84, 85].

 Other Methods

Several other methods, including traditional cytogenetics, 
fluorescent in situ hybridization (FISH), measurement of 
secreted biomarkers, and high-throughput technology, are 
discussed in Chap. 11.

 Differential Diagnosis

The differential diagnosis depends on the cytological presen-
tation and degree of atypia recognized. When atypia is sub-
tle, reactive mesothelial hyperplasia is the main differential. 
When malignancy is identified, it is important to separate 
mesothelioma from adenocarcinoma of various primary 
sites.

 Mesothelioma Versus Reactive Mesothelium 
(Table 5.2)

When mesothelium is floridly reactive, it may mimic meso-
thelioma. The cellularity can be high, with an increase in the 
number of clusters and multinucleated cells. Mitotic figures 
may be conspicuous and have been reported to reach their 
peak in mesothelial surfaces reacting to injury within 48 h 
[86]. In such cases, examination at low magnification cannot 
be stressed enough. The cells are monotonous in appearance, 
i.e., mesothelial in origin, and exhibit a small to moderate size 
with very subtle difference in size except for a few outliers. 
Nuclei, while enlarged and somewhat atypical, have vesicular 

chromatin and smooth chromatin contours even in the multi-
nucleated cells. The nucleoli may be prominent, but no mac-
ronucleoli or irregular nucleoli are detected. Clusters tend to 
be few in most cases and are small with lack of depth, i.e., flat 
with scalloped borders. Multinucleation is rarely beyond 3–4 

a b

Fig. 5.38 (a) Mesothelioma reacting negatively to desmin. (b) Mesothelioma reacting strongly to EMA

Table 5.2 Reactive mesothelium versus malignant mesothelioma

Feature Reactive mesothelium Malignant mesothelioma
Cellularity Moderate Very high
Cell size Little variation in 

size and shape
Wide variation in size 
from benign to gigantic

Multinucleated 
cells
  Number Few scattered cells Numerous
  Nuclei Rarely exceed 5 

nuclei
May contain >50 nuclei

Benign appearance Enlarged and atypical
Giant cell Rare Characteristic

May reach the size of 
adjacent morules
Normal N/C ratio

Clusters
  Number More numerous 

than normal
Innumerable

  Morphology Flat and lack depth Morules and spheres with 
depth

  Borders Scalloped Scalloped or knobby
  Cell 

arrangement
No crowding Frequently crowded

Nuclei
  Size Slightly enlarged Markedly enlarged
  Chromatin Mostly vesicular Atypia present but vary 

from subtle to definitive
  Nuclear 

membrane
Smooth or subtle 
irregularity at most

Subtle to definitive 
irregularity

  Nucleoli Slight to moderate 
enlargement

Markedly enlarged or 
macronucleoli

Cytoplasm Moderate Abundant and very dense
Mitotic activity Can be conspicuous May not be increased
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nuclei and these appear normal. No gigantic cells are seen. In 
contrast, malignant mesothelioma will present with numer-
ous morules and single cells. The single cells in malignant 
mesothelioma may appear monotonous, consistent with their 
mesothelial origin. However, they may vary tremendously in 
size from that of normal mesothelium to gigantic cells. In the 
author’s experience, such large cells may attain the size of the 
small adjacent morules, a feature that has not been seen 
except in mesothelioma. The cellular clusters also vary in size 
and have a spherical appearance with depth of focus and ber-
rylike borders. The presence of small orangiophilic squa-
mous-like or parakeratotic-like cells were reported to be 
highly correlated with malignant mesothelioma while rarely 
noted in reactive mesothelium [87, 88].

In a study by Kimura et  al. [89], the authors devised a 
scoring system of the cytological features in an attempt to 
separate reactive from malignant mesothelium. They 
assigned a total score of 10 points, 1 point each for variation 
in cell size, sheetlike arrangement, cyanophilic cytoplasm 
with windows/blebs/brush border, mirror ball-like cell clus-
ters, cannibalism, and nuclear atypia. Two features, acido-
philic large nucleoli and multinucleated cells with more than 
eight nuclei, received 2 points each. Mesotheliomas consis-
tently scored more than 5, while reactive mesothelial hyper-
plasia and metastatic adenocarcinomas scored less than 3 
points. A study by Cakir et al. [90] using logistic regression 
analysis identified the presence of cell ball formation, cell- 
in- cell engulfment, and monolayer sheets as variables useful 
in the separation of reactive mesothelium from mesotheli-
oma, with the latter finding favoring a reactive diagnosis.

The role of ancillary testing in separating reactive from 
malignant mesothelium is somewhat controversial. While 
proliferation markers such as Ki-67 and MIB-1 may be useful 
in some cases where mesotheliomas have higher activity, it 
has been the author’s experience that they play a limited role 
in the floridly reactive effusions, where mitotic activity is 
very high, with a sensitivity of 17% and specificity of 91% 
[83]. The differential staining of desmin and EMA seems to 
be more helpful. It is well established that benign mesothe-
lium expresses muscle markers, particularly desmin, which is 
progressively lost as the mesothelium becomes malignant, 
with a sensitivity of 91% and specificity of 94%. On the other 
hand, EMA is not expressed by benign mesothelium and is 
expressed in most malignant mesotheliomas, with a sensitiv-
ity of 100% and specificity of 94%. p53 may also be helpful 
in this differential diagnosis and has been shown to be 
expressed at much higher levels in mesothelioma, with a sen-
sitivity of 57% and specificity of 98%. In the author’s experi-
ence, GLUT-1 has less utility in this differential diagnosis, 
with a sensitivity of only 47% and specificity of 88% [83].

Otherwise, reactive mesothelium expresses all the immu-
nomarkers expressed by mesothelioma, such as HBME-1, 
calretinin, D2–40, and WT-1.

 Mesothelioma Versus Adenocarcinoma 
(Table 5.3)

In over 50% of cases, the distinction between adenocarci-
noma and mesothelioma is feasible by routine cytological 
stains once the characteristic mesothelial features are recog-
nized. Generally, at low magnification, the evaluator should 
recognize an overall monotony in the type of cells with no 
alien population in mesothelioma while frequently detecting 
a two-cell population, namely, carcinoma and benign meso-
thelium, in adenocarcinoma specimens.

Mesothelioma is characterized by a low degree of atypia. 
Definitive malignant features are rarely present and mitotic 
activity is inconspicuous. In contrast, adenocarcinoma gen-
erally expresses a noticeable degree of pleomorphism with 
definitive malignant features and high mitotic activity in 
most cases.

In the study by Cakir et al. [90], the authors identified the 
presence of giant atypical mesothelial cells, nuclear pleo-
morphism, and acinar formation as features useful in distin-

Table 5.3 Mesothelioma versus adenocarcinoma

Feature Mesothelioma Adenocarcinoma
Cellularity Very high Variable, frequently 

high
Overall cell 
features
  Cell type Monotonous 

population
Polymorphous 
population

One cell type, 
mesothelial

Two cell types

  Pleomorphism Minimal atypia Obviously atypical
Rarely frankly 
malignant

Rarely subtle atypia

  Cell size Vary from small to 
gigantic

Generally enlarged and 
of similar size

  N/C ratio Low High
  Mitotic 

activity
Inconspicuous Variable, can be high

Cytoplasm Abundant Variable but rarely 
abundant

Two-tone One-tone in most cases
Sub-membranous 
vacuoles and brush 
border

Fine vacuoles 
throughout or large 
disfiguring vacuoles

Cell clusters
  Shape Spheres, morules, 

and loose clusters
Variable, mainly 
spheres or clusters

  Circumference Knobby or berrylike Mostly smooth
Scalloped borders
Cytoplasm forming 
the border

Nuclei forming the 
border

Cell-to-cell 
relation

Cellular windows No windows

Cellular clasping No cell clasping
Cell within cell Cell within cell
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guishing mesothelioma from adenocarcinoma, with the latter 
two favoring adenocarcinoma.

In a subgroup of cases, it is truly difficult to distinguish 
mesothelioma from adenocarcinoma, and immunostains will 
play a significant role in establishing the diagnosis. As stated 
above, we recommend using a minimum of two mesothelial 
markers and two or three carcinoma markers in the initial 
panel.

While all adenocarcinomas can present a differential with 
mesothelioma, certain adenocarcinomas should particularly 
be considered. These include tumors of lung, ovary, and 
breast origin, since they can present with numerous cell 
aggregates in a pattern very similar to mesothelioma. Breast 
carcinoma in particular tends to present as cellular spheres 
with only a few single cells. However, breast clusters tend to 
be very large, frequently with irregular contours, and an 
overall cribriform pattern in contrast to the smaller morules 
with scalloped borders in mesothelioma. As previously men-
tioned, in the author’s experience, the presence of multinu-
cleated cells with abundant dense cytoplasm and gigantic 
cells approaching the size of adjacent morules is a feature 
frequently seen in mesothelioma and rarely encountered in 
adenocarcinoma. Primary adenocarcinoma of the serosal 
surface may be difficult to separate from peritoneal mesothe-
lioma. Both present as a primary peritoneal tumor and may 
overlap with some immunostains. In a study by Ordonez 
evaluating multiple markers, the best discriminators among 
the positive markers for mesothelioma were D2–40, podo-
planin, and calretinin. The author recommended a panel of 
Ber-EP4 and MOC-31 in combination with calretinin, and/or 
D2–40 or podoplanin [91]. However, since Ber-EP4 and 
MOC-31 are directed against the same epitope, we believe 
that one of them is sufficient and recommend instead an 
additional marker such as B72.3, which is highly specific, to 
be added to the panel [92]. In addition, it is important to 
remember that mesothelial markers may also be expressed 
by a subset of ovarian carcinomas. Estrogen (ER) and pro-
gesterone (PR) receptor immunostaining is also helpful in 
the differential diagnosis, with reactivity for ER in up to 88% 
of ovarian and 86% of primary peritoneal serous carcinomas, 
and PR staining in up to 60% and 56% of ovarian and perito-
neal carcinomas, respectively [93]. As previously mentioned, 
PAX-8 is very helpful in this differential diagnosis, with 
negative staining in mesothelioma and frequent reactivity in 
serous carcinoma [76].

 Mesothelioma Versus Poorly Differentiated 
Squamous Carcinoma (Sqcc)

Fortunately, this differential is very rare. Poorly differenti-
ated Sqcc may present with cellular spheres and large cells 
with abundant two-tone cytoplasm. It should always be con-

sidered when a fluid is suspected to be mesothelioma but 
staining is inconsistent, e.g., positive staining for both cal-
retinin and carcinoma markers. In these cases, staining with 
WT-1 and p63 or p40 may be valuable. Sqcc expresses p63 in 
over 90% of cases and is characteristically WT-1-negative. 
For further discussion, please refer to Chap. 2 in this book.
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Hematologic and Lymphoid Neoplasia

Anne Tierens and William Geddie

 Introduction

Serous effusions occur in lymphomas, in about 20–30% of 
cases, and are less frequently seen with myeloid malig-
nancy [1, 2]. In children, effusions are more commonly 
associated with lymphoma and leukemia than with other 
malignancies [3]. Most effusions are secondary and are 
caused by direct infiltration with leukemia or lymphoma 
from adjacent disease infiltrates, by obstruction of the lym-
phatic system draining the body cavity, or by infection sec-
ondary to immune depression due to extensive marrow 
involvement or treatment of lymphoma or leukemia. In 
addition, effusions may also be caused by inflammation 
following direct damage by radiation, chemotherapy, and 
tyrosine kinase inhibitors such as dasatinib or by graft ver-
sus host disease in the case of bone marrow transplantation 
for the malignancy [4–6]. In this section, only serous effu-
sions due to direct lymphoma or leukemia infiltration of a 
body cavity will be discussed.

Primary involvement of serous cavities by lymphoma is 
rare, and only three disease entities are recognized by the 
WHO classification of lymphoid neoplasm: primary effusion 
lymphoma (PEL), diffuse large B-cell lymphoma (DLBCL) 
associated with chronic inflammation (DLBCL-CI), and 
breast implant-associated anaplastic large-cell lymphoma 
(BI-ALCL) which is a new provisional entity in the 2016 
revised WHO classification [7, 8]. In addition, effusion- 
based HHV8-negative large-cell lymphoma (HHV8-EBL) 
associated with fluid overload conditions likely represent a 
distinct disease entity [9]. Other lymphomas such as extrano-
dal marginal zone lymphoma, nasal-type NK/T-cell lym-

phoma, and adult T-cell lymphoma/leukemia may 
occasionally manifest in body cavities [10–13].

Secondary infiltration of body cavities with lymphoma is 
more common than primary lymphoma involvement and can 
virtually be seen with any lymphoma type [1, 2]. Secondary 
infiltration of body cavities with leukemia is also seen but is 
less common than other causes of effusions in those diseases 
such as those associated with infections or therapy.

 Lymphoma and Leukemia Diagnosis 
in Effusions

The diagnosis of lymphoma and leukemia in effusions 
involves primary cytomorphological examination combined 
with immunophenotypical examination. Serous fluid sam-
ples may be sent to both cytology and hematopathology 
laboratories for examination, and coordination is required to 
ensure that appropriate preparations are made for morpho-
logic examination and available sample is aliquoted for nec-
essary ancillary investigations. Samples sent to cytology 
laboratories are often examined by alcoholic fixation and 
Papanicolaou staining alone, which is suboptimal for exami-
nation of lymphoid or myeloid populations. A history or 
clinical suspicion of lymphoma should trigger the cytology 
laboratory to make air-dried and Romanowsky-stained prep-
arations for review, and a cell block should also be prepared 
to allow immunohistochemical stains and in situ hybridiza-
tion for Epstein-Barr virus (EBV)-encoded small RNA 
(EBER) to be performed.

Flow cytometry is an especially helpful technique for 
establishing a final diagnosis [14, 15]. In those cases, where 
the effusion is the primary localization and the first sample 
taken for diagnostic purposes, the diagnosis can be supple-
mented by fluorescent in situ hybridization (FISH) and/or 
polymerase chain reaction (PCR) analysis for demonstra-
tion of immunoglobulin heavy chain (IGH) or T-cell recep-
tor (TCR) rearrangements [16–18]. Analysis of antigen 
receptor gene rearrangements is most useful in cases suspi-
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cious for lymphomatous involvement in which restricted 
expression of immunoglobulin light chains or an abnormal 
 immunophenotype cannot be detected [19]. The results of 
these analyses should always be integrated with the other 
examinations and the clinical history since both false-posi-
tive and false- negative results may occur. Clonal rearrange-
ments, especially of TCR genes, can be seen in inflammatory 
conditions. Therefore, a positive or negative result can 
never be used as the only argument in favor or against a 
lymphoma diagnosis [19]. In addition, examination of a 
histological specimen, if feasible, is recommended when 
the effusion is likely a secondary disease infiltrate and the 
lymphoma has not yet previously been diagnosed. 
Histological examination allows for the integration of cyto-
morphology, immunophenotype, and architecture of the 
lesion, all of which are often necessary for precise classifi-
cation of the disease. Grading of follicular lymphomas, 
typing of T-cell lymphoma with a mature immunopheno-
type, and resolution of difficult differential diagnoses such 
as primary mediastinal large B-cell lymphoma versus 
Hodgkin’s lymphoma may not be possible without histo-
logic examination. Some series have reported an excellent 
correlation between cytological examination and histologi-
cal examination with regard to correct lymphoma typing 
but were either too small for statistical relevance, did not 
include all lymphoma types, or did not report a correlation 
with regard to lymphoma diagnosis according to the current 
WHO classification [20–22].

 Primary Lymphomas of Body Cavities

 Primary Effusion Lymphoma

Primary effusion lymphoma is a rare large B-cell lymphoma 
presenting as serous effusions only, affecting the pleural and 
less frequently the peritoneal and pericardial cavities, and is 
usually restricted to one cavity [23–27]. Not all PELs present 
as effusions. Although rare, extra-cavitary variants also 
called EC-PEL may involve lymph nodes and extranodal 
sites such as the gastrointestinal tract, lung, skin, and CNS 
[28, 29]. In addition, cases occurring in peripheral blood, 
CSF, and the space surrounding breast implants have been 
reported [30, 31].

PEL belongs to the wide spectrum of Kaposi sarcoma 
herpesvirus (KSHV)/human herpesvirus 8 (HHV8)-positive 
lymphoproliferative disorders which also encompass multi-
centric Castleman disease (MCD), HHV8-positive DLBCL, 
not otherwise specified (HHV8+, DLBCL, NOS), and germi-
notropic lymphoproliferative disorder (GLPD) [30]. 
Coinfection with Epstein-Barr virus is often found, espe-
cially in HIV-positive patients. PEL tends to arise in severely 
immune-compromised HIV-positive patients, but it may also 

affect elderly individuals or patients that are immunocom-
promised due to organ transplantation [31–33].

Cytocentrifuge or direct smear preparation of the effusion 
fluid reveals large cells with features of immunoblasts, plas-
mablasts, and infrequent anaplastic cells resembling Hodgkin 
cells. The variably dark basophilic cytoplasm and the pres-
ence of a perinuclear hof suggest plasma cell differentiation 
(Fig. 6.1a, b).

The lymphoma cells are positive for CD45 but do not 
express pan-B-cell antigens such as CD19, CD20, CD79a, or 
PAX5. Instead, they are positive for plasma cell differentia-
tion antigens CD138, multiple myeloma oncogene 1 
(MUM1)/interferon regulatory factor 4 (IRF4), BLIMP1 
also known as PR domain zinc finger protein 1 (PRDM1), 
and the activation markers CD38, CD30, and HLA-DR anti-
gens (Fig. 6.2) [34]. Aberrant expression of T-cell antigens is 
detected in rare cases [30, 36]. The lymphoma invariably 
stains for the KSHV latency-associated nuclear antigen 
(LANA-1 or ORF 73) and also EBV by in situ hybridization 
for EBER in about 75% of AIDS patients (Fig. 6.1c) [34, 35]. 
Molecular analysis of the immunoglobulin heavy chain gene 
reveals clonal rearrangements and somatic hypermutations 
in the majority of cases [37]. The immunophenotypic and 
genetic features including a gene expression profile sharing 
features of germinal center B-cells as well as of plasma cells 
indicate that PEL is derived from terminally differentiated 
B-cells [38, 39].

Although few recurrent structural aberrancies have 
been reported, conventional cytogenetic analysis has 
revealed complex karyotypes [40]. Differential diagnoses 
include lymphomas with morphologic features similar to 
PEL including effusion-based HHV8-DLBCL, Burkitt’s 
lymphoma with plasmacytoid differentiation, plasmablas-
tic lymphoma, and anaplastic large-cell lymphoma. The 
absence of the HHV8 antigen and differences in the anti-
genic profiles readily distinguish the latter lymphomas 
from PEL.

Little is known about the pathogenesis of PEL. Although 
many of the KSHV-associated proteins are oncogenic, their 
expression in KSHV-infected in-vitro cell lines is not suffi-
cient for malignant transformation [34]. Likewise, the contri-
bution of coinfection with EBV in the development of PEL is 
not known either. Recently, it was reported that the hepato-
cyte growth factor (HGF)/c-MET pathway is highly acti-
vated by KSHV in PEL cell lines and in patients infected 
with KSHV as shown by the high levels of HGF [41]. The 
molecular mechanism, however, underlying the activation of 
this pathway, is not known since no single nucleotide vari-
ants in the c-MET genomic regions are demonstrated [42]. 
HGF is the only known ligand for the Met proto-oncogene 
which encodes a receptor tyrosine kinase, also known as 
c-MET. The HGF/c-Met pathway induces myriad biological 
responses including increased cell proliferation and survival, 
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Fig. 6.1 Cytology of primary effusion lymphoma (PEL). (a) May 
Grunwald Giemsa (MGG) staining, 60× objective. The lymphoma cells 
exhibit the morphology of large immunoblasts or plasmablasts. They 
have large round to irregular nuclei with prominent nucleoli and abun-
dant, often dark blue cytoplasm. (b) ThinPrep, Papanicolaou stain, 63× 
objective. In Papanicolaou-stained preparations nuclear pleomorphism, 

mitoses and apoptosis are easily seen, but chromatin texture and cyto-
plasmic basophilia are not as apparent. (c) Cell block immunohisto-
chemistry, 40× objective. Immunohistochemical stains required for 
subtyping can be performed on cell block paraffin sections provided 
validated fixation protocols are adhered. Composite photograph show-
ing HHV8, MIB-1, EBER, and EMA

a b

HHV8 MIB1

EBER EMA

c
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migration, metastasis, and angiogenesis. Molecules integral 
to the HGF/c-MET pathway may be potential novel targets 
in cancer treatment. Indeed, a selective c-Met inhibitor 
induced apoptosis of the PEL through cell cycle arrest and 
DNA damage and reduced tumor progression in xenograft 
models [41]. The ribonucleoside-diphosphate reductase sub-
unit- 2 (RRM2) controlled by c-Met was also significantly 

downregulated and may be therefore another potential thera-
peutic target.

PEL is an aggressive disease, with a median survival of 
less than 6 months using conventional chemotherapy regi-
mens [43]. Clinical trials are urgently needed to confirm the 
antitumor effects of the small molecules targeting RRM2 
and c-Met in PEL [42].
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 Diffuse Large B-Cell Lymphoma Associated 
with Chronic Inflammation

The best characterized diffuse large B-cell lymphoma asso-
ciated with chronic inflammation is pyothorax-associated 
lymphoma (PAL) occurring in patients with long-standing 
pyothorax resulting from artificial pneumothorax for the 
treatment of pulmonary or pleural tuberculosis. It was first 
described in Japan in 1987 where more than 200 PAL have 
been documented [44]. Rare cases of PAL have also been 
described in other Asian countries and in the West [45–47]. 
The interval between the onset of chronic inflammation and 
presentation of PAL usually exceeds 20 years, with a median 
clinical history of 37 years. The median age of presentation 
is 70 years. PAL is far more common in men than women. 
PAL shows a strong association with EBV with positivity for 
EBER and the strong diffuse expression of EBV nuclear 
antigen (EBNA-2) and/or late membrane protein-1 (LMP-1) 
in the majority of cases [48]. The chronic inflammation 
likely exposes the EBV-transformed B-cells to oxidative 
stress signals impairing DNA damage responses and enables 
them to escape immune surveillance through cytokines such 
as IL-6 providing autocrine growth signals and IL-10 medi-
ating immune suppression [49].

PAL presents as a large pleural tumor mass comprised of 
large cells with centroblastic or immunoblastic morphology 
and prominent single or multiple nucleoli. Areas of necrosis 
and an angiocentric growth pattern are frequently present 
[45, 46]. The lymphoma cells are typically positive for B-cell 
antigens CD19, CD20, and CD79a and often also express 
MUM1/IRF4 and are infrequently positive for CD138 [45]. 
Monotypic expression of immunoglobulin light chain 
expression can be detected in a subset. Occasionally, expres-
sion of one or more T-cell antigens is detected together with 
the expression of CD20 and CD79a [46]. BCL-6 and CD10 
are negative, indicating derivation from post-germinal center 
B-cells. The gene expression profile of PAL differs from 
nodal DLBCL [45, 49]. The most differentially expressed 
genes involve interferon-inducible (IFI) protein 27 that is 
induced in B-cells stimulated by interferon-α and HLA class 
I molecules that are downregulated. PAL is further character-
ized by a high frequency of TP53 mutations and MYC ampli-
fications explaining its aggressive behavior and a 5-year 
overall survival of 20–35% [45, 50]. With the discontinua-
tion of artificial pneumothorax, PAL has become rare, but 
other DLBCL-CI associated with chronic osteomyelitis, 
metallic implants, and chronic skin ulcers have been 
described.

The recently reported fibrin-associated EBV-positive 
B-cell lymphoma has also been included in this category in 
the WHO classification. The fibrin-associated EBV-positive 
B-cell lymphomas present as small lesions in pseudocysts, 
chronic epidural hematomas, or hematomas associated with 

prior vascular surgery, prosthetic cardiac valves, and atrial 
myxomas [51]. Despite similarities with PAL and DLBCL-CI, 
fibrin-associated EBV-positive B-cell lymphomas have dis-
tinct pathologic and clinical features. In contrast to 
DLBCL-CI, clusters or sheets of large B-cells are identified 
in a background of fibrin with variable signs of chronic 
inflammation, the latter more prominent in pseudocysts and 
chronic hematomas. Furthermore, they show low expression 
of MYC and TP53 unlike DLBCL-CI. Also the absence of a 
long history of chronic inflammation and the indolent course 
of these lymphoproliferations, especially the cases occurring 
in pseudocysts which are often cured by surgery only, distin-
guish fibrin-associated EBV-positive B-cell lymphomas 
from DLBLC-CI.

 Breast Implant-Associated Anaplastic  
Large- Cell Lymphoma (Figures 6.3 and 6.4)

Breast implant-associated anaplastic large-cell lymphoma is 
a rare T-cell lymphoma occurring in women with breast 
implants [52, 53]. It most commonly presents as a peri- 
implant seroma fluid confined within a fibrous capsule and 
more seldom as a breast tumor with or without involvement 
of adjacent lymph nodes [54–56]. According to the Ann 
Arbor lymphoma staging system, 83–84% of patients with 
BI-ALCL present with stage1E, 10–16% of patients with 
stage IIE, and 1–7% patients with stage IV [57, 58]. A tumor 
(T), lymph node (N), and metastasis (M) staging system for 
BI-ALCL was proposed by MD Anderson (MDA) [58]. In 
the MDA TNM staging system, stage I disease was divided 
in three subgroups IA, IB, and IC which are, respectively, 
characterized by effusion only, early capsule invasion, and a 
mass confined to capsule. Locally infiltrative disease without 
involvement of adjacent lymph nodes or localized disease 
with involvement by one lymph node is classified as stage 
IIA and IIB, respectively. Advanced local disease with one or 
more affected lymph nodes and metastasized diseases are 
grouped as stage III and stage IV, respectively.

The median age ranges from 52 to 61  years, and the 
median time interval between the breast implant to the diag-
nosis of BI-ALCL is 8–9 years [54–56]. Although the odds 
ratio for BI-ALCL is increased in patients with breast 
implants, especially in those with textured implants, the risk 
remains very low (0.1–0.3 per 100,000 women with prosthe-
ses) [56, 59]. A chronic inflammatory and/or immunologic 
response is suggested to contribute to the pathogenesis of 
BI-ALCL, in keeping with its origin from activated cytotoxic 
T-cells. Recently, mutations in the Janus kinase (JAK)/signal 
transducer and activator or transcription (STAT) signaling 
pathway genes such as gain-of-function mutations in JAK1 
and STAT3 and loss of function mutations in suppressor of 
cytokine signaling 1 (SOCS1) have been detected in two of 

6 Hematologic and Lymphoid Neoplasia



112

five BI-ALCL cases using whole exome sequencing [60, 61]. 
Similarly, STAT3 activation due to STAT3 mutations or trans-
locations involving dual specificity 22 (DUSP22) locus has 
been reported in 18% of ALK-negative ALCL and 5% of 
cutaneous ALCL [62]. Taken together, constitutive activation 
of JAK/STAT signaling may contribute to the development of 
a subset of BI-ALCL and systemic ALK-negative and cuta-
neous ALCL.  Whereas SOCS1 and STAT3 may be co- 
mutated in the same tumor, only one case of BI-ALCL 
harbored a nonsense mutation in DNTM3A [60]. DNTM3A is 
a DNA methyltransferase required for genome-wide de novo 
methylation. DNTM3A mutations impairing its catalytic 
activity are frequent in myeloid neoplasms and early T-cell 
precursor acute lymphoblastic leukemia but have also been 
detected in 33% of peripheral T-cell lymphomas [63].

An aspiration of peri-prosthetic fluid collections should 
be submitted with appropriate history for cytologic and 

immunophenotypic examination. A discrete mass amenable 
to core or excisional biopsy is rarely present, and examina-
tion of tissue frequently requires removal of the implant with 
surrounding fibrous tissue capsule. Because these cases 
require special procedures, direct contact with the responsi-
ble pathologist is advisable.

The lymphoma cells are large and pleomorphic and 
have abundant cytoplasm and irregular nuclear contours 
with dispersed chromatin and occasional prominent 
nucleoli (Fig.  6.3). Occasionally, hallmark cells with 
horseshoe or kidney-shaped nuclei may be detected in the 
effusion confined to the capsule. However, they are more 
frequent in the infiltrative variant. The cells typically 
express CD30, are variably positive for T-cell antigens, of 
which CD4 is most frequently positive, and are negative 
for anaplastic lymphoma kinase (ALK) [54–56]. Bright 
expression of CD25 and HLA-DR, as well as weak expres-

Fig. 6.3 Late seroma adjacent to breast implant: Upper left: ThinPrep, 
Papanicolaou stain (size bar 40 μm)—hallmark cell with horseshoe- 
shaped nucleus. The thickness of cells fixed in an alcoholic solution 

makes it difficult to resolve detail. Upper right and bottom panel: 
Cytospin slide, MGG stain—The cells of anaplastic large-cell lym-
phoma display great pleomorphism
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sion of CD95 and CD40, may further characterize the 
lymphoma cells (Fig. 6.4) [64, 65]. Staining by immuno-
histochemistry may reveal positivity for epithelial mem-
brane antigen and nuclear expression of pSTAT3 [56]. 
Clonal rearrangement of T-cell receptor (TCR) γ chain 
gene is demonstrated in the majority of cases [56, 66]. In 
50% of cases, the TCR β chain is clonally rearranged [56]. 
Differential diagnoses include poorly differentiated carci-
noma, systemic ALK-negative or locally invasive cutane-
ous ALCL, and classical Hodgkin lymphoma. Once a 
diagnosis of ALCL is confirmed, integration of all pathol-
ogy findings with clinical history and imaging results con-
firms the diagnosis of BI-ALCL.

BI-ALCL is an indolent disease with overall survival at 3 
and 5  years of 94% and 91%, respectively [67]. Surgery 
alone is sufficient to cure most of the patients with BI-ALCL 
confined to the capsule [56, 58]. However, locally invasive 
BI-ALCL and lymph node involvement requires additional 
chemotherapy in addition to the surgical excision of the 
lesion [56, 58].

 Effusion-Based HHV8-Negative Diffuse Large 
B-Cell Lymphoma

Effusion-based HHV8-negative large-cell lymphoma (EBL) 
arises in elderly patients with underlying conditions leading 
to fluid overload including cirrhosis which is often associ-
ated with hepatitis C infection, cardiac problems, or protein-
losing enteropathy [9, 68]. These patients are not 
immunosuppressed and are usually not HIV-positive. Pleural 
effusions are the most common and, in contrast to PEL, may 
present bilaterally. The neoplastic cells may be immunoblas-
tic, plasmablastic, or pleomorphic, similar to PEL, but they 
are defined by pan-B-cell antigen and cytoplasmic immuno-
globulin expression in keeping with the clonal immunoglob-
ulin heavy chain rearrangements documented in most cases. 
Rare cases may be of T-cell lineage. EBV is detected in about 
one third of the patients. Often, HHV8-negative EBL carries 
a complex karyotype.

The pathogenesis is not known, but the coinfection 
with HCV, identified in one third of the patients with 
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for CD2, CD4, and CD30 and negative for CD5. They exhibit bimodal 
expression of CD3 and CD7. Expression of CD56 and CD11c is 
demonstrated

6 Hematologic and Lymphoid Neoplasia



114

HHV8- negative EBL, may suggest a causative role of 
HCV in triggering a B-cell proliferation. It is also postu-
lated that long-standing pre-existing effusions with 
chronic serosal stimulation may predispose to  
lymphoma [9].

HHV8-EBL appears to have a more favorable prognosis 
than PEL with complete or partial remission of 70% and 
82% with aspiration only or chemotherapy [9].

 Secondary Lymphoma Infiltration in Body 
Cavities

Effusions are a common complication of Hodgkin as well as 
non-Hodgkin lymphomas  (Figs. 6.5 and 6.7). Pleural effu-
sions are the most common and have been reported with 
variable frequency between 6.7% and 48% of all cases, 
depending on the publication series [1, 2]. Ascites and peri-
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cardial effusions are uncommon. Pleural and pericardial 
effusions are mostly associated with lymphoma localization 
in the mediastinum. Lymphoblastic lymphoma, Burkitt’s 
lymphoma, and T-cell lymphomas are associated with pleu-
ral effusions at a higher frequency than other lymphoma 
types (Figs. 6.6 and 6.8). Although malignant cells can be 
detected by cytological examination in many cases, and 
although immunophenotyping by flow cytometry is helpful 
in corroborating the diagnosis, a tissue biopsy is recom-
mended for final classification of the lymphoma. A biopsy is 
usually not necessary when the effusion occurs at the time of 
lymphoma relapse. In those instances, cytological examina-
tion followed by flow cytometry suffices.

 Myeloid Leukemia Infiltration in Body 
Cavities

Myeloid leukemic effusions are rare. These have mostly 
been reported in chronic myelomonocytic leukemia and in 
chronic myeloid leukemia in accelerated phase or blast 
crisis. Leukemic effusions do also occur in other myelo-
proliferative neoplasms in blastic transformation. The 
effusions are usually hemorrhagic and show a mixture of 
immature and mature myeloid cells as well as a variable 
number of myeloblasts. The diagnosis can readily be 
established by cytologic examination followed by flow 
cytometry.
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(c) CD3, show bright expression of CD7, but are only partially positive 
for CD5 and CD2. They are negative for CD4, CD8, cytoplasmic 
myeloperoxidase (cMPO), and Tdt. A subset of the lymphoblasts is 
positive for the myeloid antigen CD33
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Cancer of Other Origin

Ben Davidson, Claire Michael, and Pınar Fırat

 Introduction

The list of malignant tumors that may affect the serosal 
cavities in the form of malignant effusions is essentially as 
long as the list of existing cancers, as almost any type of 
malignancy has been described at this anatomic site. There 
are, however, considerable variations in terms of incidence 
that must be taken into account. The previous chapters in 
this section focused on five of the more commonly diag-
nosed entities in effusion diagnosis—breast, lung, and 
ovarian carcinoma, malignant mesothelioma, and hemato-
logical cancers. The frequency with which one may diag-
nose any of the remaining cancers depends on the type of 
institution and diagnostic service one works in, as well as 
on geographic factors. Nevertheless, the most frequently 
encountered tumors among those discussed in this chapter 
are undoubtedly those originating from the gastrointestinal 
tract, followed by metastases from uterine (endometrial 
and cervical) carcinomas, with the remaining entities rang-
ing from infrequent to exceedingly rare. It should be noted 
that papers cited in this chapter are limited to those in 
which unequivocal presence of tumor cells has been docu-
mented in the effusion based on cytological evaluation. 
Reports in which effusions have been described as “malig-

nant” based on the fact that the patient had documented 
metastasis to the same anatomic compartment that has 
been diagnosed in biopsy material have not been included 
in this discussion.

 Gastrointestinal Cancers

The most common gastrointestinal organs of origin for 
metastases in effusions are the stomach, pancreas, liver, 
colon and rectum, and esophagus. In addition, dissemination 
from a primary in the appendix, and less frequently from a 
colonic, ovarian, or other origin, in the form of pseudomyx-
oma peritonei deserves discussion, as it represents a distinct 
clinical entity.

The clinical and morphological characteristics of these 
tumors will be discussed separately, followed by a joint dis-
cussion on their immunohistochemical profile and the dif-
ferential diagnosis, as several markers are expressed by the 
majority or all of these cancers.

 Gastric Carcinoma

Globally, gastric cancer, constituting predominantly of ade-
nocarcinoma, is the fourth and fifth most commonly diag-
nosed cancer in men and women, respectively, and ranks 
third and fifth in cancer-associated mortality in the two gen-
ders, making it a major health problem [1]. Considerable 
geographic variation exists, with highest disease incidence in 
Eastern Europe, Asia, and Central and South America [2]. 
Helicobacter pylori is a major causative agent. Mass screen-
ing for gastric cancer in Japan and South Korea has led to 
detection of smaller tumors at an earlier disease stage, result-
ing in improved survival. However, screening has not been 
implemented in the majority of countries, resulting fre-
quently in late diagnosis, with 5-year survival at 25–30% for 
all stages [2]. Malignant ascites is present in 10% of gastric 
cancer patients and is associated with poor outcome [3].
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Surgery at early stage remains the only curative approach. 
However, treatment is multidisciplinary, with combination of 
surgery with chemotherapy or chemoradiotherapy in patients 
with resectable disease or the use of the latter modalities in 
the non-resectable setting. Intraabdominal chemotherapy has 
been assessed as therapeutic modality, with generally 
 disappointing results. Targeted therapy using trastuzumab is 
used in patients with HER2-overexpressing tumors, and sev-
eral other therapeutic targets are currently being assessed in 
clinical trials [2]. Analysis of 72 patient-matched primary 
and metastatic gastric carcinomas, including 15 effusions, 
showed good agreement with respect to HER2 status by both 
FISH (98.5%) and IHC (94.9%) [4]. The feasibility of assess-
ing HER2 status in effusion specimens was confirmed in a 
more recent study of 46 gastric carcinoma effusions [5].

Gastric carcinoma effusions are often highly cellular 
(Fig. 7.1a). Tumor cells in effusions most often originate 
from diffuse infiltrating carcinomas and consequently 
tend to disseminate in the form of single cells (Fig. 7.1b, 
c), although more cohesive groups, occasionally with aci-
nar form, may be seen (Fig. 7.1d). Tumor cells have vari-
able size but are generally medium-sized, with high n/c 
ratio, markedly atypical nuclei with coarse chromatin, and 
conspicuous nucleoli (Fig. 7.1e, f). Signet ring morphol-
ogy is common and intracytoplasmic vacuoles are easily 
detected (Fig. 7.1e–g). Binucleate or multinucleate cells 
may be seen (Fig. 7.1h). Mitotic figures are easily found 
(Fig. 7.1g, i).

Cells that have spread from gastric carcinomas of intesti-
nal type tend to be more cylindrical and less atypical and 
form more cohesive groups [6].

 Pancreatic Carcinoma

Pancreatic cancer,  predominantly adenocarcinoma, is a 
highly lethal malignancy which is more prevalent in devel-
oped countries, in which it is the ninth and eighth most com-
monly diagnosed cancer in men and women, respectively. 
The aggressiveness of pancreatic cancer is clearly reflected 
in the fact that it ranks fifth and fourth in cancer-associated 
mortality in the two genders, with 5-year survival for all 
stages at 8%. The disease is predicted to become the second 
most common cancer by 2030 [1, 7].

Pancreatic cancer usually presents as locally advanced or 
metastatic disease, with only 15–20% of patients deemed eli-
gible for upfront surgery [8]. For the remaining patients, che-
motherapy is the mainstay of treatment. However, few patients 
achieve long-term survival, and data from trials applying tar-
geted therapy have generally been disappointing to date [7].

Individuals with family history of pancreatic cancer are at 
increased risk of developing the disease, as are those with 
genetic syndromes, including hereditary pancreatitis, famil-

ial atypical mole and multiple melanoma,  Peutz-Jeghers 
syndrome, Lynch syndrome, and Li-Fraumeni syndrome, as 
well as those carrying BRCA mutations [9]. Effective screen-
ing is unavailable to date [9, 10].

The presence of malignant ascites, either at diagnosis or 
at new onset, is associated with extremely poor survival [11–
13]. In a recent study of 180 patients, median survival after 
development of ascites was 1.8  months [14]. Therapeutic 
approaches that have been considered in this setting are 
administration of paclitaxel after failed treatment with gem-
citabine, the drug of choice in treating pancreatic cancer 
[15], and combined regimen of 5-FU and cisplatin [16], the 
latter with disappointing results.

Warshaw analyzed peritoneal washings from 40 patients 
diagnosed with pancreatic carcinoma of the head (n = 35) or 
body (=5). Tumor cells were found in 12 cases (30%), and 
their presence was associated with the presence of non- 
resectable tumors and shorter survival [17]. In contrast, only 
three positive specimens were found in analysis of peritoneal 
washings and ascites specimens from 36 patients with 
biopsy-proven pancreatic carcinoma, all three from patients 
with peritoneal carcinomatosis [18].

The morphology of pancreatic carcinoma in effusions 
depends on the histological type of the primary tumor (serous 
vs. mucinous) and the degree of differentiation. Di Bonito 
et al. studied 26 effusions from 20 patients with pancreatic 
carcinoma of ductal type, of which 18 were peritoneal and 8 
pleural. The authors found Indian file formation with nuclear 
molding to be the most prominent morphological feature. 
Other non-specific features included eccentric hyperchro-
matic nuclei, abundant vacuolated cytoplasm, and a reactive 
background [19].

Spieler and Gloor describe two types of cells in well- 
differentiated pancreatic and biliary duct carcinoma-small 
cylindrical cells forming smooth, round, or papilliform clus-
ters and larger cells with abundant vacuolated cytoplasm. 
Less differentiated cells were difficult to distinguish from 
adenocarcinomas of other origin [6].

Cases seen by the authors of this chapter encompass a 
fairly wide morphological spectrum. Pancreatic carcinoma 
cells may form papillary groups that are indistinguishable 
from serous carcinoma of the ovary or peritoneum (Fig. 7.2a–
c). Vacuolization may be prominent (Fig. 7.2a, d), occasion-
ally encroaching on the nucleus (Fig. 7.2e). Acinar structures 
may be seen, with nuclear molding (Fig.  7.2f), as well as 
nondescript groups of various size (Fig. 7.2g, h). Cells have 
variable n/c ratio and degree of atypia, but the latter may be 
pronounced (Fig. 7.2i), occasionally with the formation of 
giant cells, both mononucleated and multinucleated 
(Fig.  7.2j, k). Tumors with dissociated cells, occasionally 
with intracytoplasmic vacuoles, which are indistinguishable 
from gastric carcinoma or lobular breast carcinoma, may be 
seen (Fig. 7.2m).
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Fig. 7.1 Gastric carcinoma: (a) highly cellular specimen with dissoci-
ated tumor cells; (b and c), matched effusion (b) and gastric resection 
(c) from a patient with adenocarcinoma of the diffuse infiltrating type; 

(d) cohesive cell group; (e and f) prominent atypia; (g) signet ring cells; 
(h) binucleation; (i) mitosis. (a) MGG/Diff-Quik; (b) H&E; (c–i) PAP
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 Colon Carcinoma, Tumors of the Appendix, 
and Pseudomyxoma Peritonei

Colorectal cancer (CRC), constituting for all practical pur-
poses of adenocarcinomas, is the third most common malig-
nancy in men worldwide, ranking second in women. It is the 
fourth and third most common cause of cancer-associated 
deaths in the two genders [1]. Unlike gastric and pancreatic 
cancer, effective screening available for this disease has led 
to reduced mortality. Metastatic disease in treated by chemo-
therapy, to which in recent years targeted therapy has been 
added, predominantly aimed at inhibition of epidermal 

growth factor receptor (EGFR) and vascular endothelial 
growth factor (VEGF) [20].

Colon carcinoma may occasionally be found in effusion 
specimens, most frequently in the peritoneal cavity. Tumor 
cells are usually columnar and large, forming glandular, 
 acinar, or papillary structures (Fig.  7.3a–d), but may be 
smaller and in more tightly arranged groups (Fig.  7.3e). 
Intracytoplasmic mucous vacuoles of various size may be 
evident (Fig. 7.3f–h). Nuclear palisading, nuclear membrane 
irregularities with indentations and lobulations, and apical 
cytoplasmic densities have been described as characteristic 
for adenocarcinomas of colonic origin [6, 21]. As in other 
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Fig. 7.2 Pancreatic carcinoma: (a–c) papillary groups; (d, e) vacuo-
lated cells; (f) acinar groups; (g) small cohesive group; (h) tumor show-
ing both dissociated cells and cohesive groups; (i) pronounced atypia; 

(j, k) pleomorphic cells; (l) dissociated poorly differentiated carcinoma. 
(a, b, d, f) PAP; (c, j) H&E; (e, g–i, k, l) MGG/Diff-Quik
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gastrointestinal tumors, pleomorphic cells, signet ring mor-
phology, or dissociated poorly differentiated cells may be 
encountered in less differentiated tumors (Fig. 7.3f–j).

Pseudomyxoma peritonei (PMP) is characterized by the pres-
ence of mucinous ascites and diffuse peritoneal involvement in 
the form of mucin-containing nodules of variable size. While 
some foci may contain only mucin and host cells (fibroblasts, 
mesothelial cells, leukocytes), the majority contain neoplastic 
mucinous epithelium with a variable degree of atypia. The pri-
mary tumor is localized in the appendix in the majority of cases, 
although dissemination from other primary sites, mainly the 
ovary and colon, is occasionally seen. Ronnett et al. divided these 
cases into diffuse peritoneal adenomucinosis (DPAM) and peri-
toneal mucinous carcinomatosis (PMCA) based on the diagnosis 
of the primary appendiceal tumor (adenoma vs. carcinoma) and 
the abundance of epithelial elements, degree of atypia, and 
mitotic activity in the peritoneal lesions [22]. Differences in sur-
vival between these two groups were seen in this report, as well 
as in subsequent studies [22, 23]. New guidelines for classifica-
tion and reporting of this tumor were recently published [24]. 
Among the changes in this document, low-grade and high-grade 
mucinous carcinoma peritonei were accepted as alternatives to 
the adenomucinosis and carcinomatosis terms, respectively, and 
PMP was defined as malignant disease [24].

In the largest study of cytological specimens to date, 
Jackson et  al. reviewed 67 peritoneal washing specimens 
from PMP patients [25]. Epithelial elements were found in 63 
specimens, whereas the remaining 4 contained only mucin. 
Good agreement was seen between the histological and cyto-
logical specimens in differentiating DPAM from PMCA.

In the Jackson series, tumor cells in DPAM cases were char-
acterized by cohesive clusters or monolayered (honeycomb) 
sheets of cells with discrete cell borders; uniform small, round 
nuclei with smooth nuclear membranes and inconspicuous 
nucleoli; and absence of mitotic figures and single tumor cells. In 
PMCA specimens, tumor cells were found as single cells, small 
three-dimensional clusters, or irregular sheets. Cells were 
enlarged and had overlapping nuclei with irregular nuclear mem-
branes, irregular chromatin, and variably sized nucleoli. Signet 
ring cells and mitotic figures were occasionally found [25].

In a recent report, tumor cells were found in cytological 
specimens from 18/21 patients, and the presence of higher 
cellularity was associated with more aggressive disease [26]. 
A PMP specimen from one of the authors’ archive is shown 
in Fig. 7.3k.

A more rare diagnosis is the finding of a goblet cell carci-
noid (adenocarcinoid) in effusion specimens. Only isolated 

reports of this entity have been published in the literature 
[27–31], and one of the authors diagnosed an additional 
specimen in a pleural effusion. These are aggressive tumors 
which combine the morphological features and immunohis-
tochemical profile of carcinoid and mucinous carcinoma. 
Wojcik and Selvaggi observed clusters of uniform small cells 
containing nuclei with finely granular chromatin, small 
prominent nucleoli, and scant cytoplasm admixed with sig-
net ring cells [27]. Others observed coarse hyperchromasia 
and nuclear overlap and molding [28] or the additional pres-
ence of larger cells with abundant granular cytoplasm, bean- 
shaped to round nuclei, and prominent eosinophilic nucleoli. 
Gland-like formations were found, some with eosinophilic 
material [29]. A tumor with predominant signet ring cell 
morphology and aggressive clinical behavior was recently 
described [31]. Our specimen consisted of cohesive groups 
of variable size, with cells that had vacuolated and eosino-
philic cytoplasm, nuclei with relatively little atypia, but with 
rather conspicuous nucleoli (Fig. 7.3l, m).

Rare reports of dissemination from other non-pulmonary 
neuroendocrine tumors have been published, including 
metastasis from a thymic carcinoid in pleural effusion [32] 
and positive peritoneal cytology from two patients with non-
functioning pancreatic endocrine tumors and one with ileal 
carcinoid [33]. In the latter paper, the cytological features 
were not described.

 Hepatocellular Carcinoma (HCC)

HCC is the sixth most common and ranks third as cause of 
death worldwide, with more than 700,000 cases diagnosed in 
2008. Considerable geographic variation exists, with the 
majority of cases diagnosed in Asia or in sub-Saharan Africa. 
Etiological factors include infection with hepatitis B and C 
viruses, alcoholism, and aflatoxin B1 exposure, as well as 
diabetes. HCC is a highly aggressive cancer developing most 
frequently in the context of pre-existing cirrhosis. Prognosis 
is extremely poor, especially in the presence of extrahepatic 
disease, and has not been significantly improved by chemo-
therapy. However, follow-up of individuals at risk by ultraso-
nography allows for diagnosis at earlier stages, in which 
surgery may be curative. Sorafenib, inhibitor of Raf kinase 
and receptor tyrosine kinases, has been shown to prolong 
survival in advanced disease [34].

The diagnostic yield of ascites from patients with liver 
disease was shown to be low.
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Fig. 7.3 Colon carcinoma: (a–e) glandular, acinar, papillary, or tight 
groups; (f–h) vacuolated cells; (i) pronounced atypia; (j) dissociated 
poorly differentiated carcinoma; (k) pseudomyxoma peritonei with 

copious mucin; (l, m) goblet cell carcinoid showing papillary group (l) 
and vacuolated cells with neuroendocrine features (m). (a–f, j, l) pap; 
(g, i, k) MGG/Diff-Quik; (h, m) H&E
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Analysis of 167 specimens from 133 patients, including 
17 with suspected HCC and 2  in which this diagnosis was 
previously made, resulted in no positive specimens [35].

Falconieri et al. reviewed smears from 106 patients with 
autopsy-proven HCC, of which 11 were positive. These 
had variable cellularity, with round or linear aggregates of 
polygonal cells with hyperchromatic or vesicular nuclei and 
inconspicuous nucleoli. Reactive changes were frequent [36]. 
Other authors noted a more frequent presence of neutrophils 
in the absence of superinfection in HCC ascites compared to 
specimens from patients with cirrhosis [37]. Two cases of sar-
comatous HCC were reported [38]. Metastasis from a poorly 
differentiated HCC was diagnosed by one of the authors. In 
this effusion, the tumor consisted of large, highly atypical 
cells with irregular nuclear contours. Cells had variable n/c 
ratio, chromatin texture, and nucleolar size (Fig. 7.4a–d).

A case of cholangiocarcinoma effusion consisting of 
tumor cells with high n/c ratio, large nucleoli, and intracyto-
plasmic vacuoles, lying singly or in small groups, is shown 
in Fig.  7.4e, f. Another specimen, with immunostains, is 
shown in Fig. 7.4g–j.

A case of hepatoblastoma, the most common malignant 
liver tumor in children, was recently diagnosed by one of the 
authors. Tumor cells had epithelial morphology and nuclei 
with coarse chromatin and prominent nucleoli and was posi-
tive for Hep-Par1 (Fig. 7.4k–m).

 Esophageal Carcinoma

Esophageal cancer, another highly aggressive gastrointesti-
nal cancer, ranks as the ninth most common and sixth cause 
of death worldwide. Squamous cell carcinoma, which 
affects primarily the upper and middle two-thirds of the 
esophagus, is the most common histological type world-

wide, whereas adenocarcinoma, which affects the middle 
and distal two- thirds of the organ, is the most common one 
in the USA and Europe. The proportion of the latter has 
been on the rise in recent years. Both entities are more 
common in men. Squamous cell carcinomas are strongly 
related to environmental factors, including smoking, alco-
hol consumption, exposure to very hot beverages, nitrosa-
mines, and vitamin and mineral deficiency. Consumption of 
red meat increases disease risk, while fruit and vegetables 
have a protective effect. Adenocarcinomas are strongly 
related to gastroesophageal reflux and the presence of 
Barrett’s esophagus, as well as to obesity, whereas con-
sumption of fruit and vegetables and Helicobacter pylori 
infection are protective [39].

Malignant effusions due to metastatic esophageal carci-
noma are infrequent. In a series of 85 patients with malignant 
pleural effusion, only 1 patient had a primary tumor of the 
esophagus [40].

Renshaw et al. reviewed 70 effusion specimens from 45 
patients with biopsy-proven esophageal carcinoma [41]. 
Only 1 of 17 specimens from patients with squamous cell 
carcinoma contained tumor cells, compared to 21 of 53 effu-
sions from adenocarcinoma cases. The latter were morpho-
logically similar to adenocarcinomas of other origin, 
although some specimens were hypocellular, with few carci-
noma cells.

The morphology of esophageal adenocarcinoma in effu-
sions is as variable as it is in metastases from other organs. 
Cells may form cohesive groups with cells having irregu-
lar nuclei with vesicular chromatin and prominent nucle-
oli (Fig.  7.5a). Larger, more dissociated cells with mucin 
vacuoles of variable size may be seen (Fig.  7.5b), as well 
as areas with extracellular mucin (Fig.  7.5c). The primary 
tumor in this case was a well-differentiated adenocarcinoma 
(Fig.  7.5d). Other specimens consist of small cell groups 
or dissociated cells with high n/c ratio and very prominent 
nucleoli (Fig. 7.5e, f).

The squamous cell carcinoma case described by Renshaw 
had only three malignant cell groups, in which tumor cells 
had scant eosinophilic cytoplasm, high n/c ratio, and large 
hyperchromatic and irregular nuclei [41].

 Differential Diagnosis

The majority of metastatic adenocarcinomas of gastrointesti-
nal origin present with easily identifiable malignant cells, 
making the possibility of a reactive effusion improbable, 
whereas a minority contain fewer tumor cells. Notably, reac-
tive mesothelial cells in several conditions related to gastro-
intestinal malignancy, such as cirrhosis, may be extremely 
atypical, as are mesothelial cells exposed to chemotherapy 
and radiation. The previously discussed guidelines related to 
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Fig. 7.4 Liver carcinoma: (a–d) hepatocellular carcinoma. Large and 
overtly atypical cells, lying singly or in small groups, with variable 
amount of lacy, occasionally vacuolated cytoplasm, some with very 
high n/c ratio. (e–j) cholangiocarcinoma, consisting of smaller cells 
with intracytoplasmic vacuoles pushing the nuclei. The latter are a clue 

for the true nature of the cells, despite the presence of doublets that may 
mimic mesothelial cells (f). (a–g) PAP; (h) MGG/Diff-Quik; (i) 
Ber-EP4; (j) B72.3. (k–m) hepatoblastoma. Tumor cells have epithelial 
morphology and nuclei with coarse chromatin and prominent nucleoli. 
(k) PAP; (l) H&E; (m) Hep-Par1
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identification of foreign cell population and pattern recogni-
tion apply to the diagnosis of these tumors in the same man-
ner they are relevant for the diagnosis of other metastases. 
The immunohistochemical panels used for diagnosing effu-
sions as adenocarcinoma are presented in the Appendix of 
Part I. Mucin stains may also be helpful (Fig. 7.6a).

Well- and moderately differentiated tumors that are rec-
ognized as adenocarcinoma need to be differentiated from 
metastases from other organs, primarily from gastrointes-
tinal tumors of other origin, as well as lung, breast, and 
ovarian carcinoma. Poorly differentiated tumors, espe-
cially with single-lying tumor cells, must be differentiated 
from any malignant tumor, including carcinoma, mesothe-
lioma, hematological malignancies, germ cell or stromal 
sex-cord tumors of the ovary, sarcoma, and melanoma. The 
choice of immunohistochemical panel should be directly 
influenced by the likelihood that a given tumor is not an 
adenocarcinoma. Markers expressed by tumors of gastro-
intestinal origin are CDX-2, Villin, CEA, and mucins 

(Fig. 7.6b–e), as well as SATB2 in colon carcinoma. None 
of these is entirely specific, although strong expression of 
CDX-2 in the nuclei of all tumor cells is strongly sugges-
tive of gastrointestinal origin. These markers are addition-
ally poorly informative with respect to which organ along 
the gastrointestinal tract is the primary tumor site, as 
esophageal, gastric, pancreatic, and intestinal tumors have 
overlapping expression profiles. CK7/CK20 immunostain-
ing may aid in localizing the primary tumor to the colon, 
as the majority of colonic adenocarcinomas are CK7-
negative and CK20-positive (Fig. 7.6f). However, gastric, 
pancreatic, biliary, and esophageal carcinomas, as well as 
ovarian mucinous carcinomas, may have similar profile, 
with diffuse CK7 expression and focal or negative CK20 
expression. HCC presents a distinct entity, as it expresses 
tumor markers shared by few other cancers, such as α-feto 
protein, glypican-3, Hep-Par1, and arginase-1 (see also 
Chap. 12). The above-discussed hepatoblastoma similarly 
expressed Hep-Par1 (Fig. 7.4m).
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Fig. 7.5 Esophageal carcinoma: (a) cohesive group; (b) single cells of 
variable size, some vacuolated; (c) mucin with embedded tumor cells; 
(d) the primary well-differentiated esophageal adenocarcinoma; (e) 

carcinoma cells with pronounced atypia; (f) dissociated poorly differen-
tiated carcinoma. (a–c, e) PAP; (d) H&E; (f) Diff-Quik
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Fig. 7.6 Histochemistry and immunohistochemistry in gastrointestinal 
cancers: (a) alcian blue stain in goblet cell carcinoid; (b) CEA in gastric 
carcinoma; (c) CDX-2 in esophageal adenocarcinoma; (d) MUC5AC in 

gastric carcinoma; (e) MUC2  in esophageal carcinoma; (f) CK20  in 
colon carcinoma
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Negative markers that may be helpful in excluding gas-
trointestinal origin are lung carcinoma markers, including 
TTF- 1, surfactant, and Napsin A; breast carcinoma markers 
such as GATA3, AP-15 (GCDFP-15), and mammaglobin; 
female genital carcinoma markers, including PAX8, WT-1, 
and Napsin A; renal cell carcinoma markers such as PAX8, 
RCC, and CA IX; and urothelial carcinoma markers such 
as GATA3 and Uro-II (see other chapters and Appendix in 
this section). Staining for hormone receptors may be help-
ful but should be interpreted cautiously, as some non-gyne-
cologic tumors may express estrogen or progesterone 
receptor.

The rare squamous cell carcinomas of esophageal origin 
in effusion need to be differentiated from the more common 
tumors of pulmonary origin and rare metastases from head 
and neck and uterine cervix carcinoma. Relevant clinical 
information is usually available in such cases.

 Carcinomas of the Uterine Cervix and Corpus

Uterine cervix and uterine corpus cancer, consisting predom-
inantly of carcinomas, are both common, ranking fourth and 
sixth in incidence in women worldwide. However, whereas 
cervical cancer is the fourth in causing cancer-related deaths, 
uterine corpus is not among the ten most common causes of 
cancer mortality globally and ranks tenth in developed coun-
tries [1]. This difference reflects both geographic variation 
and the biology and clinical behavior of these tumors. 
Cervical cancer is more common in developing countries, 
where both screening and treatment are sub-optimal, whereas 
uterine corpus cancer more often affects women in develop-
ing countries, where access to medical treatment is better 
[1]. Additionally, most uterine corpus carcinomas are diag-
nosed at earlier stage and consist of grade 1–2 endometrioid 
carcinomas, tumors that are less aggressive compared to car-
cinomas in other organs.

Metastatic spread from carcinoma of the uterine corpus or 
cervix to the serosal cavities is less common than in ovarian 
carcinoma, but is by no means a rare event, especially in the 
former cancer. Tumors of both origins are most frequently 
diagnosed in peritoneal effusions or washings, but dissemi-
nation to the pleural, and less frequently to the pericardial 
cavity, has been reported [42–51]. A case of metastatic cervi-
cal squamous cell carcinoma in a pericardial effusion was 
seen by one of the authors (Fig. 7.7a–c).

The vast majority of adenocarcinomas of the uterine cor-
pus that are diagnosed in effusions originate from type II 
tumors, i.e., serous, clear cell, or poorly differentiated (grade 
3) endometrioid carcinomas, although metastasis from 
type I carcinomas infrequently occurs. These tumors are 
 morphologically impossible to differentiate from their coun-
terparts of ovarian origin (see Part I, Chap. 3) (Fig. 7.7d-g).

Metastasis from cervical carcinoma more frequently orig-
inates from adenocarcinomas. The morphology of these 
tumors is usually nondescript and does not differ from that of 
other adenocarcinomas in effusions (Fig.  7.7h, i). Clinical 
data are therefore central to establishing the cervix as site of 
origin. Immunohistochemistry may be helpful, as discussed 
below.

Squamous cell carcinomas of cervical origin similarly 
resemble their counterparts in other organs (Fig.  7.7j–l). 
They may be of keratinizing or non-keratinizing type. Single 
cells or clusters of variable size are seen, as well as intercel-
lular windows and cell-within-cell arrangement that may 
cause confusion with reactive mesothelial cells [42].

Rare reports describing the presence of other types of cer-
vical carcinoma in effusions have been published. Metastasis 
from a mesonephric carcinoma in pleural effusion was 
reported [52]. Two cases of small cell neuroendocrine cervi-
cal carcinoma, of which one was in ascites and one in a pleu-
ral effusion, were described. The tumor presented with single 
cells with little molding, morphologically resembling lym-
phoma [53]. A primary cervical clear cell carcinoma with 
metastasis in ascites was reported [54], as well as recurrence 
of a primary cervical serous carcinoma in ascites [55]. One 
of the authors diagnosed a metastasis from a mucinous cervi-
cal carcinoma in a peritoneal effusion (Fig. 7.7m, n), as well 
as ascites with metastasis from a cervical adenocarcinoma 
with neuroendocrine differentiation (Fig. 7.7o, p).

 Differential Diagnosis

The majority of grade 1–2 endometrioid adenocarcinomas of 
the uterine corpus stain immunohistochemically positive for 
hormone receptors, PAX8, and vimentin, stain in a patchy 
pattern for p16, have wild-type p53 staining pattern, and 
show loss of PTEN and occasionally of ARID1A. They may 
be positive for HNF1β. Grade 3 endometrioid adenocarcino-
mas more often have aberrant (strongly and diffusely posi-
tive or completely absent) p53 expression and stain diffusely 
and strongly for p16, as do serous carcinomas. Clear cell 
carcinomas express Napsin A and HNF1β and may have loss 
of ARID1A. They are usually negative for hormone recep-
tors, with variable p16 and p53 pattern. None of these fea-
tures is particularly helpful in differentiating these tumors 
from their counterparts in the ovary/tube/peritoneum, 
although WT1 tends to be less expressed in serous carcino-
mas of uterine corpus origin compared to their adnexal or 
peritoneal counterparts. These stains may nonetheless help 
in excluding adenocarcinomas of other origin.

Both squamous cell carcinoma and adenocarcinoma of 
the cervix are often positive for CEA, p16, and CK7, and 
squamous cell carcinomas additionally express CK5/6, p63, 
and p40, while adenocarcinomas are positive for CK8 and 
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Fig. 7.7 Cervical and endometrial carcinoma: (a–c) cervix squamous 
cell carcinoma in pericardial effusion. Note cell-in-cell arrangement in 
c; (d) serous carcinoma of the endometrium; (e) clear cell carcinoma of 
the endometrium; (f, g) Endometrial carcinosarcoma metastasizing as 
serous adenocarcinoma; (h, i) cervical adenocarcinoma; (j–l) cervical 
squamous cell carcinoma in a peritoneal effusion; (m, n) cervical muci-

nous carcinoma; (o) cervical adenocarcinoma with neuroendocrine dif-
ferentiation. (a, g, i, k, n, o) H&E; (b–e, j, m) PAP; (f, h, l) Diff-Quik. 
Immunohistochemistry: (p) synaptophysin in cervical adenocarcinoma 
with neuroendocrine differentiation; (q–s) cervical adenocarcinoma 
staining for Ber-EP4 (q), CEA (r), and p16 (s); (t) p63-positive in cer-
vix squamous cell carcinoma in pericardial effusion
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Ber-EP4 (Fig.  7.7q–t). Overlaps in the staining pattern 
between these entities are not infrequent. Molecular geno-
typing for HPV may be of considerable help in establishing 
the cervical origin of a squamous cell carcinoma or 
adenocarcinoma.

 Genitourinary Carcinomas

Involvement of the serosal cavities by metastatic carcinomas 
originating in the urinary tract is an infrequent but well- 
documented entity. In a series of 472 malignant pleural effu-
sions, 6% of metastases in males were from genitourinary 
organs [56]. The primary tumor may involve any of the geni-
tourinary tract organs, including the kidney, prostate, and 
urinary bladder. All three serosal cavities may be involved, 
with pericardial involvement being the least common.

 Urinary Bladder Carcinoma

Tumors originating from the urinary bladder are usually 
transitional cell carcinomas [57–60], although two cases of 
signet ring cell carcinoma of bladder origin in ascites were 
described [61, 62], as well as metastasis from a transitional 
cell carcinoma of the renal pelvis [63].

Transitional cells carcinoma (TCC) may have variable 
morphologic features. Renshaw reviewed eight pleural 
effusions from five patients. Tumor cells had squamous or 
glandular morphology. Eosinophilic inclusions (Melamed-
Wolinska bodies), which have been frequently observed in 
urine specimens and fine needle aspirates, were generally 
few, and their absence did not exclude the diagnosis of TCC 
[58]. McGrath et al. reported a case with numerous pleomor-

phic malignant cells, lying as single cells or in groups, in 
which numerous intracytoplasmic eosinophilic inclusions 
with clear halo were found. Few signet ring cells were addi-
tionally observed [57]. In the case reported by Fabozzi, tumor 
cells were found singly or in aggregates and had hyperchro-
matic nuclei of variable size with abundant cytoplasm. Only 
one cell had a large cytoplasmic vacuole [59]. Xiao found 
mostly dispersed tumor cells, as well as occasional small 
loose clusters, with moderate cellular pleomorphism, binu-
cleation, and cell-in-cell arrangement. Cytoplasmic vacuoles 
and pseudo-windows were observed. Nuclei were centrally 
or paracentrally located and enlarged, with coarse chroma-
tin, irregular nuclear membranes, and prominent eosino-
philic nucleoli. Mitoses were rare [60].

A specimen with plasmacytoid morphology and 
another with pseudomesotheliomatous morphology were 
described [64, 65].

The largest series published to date, analyzed by one 
of the authors, included 25 specimens (15 pleural, 8 peri-
toneal, and 2 pericardial effusions) from 20 patients with 
urothelial carcinoma [66]. The predominant morphological 
pattern was of a single cell population with or without clus-
ters or short cords, frequently with “cell wrapping.” Nuclear 
enlargement with increased n/c ratio, irregular nuclear 
membranes, hyperchromatic coarse chromatin, and promi-
nent nucleoli were observed, as were double or multinucle-
ated cells, cells with vacuolated cytoplasm, or signet ring 
cells. These morphological characteristics were deemed 
non-specific, emphasizing the importance of patient history 
and ancillary techniques.

In selected specimens shown in this chapter, cells were 
predominantly found in clusters of variable size, including 
papillary structures and looser aggregates (Fig.  7.8a–c). 
Indian file-like arrangement was seen in one case 
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(Fig.  7.8d). Nuclei were enlarged, hyperchromatic, and 
overtly atypical. Nucleoli were prominent and mitoses 
were readily found (Fig. 7.8e). Distinct cell borders, cyto-
plasmic vacuolization, and a possible attempt to form 
eosinophilic vacuoles were additionally seen (Fig.  7.8f). 
Cell-in-cell arrangement was seen in another specimen 
(Fig. 7.8g). The degree of atypia appeared somewhat milder 
in the H&E-stained cell blocks in one case, but mitoses 
were evident there as well (Fig. 7.8h).

TCC express CK7, CK20, and CEA, as well as high- 
molecular- weight-keratin 34βE12 and more organ-specific 
markers such as GATA3, uroplakin II and III, and carbonic 
anhydrase IX.  The combination of CK7, CK20, and CEA 
generally excludes many of the carcinomas that enter this 
differential diagnosis (e.g., breast, lung, and colon adenocar-
cinoma), although exceptions occur, but does not exclude 
adenocarcinomas of the upper gastrointestinal tract or ovar-
ian mucinous carcinoma. Consequently, the more specific 
markers are often used to establish urothelial origin. The 
case shown in Fig.  7.8e, f, h expressed CK7, CK20, and 
high-molecular-weight keratin 34βE12 (Fig. 7.8i–k) but was 
negative for CEA and uroplakin III. A tumor with uroplakin 
II expression is shown in Fig. 7.8l.

 Prostate Carcinoma

Prostate carcinoma metastases most frequently involve the 
pleural cavity [67, 68]. However, Saif reported a case in 
which malignant ascites was the only manifestation of met-
astatic disease [69], and a subsequent review of the litera-
ture in the years 1969–2005 revealed 12 patients with 
malignant ascites due to prostate carcinoma, either at diag-
nosis or at disease recurrence [70]. As with bladder carci-
noma, an ascites specimen with signet ring cell morphology 
was reported [71].

Mai et al. reviewed 50 cytological specimens, including 
6 pleural effusions. Tumor cells formed clusters with over-
lapping nuclei or sheets of cells. The cytoplasm varied from 
filmy to dense with indistinct cytoplasmic borders. Nuclei 
were usually round or oval, uniform, and hyperchromatic 
with a single nucleolus. Multinucleated tumor cells were 
not seen [67].

Renshaw reviewed 14 pleural effusions from ten patients. 
Specimens contained isolated tumor cells or small loosely 
cohesive groups. Cells had scant cytoplasm, round to oval 
nuclei, irregular nuclear borders, and prominent nucleoli. 
Three patients had small cell carcinoma, and these metasta-
ses were morphologically different [68]. Specimens seen by 
the authors had comparable morphology to that described in 
these two series (Fig.  7.9a–d), although mitoses, distinct 
cell borders, and cytoplasmic clearing were seen in one 

specimen (Fig. 7.9e). Another tumor had open acinar struc-
tures in addition to the more common solid groups 
(Fig. 7.9f).

Prostate carcinomas express prostate-specific antigen 
(PSA), p504s (AMACR), prostate-specific acid phosphatase 
(PAP), prostate-specific membrane antigen (PSMA), and 
p501S (prostein) [72]. However, negative staining for some 
of these markers can be seen in adenocarcinoma, particularly 
metastatic ones. It is therefore advisable to use several mark-
ers. One of the above-illustrated cases did express PSA, 
p504s, and PAP (Fig. 7.9g–i), while others were negative for 
one or two of these three markers.

 Renal Carcinoma

The diagnosis of renal cell carcinoma (RCC) in serous effu-
sions is a relatively rare one. In the series by Sears and Hajdu, 
19/812 malignant pleural and 3/456 malignant peritoneal 
effusions originated from renal adenocarcinomas [73]. In the 
study by Spieler and Gloor, only 2/448 specimens were from 
patients with RCC [6].

Renshaw et al. studied eight RCC effusions, consisting of 
both clear cell and papillary carcinomas, and were able to 
differentiate these histological types in effusion only when 
well-defined papillae were present. Specimens had variable 
cellularity. Tumor cells were single or in clusters and had 
abundant clear to granular and vacuolated cytoplasm, large 
nuclei, vesicular or clumped chromatin, and large nucleoli 
[74]. Gupta et al. recently reported two cases, consisting of 
one clear cell and one papillary RCC, with emphasis on the 
occasionally bland morphology of this tumor which may be 
overlooked [75].

Specimens seen by two of the authors consisted of large 
cells with ample clear, foamy, or eosinophilic cytoplasm, 
vesicular nuclei with coarse chromatin, and large nucleoli, 
lying singly or in groups of variable size (Fig. 7.10a–h).

Several of the less common variants of renal carcinoma, 
including two cases of chromophobe RCC [76, 77], two 
cases of medullary carcinoma [78], and two cases of col-
lecting duct carcinoma [79], have been diagnosed in effu-
sions. Drut diagnosed a renal rhabdoid tumor in a 
4-month-old patient who later developed malignant pleural 
effusion [80].

RCC expresses several immunohistochemical markers, 
including vimentin (Fig.  7.10i), EMA (Fig.  7.10j), PAX8 
(Fig. 7.10k), CD10 (Fig. 7.10l), PAX2, and carbonic anhy-
drase IX (CA IX) (Fig.  7.10m). Chute and co-workers 
recently analyzed 11 RCC effusions, of which 6 were clear 
cell carcinomas, 3 papillary, and 2 RCC, not otherwise speci-
fied. CD10 and RCC antigen were expressed in 10/11 and 
5/11 cases, respectively. PAX2 staining was negative or 
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Fig. 7.8 Transitional cell carcinoma: (a, b) papillary groups; (c) vacu-
olated pleomorphic cells; (d–f) overtly atypical cells dissociated, in 
short cords and in small tight clusters. Note attempt to form eosino-
philic core in d, e; (g) cell-in-cell arrangement; (h) two mitotic figures 

in a cell group with relatively mild atypia. (a, d, e, g) PAP; (b, c, f) 
MGG/Diff-Quik; (h) H&E. Immunohistochemistry: staining for CK7 
(i), CK20 (j), and 34βE12 (k) in the case shown in h. Uroplakin II stain 
is shown in l
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Fig. 7.8 (continued)
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Fig. 7.9 Prostate carcinoma: (a–c) cohesive groups with atypical 
tumor cells having prominent nucleoli; (d) single-lying tumor cells; (e) 
mitosis; (f) open acinar form. (a) PAP; (b) Diff-Quik; (c–f) H&E. 

Immunohistochemistry: staining for PSA (g), p504s (h), and 34βE12 (i) 
in the case shown in f
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Fig. 7.9 (continued)

equivocal in RCC cells, whereas reactive mesothelial cells 
had strong cytoplasmic staining [81]. In contrast, in analysis 
of 24 cytological RCC specimens, including 4 effusions, 
both PAX2 and PAX8 were found to be sensitive markers, 
expressed in 83% and 88% of cases, respectively [82]. In the 
series of Waters et al., all tumors (eight and nine RCC effu-
sions analyzed for PAX2 and PAX8 expression, respectively) 
were positive for both markers [83]. The single RCC in the 
series of Wiseman and co-workers expressed PAX8 and was 
negative for PAX2 [84], and the single RCC in the Tong 
series was similarly PAX8-positive [85].

 Other Cancers

 Germ Cell Tumors

Spreading of germ cell tumors to effusions is well- recognized 
and has been documented in both large series and case 
reports [86–96]. The majority of these tumors had their pri-
mary site in the ovary, although metastasis from other organs, 
mainly from the testis, has been reported. The series of Hajdu 
and Nolan included a total of 58 positive effusions from 
patients with germ cell tumors, including 26 pleural, 30 peri-
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Fig. 7.10 Renal cell carcinoma: (a–h) atypical tumor cells with clear or eosinophilic cytoplasm in loose groups, doublets, or singly. (a–c, h) PAP; 
(d, g) Diff-Quik; (e, f) H&E. Immunohistochemistry: staining for vimentin (i), EMA (j), PAX8 (k), CD10 (l), and CA IX (m)
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toneal, and 2 pericardial specimens [86]. Geisinger et  al. 
reviewed 780 exfoliative cytology specimens from 144 
patients younger than 17 years of age with nonlymphoreticu-
lar neoplasms. Among the 120 malignant pleural and perito-
neal effusions reviewed, 12 were metastases from germ cell 
tumors [87]. Germ cell tumors constituted 8% of 88 malig-
nant effusions in the series of Wong et al. [88].

Seminoma and dysgerminoma cells are uniform, with 
variable cytoplasm, and large oval or round centrally located 
nuclei with fine chromatin and prominent nucleoli. Cells are 
observed mostly as single-lying or in pairs [86, 87, 92]. Abe 
observed atypical cells with hyperchromatic nuclei and high 
nucleus/cytoplasm ratio in a metastatic testicular seminoma 
[94]. The dysgerminoma case seen by one of the authors 
similarly consisted of overtly atypical cells with high n/c 
ratio and large nucleoli, lying singly or in small groups 
(Fig. 7.11a, b).

Cells originating from Yolk sac tumors (endodermal sinus 
tumors) were described as small, dark, and cuboidal, lying in 
clusters [86]. Roncalli et  al. observed loosely arranged 
 irregular or papillary groups consisting of cells with ill-
defined microvaculated cytoplasm, high n/c ratio, and promi-
nent nucleoli. In cell block sections, tubular and microcystic 
structures were seen, as well PAS- and AFP-positive hyaline 
globules [90]. Comparable findings were described by 
Valente [92] and seen by one of the authors. In the latter case, 
the hyaline material was evident in the MGG-stained smears 
(Fig. 7.11c, d).

Embryonal carcinoma cells in effusions were described as 
relatively small pleomorphic cells with hyperchromatic 
nuclei and pale or poorly preserved cytoplasm. Cells were 
observed singly, in nondescript clusters or in glandular struc-
tures [87].

Rare reports of immature teratomas in effusion specimens 
have been published [87, 91, 93, 95]. Geisinger reported a 

case in an 11-year-old patient with a large grade III ovarian 
teratoma, in which the cells in pleural effusions resembled 
neuroblastoma [87]. Selvaggi reported two cases, of which 
one consisted of ependymal elements, and the second one of 
neuroepithelial elements [91, 93]. In the case reported by 
Ikeda, immature neuroepithelial cells forming rosette-like 
structures were admixed with keratinized squamous cells, 
squamoid metaplastic cells, and immature glial-appearing 
cells [95]. A specimen seen by one of the authors is shown in 
Fig. 7.11e–g.

The presence of choriocarcinoma in cytological speci-
mens was reported [86] but is probably a very rare event. An 
effusion specimen with choriocarcinoma metastasis was 
seen by one of the authors (Fig. 7.11h).

The presence of mature teratoma elements, consisting of 
fat, keratin, and hair, in effusions does not constitute true 
metastasis and is observed in the event of spontaneous or 
iatrogenic spillage of mature teratoma elements (Fig. 7.11i, j). 
One should nevertheless be familiar with the morphological 
picture of this condition.

Germ cell tumors should be suspected when a malignant 
effusion is found in a child or young adult, although they 
may also occur later in life. The differential diagnosis of 
germ cell tumors in effusions depends on their type. Yolk sac 
tumors and embryonal carcinomas need to be differentiated 
from metastatic carcinomas. For the former tumor, this pri-
marily includes clear cell carcinomas, as well as secretory 
endometrioid carcinomas and mucinous carcinomas.

Seminomas should be differentiated from carcinomas, as 
well as all other tumors that present with dissociated malig-
nant cells. Germ cell tumors express to a varying degree 
embryonic markers such as SALL4, OCT4, SOX2, and 
Nanog. Yolk sac tumors additionally stain for AFP, whereas 
embryonal carcinomas are CD30-positive. Dysgerminomas 
stain for placental alkaline phosphatase (PLAP), c-Kit 
(CD117), and D2–40. Glypican-3 stains germ cell tumors, 
particularly yolk sac tumor, but is expressed in many carci-
nomas, and its presence should therefore be interpreted in 
the context of a broader panel of markers.

In young patients, the neuroepithelial cells in immature 
teratomas need to be differentiated from Wilms’ tumor, 
neuroblastoma, embryonal rhabdomyosarcoma, Ewing sar-
coma, and non-Hodgkin lymphoma [87, 39], which may be 
achieved based on morphology, immunohistochemistry, 
and for some of these entities, molecular analysis (see 
below).

 Malignant Melanoma

The diagnosis of malignant melanoma in effusion specimens 
is an infrequent, though not a rare one, reflecting the ability 
of this tumor to metastasize to practically any organ. In the 
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Fig. 7.11 Germ cell tumors: (a, b) dysgerminoma. Small cells with 
high n/c ratio, lying in short cords or singly. (c, d) Yolk sac tumor. 
Vacuolated cells and formation of metachromatic extracellular sub-

stance; (e–g) immature teratoma; (h) choriocarcinoma; (i, j) material 
from mature teratoma. (a, b, j) PAP; (c–i) MGG/Diff-Quik

7 Cancer of Other Origin



148

g h

i j

Fig. 7.11 (continued)

series by Johnston [56], malignant melanoma was the pri-
mary tumor in 10/472 patients with malignant pleural effu-
sion, whereas Sears and Hajdu reported the presence of 
metastatic melanoma in 17/812 and 7/423 malignant pleural 
and peritoneal effusions, respectively [73].

The primary site is most frequently exposed skin, but 
metastasis from a primary tumor in the vulva was reported 
[97]. A primary pulmonary/pleural melanoma in a 13-year- 
old girl was recently described [98].

Melanoma metastases in effusions may be melanotic or 
amelanotic. Specimen cellularity is variable but may be very 
high (Fig. 7.12a, b). Cells may lie singly or in groups of vari-
able size (Fig. 7.12a–d). The cytoplasm is generally abun-
dant, with variable n/c ratio. Intracytoplasmic vacuoles are 
evident (Fig. 7.12a). Nuclei are large, overtly atypical, round 
or vesicular, and eccentrically placed, with coarse chromatin 
and one or multiple large nucleoli (Fig. 7.12e–h). The pres-
ence of pigment is strongly supportive of a melanoma 
diagnosis.

Longatto-Filho et al. reviewed 21 peritoneal and pleural 
melanoma effusions and found the majority to consist of 
single cells. Characteristic morphological features consisted 
of cytoplasmic pigment, perinuclear halos, cell cannibalism, 
and the presence of intranuclear inclusions, atypical mitoses, 
multinucleation, and prominent nucleoli [99]. Similar find-
ings were reported in two other series [100, 101]. A case of 
melanoma with signet ring cells in a peritoneal effusion was 
reported [102].

The diagnosis of malignant melanoma in effusions 
is best supported by ancillary methods, especially when 
the primary site is unknown and/or the tumor is amela-
notic. The Masson- Fontana silver stain detects melanin 
(Fig.  7.12i), but as in other areas of effusion cytology, 
immunohistochemistry is currently the most widely used 
method. In 1985, Pinto reported immunoreactivity of 
melanoma cells to S-100  in 4/7 melanomas [103]. Since 
then, several other markers, including HMB45, MART-1 
(Melan-A), and SOX10, have been added to the panel 

B. Davidson et al.



149

a b

c d

e f

Fig. 7.12 Malignant melanoma: (a, b) numerous dissociated tumor 
cells; (c) cohesive group; (d) small loose groups and single cells. 
Melanin is seen in all four figures; (e–h) tumor cells with pronounced 
atypia. Note vacuolization and melanin granules in e. (a, e, h) MGG/

Diff-Quik; (c, d, f, g) PAP; (b) H&E. Histochemistry and immunohisto-
chemistry: (i) Masson-Fontana stain for melanin; (j) Melan-A (MART- 
1); (k, l) HMB-45; (m) vimentin
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of melanoma markers. HMB45 and Melan-A are often 
expressed in melanoma effusions (Fig. 7.12j–l), with sen-
sitivity of 80% in the two largest series published to date 
[99, 100]. Vimentin is additionally expressed in this tumor 
(Fig. 7.12m) but is considerably less specific. The use of 
double-staining for WT1 and pan- cytokeratin AE1/AE3 
was suggested to aid in the differential diagnosis between 
metastatic melanoma, metastatic carcinoma, and benign or 
malignant mesothelial cells in effusions, with melanomas 
(n = 17) usually displaying cytoplasmic WT1 expression 
and negative AE1/AE3 staining [104].

Merkel cell tumor, a skin tumor with neuroendocrine 
differentiation, may rarely affect the serosal cavities [105–
107]. In the most recent report, tumor cells were seen sin-
gly, single- file or in clusters, and had round-to-oval nuclei, 
irregular nuclear borders, stippled chromatin, inconspicu-
ous nucleoli, scant cytoplasm, and occasional nuclear 
molding [107].

Merkel cell tumor metastatic to effusion was recently 
seen by one of the authors. Tumor cells were immunhisto-
chemically positive for CK20, synaptophysin, and chromo-
granin A, negative for TTF1 (Fig. 7.13a–e).

 Sarcomas

Sarcoma metastasis to effusions is an infrequent event in 
adults but represents a considerable part of the diagnostic 
spectrum of malignant effusions in children and adolescents. 

Practically every type of sarcoma has been described at this 
anatomic site. Disease presentation as effusion is uncommon 
but has been described [108].

In the Geisinger series of pediatric patients, 43/80 malig-
nant pleural effusions and 4/40 malignant peritoneal effu-
sions were sarcomas [87], whereas Wong et al. reported that 
7% of 88 malignant effusions were diagnosed as sarcoma 
[88]. A study of 24 sarcomas by Abadi and Zakowski 
included 8 malignant fibrous histiocytomas, 5 leiomyosar-
comas, 3 rhabdomyosarcomas, 3 liposarcomas, 2 high-
grade sarcomas, 1 osteogenic sarcoma, 1 synovial sarcoma, 
1 one chondrosarcoma [109]. In another report, 28 of 154 
effusions from sarcoma patients were positive and 6 were 
suspicious [110].

General characteristics of sarcomas in effusions 
described by Abadi included single cell arrangement, indis-
tinct cell borders, nuclear pleomorphism, multinucleation, 
and the presence of a proteinaceous background with lysed 
blood [109].

In a recent series of 40 small round cell tumor effusions, 
including 14 Ewing sarcoma/primitive neuroectodermal 
tumor (PNET) specimens, 5 synovial sarcomas, and 6 rhab-
domyosarcomas, no morphologic differentiators between 
these entities were observed [111]. In another series of 183 
effusions from pediatric patients, 40 specimens were malig-
nant, of which 9 were rhabdomyosarcomas, constituting the 
most common diagnostic entity [112].

Embryonal rhabdomyosarcomas consist of single-lying 
or loose groups of small cells with high n/c ratio. Nuclei have 
variable chromatin pattern and one or more conspicuous 
nucleoli (Fig. 7.14a–d). Geisinger described the presence of 
small notches in the nuclear membrane. Although the cyto-
plasm is scanty, as in all small round blue cell tumors, it was 
more voluminous than in neuroblastoma [87]. A specimen 
studied for DNA content using flow cytometry was shown to 
be aneuploid [113]. Metastasis from a testicular tumor with 
pleomorphic cells was described [114]. Uncommon primary 
sites for rhabdomyosarcomas which have been described are 
the ovary (two cases) [115], the prostate [116], and the breast 
[117]. A case of malignant pleural effusion from a rhabdo-
myosarcoma that developed in a mixed germ cell tumor of 
the testis was reported [118].

The diagnosis of rhabdomyosarcoma requires ancillary 
tests. Immunostaining for muscle markers, such as desmin 
and actin, and skeletal muscle markers such as myogenin 
(Fig.  7.14e) [119] and MYF-4 is helpful, as is electron 
microscopy showing muscle filaments. Embryonal rhabdo-
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Fig. 7.13 Merkel cell tumor: (a) PAP stain showing tumor cells lying singly or in small groups. Immunohistochemistry: (b) CK20; (c) synapto-
physin; (d) chromogranin A; (e) TTF1
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Fig. 7.14 Rhabdomyosarcoma: (a–d) small cells with high n/c ratio, dissociated or in small clusters; (a, d) MGG/Diff-Quik; (b, c) PAP. (e) 
immunostaining for myogenin in the specimen shown in a, b
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myosarcomas have a specific translocation at t(2;13)
(q35;q14) creating the PAX3-FKHR gene fusion that can be 
showed using FISH [120–122].

Ewing sarcoma is an obvious differential diagnosis to 
rhabdomyosarcoma. Geisinger studied nine pleural speci-
mens and describes small malignant cells with very high 
n/c ratio, occasionally with no discernible cytoplasm, lying 
singly or in small loosely cohesive groups. Nuclei were 
irregular and jagged [87]. Similar morphological findings 
were observed in a case diagnosed by one of the authors 
(Fig. 7.15a, b).

In more recent studies, Ewing sarcoma cells in effusion 
were shown to have the characteristic t(11;22)(q24;q12) 
translocation creating the EWS/FLI1 fusion transcript, also 
shown in the case illustrated in this chapter, as well as addi-
tional aberrations (48, XY, i(1)(q11), +10), in one report 
[123, 124]. Ewing sarcoma cells are immunohistochemically 
positive for CD99 (Fig. 7.15c), vimentin, and neuron- specific 
antigen (NSE) [124].

Several cases of desmoplastic small round cell tumor in 
effusion have been reported [125–128]. In one of these stud-
ies, tumor cells expressed vimentin, desmin, cytokeratin, 
EMA, NSE, and CD57 (Leu-7) and exhibited the pathogno-
monic t(11;22)(p13;q12) translocation [126].

In a recently described case of a 30-year-old man, tumor 
cells in the pleural effusion had cell spheres without cores 
mimicking carcinoma or mesothelioma. The diagnosis was 
confirmed by immunohistochemistry and FISH, the latter 
showing EWSR1 rearrangement [127]. In another report, 
cells in pleural effusion had a “floating island” pattern, char-
acteristic of hepatocellular carcinoma, renal cell carcinoma, 
and adrenocortical carcinoma in effusions [128].

Several reports of angiosarcoma in effusions have been 
published [129–132]. Berry et  al. studied three cases. 
Numerous single tumor cells and small loose clusters were 
seen. The malignant cells had delicate, finely vacuolated 
cytoplasm with distinct borders. Nuclei were irregular with 
indentations and had prominent nuclei and coarse chromatin. 

a

b

c

Fig. 7.15 Ewing sarcoma: (a, b), cell clusters of variable size with very high n/c ratio and large nucleoli; (a) PAP, (b) MGG/Diff-Quik. (c) immu-
nostaining for CD99
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Binucleate forms were occasionally seen [129]. An ovarian 
angiosarcoma metastasis in peritoneal effusion diagnosed by 
one of the authors consisted of cell groups of variable size, 
some with papillary architecture, with large poorly defined 
cells with overlapping nuclei, high n/c ratio, and large nucle-
oli, findings which may easily mimic adenocarcinoma 
(Fig. 7.16a–c) [131].

Alderman et  al. had one angiosarcoma effusion in their 
series [119]. Angiosarcomas express vascular markers, 
including CD31, CD34 (Fig. 7.16d), and factor VIII.

Few cases of epithelioid hemangioendothelioma in pleu-
ral effusion have been described [133–136], in which tumor 
cells expressed vascular markers [133, 135, 136] or were 
shown to have Weibel-Palade bodies by electron microscopy 
[134]. A specimen diagnosed by one of the authors, positive 
for CD31, is shown in Fig. 7.16e–h.

Osteosarcoma was one of the commonly found tumors 
in the Geisinger series, with 22 positive specimens, of 

which 21 were pleural and 1 peritoneal. Cells were 
described as highly pleomorphic, with round, oval, or spin-
dle-shaped form, relatively abundant eosinophilic cyto-
plasm, and nuclei which appeared to be pyknotic or were 
coarsely granular, with large nucleoli [87]. A case meta-
static to ascites with poor outcome was described [137]. 
Two specimens seen by the authors consisted of highly 
atypical cells of variable form, with vacuolated cytoplasm, 
high-grade nuclei with large nucleoli and formation of 
osteoid (Fig. 7.17a–d).

A report of two pleomorphic liposarcomas that metasta-
sized to pleural effusion was published, in which electron 
microscopy aided in establishing the diagnosis [138]. Abadi 
and Zakowski reported three specimens, in which cells had a 
pale and delicate cytoplasm and irregular nuclei with fine and 
even chromatin and small nucleoli [109]. A pleural effusion 
specimen with tumor cells in papillary structures mimicking 
carcinoma was described [139]. A specimen seen by one of 
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Fig. 7.16 Angiosarcoma: (a–c) tumor cell groups of variable size, 
some with papillary architecture which mimics adenocarcinoma. Cells 
are large and atypical; (a), MGG/Diff-Quik; (b, c) PAP. (d) CD34 

immunostain. Hemangioendothelioma (e–g) tumor cells with epitheli-
oid morphology. Cells have delicate chromatin and easily discernible 
nucleoli; (e, f) MGG/Diff-Quik; (g) PAP. (h) CD31 immunostain
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the authors consisted of large lipoblasts with vesicular nuclei 
containing one or two large nucleoli. Tumor cells stained for 
vimentin and MDM-2 (Fig. 7.18a–c).

Metastases from a dedifferentiated chondrosarcoma of 
the femur and from a primary chondrosarcoma of the urinary 
bladder were described [140, 141]. A myxoid chondrosar-
coma in pleural effusion was described, consisting of cells 
that had exclusively epithelioid morphology, with a potential 
to be misdiagnosed as carcinoma [142]. A case of myxoid 
chondrosarcoma seen by one of the authors consisted of 
spindle cells with cartilaginous material in the background 
(Fig. 7.19a–c).

Metastasis from a sclerosing fibrosarcoma of the buttock 
in a pleural effusion was reported [143], in which tumor cells 
were arranged in medium-sized epithelioid clusters. Tumor 
cells had pleomorphic nuclei with occasional multinucle-

ation, with fine chromatin and small nucleoli. Recently, posi-
tive pleural effusion in a 63-year-old female patient diagnosed 
with cardiac myxofibrosarcoma was reported [144]. Tumor 
cells were medium to large in size, occasionally multinucle-
ated, and had round nuclei with fine chromatin and promi-
nent nucleoli, and pale and lace-like cytoplasm. A case seen 
by one of the authors consisted of more monomorphic spin-
dle cells (Fig. 7.19d).

The presence of synovial sarcoma in serous effusions was 
reported in several studies [87, 109, 111, 145, 146], of which 
the former three displayed a biphasic pattern and the fourth 
was monophasic, with a spindle cell component. Expression 
of cytokeratins, vimentin, and EMA, as well as the pathog-
nomonic t(X;18)(p11;q11) translocation, was seen in one of 
the specimens, which was characterized as a newly estab-
lished cell line [146].

Fig. 7.16 (continued)
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Eight malignant fibrous histiocytomas, five leiomyosar-
comas, and two high-grade sarcomas were characterized in 
the Abadi series [109]. These had single-lying pleomorphic 
cells, in agreement with their histological properties. A case 
of myxoid leiomyosarcoma in a peritoneal washing specimen 
was reported, in which cells had epithelioid and spindle cell 
morphology [147]. A case of inflammatory malignant fibrous 
histiocytoma was recently described [148]. A high- grade leio-
myosarcoma was seen by one of the authors (Fig. 7.20a, b).

Other sarcomas or other soft tissue tumors diagnosed in effu-
sions are uterine sarcoma with rhabdoid features [149], ovarian 
adenosarcoma [150], clear cell sarcoma (malignant melanoma 
of soft parts) [151], and melanotic schwannoma [152].

A series of six cytological specimens, including three 
effusions, from five patients diagnosed with the new entity 
epithelioid inflammatory myofibroblastic sarcoma was 
recently published [153].

Tumor cells in effusion specimens were fewer than in 
FNA specimens, and consisted of large degenerated epitheli-
oid cells with eccentrically located nuclei. Tumors were 
ALK-positive by immunohistochemistry and had ALK rear-
rangement by FISH.

While not a true sarcoma, the possibility of a carcino-
sarcoma metastasizing in the form of sarcomatous ele-
ments should be kept in mind, although this is a very rare 
event [154].

Small round blue cell tumors other than the ones dis-
cussed above, including neuroblastoma and Wilms’ tumor, 
are an important differential diagnosis in effusion cytology 
in the pediatric or young adult population.

The series of Farr and Hajdu consisted of 51 malignant 
effusions from patients with neuroblastoma, including 48 
pleural and 3 peritoneal specimens. Effusions were moder-
ately cellular, with small, round, or polygonal cells with 
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Fig. 7.17 Osteosarcoma: (a–d) large and highly atypical tumor cells in groups of variable size and form, some dissociated. Extracellular osteoid 
is evident. (a, b) MGG/Diff-Quik; (c, d) H&E
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round or oval hyperchromatic nuclei, one or two round 
nucleoli, and scant cytoplasm. Rosette formation was seen in 
the majority of specimens [155]. Geisinger described the 
presence of large flat plaques, short chains with molding, and 

rosettes in 23 studied specimens. Rare specimens from 
patients with medulloblastoma, pinealoblastoma, and retino-
blastoma were morphologically indistinguishable from neu-
roblastomas [87].

Cells in Wilms’ tumor lie singly or in pairs and organ-
oid structures are rarely found. A biphasic cell population 
consisting of round or polygonal cells and plump spindle 
cells was described, both with hyperchromatic nuclei, even 
chromatin distribution, prominent nucleoli, and sparse cyto-
plasm [87]. The role of effusion cytology in correctly stag-
ing these patients was emphasized in a case report by Baliga 
et al. [156].

Examples of neuroblastoma, Wilms’ tumor, and PNET 
effusions are shown in Fig. 7.21a–f.

 Head and Neck Cancers

Metastasis from a primary tumor at this anatomic region is 
uncommon in effusion cytology but has been reported. 
Spreading from nasopharyngeal carcinoma has been reported 
in two series [73, 87]. Metastasis from a squamous cell car-
cinoma, e.g., from laryngeal carcinoma (Fig. 7.22a, b), may 
be observed and needs to be differentiated from a primary 
tumor of the lung or other origin.

Thyroid carcinoma of various histological type, includ-
ing papillary carcinoma (Fig.  7.22c–h) [157–159] and its 
follicular variant [160], Hürthle cell carcinoma [161] and 
medullary carcinoma [162] (Fig. 7.22i, j) may be detected in 
serous effusions. A case of malignant pleural effusion as the 
site of recurrence for a sclerosing mucoepidermoid carci-
noma of the thyroid with eosinophilia was additionally 
reported [163].

Three relatively large series of this rare entity were pub-
lished in recent years [164–166]. Olson et al. found in their 
archives six metastatic thyroid carcinomas in effusions, all in 
the pleural cavity, in a period of 26 years, including four pap-
illary carcinomas and two anaplastic carcinomas. Four speci-
mens available for morphological assessment had variable 
degrees of cellularity, lymphocytic infiltration, nuclear fea-
tures of papillary carcinoma, single tumor cells, and frag-
ments [164]. Lew and co-workers published a series of five 
cases of metastatic papillary thyroid carcinoma, all within the 
pleural cavity. Tumor cells had characteristic nuclear features 
of this entity, as well as cytoplasmic vacuolization [165]. The 
series of Vyas and Harigopal similarly included five pleural 
effusions with metastatic papillary thyroid carcinoma [166].

The diagnosis of thyroid carcinoma is supported by posi-
tive immunostaining for thyroglobulin (Fig. 7.22k), PAX8, 
and TTF-1, although the latter two markers are far more 
commonly observed in gynecological and lung adenocarci-
noma effusions, respectively, in everyday practice.

a

b

c

Fig. 7.18 Liposarcoma: (a) large atypical lipoblasts, MGG/Diff-Quik; 
(b, c) immunostaining for vimentin (b) and MDM-2 (c)
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c

d

Fig. 7.19 Chondrosarcoma: (a–c), relatively small spindle-shaped tumor cells lying singly or in loose branching groups. Note cartilaginous mate-
rial in b. (a, b) PAP; (c) MGG. Fibrosarcoma (d) relatively small spindle-shaped tumor cells lying singly or in loose branching groups. PAP

Fig. 7.20 Leiomyosarcoma: High-grade tumor with markedly atypical cells. (a) Diff-Quik; (b) PAP

a b
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Fig. 7.21 Primitive neuroectodermal and small round blue cell tumors: 
(a) neuroblastoma. Tight cluster of atypical cells with high n/c ratio, 
coarse chromatin, and distinct nucleoli; (b–d) Wilms’ tumor. Small 
tumor cells with moderate atypia and distinct nucleoli forming primi-

tive structures. (e, f)  PNET. Tumor cells with high n/c ratio, some 
poorly preserved, with molding and cytoplasmic vacuolization (e) or 
chain formation (f). (a, c, f) PAP; (b, e) MGG; (d) H&E
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a b

c d

e f

Fig. 7.22 Head and neck tumors. Larynx: (a, b) squamous cell carci-
noma of the larynx. Thyroid: (c–h) two papillary thyroid carcinomas. 
Calcifications are evident in both cases. (i, j) medullary carcinoma of 
the thyroid. Dissociated cells of variable size, some spindle-shaped. (a, 

b, d, g, i) PAP; (c, f, h, j) MGG/Diff-Quik; (e) H&E. (k) thyroglobulin 
immunostaining in the specimen seen in c to e; Parotid: (l–n) metastatic 
carcinoma of parotid gland origin. Dissociated tumor cells are seen in l, 
m, MGG/Diff-Quik; (n) androgen receptor immunostaining
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Fig. 7.22 (continued)
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m n

Fig. 7.22 (continued)

Rare reports of malignant effusions with non-thyroidal 
head and neck tumors have been published, including metas-
tasis from a lymphoepithelial carcinoma in the pleural cavity 
[167] and metastasis from an adenoid cystic carcinoma 
[168]. Metastasis from the latter entity was also described 
from a primary cutaneous tumor [169].

Metastatic carcinoma of parotid gland origin was diag-
nosed by one of the authors. Tumor cells expressed androgen 
receptor (Fig. 7.22l–n).

 Concluding Remarks

The breadth of differential diagnosis of cancer in serous effu-
sions is evident from the above-discussed entities, as well as 
from the other chapters in this section. As is true for all 
pathology specimens, clinical data may resolve much of the 
difficulty. Their absence requires careful prioritizing of the 
most plausible differential diagnoses based on the morpho-
logical findings and patient age and gender. This may aid in 
directing the ancillary tests in a cost-effective direction. 
Nevertheless, some undifferentiated tumors require inclu-
sion of all major cancer types in the differential diagnosis. In 
these cases, the use of selected antibodies that identify carci-
noma, melanoma, sarcoma, and hematological tumors is 
mandated, followed by a second panel which should be more 
focused on the tentative diagnosis. Our suggestions for anti-
body panels that are relevant in the diagnostic algorithm for 
effusion work-up, with focus on epithelial and mesothelial 
cells, are presented in the Appendix of this section. 
Molecular testing is rapidly becoming central in classifying 
some of the malignancies affecting the serosal cavities, 
including in soft tissue and bone tumors, pediatric cancers, 
and hematological malignancies, but as carcinomas outnum-
ber all other cancers, the majority of cases can still be 

resolved using immunohistochemistry. High-throughput 
technology, particularly next-generation sequencing, is 
likely to play a growing role in the setting of targeted therapy 
for these tumors in coming years.
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Lung Cancer

Katalin Dobra and Anders Hjerpe

 Introduction

Lung cancer is worldwide the leading cause of cancer-related 
death [1–3]. Over 75% of the newly detected lung cancer 
patients have at the time of the diagnosis already distal or 
regional metastases [4]. Malignant pleural effusions repre-
sent advanced metastatic disease. Such metastatic involve-
ment of the serosal cavities occurs in 15–26% of the cases [5, 
6], often being the first clinical manifestation of a malignant 
process. With appropriate adjuvant analyses, the serous effu-
sions can provide the necessary diagnostic information for 
choice of therapy. This is in particular true also for predictive 
analyses of tumor genetics, the unfixed effusions, in fact, 
being more suitable for analyses of nucleic acids than 
formalin- fixed paraffin-embedded tissue.

Although most lung cancers supposedly develop from the 
same epithelium lining the bronchial or bronchiolar-alveolar 
walls, the histological appearances of these tumor tissues vary 
considerably. Non-small-cell lung cancer (NSCLC) accounts 
for about 80% of all lung cancer cases, whereas the remaining 
20% corresponds to small-cell lung carcinoma (SCLC). 
Traditionally, NSCLCs are further categorized into tree main 
groups: squamous cell carcinoma (SCC), adenocarcinoma 
(AC), and large-cell carcinoma (LCC). The WHO subdivides 
each of these further into subgroups, and together with some 
less common tumor types, such as tumors from mucosal 
glands and sarcomas, the classification describes some 50 dif-
ferent histological growth patterns of malignant lung tumors 
[7]. When a malignant condition is diagnosed in a serous cav-
ity, however, molecular characterization is clinically more 
important, and the histogenetic classification is often limited 
to the main tumor phenotypes. Although therapy often has 
profound effects on the subgroup of patients with targetable 
mutations, only limited improvements have been achieved in 

the overall 5-year survival of lung cancer when treated with 
chemotherapy, which remains stably around 15% [8]. This 
might at least partly be attributed to late detection, morpho-
logical and biological heterogeneity, and frequent occurrence 
of primary or secondary resistance to chemotherapy.

 Histogenetic Classification of Lung Cancers

Lung AC shows the largest variability within the tumor 
group. By light microscopy these glandular tumors some-
times form mucins that can be demonstrated by histochemis-
try and immunohistochemistry. Correspondingly various 
types of secretory granules can be seen by electron micros-
copy (Fig. 8.1a). Glandular differentiation of lung cancer is 
often associated with the expression of cytokeratins (CKs) 7 
and 18 and mucin type 1 (MUC1). Napsin A and TTF-1 are 
also typically expressed in most lung ACs [9]. These epit-
opes are, however, not too infrequently expressed also in the 
other types of bronchogenic carcinoma and serve better to 
distinguish primary lung cancers from metastases. Particular 
forms of lung ACs are those originating from the peripheral 
parts of the bronchial tree. Based on the latest WHO classifi-
cation [7], however, the term bronchioloalveolar carcinoma 
(BAC) should be restricted to an in situ condition with lep-
idic spread along pre-existing alveolar walls, respecting the 
basement membrane. Ultrastructurally, tumors with pneu-
mocytic phenotype contain typical surfactant multilamellar 
bodies. These structures can also be seen in tumors with 
unequivocal infiltrative growth (Fig. 8.2), and surfactant can 
be recognized immunohistochemically. Still, invasive can-
cers with bronchioloalveolar cell phenotype are just classi-
fied as ACs. Following the WHO classification, lung ACs can 
be categorized into altogether 14 subgroups.

SCCs constitute a similarly large group. The cells are 
often keratinized and form intercellular bridges—the result 
of desmosome junctions becoming visible because of shrink-
age during preparation. Ultrastructurally these cells show 
abundant desmosomes with tonofilaments formed by coarse 
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bundles of CKs (Fig.  8.1b). Immunohistochemically, they 
can be recognized by expression of CKs 5 and 17 together 
with p63. According to the WHO classification, five different 
patterns of squamous differentiation can be recognized.

SCLC constitutes the third common form of lung cancer. 
Lung cancers with small-cell morphology are heterogeneous 
and show variable ultrastructure and immunophenotype, 
some cases merely being poorly differentiated SCCs and 
others ACs. The tumor cells of the particular SCLC group 
contain neurosecretory granules (Fig. 8.1c), which also can 

be characterized by showing immunoreactivity to epitopes 
like CD56, chromogranin, and synaptophysin. Biologically, 
these tumors differ from other forms of invasive lung cancer, 
and the main divider in classification of lung cancers is the 
neuroendocrine SCLC vs. NSCLC.

A number of different terms have previously been used 
for this biologically separate category of small-cell lung can-
cers: small-cell anaplastic carcinoma, oat-cell carcinoma, 
lymphocyte-like carcinoma, and recently also neuroendo-
crine carcinoma grade 3. To be categorized into this group, 
the neuroendocrine nature should be established. This can be 
done by immunocytochemistry (ICC) and/or by electron 
microscopy. Similar neuroendocrine differentiation is also 
seen in carcinoids, which can be distinguished based on their 
rate of proliferation, using the MIB1/Ki-67 antibody. The 
biology, and perhaps also the presumed histogenesis, of 
SCLC is, however,  quite different from that of the carci-
noids, and the term SCLC is preferred for these cancers 
instead of neuroendocrine cancer grade 3.

LCC constitutes a group of non-small-cell carcinomas 
that are too poorly differentiated to allow the distinction 
between epidermoid or glandular differentiation. The pro-
portion of cases referred to this group varies from one mate-
rial to another, and with the adjunct of ICC, many of these 
cases will be referred to one of the other three groups, large- 
cell undifferentiated carcinoma becoming in this way rare. A 
particular form of LCC displays neuroendocrine differentia-
tion (large-cell neuroendocrine cancers, LCNEC). The neu-

a
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Fig. 8.1 Three pleural effusions with carcinoma cells, showing small- 
cell morphology in light microscopy. The presence of secretory gran-
ules, shown by electron microscopy (a) reveals, however, that this 
tumor in fact is an adenocarcinoma, while the abundant tonofilaments 
(b) demonstrates the epidermoid phenotype of a squamous cell carci-
noma. Cells from the third tumor (c) contain numerous neurosecretory 
granules verifying the true neuroendocrine phenotype of a small-cell 
lung carcinoma. Bar 1 μm

Fig. 8.2 Electron microscopy of adenocarcinoma cells in a pleural 
effusion. The multilamellated bodies indicate the differentiation into a 
pneumocyte phenotype. Bar 5 μm
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roendocrine phenotype is established by ICC and 
distinguished from SCLC by the nuclear size and structure.

Tumors considered to develop from other structures than 
the epithelium lining the airway surfaces are less frequent. 
Most common of these are the carcinoids and atypical carci-
noids. They belong to the group of neuroendocrine tumors 
(neuroendocrine cancer grades 1 and 2, respectively) with 
immunophenotypes similar to the SCLCs. Less commonly 
carcinomas may also develop from submucosal glands. The 
tumors formed are identical to those seen in salivary glands, 
i.e., mucoepidermoid carcinoma, adenoid cystic carcinoma, 
and epithelial-myoepithelial carcinoma.

The importance of classifying lung cancers is to provide 
guidance in the choice of therapy and prognosis, i.e., to 
deduce biological information of clinical importance from 
the morphology. The number of diagnostically relevant 
groups is then, however, small. As emphasized earlier, the 
main divider is the distinction of SCLC from NSCLC. These 
two groups show major differences in aggressiveness, che-
mosensitivity, and prognosis, while the different subgroups 
of NSCLC show only limited variability of these 
parameters.

One must in this context be aware of the poor correlation 
between light microscopy, electron microscopy, and ICC, 
when it comes to subclassification of NSCLCs. Thus in the 
light microscope, a mixed adenosquamous phenotype is con-
sidered to be rare [7]. Electron microscopy, however, reveals 
that a majority of non-small-cell carcinomas simultaneously 
exhibit both secretory granules and abundant tonofilaments, 
in fact indicating that adenosquamous differentiation is the 
most common phenotype [10].

The use of ICC for classifying lung cancers indicates a 
spectrum more similar to that obtained with electron micros-
copy and different from that obtained with routine histology. 
It therefore seems as if light microscopy has a limited ability 
to classify the tumors according to their biological behavior, 
this capacity probably being improved by the adjunct of 
ICC.  Still, for practical reasons, therapy is often based on 
diagnoses from light microscopy. With increased under-
standing of factors necessary for drug effects and the devel-
opment of targeted therapies, a classification based on 
molecular characteristics will be increasingly important, 
probably replacing much of the histology.

 Etiology and Pathogenesis

 Carcinogenesis

Exposure to tobacco smoke, radon, asbestos, arsenic, and 
other forms of air pollution is the main etiological factor 
connected to lung cancer. Although smoking is the leading 

cause of lung cancer in about 80–90% of cases, approxi-
mately 10% of patients have never smoked [11]. 
Environmental factors and genetic susceptibility together are 
thought to contribute to cancer development. These factors 
are orchestrated, and they trigger oncogene activation, tumor 
suppressor gene silencing, and widespread loss of 
heterozygosity.

Among the 55 carcinogens identified in cigarette smoke, 20 
are involved in pulmonary carcinogenesis. Of these, polycy-
clic aromatic hydrocarbons and tobacco-specific 
N-nitrosamines, especially nitrosamine 4-(methylnitrosamino)-
1-1(3-pyridyl)-1-butanone (NNK), seem to play major roles. 
The carcinogens start a metabolic activation process, leading 
to formation of DNA adducts. If the DNA adducts escape cel-
lular clearance and repair mechanisms and persist, they lead to 
permanent DNA damage, which may hit critical oncogenes 
such as KRAS, MYC, and tumor suppressor genes including 
p53, p16, pRB, and FHIT; for review see [11].

Differences in the susceptibility to lung cancer among 
individuals are likely to occur, and genetic polymorphisms 
have been identified in proteins associated with carcinogen 
metabolism. Several novel lung cancer susceptibility genes, 
located on chromosomes 5p15.33, 6p21, and 15q24-25.1, 
have been identified by large-scale genome-wide association 
studies [12]. The 15q25 region contains three nicotine ace-
tylcholine receptor (nAChR) genes [13], and their polymor-
phisms have also been reported to be associated with nicotine 
dependence. The 6q23-25 and 13q31.3 regions were also 
identified as being associated with risk for lung cancer, par-
ticularly in never-smokers [12].

 Chromosomal Aberrations in Lung Cancer

One of the most frequent and early changes in lung cancer 
pathogenesis relates to chromosome 3. Amplifications are 
commonly involving the chromosome arm 3q, and allele 
losses occur at multiple losses of heterozygosity (LOH) 
sites on chromosome arm 3p [14]. Frequent regions with 
amplifications (14q13.3, 12q15, 12p12.1, 8q24.21, 7p11.2, 
and 8q21.13) and deletions (9p21.3, 9p23, 10q23.31) of 
lung AC specimens have been identified, residing known 
oncogenes such as MYC, EGFR, KRAS, and tumor sup-
pressor genes such as CDKN2A/CDKN2B [15] and the thy-
roid transcription factor (TTF-1) located on chromosome 
14q13.3 [16, 17].

A well-known cofactor for lung carcinogenesis is asbes-
tos, a mineral fiber that is known to cause chromosomal 
aberrations. Lung cancers in patients exposed to asbestos 
often show a number of additional aberrations (2p21-p16.3, 
5q35.3, 9q33.3-q34.11, 9q34.13-q34.3, 11p15.5, 14q11.2, 
and 19p13.1-p13.3) [18–20].
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 The Role of Microenvironment 
in the Survival of Metastatic Cancer Cells 
in Serosal Effusions

Mesothelial cells play a key role in maintaining the homeo-
stasis of the serosal cavities and possess mechanisms that 
prevent tumor spread and metastasis [21, 22]. Lung cancer 
cells, however, show a high predilection to metastasize to the 
pleural space, where they adopt an anchorage-independent 
growth in effusion, survive, and proliferate despite the unfa-
vorable condition provided by the serous surface. The molec-
ular basis of this predilection is not fully understood but is 
most likely based on reciprocal tumor-microenvironment 
interactions [23–27]. Metastatic tumor cells that disseminate 
to the serosal cavities possess a strong autonomous prolifera-
tive drive, and the presence of malignant cells in the pleural 
space indicates that the malignant cell has overcome the 
pleural defense mechanisms [28, 29].

One such potential defense mechanism of the mesothe-
lium against invading malignant cells is endostatin, which 
inhibits angiogenesis and endothelial cell migration, induces 
cell cycle arrest and apoptosis, and thereby reduces tumor 
growth [30]. Polyanionic compounds such as glycosamino-
glycans [31] and sialomucins [32] present on the mesothelial 
surface are other factors having a capacity to counteract 
tumor attachment and growth. Interestingly, a mechanism by 
which malignant cells present themselves as innocuous to 
the mesothelial cellular environment is the expression of the 
hyaluronan-binding proteoglycan CD44 [33], which acts as a 
receptor for surfaces carrying hyaluronan.

Cells obtained from malignant pleural effusion show 
aberrant glucose metabolism [34]. Malignant cells also 
acquire growth advantage by autocrine and paracrine growth 
stimulation and developing resistance to apoptosis. They 
actively modulate the microenvironment in the pleural fluid 
by inducing a pro-angiogenic shift, by secreting growth fac-
tors such as vascular endothelial growth factor (VEGF), 
basic FGF (bFGF), and transforming growth factor beta 
(TGF-β) [35–37]) and by inducing benign mesothelial cells 
to release growth factors [38]. In this way metastatic malig-
nant cells contribute to convert the repressive micromilieu of 
the pleural space to a permissive one, further facilitating 
tumor growth. Indeed, the level of VEGF from pleural effu-
sions of lung cancer patients is up to 25-fold higher com-
pared to patients with active infectious diseases [39–43]. 
Platelet-derived growth factor (PDGF) levels are also selec-
tively higher in lung AC, compared to SCLC and nonmalig-
nant pleural effusions [44]. Various cytokines, interleukins, 
and interferons, including IL-2, IL-4, TNF-α, and INF-γ, are 
widespread in malignant effusions, and their relative abun-
dance correlates with each other, suggesting cross talk 
between them [45, 46].

Recent advances in cancer biology point to a role for 
inflammatory signaling in cancer. Lung cancer patients with 
malignant pleural effusion seem to have weaker immune 
defense than those with TB pleurisy, both locally and sys-
temically [47]. Inflammatory markers were significantly 
expressed in pleural effusions, and values in pleura-invading 
tumor-associated effusions in lung cancer patients were typi-
cally higher than those of other tumors. IL-8 and VEGF cor-
related negatively with survival, reflecting to some extent 
also the tumor origin [48].

 The Molecular Biology of Lung Cancer

The molecular signature of lung cancer has been subject of 
extensive research activity, and NSCLCs, particularly adeno-
carcinomas, are today very well characterized with regard to 
their molecular changes. At the same time, emerging data 
show distinctive molecular signatures also for squamous car-
cinomas and SCLC; these latter two are, however, not yet 
included in the clinical routine workflow as no targeted ther-
apeutic options are available. In this chapter the most fre-
quent actionable mutations and molecular changes will be 
described. These changes carry therapeutic consequences 
and are already integrated in molecular diagnostics and clini-
cal management as a part of personalized cancer medicine 
approach. Many laboratories have already integrated ICC- 
and next-generation sequencing (NGS)-based screening 
approaches in their workflow, following specific algorithms 
that allow molecular subtyping, treatment prediction, and 
selection of patients for targeted therapeutic options.

 The Molecular Signature of Lung 
Adenocarcinoma

Both genetic and epigenetic changes are known to be com-
mon events in lung cancer. Driver mutations are responsible 
for both the initiation and maintenance of the malignancy. To 
date, EGFR, KRAS, BRAF, PIK3CA, and ERBB2 gene muta-
tions, EML4-ALK, ROS-1, and RET-1 fusion genes and MET 
amplifications are the most widely recognized alterations 
involved in both the biology and the clinical management of 
NSCLC [49, 50].

 EGFR Mutation

The epidermal growth factor receptor (EGFR) family of 
receptor tyrosine kinases (RTKs) is deregulated in a subset 
of NSCLC by activating mutations, increased copy number, 
or protein overexpression. EGFR is mutated in up to 7–10% 
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of Caucasian and about 32% of East-Asian patients with 
NSCLC [51]. Approximately 50% of EGFR-mutated cases 
also show increased EGFR copy number [52]. EGFR over-
expression is present in >60% of metastatic NSCLC and it 
correlates with poor prognosis [53]. Upon ligand binding, 
homo- or heterodimerization of EGFR leads to autophos-
phorylation of the intracellular domain and subsequent 
activation of the Ras/mitogen-activated protein kinase 
(MAPK) and PI3K/Akt pathways, resulting in increased 
cell survival, proliferation, invasion, and metastasis. 
Activating mutations in exons 18–21 of the EGFR gene 
[54] render tumor cells independent of ligand activation of 
the TK.  Deletions in exon 19 and point mutations of 
L8555R constitute about 90% of all EGFR-activating muta-
tions (for review, see [55]).

Patients with malignant pleural effusions related to lung 
AC have a higher rate of EGFR mutations than patients with 
primary tumors [56, 57], and this constitutes the most fre-
quent molecular change in pulmonary AC presenting with 
malignant effusion at the time of the first diagnosis [58]. 
EGFR status predicts tumor responsiveness to treatment and 
clinical outcome [59–62]. EGFR gene mutations were found 
in the tumor tissue from 25% of NSCLC patients and in 23% 
of plasma samples [62]. Mutations are most frequently pres-
ent in females, never-smokers, and ACs with bronchioloal-
veolar features.

 KRAS, BRAF, PIK3CA, and ERBB2 Mutations

Recent studies showed that activating EGFR, KRAS, 
BRAF, and ERBB2 mutations exhibit mutually exclusive 
patterns in lung AC, suggesting that they represent inde-
pendent ways of oncogenic pathways [52, 63, 64], and 
they differ in terms of epidemiological, morphological, 
biological, and clinical aspects. EGFR and ERBB2 are two 
signaling receptors upstream of the other three. It is there-
fore sufficient for the stimulation of MAPK and mTOR in 
tumor cells if only one of them has a mutation that results 
in autonomous signaling. This is probably the explanation 
why they so often are mutually exclusive and indicates that 
this signaling pathway is important for the development of 
a lung carcinoma. Still another common situation when 
mTOR is activated is when there is a loss of the phospha-
tase and tensin homolog (PTEN) activity. This tumor sup-
pressor gene (TSG) negatively regulates the PI3K activity, 
and mutations and deletions of PTEN then result in 
increased cell proliferation and reduced apoptosis [15, 
65–77].

KRAS mutants show often morphological features of 
mucinous AC and occur preferentially in males, smokers, 
and Caucasians [78]. Depending on the screening method 

used, up to 25% of patients are carrying KRAS mutations, 
whereas mutation of BRAF and class-1a phosphoinositide-
(3,4,5)-kinase (PIK3CA) are less frequent and occur only in 
<5% of lung cancers [49]. Molecular profiling of metastatic 
NSCLC derived from malignant effusions shows higher fre-
quency of genetic abnormalities, mainly corresponding to 
EGFR and KRAS mutations, together occurring in 59% of 
the cases [79]. In a clinical mutational profiling of 1006 lung 
cancers by NGS, the well-known V600E BRAF mutation 
accounted, however, for only 24% of all BRAF mutations, 
whereas kinase-impaired mutations affecting codons 466 
and 594 were seen in 25%, highlighting the diversity of 
BRAF mutations in this setting.

Even though most driver mutations are mutually exclu-
sive, accumulating evidence suggest more complex altera-
tions particularly in advanced cases, involving clonality. A 
large prospective molecular characterization revealed fre-
quent co-occurring targetable mutations of which some 
showed at least three concurrent alterations [80], often 
affecting EGFR and PIK3CA. Moreover, detailed study of 
variant allele frequencies together with knowledge of previ-
ous EGFR-TKI therapy uncovered the presence of coexist-
ing mutations, one being a dominant, the other a sub-clonal 
population. In the light of this complexity, a comprehensive 
broad molecular screening will help us better understand the 
evolution of individual tumors. Based on this it will be pos-
sible to tailor our future therapies, considering also simulta-
neous targeting of different actionable alterations. At the 
same time this might pose serious future challenge in defin-
ing the best choice of therapy among many possible options. 
Ex vivo sensitivity testing together with molecular character-
ization might serve as a useful tool in combining different 
therapeutic options.

 EML4-ALK Rearrangements

The fusion of echinoderm microtubule-associated protein- 
like 4 (EML4) and anaplastic lymphoma kinase (ALK) results 
in constitutive tyrosine kinase activity and activation of the 
downstream MAP kinase pathway. The EML4-ALK fusion 
gene is formed by a small inversion within chromosome 2p, 
resulting in the fusion of these genes [81]. It occurs in 3–13 
% of NSCLC, and apart from rare exceptions, EML4-ALK 
and EGFR mutations are mutually exclusive, but patients 
share many clinical characteristics [82–85].

EML-ALK rearrangements can be detected by ICC, fluo-
rescent in situ hybridization (FISH), and molecular tests 
comprising RT-PCR or NGS from cytological specimens 
obtained from malignant pleural effusions. Sensitive anti-
bodies are now available such as the rabbit monoclonal anti-
body D5F3 (Ventana Medical Systems, Inc., Switzerland), 
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described to yield 100% sensitivity and specificity [86]. 
Recent comparative studies revealed that ICC shows reliable 
results also when compared to break-apart FISH, often 
 considered the gold standard with high sensitivity, specific-
ity, and positive predictive values [87–89]. Thus, ICC is an 
excellent tool for screening [90], virtually covering all rear-
rangements. Discrepancies may, however, occur between 
various analyses, and the FISH analysis can yield both false- 
positive and false-negative results. ICC-positive but FISH- 
negative cases most likely correspond to false-negative FISH 
results and reflect the limited ability of the FISH analysis to 
cover all different fusion variants.

NGS offers multiplexed analysis comprising the targeta-
ble ALK, ROS1, and RET, among others [91]. By NGS, apart 
from the EML4-ALK, previously unreported fusion partners 
were identified [92].

 ROS1 and RET Rearrangements

The ROS proto-oncogene is a RTK with structural similari-
ties to ALK. The precise physiological function of this pro-
tein is not known, although it has been associated with cell 
growth and differentiation. In 1–2% of NSCLC, its gene, 
ROS1, may act as a driver following rearrangement with 
CD74, EZR, SLC24A2, and FIG genes [93]. This transloca-
tion is mutually exclusive from EGFR mutations and ALK 
rearrangements. The ROS1 translocation, to which targeted 
therapies now are available, can be demonstrated by FISH 
using break-apart probes and by ICC demonstrating the 
overexpressed protein. Detection of ROS1 with the D4D6 
monoclonal antibody (Cell Signaling Technology) may yield 
false-positive results, and only moderate to strong reactivity 
should be considered staining >50% of tumor cells [94]. 
Patients with ROS1 fusions respond initially to crizotinib, 
similarly to ALK rearrangements, but resistance mechanisms 
are already known that necessitate new therapeutic strategies 
to overcome treatment failure [95].

RET rearrangements occur in 1–2% of NSCLC, and the 
KIF5B-RET is the most common fusion gene [96], yielding par-
tial response to cabozantinib in a subset of patients (28%) [97].

 Other Mutations

Among other oncogenes, MYC and cyclin D1 are amplified 
or overexpressed in 5–10% of lung cancer cases [98], 
whereas the anti-apoptotic Bcl-2 is overexpressed in about 
25% of cases [99]. These alterations, however, are not tar-
geted in clinical settings.

MET exon 14 skipping mutations and high-level amplifi-
cation in the MET gene also occur relatively to a high extent, 

ranging from 3 to 17%, respectively, in various types of lung 
cancer and indicating poor prognosis [100, 101]. They also 
open up for new therapeutic options and can serve as useful 
biomarkers [102, 103].

 Small-Cell Lung Cancer (SCLC)

The molecular biology of SCLC differs greatly or in many 
aspects from NSCLC [104].

Dominant oncogenes of the MYC family are frequently 
overexpressed in both SCLC and NSCLC, while the KRAS 
oncogene is never mutated in SCLC but is mutated in 30% of 
NSCLCs.

The most frequent genetic abnormalities involve TSGs. 
SCLC and NSCLC differ significantly also in the TSGs that 
are inactivated during the pathogenesis of lung cancer. There 
were 22 different “hot spots” for loss of heterozygosity, 13 of 
them with a preference for SCLC, 7 for NSCLC, and 2 affect-
ing both. Alterations of both p53 and retinoblastoma suppres-
sor protein (pRB) are central for the carcinogenesis of 
SCLC. The TP53 gene, coding for the TSG p53, is mutated in 
more than 90% of SCLCs and more than 50% of NSCLCs, 
while pRB is inactivated in over 90% of SCLC but only 15% 
of NSCLCs. Consequently, p16, which regulates pRB, is 
almost never mutated in SCLC, while this is found in more 
than 50% of NSCLCs [105].

 MicroRNAs in Lung Cancer

MicroRNAs (miRNAs) are small, noncoding, endogenous, 
single-stranded RNA fragments consisting of approximately 
22–23 nucleotides [106, 107]. They play important regula-
tory roles in a wide variety of developmental and oncogenic 
pathways [108–112]. Interestingly, genetic dissection of hot 
spots for chromosomal abnormalities revealed that about 
half of the miRNAs are located within or near chromosomal 
fragile sites, common breakpoints, or minimal regions with 
amplification or loss of heterozygosity [113–115]. The com-
bination of nonrandom chromosomal abnormalities and 
other genetic alterations or epigenetic events contributes to 
downregulation or overexpression of miRNAs.

The specific miRNA expression pattern, which charac-
terizes lung cancers, may be useful in the future as a bio-
marker [116]. A unique miRNA molecular profile, 
consisting of miR-17-3p, miR-21, miR-106a, miR-146, 
miR-155, miR- 191, miR-192, miR-203, miR-205, miR-
210, miR-212, and miR-214, was claimed to be diagnostic 
of NSCLC [117]. Furthermore, circulating exosomal 
miRNA signatures mirror those of the primary lung cancer 
and may discriminate cancer patients from controls. 
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Detection of miRNA might thus be suitable for screening 
and early detection of lung cancer [118, 119]. This gives 
hope also of using them not only as biomarkers but also as 
therapeutic targets [120].

 Gene Expression Profiling

A molecular diagnostic test for distinguishing lung AC from 
other malignant tumors in pleural effusions has been estab-
lished [121]. Certain patterns of gene expression have been 
associated with the different phenotypes of lung cancer and 
with their prognosis. Thus, deregulation of the Ras onco-
genic pathway was found in most lung ACs as opposed to 
SCCs. Patients with high Ras activity had lower levels of 
MYC, E2F3, β-catenin, and Src activity, and this pattern 
could be associated with a less favorable prognosis [122].

Genomic amplification at 3q26.33 has been shown in 
many cases of lung SCCs. This region contains the transcrip-
tion factor SOX2, which is necessary for squamous differen-
tiation. Furthermore, SOX2 expression is required for 
proliferation and anchorage-independent growth of lung 
cancer cell lines, and SOX2-driven tumors show expression 
of markers of both squamous differentiation and pluripo-
tency [66].

Activation of the WNT pathway was identified as a deter-
minant of metastasis to the brain and bone during lung AC 
progression. Data are, however, lacking regarding the 
involvement of this pathway in metastatic spread to the 
pleura [123].

 Epigenetic Alterations

Epigenetic alterations are considered to play important roles 
in lung cancer. Hypermethylation of the promoter region of 
key genes is one of the most common mechanisms that 
tumors use to inactivate the function of tumor suppressor 
and other genes. Epigenetic analysis of pleural fluid 
improves the diagnostic yield and accuracy of the current 
cytologic examination [124]. Hypermethylation [125] or 
homozygous deletion of p16 [126] is frequently detected in 
malignant pleural fluids. Significant differences were also 
detected in the methylation profiles between the two major 
types of NSCLC, whereas SCLC clustered together with 
carcinoids [127]. Patients with methylation of p16INK4a, 
RAS association domain family 1A (RASSF1A), or retinoic 
acid receptor β (RARβ) were 5.68 times more likely to have 
malignant effusions than patients without methylation. 
Furthermore, methylations per patient were more numerous 
for lung cancer patients than for nonmalignant pulmonary 
conditions [128]. Differences in the frequency of RARβ 

methylation pattern correspond to 70% for SCLC and 40% 
for NSCLCs [105].

Interestingly, KRAS mutations were significantly higher 
in p16 (INK4A)-methylated cases than in unmethylated 
cases, and the methylation index was higher in KRAS-mutant 
cases than in wild-type cases [129].

A comparison of mutation and methylation demonstrated 
that EGFR mutation had an inverse correlation with methyla-
tion of SPARC (secreted protein acidic and rich in cysteine), 
an extracellular Ca2+-binding glycoprotein associated with 
the regulation of cell adhesion and growth, and the p16INK4A 
gene [130].

 Integrative Approach to Molecular Profiling

The integrative approach to analyze parallel dimensions 
enables the identification of genes that are disrupted by mul-
tiple mechanisms and/or pathways that are disrupted at mul-
tiple components at low frequency. The MUC1 glycoprotein 
interacts with EGFR, ERBB2, and c-Src in a way that acti-
vates cell proliferation. EGFR here seems to regulate the 
binding of MUC1 to c-Src [131, 132]. The MUC1 gene shows 
such a concerted disruption, displaying concurrent copy num-
ber increase, hypomethylation, and overexpression [133].

 Proteomics

Expression patterns obtained with genomic analyses are 
preferably paralleled with corresponding wide screening for 
the pattern of proteins formed. The techniques for such 
analyses develop rapidly, and thousands of proteins can now 
be identified using a tumor volume of 0.01 mm3 [99]. Studies 
have indicated that the protein patterns can be used for 
establishing the presence of a lung cancer and to further 
indicate the histological type of tumor [99, 111]. It has also 
been possible to correlate the obtained protein patterns with 
prognosis and even to indicate possible therapeutic targets 
[99, 111–113]. These studies have mainly analyzed proteins 
obtained from the tumor tissue, but similar results can also 
be obtained by analyzing effusion supernatants and serum 
[134–136]. This possibility for a wide proteomics screen is 
highly promising. The analysis can reveal novel biomarkers 
and specific expression patterns as a diagnostic tool that 
extends far beyond the determination of only a few bio-
markers. The analyses still await standardization for use in 
clinical routines. Once this is done, the clinical utility of 
effusion analyses may increase greatly. Integrative 
approaches, adding also RNA sequencing to DNA and pro-
teomic data, will improve this molecular characterization of 
tumors.
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 Ancillary Methods in Diagnostic Effusion 
Cytology

One cause of an effusion is the establishment of a malignant 
condition in the serous cavity. When the fluid is taken for 
diagnostic examination by clinical cytology, the primary 
question is always whether there is a malignant condition or 
not. There are, however, conditions when the mesothelium is 
stimulated to proliferate for other reasons. This stimulation 
will change the morphology of the mesothelial cells, which 
will be polymorphic with distinct and sometimes multiple 
nucleoli, and the cells will pile up to form papillary struc-
tures. This proliferative process, also called “mesotheliosis,” 
is perhaps the most difficult pitfall in effusion cytology. 
Therefore, a correct malignant diagnosis often requires the 
help of adjuvant analyses, either ICC [137, 138] or molecu-
lar biology techniques [139, 140], as described elsewhere in 
this book.

The most common primary for a malignant involvement 
of the pleura is a lung cancer. The tumors usually shed both 
dissociated cells and cell groups into the fluid. The basic 
morphology of these cells does not differ significantly in 
cytological preparations from the primary tumor. Among the 
NSCLCs, however, the adenomatous differentiation is by far 
the most common. It may be that peripheral lung carcino-
mas, more often being ACs, will spread to the serous cavity 
earlier than centrally growing tumors. This is, however, not 
the entire explanation. Other factors must also contribute, 
and reciprocal tumor-microenvironment interactions are 
most likely to be involved. The diagnostic features for these 
tumors and a substantial amount of possible ICC adjuncts are 
described elsewhere in this book. It may be wise to routinely 
include a minimal battery of these ICC reactions whenever 
diagnosing a malignant effusion: thyroid transcription fac-
tor- 1 (TTF-1) to support lung origin, CK5 and p63 to show 
squamous differentiation, CK7 for adenomatous cells, and in 
case of small-cell morphology also CD56, synaptophysin, 
and chromogranin.

 Electron Microscopy

Electron microscopy of effusion cell pellets can be an 
adjunct, although its role in diagnostic effusion cytology is 
limited. This analysis of an effusion cell pellet is most often 
employed to establish the diagnosis of a malignant mesothe-
lioma, but it can sometimes also define the phenotype in 
metastatic lung carcinomas. The ultrastructural presentation 
of the adenomatous and epidermoid phenotypes is well 
known, but will classify the tumor cells different from light 
microscopy, sometimes with tonofilaments and secretory 
vacuoles simultaneously present in the same cell [10]. In par-

ticular, there are two tumor types that can be recognized at 
the ultrastructural level. The first of these is AC cell with the 
pneumocyte type 2 phenotype that contains the typical multi- 
laminated bodies associated with the production of surfac-
tant (Fig. 8.2). The second main type of lung cancer that can 
be recognized by electron microscopy of an effusion cell pel-
let is the SCLC.  Cells of this phenotype contain electron- 
dense neurosecretory granules, supporting a diagnosis of 
neuroendocrine cancer. This diagnosis is, however, often bet-
ter achieved with ICC.

 Analysis of Aneuploidy by FISH

Malignant cells in effusions are readily demonstrated with 
the UroVysion kit (Abbott Molecular Inc., Des Plaines, IL), 
labeling the 9p21 locus (p16 region) and the centromeric 
regions of chromosomes 3, 7, and 17 [139]. Similar accurate 
definition of malignancy can be obtained with a set of probes 
labeling 5p15.2, 6p11.1-q11, 7p12 (EGFR), and 8q24.12–
24.13 (CMYC) [141]. The probes were formerly offered as a 
kit (“LaVysion,” Abbott Molecular Inc.), particularly aiming 
for the detection of lung cancer in cytologic specimen, and 
they are now available as isolated reagents. While these 
reagents reveal the presence of a malignant condition, there 
are so far no established and routinely used techniques that 
provide information regarding tumor origin or tumor type.

 NGS

NGS is already incorporated in the clinical workflow of 
many laboratories. Actionable mutations can be detected by 
specifically tailored lung cancer-related gene panels com-
prising a limited number of genes. Regardless of the method 
used, multiplexed molecular profiling of pleural effusions 
includes typically EGFR, KRAS, BRAF, PIK3CA, NRAS, 
MEK1, AKT1, PTEN, HER2, MET, FGFR1, FGFR2 and 
ALK, ROS1, and RET fusions [142]. However, considerable 
challenges are posed by the bioinformatics, as lung cancer 
panels are gradually expanded to whole exome sequencing 
(WES) and whole genome sequencing (WGS) [143]. This 
analytical challenge might limit the broad clinical applicabil-
ity of NGS for genotype-tailored treatments [144].

 Treatment Options

A malignant effusion corresponds to a disseminated tumor 
beyond possibilities to cure. Thus, chemotherapy with a pal-
liative purpose or best supportive care is the main therapeutic 
alternative. Severe dyspnea occurs in 60–80% of the patients 
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with malignant pleural effusion; therefore its management is 
primarily aimed to reduce symptoms by repeated pleurocen-
tesis or pleurodesis. Pleurodesis involves insufflation of a 
sclerosing agent, most often talc, into the pleural space, 
causing an acute inflammatory response, followed by an 
extensive fibrosis, thus preventing the recurrence of malig-
nant pleural effusions [145]. Talc insufflation alters the 
angiogenic balance in the pleural space from a biologically 
active and angiogenic environment to a more angiostatic 
milieu [146], and a large surface area covered with normal 
mesothelial cells is a prerequisite for a successful 
pleurodesis.

Multiple trials have established the benefit of chemother-
apy for palliation and disease control of patients with malig-
nant effusion, compared to best supportive care [147–149]. 
The response to therapy, however, differs between the tumor 
phenotypes, the largest difference being between SCLC and 
NSCLC.  For optimal therapy it is therefore important not 
only to establish the malignant condition but also to obtain a 
more detailed diagnosis of tumor phenotype.

 Chemotherapy Regimens Based on Clinical 
Trials and Empirical Data

 NSCLC
Chemotherapy prolongs the survival of patients with 
advanced NSCLC when compared to best supportive care 
alone. Platinum-based combination chemotherapy seems to 
be the most effective according to meta-analyses [149, 150]. 
Among the two most frequently used platinum-based drugs, 
carboplatin has a more favorable toxicity profile and similar 
efficacy compared to cisplatin, which is highly nephrotoxic 
[151]. Gemcitabine and paclitaxel are anticancer agents with 
significant single-agent activity against advanced 
NSCLC. They have different mechanisms of action and their 
toxicities are nonoverlapping [152], which also makes them 
attractive in combination treatment. Indeed, adding carbopl-
atin to either gemcitabine or paclitaxel resulted in better 
response and survival rates [153, 154]. Drugs that may be 
combined with platinum include the third-generation cyto-
toxic drugs docetaxel,  gemcitabine, irinotecan, paclitaxel, 
pemetrexed, and vinorelbine [155].

 SCLC
SCLC is considered a chemotherapy-responsive disease, and 
etoposide-platinum is the standard first-line treatment. 
Despite initial response rates of more than 60% of the 
patients and complete response rates of 20–30%, the median 
survival time and efficacy of systemic chemotherapy have 
not been significantly improved in the past decades [156]. 
Taxanes, topoisomerase inhibitors, and antimetabolites such 

as pemetrexed and gemcitabine have been demonstrated to 
be efficient both as single drugs and in combination with 
platinum-based drugs [157, 158].

 Targeted Therapy

With the identification of driver mutations in patients with 
defined clinical and morphological characteristics, a new 
arsenal of therapeutic options is available for the treatment of 
patients with lung cancer [159, 160]. A recent prospective 
study revealed that a high proportion of patients harboring 
sensitizing EGFR mutations or ALK and ROS1 fusions 
received matched targeted therapy and also showed clinical 
benefit in most cases [80], highlighting the impact of molec-
ular predictive testing for improved clinical outcome.

 Targeting Epidermal Growth Factor Receptor 
(EGFR)
The most widely studied targeted therapy is related to the 
epidermal growth factor (EGF) pathway [161]. Patients with 
advanced NSCLC harboring EGFR mutations have a signifi-
cantly better response rate when treated with RTK inhibitors 
than patients with wild-type EGFR.

EGFR signaling can be disrupted at numerous points. The 
most common is the blockade of the cell surface receptor by 
monoclonal antibodies and inhibition of the activity of the 
tyrosine kinase domain by tyrosine kinase inhibitors. Only a 
small proportion of patients will have significant response to 
EGFR inhibitors in unselected patient material, but the pres-
ence of activating mutations in the kinase domain of EGFR 
increases the response rate to 75–90% [159, 161–164].

Patients with pleural effusion showing activating EGFR 
mutations have a significantly better response rate to EGFR 
tyrosine kinase inhibitors compared to patients with wild- 
type EGFR. Their median progression-free survival corre-
sponded to 11.2 vs. 2.7  months, and overall survival was 
21.8 vs. 5.8  months, compared to patients with wild-type 
EGFR [62]. Thus, the presence of EGFR mutations highly 
predicts the efficacy of EGFR tyrosine kinase inhibitors 
(TKIs) also in advanced NSCLC, giving a significant sur-
vival advantage.

Most patients will, however, acquire resistance against 
TKIs. Major resistance mechanisms comprise a secondary 
threonine-790 to methionine point mutation (T790M) in the 
EGFR gene and amplification of the MET proto-oncogene 
[165]. The T790M mutation causes steric hindrance and 
impairs the binding of TKIs. Interference on multiple levels 
with the EGFR signaling pathway or development of irre-
versible inhibitors of EGFR may help to overcome this prob-
lem. Other frequent mechanisms conferring resistance to 
TKIs comprise HER2 and MET amplifications and PIK3CA 
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mutation [166]. In a recent study, many T790M-negative 
patients showed activation of ERBB2, MET, FGFR1, and 
ALK or the RAS/MEK/ERK and PI3K/AKT/mTOR path-
ways [166]. Furthermore, new resistance-related molecular 
alterations, such as TET2 mutation and SOX2 amplification, 
were detected.

 Targeting EML4-ALK and ROS1
Therapies targeted against ALK are currently under develop-
ment, and they are already included in clinical trials for 
NSCLC patients harboring the ALK4-EML fusion [81]. 
Crizotinib, an orally administered dual inhibitor of the c-Met 
and ALK pathways, has recently been evaluated and showed 
dramatic clinical benefit for patients with advanced 
NSCLC. Activation of the analogue ROS1 gene shows simi-
larly positive results following treatment with crizotinib. 
However, relapse and acquired resistance mechanisms have 
also been registered [167].

 Targeting the PD-1/PD-L1 Axis
A novel approach to treat NSCLC involves interference with 
processes that makes it possible for tumor cells to evade rec-
ognition of immune cells. In particular the inhibition of the 
PD-1/PD-L1 axis is now an established and successful thera-
peutic option [168]. The programmed death-1 receptor (PD- 
1) is present on activated T cells, and when bound to a PD-L1 
ligand on the tumor cells, this has an immunosuppressive 
effect on the T cell. Tumors that express PD-L1 can be iden-
tified by ICC. Attempts to block PD-1 or PD-L1 by antibody- 
based treatment have efficiently improved the response rates 
for treatment. In addition to PD-L1 expression, high neo- 
antigen and non-synonymous mutational burden, DNA 
repair pathway defects with microsatellite instability, 
mismatch- repair deficiency, and presence of activating T 
cells are all related to treatment efficacy and improved 
patient survival [169–171].

 Targeting Angiogenesis
Inhibition of VEGF impairs angiogenesis and disrupts meta-
static tumor spread. Bevacizumab is a monoclonal antibody 
that binds to VEGF and blocks interaction with its cell sur-
face receptor. Clinical trials have demonstrated that disrup-
tion of these signaling pathways can improve survival in 
advanced lung cancer. The addition of bevacizumab to pacli-
taxel and carboplatin improves survival compared with che-
motherapy alone in patients with previously untreated 
metastatic non-squamous NSCLC [172].

 Other Agents and Experimental Approaches
Folate antimetabolites (pemetrexed), proteasome inhibitors 
(bortezomib), modified glutathione analogues, and other 
agents are currently being evaluated in patients with lung 
cancer [173]. Experimental evidence suggests that bortezo-

mib is able to specifically target and counteract the effusion- 
inducing phenotype of lung AC [174]. Bortezomib is a 
proteasome inhibitor, which targets the ubiquitin-proteasome 
pathway, with subsequent inhibition of the degradation of 
proteins involved in cell cycle regulation and cancer cell sur-
vival [175]. Recent clinical trials further demonstrate the 
importance of histology in governing individualized treat-
ment, based on both safety and efficacy considerations. For 
example, bevacizumab and pemetrexed are currently 
restricted to patients with non-squamous NSCLC. 
Bevacizumab causes severe pulmonary hemorrhages in 
patients with squamous cell histology, whereas pemetrexed 
seems to be more efficient in patients with non-squamous 
cell morphology [176].

 Assay-Directed Chemotherapy
Systematic reviews of chemotherapy sensitivity and resis-
tance assays performed during the last decades reveal higher 
response rates for patients receiving assay-guided therapy 
compared to patients treated with empiric chemotherapy 
[177, 178]. Of particular interest is optimization of ex vivo 
assay-based methods selecting treatment regimens with the 
greatest chance of inducing a response in patients with 
malignant effusions, since the functional status and short 
median survival of these patients usually do not allow 
repeated chemotherapy regimens [179, 180]. These assays 
have only been applied in a few centers and are not yet inte-
grated into general routine oncology. Reasons for this may 
be due to problems with performing tumor cell-specific mea-
surements and the lack of larger randomized trials. The pos-
sibility to personalize treatment also including tests of drugs 
outside standardized first- and second-line regimens is, how-
ever, most challenging.

 Molecular Biomarkers for Lung Cancer

 Diagnostic Tumor Markers

Tumor tissue that has established a metastatic growth in a 
serous cavity may shed or secrete various cell components 
into the fluid. These compounds are delivered either as secre-
tory products or as a consequence of tumor cell decay. The 
demonstration of such biochemical compounds can have 
diagnostic importance, particularly if the biomarker is unique 
to the tumor tissue or is associated with drug sensitivity or 
prognosis. One marker indicating deterioration of cell integ-
rity is cholesterol, and together with the simultaneous deter-
mination of more specific tumor markers such as CEA, it is 
possible to indicate presence of a malignant condition [181–
184]. Attempts to define malignant involvement of the serous 
cavities by biomarker analyses specifically directed toward 
malignancy-associated epitopes included also Her-2/neu 
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[185], CYFRA 21-1 [186, 187], CA-19.9 [188], CA 125 
[189, 190] CA15-3, VEGF [191], and HGF/SF [192]. 
Similarly, the measurement of TTF-1 and napsin A can be 
used to define the presence of a bronchogenic carcinoma.

 Predictive Markers for Optimal Treatment 
Response
The goal in the management of lung cancer is to achieve 
optimal treatment response for each patient. However, only a 
minority of patients benefit from a given cancer treatment. 
This has led to interest in the identification of gene 
expression- based predictive signatures. Given the high bio-
logical heterogeneity of lung cancer, molecular biomarkers 
are required for optimal decision-making and to predict the 
likelihood of success or failure of a given therapy. A well- 
validated genotyping can give a good basis for personalized 
treatment.

 Prediction of EGFR Tyrosine Kinase Inhibitors
The observation that only a minority of patients responds to 
EGFR-targeted therapies, in combination with their toxicity 
and high costs, has driven the search for validating molecular 
markers which can predict treatment response [193]. 
Screening for EGFR mutation status is to date the most rel-
evant approach for selecting lung cancer patients for treat-
ment [52, 194]. Apart from the malignant cells, the cell-free 
pleural fluid may also be a feasible clinical specimen for 
EGFR mutation detection in advanced NSCLC, if proper and 
sensitive detection methods are employed [195]. As direct 
sequencing can miss a significant portion of mutations in 
these heterogeneous specimens, more sensitive methods, 
such as mutant-enriched PCR and gene scan, may provide 
more reliable mutational information [196–198].

EGFR amplifications are less informative from a clinical 
point of view, since EGFR mutations relate best to treatment 
response to EGFR tyrosine kinase inhibitors. Patients with 
tumors lacking EGFR mutations and with EGFR amplifica-
tion have dramatically lower response rates, corresponding 
to approximately 8% [199] compared to 70–90% for those 
with EGFR mutations. In addition to molecular methods, 
EGFR can be demonstrated by ICC, and antibodies specifi-
cally directed toward the mutated EGFR epitopes are avail-
able. This provides an alternative way to predict response to 
EGFR inhibitors. This is particularly useful on effusions 
with insufficient cells for molecular testing [200].

 Markers Indicating Primary or Acquired 
Resistance to EGFR Inhibitors
Primary resistance to EGFR TKIs is seen in association with 
activating mutations of downstream compounds. Thus lung 
ACs, harboring activating mutations in the downstream 
KRAS, are associated with a lack of sensitivity to gefitinib 
(Iressa) and erlotinib (Tarceva), suggesting that treatment 

decisions regarding use of these kinase inhibitors might be 
improved by determining the mutational status not only of 
EGFR but also KRAS [64], although the two often are mutu-
ally exclusive. Activating mutations on codons 12, 13, and 
61 of KRAS are predictors of resistance to EGFR inhibitors 
and of poor prognosis. Mutations in the KRAS oncogene 
constitute a negative predictive marker in this clinical set-
ting, and their presence can be used to predict which patients 
are unlikely to benefit from treatment with EGFR-directed 
therapy [52, 201]. Similarly, patients with EML4-ALK 
fusions do not benefit from EGFR tyrosine kinase-based 
therapy [84].

Acquired resistance to EGFR inhibitors is often con-
nected to amplification of the gene encoding for the MET 
receptor or a second gatekeeper threonine-790 to methionine 
point mutation (T790M) [202–204]. Activating mutations of 
the main downstream effectors of KRAS, i.e., BRAF (V600E), 
also signal treatment failure with EGFR inhibitors [205]. 
Other parameters indicating acquired resistance to EGFR 
inhibitors are EGFR polysomy, mutations in codons 9 and 20 
of the lipid kinase PIK3CA, expression of PTEN, which 
causes the inhibition of PIK3CA. Homozygous loss of PTEN 
contributes to erlotinib resistance in EGFR-mutant lung can-
cer by activation of Akt and EGFR [70].

 Predictive Markers for Treatment Response
Thymidylate synthase (TS) catalyzes reductive methylation 
of deoxyuridine monophosphate (dUMP) to deoxythymi-
dinemonophosphate (dTMP), providing the only de novo 
source of thymidylate required for DNA replication and 
DNA repair [206]. This enzyme is the primary target of 
pemetrexed (Alimta), and high expression levels counteract 
the effects of this drug, making the tumor resistant 
[206–208].

Advanced NSCLC expresses excision repair cross- 
complementing group 1 gene (ERCC1) and ribonucleotide 
reductase subunit M1 (RRM1) in 35% and 40% of patients, 
respectively. This expression, whether determined by ICC or 
RT-PCR, predicts resistance to platinum-based drugs and an 
unfavorable outcome after platinum-based treatment 
[209–212].

Drugs like vinorelbine, taxane, and paclitaxel are antimi-
totic agents, with preferential action directed against tubulin. 
In NSCLCs the expression of IIIβ tubulin is reported to indi-
cate resistance to such microtubule inhibition [213–215].

 Predictive Biomarkers in Clinical Trials
Lung cancer clinical trials account for 14% of ongoing 
oncology trials worldwide [216]. Although biomarker analy-
sis was included in 38% of the ongoing NSCLC clinical tri-
als registered in the ClinicalTrials.gov website, only 8% of 
the trials used actual biomarkers for patient selection. EGFR 
expression or mutation status was the most common bio-
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marker, used to select patients in 44% of clinical trials, fol-
lowed by KRAS mutation status in 13% of the trials [217]. 
Molecular tests including EGFR, KRAS, ERCC1, RRM1, 
VEGF, and serum tumor markers are not routinely used yet, 
but they might have clinical relevance in the near future 
[155].

 Prognostic Biomarkers

Lung AC is one of the most frequent metastatic tumors 
occurring in the serosal cavities [218, 219]. It often causes a 
malignant effusion corresponding to a disseminated disease 
beyond possibilities to cure [220]. Patients with malignant 
effusion have a limited life expectancy, with median survival 
times ranging from 4 to13 months in different studies [221, 
222]. A number of biomarkers have been suggested to distin-
guish patients with better prognosis. A meta-analysis based 
on 53 published studies identified KRAS mutation as a nega-
tive prognostic factor [223], while EGFR mutations were 
associated with a better prognosis [224]. Gene expression- 
based prognostic signatures for NSCLC have, however, not 
yet been standardized for clinical application [225].

Attempts have also been done to find prognostic markers 
by genome-wide screening and ICC. Using a tissue microar-
ray from NSCLC specimens, it could be shown that syn-
decan- 1 and EGFR expression was associated with a 30% 
reduction in the risk of death, independent of histology and 
other confounders. It can be hypothesized that loss of expres-
sion of these receptors reflects a less differentiated tumor 
with a more pronounced biologic aggressiveness, explaining 
the worse outcome for patients with such tumors [226].

On the other hand many markers detected in pleural fluids 
are negatively correlated to patient survival such as survivin 
[227, 228], IL-8, VEGF [48, 229], lactate dehydrogenase 
[230], and weak telomerase activity [231].

 Concluding Remarks

Lung carcinoma cells exfoliated into an effusion can often 
provide a diagnostic basis sufficient for clinical manage-
ment. The development of new analytical techniques and the 
increased understanding of tumors will gradually shift the 
focus of tumor characterization toward biological parame-
ters defined by molecular biology, epigenetics, and protein 
expression. This means that the analysis of isolated cells will 
be increasingly important for the choice of therapy and the 
diagnostic information can be made available earlier in the 
diagnostic process.

Tumor cells from an effusion can routinely be obtained 
without previous aldehyde fixation and will therefore pro-
vide a better material for the analysis of their DNA or protein 

contents, as compared to paraffin embedded tissues. 
Furthermore, the spread of a lung cancer to a serous cavity 
implies a more advanced stage of the disease. It can therefore 
be recommended in these cases that the search for therapy 
targets preferably should be performed using cells from the 
effusion rather than from the primary tumor tissue. Such a 
development toward increased use of cytological material 
requires attention to the handling of samples, perhaps includ-
ing the development of routines for tumor cell enrichment 
and cell culturing.
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 Introduction

The epidemiology, clinical presentation, and treatment of 
ovarian carcinoma (OC), as well as the morphology and dif-
ferential diagnosis of this cancer, are discussed in Chap. 3. In 
the years that passed since the publication of the first edition 
of this book, a large body of literature has been published 
regarding the genomic landscape of OC, particularly high- 
grade serous carcinoma (HGSC), many applying next- 
generation sequencing (NGS). The most comprehensive 
genomic analysis of OC was the Cancer Genome Atlas 
(TCGA) analysis of HGSC [1]. Much focus has additionally 
been directed at determining the origin of the various histo-
types of OC, with the fallopian tube currently recognized to 
be the origin of the majority of HGSC. While these studies 
are beyond the scope of this chapter, those that have included 
effusion specimens will be discussed below. Tumors origi-
nating from the ovary, the fallopian tube, or the peritoneum 
are collectively referred to as OC for the sake of simplicity.

The presence of metastatic disease dramatically worsens 
the outcome of patients with cancer, including those with OC 
[2]. The main anatomic site involved by OC metastasis is the 
abdominal cavity [3]. In view of the central role of metastasis 
within the serosal cavities in OC progression, especially in 
serous carcinoma, it is not surprising that the scientific litera-
ture focusing on OC effusions is far more extensive than that 
related to any other cancer form. Two additional issues that 
have received growing attention in recent years are the 
involvement of tumor cells in effusions and of the ascites 
fluid itself in chemoresistance (reviewed in [4, 5]) and the 
feasibility of culturing cells from ascites for assessment of 
standard and experimental therapeutics (see below).

Papers dealing with the biology of OC in effusions may 
generally be divided into three categories:

1. Studies of clinical specimens
2. Studies in which ascites supernatants have been 

applied to tumor cells (OC or other) in vitro
3. Animal models in which the OC model of intraperi-

toneal dissemination has been reproduced in vivo
Naturally, these three research approaches are closely 

linked, and some studies have accordingly utilized more than 
one of them. Nevertheless, as this book has cytopathologists 
as its primary target audience, the focus of this chapter will 
be on scientific work related to clinical specimens. Research 
performed on effusion specimens will be discussed sepa-
rately for different aspects of tumor biology and the tumor- 
host interaction, including adhesion, invasion and metastasis, 
growth factors, proliferation and apoptosis, interaction with 
the immune response, intracellular signaling and transcrip-
tion, spheroid- and cancer stem cell (CSC)-related studies, 
and analyses of various molecules that cannot be classified 
into one of the above groups. Discussion of studies using 
high-throughput methodology, including NGS, and ex vivo 
culturing will constitute the final part of this chapter.

 Adhesion, Invasion, and Metastasis

The processes of invasion and metastasis involve extensive 
changes in the expression of adhesion molecules, proteases, 
and angiogenic molecules, as well as in intracellular signal-
ing networks and transcription factors regulating the expres-
sion of these molecules, in cancer cells compared to their 
normal counterparts. Adhesion or other surface molecules 
that have been shown to be expressed in OC include cadher-
ins, integrins, immunoglobulin superfamily members, pro-
teoglycans, and mucins, whereas the main proteases that 
mediate invasion and metastasis in this tumor, as well as in 
many others, are the matrix metalloproteinase (MMP) family 
and the urinary-type plasminogen activator (uPA) pathway. 
This section will focus on these molecules.
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 Cadherins and Their Regulators

Cadherins, a family of Ca2+-dependent integral membrane 
glycoproteins, are located at the cell-cell adherens junctions, 
where they mediate homophilic contact with neighboring 
cells [6]. Cadherins are connected via their carboxy-terminal 
intracytoplasmic domain to p120 catenin, β-catenin, and 
γ-catenin, which in turn bind α-catenin, forming a link to 
actin in the cytoskeleton [7]. Cadherins have a central role in 
differentiation and tissue organization during embryogenesis 
and participate in maintaining tissue structure in the mature 
organism. E-cadherin, the major epithelial cadherin, inhibits 
invasion and is regarded as a tumor suppressor molecule [8]. 
Its loss through inactivation or downregulation occurs 
through genetic (mutations) and epigenetic (CpG promoter 
hypermethylation, transcriptional regulation, and posttrans-
lational modification) mechanisms and has been shown to be 
associated with tumor progression in various tumors [9–11]. 
Loss of E-cadherin may be accompanied by expression of 
pro-invasive mesenchymal markers, including N-cadherin, 
vimentin, and collagens, a process termed epithelial-to- 

mesenchymal transition (EMT), occurring in cancer cells as 
a pathological version of a process normally occurring dur-
ing embryogenesis [12]. Epigenetic silencing of the 
E-cadherin promoter by transcription factors is a central 
mechanism in EMT, and the main negative transcriptional 
regulators of E-cadherin in human cancer are Snail and Slug, 
members of the Snail superfamily, as well as Twist, Zeb, and 
Smad- interacting protein 1 (SIP1), members of the crystallin 
enhancer binding factor 1 family [13, 14].

Mutations in the CDH1 gene, encoding E-cadherin, are 
rare in OC, and those in the CTNNB1 gene, encoding 
β-catenin, are largely limited to endometrioid carcinomas 
[15, 16]. However, the E-cadherin complex is differentially 
expressed along tumor progression in OC, suggesting epi-
genetic regulation, with EMT regulators having a central role 
in the biology of this cancer (reviewed in [17]).

E-cadherin protein was found to be overexpressed in OC 
effusions compared to patient-matched primary carcinomas 
[18], and E-cadherin was subsequently reported to be co- 
expressed with the EMT-associated N-cadherin, as well as 
with P-cadherin, in OC cells in effusions [19] (Fig. 9.1a–c). 

a b

c d

Fig. 9.1 Cadherins and their transcriptional regulators in ovarian carcinoma. (a–c) Immunostaining for E-cadherin (a), N-cadherin (b), and 
P-cadherin (c); (d) mRNA in situ hybridization for Snail (NBT-BCIP as chromogen)
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Lower E-cadherin mRNA levels in OC effusions were asso-
ciated with shorter progression-free survival (PFS) [20]. 
However, a more recent analysis of 100 HGSC effusions by 
immunohistochemistry (IHC) did not show a prognostic role 
for E-cadherin, N-cadherin, or P-cadherin protein expression 
[21]. Conversely, proteomics analysis of 51 OC effusions 
identified the 4-protein signature of E-cadherin, N-cadherin, 
AKT, and phospho-paxillin (p-paxillin) as marker of signifi-
cantly improved PFS [22].

Snail, Slug, and SIP1 mRNA was expressed in the major-
ity of OC effusions (Fig. 9.1d), and higher SIP1/E-cadherin 
mRNA ratio was associated with poor overall survival (OS) 
[20]. However, Snail and Slug protein expression is signifi-
cantly lower in effusions compared to primary tumors, sug-
gesting a mechanism for the E-cadherin upregulation in 
effusions [23]. In addition, Snail protein localizes to the cyto-
plasm rather than the nucleus in uncultured OC cells from 
effusions, suggesting that it is not functional in these cells 
[23]. Recently, the mRNA levels of three additional EMT 
markers, Twist1, Zeb1, and Vimentin, were found to be sig-
nificantly higher in solid OC metastases compared to primary 
carcinomas and effusions [24]. Vimentin and Zeb1 protein 
expression by IHC was significantly related to poor chemo-
therapy response at diagnosis in the abovementioned study of 
100 OC effusions [21]. These data suggest that OC does not 
fully follow the classical model of EMT and that OC cells in 
effusions probably undergo at least partially the reverse pro-
cess of mesenchymal-to-epithelial transition (MET).

 Integrins

Integrins are a family of heterodimeric glycoproteins com-
posed of α- and β-subunits that are involved in invasion, 
metastasis, angiogenesis, proliferation, and apoptosis. At 
least 18α and 8β subunits forming 24 heterodimers have 
been identified to date. Intracellular signaling via integrin 
receptors is initiated in response to cues originating from 
other cells (e.g., stromal myofibroblasts) or different extra-
cellular matrix (ECM) proteins, including laminin, fibronec-
tin, collagen, vitronectin, entactin, tenascin, and fibrinogen, 
and mediates synthesis of many cancer-associated mole-
cules. Altered expression of integrins (down- or upregula-
tion) has been detected in the majority of malignant tumors 
but varies considerably according to the origin of the neo-
plasm [25–27]. In vitro studies have demonstrated that inte-
grins are crucial for the interaction of OC cells with ECM 
molecules and that attachment to the peritoneal mesothelium 
involves the β1 integrin subunit and CD44, an adhesion mol-
ecule of the immunoglobulin superfamily [28–30].

Decreased expression of the α6 and β4 integrin subunits 
was found in 6 ascites specimens compared to 24 patient- 
matched solid primary and metastatic lesions, whereas 
expression of the α2, α3 and β1 integrin subunits was compa-

rable [31]. In another study, protein expression of the α2, α3, 
α5, α6, αv, and β1 integrin subunits was found in nine tissue 
and ascites specimens [32]. Comparative analysis of 121 OC 
effusions and 30 solid primary and metastatic tumors showed 
frequent expression of the αv integrin subunit at all anatomic 
sites but higher expression of the β1 subunit in effusions 
compared to solid lesions (Fig. 9.2a, b). Tumor cell synthesis 
of the two subunits was shown using mRNA in situ hybrid-
ization (ISH) [33]. Expression of the two integrin subunits in 
effusions showed no relationship with survival. However, 
analysis of solid OC specimens from two groups of patients 
with long-term and short-term survival and follow-up of up 
to 20 years demonstrated correlation between αv integrin 
subunit mRNA expression by ISH and poor survival [34].

Laminin levels are increased in effusions from patients 
with serous OC compared to normal peritoneal fluid [35]. In 
an additional study, expression of laminin receptors, includ-
ing the 67-kD non-integrin laminin receptor (67-kD LR)  and 
the α6 integrin subunit, was analyzed in 88 OC effusions and 
116 corresponding solid tumors. The α6 subunit mRNA 
expression was higher in effusions compared to correspond-
ing solid tumors, and its protein product was localized to car-
cinoma cells in 17/27 effusions using flow cytometry (FCM; 
Fig. 9.2c) [36]. The 67-kDa receptor was frequently expressed 
in both effusions and solid lesions at both the mRNA and 
protein level. Of note, application of ascites to OC cell lines 
in vitro results in upregulation of α6 integrin, without affect-
ing the levels of the αv, β1, and β4 subunits [37].

The expression of several of the ECM ligands of integrins 
has been investigated in effusion specimens. Type IV colla-
gen expression was shown to be significantly reduced in OC 
effusions compared to primary carcinomas [38]. In contrast, 
the levels of procollagen types I and III have been shown to 
be markedly increased in OC effusions compared to normal 
peritoneal fluid and benign cysts using immunoassay [39, 
40]. In the study by Cracchiolo et al., higher levels of procol-
lagen type III were associated with poor disease-free interval 
and OS, being a stronger prognosticator than residual disease 
volume [39].

Kohn et  al. identified the ECM protein fibronectin in 
malignant ascites, predominantly from OC patients, as a pro- 
migratory factor for melanoma cells in vitro [41]. Fibronectin 
was additionally shown to be immunosuppressive, based on 
its ability to inhibit proliferation of lectin-stimulated lym-
phocytes [42]. In another study, both fibronectin and 
 oncofetal fibronectin, a protein involved in trophoblast adhe-
sion and expressed in different cancers, were detected at 
higher levels in OC ascites specimens compared to benign 
effusions [43].

The dynamic expression of ECM receptors in OC and the 
presence of ECM proteins in OC effusions in a tumor- 
specific manner suggest that these molecular interactions are 
central in the biology of this cancer within the serosal 
cavities.
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 Claudins

Claudins are a family of tight junction-specific integral mem-
brane proteins, currently including 24 members. Tight junc-
tions are located in the apical aspect of epithelial or endothelial 
cells, where they maintain cell polarity and regulate the para-
cellular transport of solutes and the diffusion of proteins and 
lipids. Claudins form homo- or heterodimeric contacts 
between neighboring cells. Claudin-3 and claudin-4 contain a 
binding site for Clostridium perfringens enterotoxin. Claudin 
expression is deregulated in multiple cancer types, making 
them potential targets for targeted therapy [44].

Claudin-7 was found to be expressed in OC cells in asci-
tes and was absent from leukocytes and reactive mesothelial 
cells [45]. A similar cancer-specific expression pattern was 
shown for claudin-4  in two studies [46, 47]. Comparative 
gene expression array analysis of OC and diffuse malignant 
peritoneal mesothelioma (DMPM) effusions showed signifi-
cantly higher expression of the genes coding for claudin-3, 
claudin-4, and claudin-6 in OC/PPC compared to DMPM, a 
finding that was validated for claudin-3 and claudin-4 using 
quantitative RT-PCR (qRT-PCR) and IHC [48]. A subse-
quent analysis of the diagnostic role of claudin-1, claudin-3, 
and claudin-7 in 325 effusions showed higher expression of 
claudins in OC compared to adenocarcinomas of other ori-
gin, malignant mesotheliomas (MM) and benign reactive 
mesothelial cells (RMC) [49]. Analysis of the anatomic site- 
related expression and prognostic role of claudins in OC 
included effusions (n = 218), primary OC (n = 81), and solid 
metastases (n = 164) immunostained for claudin-1, claudin-
 3, claudin-4, and caludin-7 [50]. All four claudins were 
expressed in the majority of tumors at all anatomic sites 
(Fig.  9.3a–d). However, the percentage of immunostained 
cells was significantly higher in effusions compared to pri-
mary carcinomas and solid metastases for claudin-1, clau-
din- 3, and claudin-7. Higher claudin-3 and caludin-7 
expression in effusions was associated with shorter survival 
in univariate and multivariate analysis.

These studies demonstrate that claudins are widely 
expressed in OC, with significant overexpression of some 
family members in effusions. Claudin expression in OC effu-
sions has both diagnostic and prognostic value, and their 
cancer-specific expression suggests that they may be a thera-
peutic target in this disease.

 CD44

The immunoglobulin superfamily member CD44, the prin-
cipal receptor for hyaluronic acid, has received much atten-
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Fig. 9.2 Integrins. (a, b) Immunostaining for the αv (a) and β1 (b) 
subunits. (c) Flow cytometry analysis for the α6 and β1 subunits show-
ing co-expression in 52% of tumor cells
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tion as both molecular partner of integrins and as an ECM 
receptor by itself. It additionally interacts with osteopontin 
and MMPs. CD44 is a transmembrane glycoprotein which 
is widely expressed in hematopoietic and mesodermal 
cells. The CD44 gene is composed of 20 exons, of which 
ten are constitutively expressed in almost all cell types, 
coding for a heavily glycosylated ~85-kDa molecule called 
the standard form (CD44s). The remaining exons can be 
alternatively spliced in various combinations, producing 
different CD44 isoforms. CD44 is involved in lymphocyte 
homing, hematopoiesis, differentiation, inflammation, 
wound healing, embryonic development, and apoptosis, as 
well as in tumor cell invasion and metastasis [51–53]. In 
recent years, CD44 has been receiving attention for its 
potential role as a cancer stem cell marker, including in OC 
[53, 54].

CD44 was shown to be involved in attachment of OC cells 
to mesothelial cells in  vitro, and analysis of 16 solid OC 
lesions and 8 effusions showed reduced CD44 expression in 
tumor cells in effusions, postulated to facilitate the release of 
tumor cells into the peritoneal cavity [55]. It was shown to be 
upregulated in OC cells exposed to ascites from patients with 
ovarian tumors in vitro [56, 57].

Analysis of 59 malignant and benign effusions, of which 
the former were predominantly from OC patients, neverthe-
less showed more frequent CD44s expression in reactive 
mesothelial cells (RMC), with the opposite finding with 
respect to CD44v3-10 [58]. Furthermore, CD44s was more 
highly expressed in OC cells in effusions compared to solid 
primary and metastatic tumors [59]. Expression of both 
CD44s and CD44v3-10 was unrelated to survival [59]. Bar 
and co-workers found comparable CD44v6 expression in 

a b

c d

Fig. 9.3 Claudins. (a–c) Immunostaining in effusions, showing expression of claudin-1 (a), claudin-4 (b), and claudin-7 (c). (d) Claudin-3 expres-
sion in primary ovarian carcinoma
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OC cells in effusions and solid tumors, as well as in benign 
tumors [38], whereas soluble CD44v6 was reported to dif-
ferentiate between benign and malignant effusions, the latter 
including 8 OC [60]. In agreement with the latter report, 
Taylor et al. found high levels of the v4/5 and v6 CD44 iso-
forms in analysis of ascites and sera from OC patients [61].

 MUC4

Mucins are a family of glycoproteins that constitute part of 
the mucous layer protecting epithelial cells lining the respi-
ratory, genitourinary, and digestive tract from physical, 
chemical, and microbial damage. Mucins are coded by 20 
genes (MUC1-20) and are divided into secreted gel-forming, 
soluble, and transmembrane mucins. They are heavily glyco-
sylated, with a carbohydrate moiety that may contribute 
50–90% of their molecular weight. Expression of mucins is 
altered in a large number of cancers compared to their nor-
mal tissue counterparts. Furthermore, mucins are thought to 
mediate a variety of tumor-promoting effects, including loss 
of adhesion, prevention of apoptosis, metastasis, and pro- 
survival signal transduction [62–64].

MUC4 is a transmembrane mucin involved in receptor 
tyrosine kinase (RTK)-related signal transduction, metasta-
sis, and suppression of apoptosis based on in vitro studies. In 
clinical material, MUC4 is expressed in carcinomas of dif-
ferent origin and has been shown to have a prognostic role in 
lung, pancreatic, and bile duct carcinoma [63, 65]. It is con-
sidered to be a candidate therapeutic target in pancreatic car-
cinoma [66].

Validation analysis in our array paper showed MUC4 
expression using IHC in 117/122 (96%) OC specimens, the 
majority of which were solid tumors, compared to 1/30 (3%) 
DMPM [48]. In a subsequent study, MUC4 expression was 

found in 141/142 (99%) OC effusions (Fig. 9.4), while RMC 
were uniformly negative [67]. These data suggest that MUC4 
is a good marker for differentiating OC from benign or 
malignant mesothelial cells.

 EMMPRIN

EMMPRIN (extracellular matrix metalloproteinase inducer, 
CD147), member of the immunoglobulin superfamily, is a 
membrane glycoprotein that mediates signaling events lead-
ing to MMP synthesis. EMMPRIN has multiple partner pro-
teins, including key signaling membrane proteins such as 
caveolin-1 and integrins, as well as protein chaperones of the 
cyclophilin family [68]. EMMPRIN has been shown to be 
involved in tissue repair and in lymphocyte migration and 
activation, as well as in several pathological processes, 
including ischemic disease, Alzheimer’s disease, and cancer 
[68]. A recent meta-analysis showed association between 
EMMPRIN and chemoresistance and poor outcome in dif-
ferent cancers [69].

EMMPRIN mRNA and protein are widely expressed on 
OC cells in effusions and solid tumors, and its presence is 
associated with MMP and integrin subunit expression and 
with activation of the mitogen-activated protein kinase 
(MAPK) signaling pathway [70, 71] (Fig.  9.5). However, 
whereas EMMPRIN expression on peritumoral stromal and 
endothelial cells in solid OC correlated with poor survival, 
no such relationship was demonstrated for tumor cell expres-
sion in effusions [70]. Parenthetically, caveolin-1, the major 
constituent of caveolae, flask-shaped invaginations of cell 
membranes that are involved in molecule transport, adhe-
sion, and signal transduction, is frequently expressed in OC 
effusions, although its expression is unrelated to clinicopath-
ologic parameters [72].

Fig. 9.4 MUC4 immunostaining in effusion Fig. 9.5 EMMPRIN immunostaining in effusion
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 Nerve Growth Factor (NGF) Receptors

Neurotrophins are a family of growth factors, consisting in 
mammals of nerve growth factor (NGF), brain-derived neu-
rotrophic factor (BDNF), NT-3, and NT-4/5. Neurotrophins 
bind in a specific manner to the tyrosine kinase receptors 
TrkA, TrkB, and TrkC, leading to receptor autophosphoryla-
tion and activation of intracellular signaling via ras, MAPK, 
phosphoinositol-3-kinase (PI3K)/AKT, and phospholipase-γ 
(PLC-γ), with resulting survival and proliferation. p75, an 
additional neutrophin receptor, belongs to the tumor necrosis 
receptor (TNF) superfamily, has a different structure, lacks 
intrinsic catalytic activity, and is able to bind all neurotroph-
ins. p75 is able to activate both pro-survival and pro- apoptotic 
signaling pathways [73, 74]. Trk family members have been 
shown to be expressed in a variety of neural and non-neural 
tumors, the latter consisting primarily of carcinomas [75]. In 

contrast, p75 was shown to be expressed in some neural and 
soft tissue tumors, with little expression in carcinomas [76].

Fusions in NTRK1, NTRK2, and NTRK3, encoding TrkA, 
TrkB, and TrkC, respectively, have been found in different 
cancers, including carcinomas, sarcomas, brain tumors, and 
hematological cancers, suggesting that targeting these recep-
tors may have clinical benefit [77, 78].

Total Trk and p-TrkA expression was shown to be higher 
in primary OC and solid metastases compared to effusions, 
while the opposite was true for p75. NGF was frequently 
expressed in OC cells [79, 80] (Fig. 9.6a–d). In solid lesions, 
p-TrkA was additionally expressed in endothelial cells, sup-
porting its postulated role as an angiogenic factor, and its 
expression in tumor cells was associated with poor survival 
[80]. High expression of TrkB and BDNF was recently 
reported in OC, with particularly high levels in omental 
metastases and in OC cells in ascites [81].

a b

c d

Fig. 9.6 Nerve growth factor (NGF) and its receptor TrkA. (a, b) Effusions. NGF and total (pan-)TrkA immunostaining. (c, d) Primary carcinoma. 
Pan-TrkA and phospho-(p-)TrkA immunostaining in c, d, respectively
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These data support a role for the neurotrophin autocrine 
pathway in OC tumor progression and suggest that Trk 
receptors may be an attractive target for molecular therapy in 
this cancer.

 Proteases

The ability to invade adjacent tissues and metastasize to dis-
tant organs is one of the central characteristics of cancer cells. 
The two main families involved in this process in OC are the 
MMP family and the uPA pathway, and members of both 
families have been shown to be expressed in OC effusions.

 MMP
MMPs are zinc- and calcium-dependent enzymes that 
degrade a large variety of basement membrane and ECM 
components. Twenty-three MMPs have been identified in 
humans, with no functional redundancy among them. 
MMP-2 (gelatinase A, 72-kD type IV collagenase) and 
MMP-9 (gelatinase B, 92-kD type IV collagenase), the only 
enzymes with a gelatin-binding domain, are crucial for tumor 
metastasis due to their ability to degrade collagen type IV, a 
component of all basement membranes. Additional MMP 
substrates include other MMP members, proteinases of dif-
ferent families (e.g., plasminogen), growth factors (trans-
forming growth factor, TGF), tyrosine kinase receptors 
(Her2/neu, FGFR1), adhesion molecules (CD44, E-cadherin, 
αv integrin), and other molecules. MMP activity is nega-
tively regulated in a reversible manner by specific inhibitors, 
TIMP1-4, through the formation of a 1:1 stoichiometric 
binding, as well as by α2 macroglobulins, thrombospondins, 
and the membrane-bound RECK protein. However, TIMP-2 
also participates in cell surface-mediated activation of 
MMP-2 with membrane type I MMP (MT1-MMP, MMP- 
14). MMP synthesis is positively regulated by different ECM 
proteins, growth factors, and cytokines (e.g., via integrins) 
and is regulated at the transcriptional level by Ets family 
members, AP-1 and AP-2, and additional factors [82, 83].

MMPs have been shown to have an important role in nor-
mal tissue homeostasis, as well as in a range of pathological 
conditions, including cancer. Their role in invasion, metasta-
sis, and angiogenesis is now supplemented by data docu-
menting their participation in other processes, such as 
regulation of cytokines and chemokines, intracellular signal-
ing, and transcriptional regulation. Although attempts to tar-
get MMPs therapeutically have been disappointing to date, 
efforts in this direction are still being made [84, 85].

Both MMP-2 and MMP-9 were identified in ascites fluid 
from advanced-stage OC patients using zymography [86], and 
both enzymes were secreted by OC cells of different anatomic 
locations, including ascites, in short-term cultures [87], 
although MMP-2 was the main gelatinolytic MMP secreted 
and activated [88]. MMP-2, MMP-9, and TIMP-2 were identi-

fied in malignant effusions, predominantly from OC patients, 
by Kohn et al. [41]. In an additional study, MMP-2 and MMP-9 
activity was shown to be higher in malignant ascites, including 
that of 6 OC, compared to ascites from patients with cirrhosis 
or tuberculosis using zymography [89].

MMP-1, MMP-2, MMP-9, and TIMP-2 were shown to be 
expressed in OC effusions and solid lesions at the mRNA 
and/or protein levels by ISH and IHC, respectively (Fig. 9.7a). 
Comparative analysis of OC at different anatomic sites 
showed significantly higher expression of MMP-2 and lower 
expression of TIMP-2 in effusions compared to primary 
tumors [90]. In contrast to data for solid lesions, MMP and 
TIMP expression in effusions did not correlate with survival, 
suggesting that the clinical role of these molecules may be 
limited to the former specimens. In another study, MT1- 
MMP, which activates MMP-2 at the cell surface, was 
detected in OC effusions and solid lesions using ISH 
(Fig. 9.7b). MT1-MMP and MT2-MMP mRNA was detected 
in OC effusions using RT-PCR, with no expression of MT3- 
MMP [91].

a

b

Fig. 9.7 Matrix metalloproteinases (MMP) in effusions. (a) 
Immunostaining for MMP-1; (b) mRNA in situ hybridization for 
MMP14 (NBT-BCIP as chromogen)
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 uPA
The urokinase-type plasminogen activator (uPA) is a serine 
protease that is synthesized as a latent proenzyme. uPA acti-
vation is achieved by the formation of a two-chain enzyme 
and is mediated by several proteases, including plasmin, 
trypsin, cathepsins B and L, and kallikreins. uPA and its 
homologue tissue-type PA (tPA) cleave plasminogen to plas-
min, thereby activating the degradation of fibrin and other 
ECM proteins and the activation of several MMPs, including 
MMP-9, and growth factors that are known to play a role in 
OC, such as basic fibroblast growth factor (bFGF), insulin 
growth factor (IGF), and TGFβ. This system is negatively 
regulated by the plasminogen activator inhibitors PAI-1 and 
PAI-2 and the plasmin inhibitor α2 antiplasmin. The uPA 
receptor uPAR is a glycosylphosphatidylinositol (GPI)-
anchored protein that is additionally able to bind the ECM 
protein vitronectin and interacts with different integrins (pri-
marily with the α3β1 and α5β1 fibronectin receptors), 
G-coupled proteins, and caveolin. This leads to the activation 
of major intracellular signaling via the MAPK and PI3K 
pathways. uPAR is cleaved to yield a soluble form (suPAR). 
The uPA system is involved in various cancer-related pro-
cesses, including proliferation, adhesion, invasion, migra-
tion, and regulation of apoptosis, making it an attractive 
cancer therapy target [92–94].

Fishman et al. found only low uPA production in primary 
cultures of OC cells, but ascites-derived cells had higher uPA 
levels compared to those from primary carcinomas and solid 
metastases [87]. High uPA levels were found in 15/19 OC 
ascites specimens using zymography [95]. uPA lacking the 
GPI anchor was isolated from OC ascites [96], and a subse-
quent study showed that both uPAR and the D2D3 fragment 
of suPAR are present at this anatomic site [97]. The applica-
tion of ascites to OC cell lines in vitro was shown to mediate 
expression of uPA and uPAR and increase invasiveness [37]. 
Higher PAI-2 levels in ascites were associated with poor 
disease-free survival for patients with stage III disease, a 
finding that was hypothesized to be related to the presence of 
macrophage colony-stimulating factor-1 (CSF-1) in these 
cases [98]. Higher ascites CSF-1 levels were associated with 
longer OS in analysis of 44 cases [99]. A urinary trypsin 
inhibitor that inhibits trypsin and plasmin activities was 
identified in the ascites fluid in analysis of 22 specimens 
[100].

 Kallikreins
Human tissue kallikreins are a family of serine proteases, 
currently consisting of 15 different members, all encoded by 
a single gene cluster located at chromosome region 19q13.4. 
Their biological roles include regulation of blood pressure, 
seminal fluid liquefaction, skin desquamation, and synaptic 
neuronal plasticity. Kallikreins have been shown to be dereg-
ulated in several cancers [101].

The levels of several KLK members, including KLK5–8, 
10, 11, 13, and 14, were shown to be significantly higher in 
OC effusion supernatants compared to benign effusions, and 
KLK6, 7, 8, and 10 additionally distinguished OC from other 
cancers by ELISA [102]. In agreement with this report, 
KLK6–8 were overexpressed in OC/PPC compared to 
DMPM at the gene level using gene arrays [48]. KLK4 was 
detected in the majority of OC specimens, including both 
effusions and solid lesions [103]. KLK7 was recently shown 
to be more highly expressed in OC effusions compared to 
patient-matched primary tumors in a limited series of six 
cases [104].

These data document that multiple protease classes and 
protease inhibitors are present in OC effusions. Some of 
these undoubtedly have their origin in the serum, while the 
majority is locally produced. Proteases may be important for 
our understanding of OC metastasis, as diagnostic markers, 
and potentially as therapeutic targets, although the latter is 
clearly limited by their ubiquitous distribution and central 
role in processes beneficial for the host, such as wound 
healing.

 Lysyl oxidase (LOX)
The LOX family consists of 5 copper-binding secreted 
enzymes, LOX and LOX-like (LOXL)1–4. LOX is required 
in the synthesis of elastin and collagen. Expression of LOX 
family members has been reported in multiple cancers [105].

Analysis of the expression of LOXL2, LOXL3, and 
LOXL4 in solid specimens and effusions from patients with 
OC, breast carcinoma, and MM using RT-PCR detected 2 
new alternative splice variants of LOXL4. The spliced seg-
ments were exon 9 (splice variant 1) or both exons 8 and 9 
(splice variant 2). In OC, splice variant 1 was significantly 
elevated in effusions compared to solid lesions, whereas 
splice variant 2 appeared only in effusions. LOXL2 and 
LOXL3 expression was comparable in solid specimens and 
effusions [106]. A follow-up study using a mouse model 
showed that the LOXL4 splice variants promote metastasis 
and tumor progression in ES2 OC cells [107].

 Growth Factors

Cancer cells in effusions are dependent on growth factors for 
proliferation and survival, possibly even more than their 
counterparts in solid lesions, as they have no direct access to 
the vasculature, and the microenvironment of effusions is 
rich in such proteins [108]. Growth factor signaling occurs 
predominantly, though not uniquely, via tyrosine kinase 
receptors that are often overexpressed on tumor cells. Current 
data regarding growth factors in OC effusions are discussed 
in this section. Angiogenic molecules are additionally dis-
cussed, as many of them are growth factors. Cytokines are 

9 Ovarian Cancer



200

discussed in the section dealing with the immune response, 
as many of these proteins have their origin in leukocytes and/
or affect their function.

 The Insulin-Like Growth Factor (IGF) System

The IGF system consists of the peptide hormones insulin, 
IGF-I, and IGF-II; the cell surface receptors insulin receptor 
(IR), IGF-1R, and IGF-2R and hybrid IGF-1R/IR receptors, 
of which all except IGF-2R possess tyrosine kinase activity; 
and a family of circulating IGF-binding proteins (IGFBP). 
Activation of IGF receptors leads to phosphorylation of 
adaptor proteins of the IRS family or SHC, with subsequent 
activation of the MAPK family member ERK and the PI3K 
signaling pathway, resulting in cell proliferation and sur-
vival, differentiation, metabolism, and EMT, the latter affect-
ing adhesion, migration, invasion, and metastasis [109].

The six IGFBP members are present in the serum extra-
cellularly, and in the circulation positively or negatively reg-
ulate the biological activity of IGF-I and IGF-II.  They 
additionally interact with the ECM proteins fibronectin, col-
lagen I, osteopontin, and vitronectin and with cellular pro-
teins, including integrins and caveolin. IGF is released by 
proteolysis of IGFBP which is mediated by multiple prote-
ases, including plasmin, thrombin, and members of the MMP 
family, or by the binding of IGFBP to the ECM [110, 111].

The IGF system is under investigation for its possible role 
as a target for molecular therapy in cancer, though results to 
date have not been encouraging [109].

The IGFBP3 and IGF-II genes were overexpressed in OC 
compared to DMPM effusions by gene expression arrays 
[48] and were subsequently shown to be more highly 
expressed at the protein level in carcinomas of various ori-
gins, including OC, compared to MM (Fig. 9.8a, b). IGFBP3 
was found in the effusion supernatant of all OC, as well as in 
breast carcinomas and 16 mesotheliomas using ELISA. High 
IGFBP3 expression in pre-chemotherapy and high IGF-II 
expression in post-chemotherapy OC effusions correlated 
with poor OS, and IGF-II expression in post-chemotherapy 
effusions was an independent prognostic factor in Cox mul-
tivariate analysis [112].

 Angiogenic Factors

The ability of solid tumors to grow locally, and subsequently 
disseminate to distant organs, is dependent upon the forma-
tion of new blood vessels (angiogenesis), the presence of 
which increases nutrient supply and facilitates vascular inva-
sion by tumor cells. This process involves a large number of 
angiogenic factors, including vascular endothelial growth 
factor (VEGF), bFGF and acidic FGF (aFGF), TGFα and 

TGFβ, platelet-derived growth factor (PDGF), interleukin-8 
(IL-8), and heparanase [113, 114].

The VEGF family currently consists of seven members, 
VEGF-A to VEGF-F and placental growth factor (PlGF), 
that mediate their effects through the tyrosine kinase recep-
tors VEGFR1-3. VEGF-A has 6 isoforms consisting of 121–
206 amino acid residues, as a result of alternative splicing. It 
induces proliferation, sprouting, migration, and tube forma-
tion in endothelial cells and is a key molecule in tumor 
angiogenesis [115]. As discussed in Chap. 3, VEGF (previ-
ously also termed vascular permeability factor) increases 
vessel permeability, thereby contributing to the accumula-
tion of effusions. Bevacizumab (Avastin), a monoclonal anti-
body against VEGF, is now included in the treatment of 
patients with advanced-stage OC in combination with stan-
dard chemotherapy in Europe [116].

bFGF (FGF-2), a 146-amino-acid polypeptide, is part of a 
family that at present consists of 22 members in vertebrates, 
the majority of which are secreted. FGF signaling involves 
various receptors, including FGFR, which are RTK, integ-

a

b

Fig. 9.8 The insulin growth factor pathway. (a, b) IGFBP3 and IGF-2 
immunostaining in effusions
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rins, and heparan sulfate proteoglycans, and induces, in addi-
tion to angiogenesis, inflammation, tumor growth, and 
chemoresistance. FGFR genes are amplified in many can-
cers. FGF signaling is under assessment for potential rele-
vance in the context of targeted therapy [117, 118].

IL-8 (CXCL8) is a member of the chemokine family, small 
molecules that regulate the immune response and mediate 
several cancer-related events, including angiogenesis. IL-8 
also promotes survival of tumor stem cells and attracts 
myeloid cells mediating suppression of the immune response. 
It is primarily produced by tumor cells and its serum levels 
therefore are a good indicator of tumor burden [119].

Different VEGF isoforms were detected in OC ascites and 
shown to be produced by tumor cells [120]. OC cells in asci-
tes and OC cell lines were shown to express VEGF and its 
receptors KDR and flt at the mRNA level, supporting the 
presence of an autocrine VEGF pathway in this tumor [121]. 
Barton et  al. analyzed 36 ascites specimens from patients 
with advanced-stage OC for angiogenin, VEGF, and bFGF 
levels using ELISA. Wide variation was seen across samples, 
and angiogenic marker expression was not interrelated in a 
given specimen, although VEGF and bFGF levels in the 
whole group were higher than in the patient-matched serum 
samples. No association was seen between serum or ascites 
levels of the measured factors and tumor vascularity [122]. 
VEGF levels were reported to effectively differentiate 
between benign and malignant effusions, including 8 OC, in 
the study by Dong and co-workers [60], and were found to be 
high in an additional analysis of 6 OC effusions [123]. These 
results are in agreement with an additional report, in which 
VEGF levels in malignant effusions, including 35 OC, were 
higher than matched serum levels and were higher than asci-
tes levels in specimens from patients with liver cirrhosis 
[124]. OC cells in primary OC and OC cell lines were shown 
to express FGFR 2-IIIb and its ligands FGF-1 and FGF-7, 
and the latter two proteins were found in ascites fluid from 
OC patients [125].

OC cells in peritoneal and pleural effusions expressed IL- 
8, VEGF, and bFGF mRNA, evidence that these cells pro-
duce angiogenic factors, as well as their protein products 
(Fig.  9.9a, b). However, OC cells in effusions had signifi-
cantly lower VEGF mRNA expression compared to primary 
OC and solid metastases, as well as lower IL-8 mRNA 
expression compared to solid metastases. Angiogenic gene 
expression in effusions was unrelated to clinicopathologic 
parameters or patient survival [126].

Heparanase is an endoglycosidase that degrades heparan 
sulfate, component of proteoglycans on the membranes of 
eukaryotic cells (syndecans and glypicans) or in the ECM 
(perlecans). Heparan sulfate chains bind a large variety of 
molecules, such as ECM structural proteins, growth factors, 
chemokines, and enzymes, thereby affecting adhesion, pro-
liferation, survival, and differentiation. This diversity of 

interactions is reflected in the role of heparan sulfate interac-
tions in embryogenesis, inflammation, tissue repair, angio-
genesis, and tumorigenesis. Heparanase mediates 
angiogenesis through the release of HS-bound angiogenic 
factors, including VEGF and bFGF, from the ECM and base-
ment membrane and the release of HS degradation fragments 
that stimulate the binding of bFGF to its receptor [127, 128]. 
Recently described roles for heparanase include regulation 
of exosome biogenesis and function and increase of chemo-
resistance via enhanced autophagy [128]. Exosomes are dis-
cussed below.

Heparanase was expressed in the majority of OC effu-
sions (Fig. 9.9c) and was found in effusion supernatants. Its 
expression at the tumor cell membrane was associated with 
significantly shorter OS for patients with post-chemotherapy 
disease recurrence effusions [129].

 Other Growth Factors

GEP (progranulin/PC cell-derived growth factor) is a 68-kDa 
secreted protein with multiple glycosylated variants, the 
most common of which is 88kDa in size. GEP is also cleaved 
into granulins (epithelins), small proteins of 6kDa in size 
that have inhibitory function, opposing that of GEP. GEP has 
a role in physiological processes, such as embryogenesis and 
wound repair, as well as in tumorigenesis [130]. GEP synthe-
sis is regulated by endothelin-1 (ET-1) and lysophosphatidic 
acid (LPA), two additional growth factors for OC cells, and 
by cyclic AMP (cAMP) in vitro [131].

GEP was shown to be frequently expressed in OC at all 
anatomic sites (Fig. 9.9d). However, staining was higher in 
primary carcinomas and solid metastases compared to effu-
sions. Its expression in OC cells was unrelated to survival, 
although expression in the peritumoral stroma correlated 
with worse overall survival [132].

The TGFβ family regulates tissue homeostasis, prolifera-
tion, differentiation, apoptosis, adhesion, motility, migration, 
and invasion and consequently has an important role in can-
cer progression. The effects of TGFβ are mediated by the 
ligand isoforms TGFβ1, TGFβ2, and TGFβ3 through TGFβ 
type I and II receptors, which have serine/threonine kinase 
activity. TGFβRI propagates signaling by recruitment and 
phosphorylation of Smad2 and Smad3, which then translo-
cate to the nucleus and modulate gene expression. This path-
way is often referred to as the canonical signaling pathway. 
Noncanonical TGFβ involves the mitogen-activated protein 
kinase (MAPK) pathway, the phosphoinositol-3-kinase 
(PI3K)/AKT signaling pathway, and Rho-like GTPases, reg-
ulating many processes, including EMT and apoptosis 
[133–136].

The levels of TGFα, member of the EGF family, were 
found to be lower in OC ascites compared to controls [137]. 
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e f

Fig. 9.9 Growth factor expression in effusions. (a) VEGF protein, (b) FGF2 in situ hybridization (NBT-BCIP as chromogen), (c) heparanase 
protein, (d) Granulin-Epithelin Precursor (GEP) protein, (e) TGFβ3, (f) p-Smad2, (g) p-Smad3
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In a recent study, TGFβRI and TGFβRII mRNA by qPCR 
was overexpressed in HGSC effusions and solid metastases 
compared to the ovarian tumors, whereas Smad2, p-Smad2, 
and p-Smad3 were overexpressed in solid specimens com-
pared to effusions. In univariate survival analysis, higher 
TGFβ2 variant 1 and TGFβRIII mRNA levels were associ-
ated with a trend for shorter OS in patients with post- 
chemotherapy effusions, and the latter finding was an 
independent prognostic marker in Cox multivariate analysis. 
Smad3 protein expression was associated with a trend for 
shorter OS in univariate survival analysis (Fig. 9.9e–g) [138].

In another study, the concentration of soluble growth dif-
ferentiation factor-15 (GDF-15), member of the TGFβ fam-
ily, was measured in 195 effusion supernatants from 162 OC 
patients by an immunoradiometric assay. Tumor cell GDF- 
15 expression by IHC was analyzed in 114 effusions. GDF- 
15 was detected in all effusion supernatants, with 
overexpression in post-chemotherapy effusions, and IHC 
showed expression in OC cells in 111/114 (97%) specimens. 
High GDF-15 effusion concentration was associated with 
poor response to chemotherapy at first disease recurrence 
and poor OS in univariate and Cox multivariate analysis. 
High tumor cell GDF-15 expression in pre-chemotherapy 
specimens was associated with poor PFS [139].

Endoglin (CD105) is a transmembrane glycoprotein com-
posed of two 95-kDa subunits that form a homodimeric 180- 
kDa protein and is an auxiliary receptor for several TGFβ 
family proteins. There are two splice isoforms of the protein, 
termed short (S)-endoglin and long (L)-endoglin based on 

differences in its cytoplasmic part. In addition, a soluble 
form of the protein (sEng) is probably formed by proteolytic 
shedding. Endoglin is primarily expressed on endothelial 
cells but has been detected in mesenchymal and hematopoi-
etic cells, as well as in different cancers. TGFβ binding 
results in activin-like kinase (ALK) recruitment and signal-
ing propagation to the nucleus via Smad proteins that act as 
transcription repressors or activators. Mutations in endoglin 
or ALK-1 are the molecular cause for hereditary hemor-
rhagic telangiectasia (Osler-Weber-Rendu disease), a condi-
tion that is characterized by vascular malformations and 
severe bleeding episodes [140, 141]. Its involvement in mul-
tiple pathologic conditions related to altered angiogenesis 
led to its identification as a potential therapeutic target of a 
range of diseases, including cancer [142].

Endoglin expression by IHC was found in OC cells and 
RMC in 95/211 (45%) and 133/211 (63%) effusions, respec-
tively. Tumor cell expression was significantly associated 
with younger patient age and post-chemotherapy status. No 
association was found between cellular endoglin expression 
and its soluble effusion concentration by ELISA, measured 
in 95 patient-matched effusions. Endoglin expression was 
significantly higher in solid metastases compared to effu-
sions in analysis of 34 patient-matched specimens. Endoglin 
expression was unrelated to survival [143].

The two PDGF isoforms A and B were found in ascites 
from OC patients, and their levels were higher than those 
measured in nonmalignant effusions [144]. Finally, the pres-
ence of anti-angiogenic factors was observed in malignant 
effusions, including specimens from OC patients, in  vitro 
using the chick chorioallantoic membrane model [145]. 
These factors were subsequently shown to be fibrin degrada-
tion products, as detailed above [100].

 Proliferation and Apoptosis

The ability to divide without limit and resistance to cell 
death are two major characteristics of tumor biology that 
greatly limit our ability to cure cancer once tumor cells have 
spread beyond the organ of origin. OC cells in effusions 
have high degree of proliferation, which may exceed that of 
the primary tumor, and little apoptosis (Fig. 9.10a, b) [146]. 
As in other areas, data regarding expression of molecules 
related to proliferation and apoptosis in effusions are lim-
ited, although some information has been gathered, as 
detailed below.

g

Fig. 9.9 (continued)
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 Cell Cycle Markers

The exit of cells from the quiescent state and progression 
along the cell cycle is regulated at several checkpoints—the 
G0→G1, G1→S, and G2→M transition. These events are 
mediated by members of the cyclin and cyclin-dependent 
kinase (Cdk) families. Cyclins, the regulatory unit, bind Cdk, 
the catalytic component, in a specific manner. These com-
plexes exert a regulatory role by phosphorylation of key pro-
teins, such as the retinoblastoma gene product (pRB), which 
together with p53 is a major regulator of the cell cycle. Cdk- 
cyclin complexes are negatively regulated by p15INK4b, 
p16INK4a, p21WAF1/CIP1, and p27kip1 [147–149].

Deletion of the area encompassing the CDKN2A and 
CDKN2B genes, encoding for p16INK4a and p15 INK4b, respec-
tively, at chromosome 9p21 was found in OC ascites [150]. 
Higher p16INK4a protein expression in OC cells in ascites was 
related to better response to first-line chemotherapy and lon-
ger survival in analysis of 37 effusions [151]. p27kip1 protein 
expression was frequently observed in OC cells in effusions 
using IHC and Western blotting (WB). Staining was higher 
in pre- compared to post-chemotherapy, but was unrelated to 
clinicopathologic parameters or survival [152]. p21WAF1/CIP1 
was only infrequently and focally expressed in another study 
using the same methods [80].

Cyclin A is expressed from late G1 phase to mitosis. It 
forms a complex with Cdk2, resulting in kinase activity 
detected in S phase, which is crucial for the entry into mito-
sis. Cyclin A is frequently detected in OC cells in effusions 
and is significantly expressed with the proliferation marker 
Ki-67. However, its expression is associated with longer 
OS [152].

The cyclin E-Cdk2 complex mediates the G1→S transi-
tion through phosphorylation and thereby inactivates pRb 
by releasing the E2F transcription factor. The CCNE1 gene 
encoding for cyclin E is overexpressed in OC/PPC com-
pared to DMPM [48]. The presence of low molecular 
weight (LMW) cyclin E forms, reported to have higher bio-
logical activity than the full cyclin E molecule, by WB 
similarly differentiated OC from MM and RMC and was 
associated with shorter OS and PFS (Fig.  9.10c) [153]. 
Measurement of cyclin E DNA fragments by quantitative 
real-time PCR effectively differentiated between benign 
(n = 70) and malignant (n = 198) effusions, the latter includ-
ing 88 OC [154].

Discordance in the TP53 mutation status between pri-
mary OC and patient-matched ascites was reported in two 
studies [155, 156]. The presence of p53 autoantibodies in 
OC ascites was reported in 18 and 19% of specimens in two 
independent studies [157, 158]. Their presence coincided 
with absent p53 expression in one of these reports [157], 
suggesting that their presence may interfere with p53 detec-
tion. However, in a third study, in which sera, cyst fluid, and/
or ascites specimens were analyzed, p53 autoantibodies were 
infrequently found in both p53-overexpressing and p53-non- 
overexpressing cases [159]. In the study by Abendstein et al., 
the presence of p53 autoantibodies was a marker of poor OS 
and PFS, with the finding for PFS shown to be independent 
in multivariate analysis [158].

 The Death Receptor Family

Death receptors (DRs) are members of the TNFR superfam-
ily that are able to induce the extrinsic apoptosis signaling 
pathway upon ligand binding. In addition to exhibiting the 
cysteine-rich extracellular domain typical of the TNFR fam-
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Fig. 9.10 Proliferation and apoptosis in effusions. (a) p85 PARP frag-
ment immunostaining. Nuclear expression is limited to a few cells, 
denoting low degree of apoptosis; (b) Ki-67 immunostaining, showing 
high proliferation; (c) Western blotting for cyclin E in ovarian carci-
noma effusions, showing the presence of low molecular weight frag-
ments in the majority of effusions
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ily, DRs are characterized by a conserved cytoplasmic 
domain of approximately 80 amino acids, the death domain 
(DD), which is essential for transduction of the apoptotic 
signal. The best characterized DR members, Fas (CD95/
Apo-1), TNFR1, TRAILR1 (DR4), and TRAILR2 (DR5), 
have as respective ligands FasL (CD95L/Apo-1L), TNF, and 
TRAIL, the latter binding both DR4 and DR5. Three other 
receptors, TRAILR3 (DcR1), TRAILR4 (DcR2), and the 
soluble receptor osteoprotegerin, lack functional cytoplas-
mic domains and do not transmit the apoptotic signal fol-
lowing binding to TRAIL [160, 161]. DR activation as a 
modality for cancer treatment has been extensively investi-
gated in recent years, with generally disappointing results 
[162]. This may be related to absence of these receptors on 
tumor cells, but, not less significantly, to the fact that Fas, 
DR4, and DR5 mediate non-apoptotic effects as well, 
including promoting cell survival and proliferation, induc-
ing inflammation, and mediating tumorigenesis and tumor 
progression [163, 164].

Malignant ascites from OC patients was shown to protect 
OC cells in  vitro from TRAIL-induced apoptosis through 
Akt activation in an αvβ5 integrin-dependent process [165]. 
The IC50 of TRAIL increased in vitro in the presence of clini-
cal ascites specimens, and higher IC50 was associated with 
shorter disease-free survival for 35 OC patients from whom 
the ascites specimens were tapped [166].

In agreement with these data, OC ascites was recently 
shown to inhibit FasL-mediated apoptosis. Ascites speci-
mens contained the decoy receptor DcR3, and higher levels 
of this protein by ELISA were associated with stage IV dis-
ease and platinum resistance [167].

As opposed to normal ovarian surface epithelial cells, 
OC cells obtained from ascites did not express FasL on 
their surface, but secreted the full FasL protein, as well as a 
heavily glycosylated variant of this protein. Both secreted 
forms mediated apoptosis in vitro, from which the authors 
hypothesized a role for this protein in the killing of immune 
cells by tumor cells and thereby evasion of the immune 
response [168].

High Fas expression was previously found in OC asci-
tes compared to primary and recurrent solid specimens 
[169]. Quantitative analysis of DR4, DR5, Fas, TNFR1, 
and TNFR2 status in OC effusions using FCM showed 
frequent DR4, DR5, and Fas expression on tumor cells in 
the majority of effusions, with less frequent expression of 
TNFR1 and TNFR2 (Fig. 9.11a–c) [170]. DR4 and TNFR2 
expression was higher in FIGO stage IV compared to 
stage III tumors. Effusions from patients who responded 
poorly to chemotherapy at first disease recurrence had 
significantly higher DR4, DR5, and Fas expression. 
Higher DR4 expression correlated with poor OS and PFS 
in univariate survival analysis, as well as in multivariate 
Cox analysis.
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Fig. 9.11 Death receptors. Flow cytometry analysis showing expres-
sion of DR4 (a), DR5 (b), and Fas (c) in carcinoma cells in effusion 
(co-labeled by Ber-EP4)
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 Caspases and Their Inhibitors

Apoptosis, or programmed cell death, is a process regulat-
ing cell death following irreparable DNA damage and is 
additionally important for controlling cell number during 
normal development. Apoptosis is mediated by caspases, a 
family of cysteinyl aspartate-specific proteases. Caspases 
are activated by two major pathways, which have consider-
able crosstalk. The extrinsic pathway is initiated by ligation 
of DR members, including Fas/CD95, TNFR, and TRAILR, 
to activate membrane-proximal caspases (caspase-8 and 
caspase-10), which in turn cleave and activate caspase-3, 
caspase-6, and caspase-7 or B-cell chronic lymphocytic leu-
kemia/lymphoma 2 (Bcl-2) proteins, depending on cell 
type. The intrinsic pathway is activated by different stimuli, 
including chemotherapy, kinase inhibitors, hypoxia, growth 
factor withdrawal, and radiation. It involves disruption of 

the mitochondrial membrane; release of mitochondrial pro-
teins that regulate apoptosis, including cytochrome c, into 
the cytoplasm; and the formation of complex between cyto-
chrome c, adaptor protein apoptotic protease-activating fac-
tor 1 (APAF1), and pro-caspase-9, in which pro-caspase-9 is 
activated. Caspase-9 downstream activates effector cas-
pases, most notably caspase-3, resulting in apoptosis [171, 
172].

The levels of cleaved (activated) caspases, as well as the 
degree of dUTP incorporation, another method of measuring 
apoptosis, can be quantitatively measured in OC effusions 
using FCM [173]. Analysis of 76 OC effusions showed cas-
pase- 3 and caspase-8 cleavage and dUTP incorporation in 
<10% of tumor cells in the majority of effusions (Fig. 9.12a, 
b), with comparable levels in pre- and post-chemotherapy 
effusions. Higher-than-median cleaved caspase-3 levels cor-
related with longer OS and PFS [174].
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The widely used Annexin-V assay measures phosphati-
dylserine cell surface exposure as marker of apoptosis but in 
fact labels also cells in stress that are not apoptotic. FCM 
analysis of Annexin-V expression in 76 OC effusions showed 
more frequent labeling compared to cleaved caspase levels 
and dUTP incorporation. Higher percentage of Annexin-V- 
expressing cells in post-chemotherapy effusions was associ-
ated with poor OS and PFS. The higher Annexin-V expression 
compared to more reliable apoptosis markers and its associa-
tion with poor survival were concluded to support a role in 
cell survival rather than apoptosis in effusions [175].

FCM analysis measuring the expression of the anti- 
apoptotic protein c-FLIP in serous effusions was established 
by the author’s group, and c-FLIP expression was assessed 
for clinical relevance in a series of 69 OC effusions. c-FLIP 
expression was detected in tumor cells in all specimens 
(expression range 21–100%, median 80%), with no associa-
tion to clinicopathologic parameters, chemoresponse at diag-
nosis, or survival [176].

Inhibitors of apoptosis (IAPs) are a family of 8 cytoplas-
mic proteins that prevent apoptosis by specifically inhibiting 
caspase-3, caspase-7, and caspase-9, consisting of neuronal 
AIP (NAIP), cellular IAP1 (cIAP1), cellular IAP2 (cIAP2), 
X chromosome-linked IAP (XIAP), survivin, baculovirus 
IAP repeat (BIR)-containing ubiquitin-conjugating enzyme 
(BRUCE/Apollon), melanoma IAP (ML-IAP, previously 
called Livin), and IAP-like protein 2 (ILP-2). IAPs contain 
one or more repeats of a highly conserved 70–80-amino-acid 
zinc-binding domain, termed the baculovirus IAP repeat 
(BIR), which mediates the binding of caspases. Certain IAPs 
additionally interact with the MAPK, TGFβ, and nuclear 
factor-kB (NF-kB) signal transduction pathways, and sur-
vivin is additionally expressed at the mitotic apparatus in the 
nucleus in the G2/M phase, where it is thought to facilitate 
cell division. As with several of the above-discussed pro-
teins, efforts to target IAP family members, and survivin in 
particular, in cancer have generally been unsuccessful, 
although new approaches, e.g., small molecules that mimic 
the binding domain of the endogenous IAP antagonist sec-
ond mitochondrial activator of caspases (Smac) to IAP pro-
teins, are under evaluation [177, 178].

XIAP expression was detected in tumor cells in 54/81 malig-
nant effusions, including 13/13 OC, compared to 2/35 benign 
effusions, suggesting a diagnostic role for this protein [179].

XIAP and Survivin expression was found in >90% of 
effusions in analysis of 106 specimens studied using Western 
blotting, whereas Livin was absent. XIAP expression by IHC 
was significantly higher in effusions compared to solid pri-
mary and metastatic lesions (Fig. 9.13a, b). Nuclear Survivin 
was significantly positively related to Ki-67 score, and its 
presence was associated with longer PFS and OS in univari-
ate analysis. For PFS, this was reproduced in Cox multivari-
ate analysis [180].

Bcl-2 and Bcl-XL are closely linked anti-apoptotic cyto-
plasmic proteins containing Bcl-2 homology (BH) domains 
mediating binding and inactivation of pro-apoptotic family 
members [181]. Several drugs targeting Bcl-2 proteins are 
under clinical investigation, and the highly selective BCL-2 
inhibitor venetoclax was recently approved in the USA for 
the treatment of patients with chronic lymphocytic leukemia 
with 17p deletion who have received at least one prior ther-
apy [182].

Data is limited regarding the clinical role of Bcl-2 and 
Bcl-XL in OC effusions. Bcl-XL was shown to be expressed 
in 7/7 OC effusions in one study [183]. In a larger series of 
188 effusions and 124 patient-matched primary carcinomas 
and 81 solid metastases, Bcl-2 expression was significantly 
higher in primary carcinomas and solid metastases compared 
to effusions, whereas Bcl-XL expression was highest in effu-
sions (Fig. 9.13c). Bcl-XL expression was additionally asso-
ciated with poor response to chemotherapy at diagnosis 
[184].

Heat shock proteins (HSP), divided into groups based on 
molecular weight, are chaperones of cellular proteins, 
involved in assembly, folding, and maturation of multiple 
proteins, thereby affecting critical cellular functions, such as 
differentiation, proliferation, and apoptosis. HSP27 and 
HSP70 family members independently regulate apoptosis 
upstream of the mitochondria by inhibiting stress-inducing 
signals, at the mitochondrial level by preventing membrane 
permeability and release of cytochrome c, and downstream 
of the mitochondria by suppressing caspase activation. They 
regulate apoptosis by binding multiple proteins involved in 
cell death and survival, including caspases, apoptosis- 
inducing factor (AIF), the intracellular signaling proteins 
AKT and JNK-1, and the transcription factor Stat3 [185–
188]. HSP family members have been shown to be expressed 
in multiple cancer types, where they mediate tumor-related 
processes, including migration, invasion, metastasis, and 
EMT, and have been associated with adverse outcome in 
many of these malignancies. They are consequently under 
investigation as therapeutic targets, with particular effort 
directed at inhibiting HSP90 [188, 189].

In the abovementioned study of Bcl-2 proteins [184], 
HSP27 was expressed exclusively in the cytoplasm, while 
HSP70 was expressed in both the cytoplasm and the nucleus 
(Fig. 9.13d). HSP27 expression was more frequent in high- 
grade tumors. Nuclear and cytoplasmic HSP70 expression 
was significantly higher in primary carcinomas and solid 
metastases compared to effusions. However, increased cyto-
plasmic HSP70 staining in effusions correlated with poor OS 
in univariate analysis.

In a follow-up study, HSP90 expression by IHC was ana-
lyzed in 265 effusions from patients with advanced-stage 
OC. HSP90 was expressed in the cytoplasm and nucleus of 
tumor cells in 97% and 18% of specimens, respectively. 
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Fig. 9.13 Apoptosis inhibitors. Immunostaining for XIAP (a), Survivin (b), Bcl-XL (c), HSP-70 (d), HSP-90 (e), Aurora-B (f), and Wee1 (g) in 
effusions
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Nuclear HSP90 expression was significantly higher in post- 
compared to pre-chemotherapy effusions, but no association 
was observed with chemoresponse or survival (Fig. 9.13e) 
[190].

A third family of proteins analyzed in this study was the 
Bag family. Bag proteins bind HSP70, thereby regulating its 
activity in protein degradation. They additionally interact 
with Bcl-2, enhancing its anti-apoptotic effect. In addition, 
Bag-4, also known as silencer of death domain (SODD), 
binds to TNFR1, suppressing pro-apoptotic signal transduc-
tion [191]. As was true for HSP and Bcl-2 proteins, Bag-1 
and Bag-4/SODD expression in effusions differed from that 
in solid lesions, with higher Bag-1  in primary carcinomas 
and solid metastases and higher Bag-4 expression in effu-
sions [184].

 Regulation of Mitosis

Mitosis is a highly regulated stepwise process, including cen-
trosome maturation, bipolar spindle assembly, microtubule 
attachments, and cytokinesis. Failure of the mitotic process, 
including deregulation of kinases involved in this process, 
results in genome instability and cancer development [192].

Aurora kinases are key regulators of mitosis and have 
received considerable attention as therapeutic targets in can-
cer [193]. Aurora-A is a serine/threonine kinase involved in 
centrosome function and bipolar spindle assembly [194]. 
Aurora-B is member of the chromosomal passenger complex 

mediating chromosome-microtubule interactions, chromo-
some condensation, sister chromatid cohesion, the spindle 
assembly checkpoint (SAC), and cytokinesis [195].

Analysis of the expression and clinical role of Aurora-A 
and Aurora-B in serous OC using qPCR and IHC was 
recently performed. AURKA and AURKB mRNA and their 
protein product were demonstrated in all primary carcino-
mas (n = 38), solid metastases (n = 52), and effusions (n = 88) 
(Fig. 9.13f), with higher expression of AURKA mRNA and 
Aurora-A protein in effusions compared to solid specimens. 
Low Aurora-B protein expression was associated with pri-
mary chemotherapy resistance and poor treatment response 
in pre-chemotherapy effusions. No significant association 
was found between Aurora-A kinase expression at the mRNA 
or protein level and PFS or OS [196].

Analysis of the mRNA and protein expression of Bub1, 
another mitosis-related protein, using qPCR and WB was 
performed as follow-up study in the same material. BUB1 
mRNA levels in both effusions and solid lesions were signifi-
cantly related to the mRNA levels of AURKA and AURKB. 
BUB1 mRNA expression was additionally significantly 
higher in chemo-naïve solid lesions compared to specimens 
obtained after neoadjuvant chemotherapy. However, no asso-
ciation with chemotherapy exposure was found in effusions, 
nor was any relationship with survival found at any of the 
anatomic sites [197].

DNA damage during cell cycle progression may result in 
cell cycle arrest/delay at three major DNA-damage check-
points, i.e., G1/S, intra-S, and G2/M. Since p53, which con-
trols the G1/S checkpoint, is often inactivated in cancer, 
tumor cells rely on the S and G2/M checkpoints for repairing 
DNA damage. The Wee1-like kinase (Wee1) is a tyrosine 
kinase negatively regulating G2/M transition by phosphory-
lating and thereby inhibiting cyclin-dependent kinase-1 
(CDK1), also known as CDC2. It additionally stabilizes 
DNA during S-phase, thereby preventing unscheduled repli-
cation initiation. Based on these functions, Wee1 is regarded 
as a tumor-promoting molecule and is therapeutically tar-
geted in cancer [198].

Wee1 protein expression analysis in 287 serous OC effu-
sions showed nuclear expression in 265/287 (92%) speci-
mens (Fig. 9.13g), and this was validated using WB, showing 
expression in 45/45 analyzed effusions. Wee1 expression by 
IHC was significantly higher in post- compared to pre- 
chemotherapy effusions and was significantly related to poor 
OS in the former group, a finding which remained significant 
in Cox multivariate analysis [199].

g

Fig. 9.13 (continued)
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 The Immune System

Efforts to harness the immune response to combat OC have 
started several decades ago. Regrettably, they have to date 
not been successful in curing patients with this cancer, and 
improvements at prolonging PFS or OS have been modest at 
best. The reason for this disappointing outcome owes, as in 
many other tumors, to the ability of OC cells to evade 
destruction by immune effectors, which combines both 
changes in their antigenic profile and the ability to inhibit the 
immune system or modify it to have tumor-promoting action. 
A new effort is likely to be directed at modulating the 
immune response in gynecological cancer in general and OC 
in particular given the recent introduction of such therapy in 
other cancers [200–202]. Overview of the literature in this 
area in studies of OC effusions is detailed below.

The ability of ascites to suppress DNA synthesis in lym-
phocytes was reported more than 30 years ago [203]. High 
levels of HSP10, a protein which suppresses CD3-zeta 
expression on T lymphocytes, and thereby their activation 
via TcR, were found in OC ascites and serum, while sera 
from controls had undetectable levels of this protein [204]. 
Membrane vesicles, or exosomes, secreted by OC cells, sup-
pressed the expression of the lymphocyte signaling proteins 
CD3-zeta and JAK3, resulting in apoptosis [205]. Monocytes/
macrophages from blood and ascites of OC patients have 
reduced antibody-dependent cell-mediated cytotoxicity and 
phagocytic activity compared to cells from normal donor 
blood [206]. Tumor-associated T lymphocytes and natural 
killer (NK) cells from OC ascites have reduced CD3 and 
CD16 expression, respectively, as well as reduced activity of 
the tyrosine kinase p56lck. Both cell classes have reduced 
proliferation compared to peripheral blood lymphocytes 
from normal controls [207]. IL-10-producing monocytes 
were detected in OC ascites and shown to inhibit T-cell pro-
liferation and cytokine production [208]. Macrophages from 
OC ascites stimulate proliferation of OC cells in vitro, and 
this effect was postulated to be mediated via Stat3 activation 
by IL-6 and IL-10 [209]. OC ascites inhibits NK cell activa-
tion in response to lipid presented by CD1-expressing cells 
[210].

HLA-G, together with HLA-E, is a nonclassical major 
histocompatibility complex (MHC) class I antigen that is 
thought to bind to the CD8 T-cell receptor and is involved in 
interaction with NK cells. HLA-G is present as a membrane- 
bound or a soluble form, and its expression in normal tissues 
is limited to trophoblastic cells, where it is postulated to 
mediate immune tolerance during pregnancy. However, it is 
widely expressed in cancer cells, in which it has been hypoth-
esized to play a role in evasion of immunosurveillance by 
host T lymphocytes and NK cells [211, 212].

Measurement of HLA-G in 42 malignant ascites speci-
mens, including 25 OC, and 18 reactive effusions by ELISA 
showed significantly higher HLA-G levels in malignant effu-
sions compared to their benign counterparts [213]. HLA-G 
protein expression was found in 49/148 (33%) OC effusions 
using IHC and was significantly lower in post- compared to 
pre-chemotherapy effusions. Surprisingly, HLA-G tumor 
expression in pre-chemotherapy effusions correlated with 
better OS in univariate analysis [214].

Several other aspects related to the role of the immune 
system in OC biology are presented below.

Cytokines have been extensively investigated for their 
presence and role in OC. TNF mRNA was localized to tumor 
and/or inflammatory cells in analysis of seven ascites speci-
mens. The same study showed the presence of the p55 and 
p75 TNF receptors on tumor cells in solid lesions, suggesting 
the presence of an autocrine/paracrine pathway [215]. TNF-α 
and IL-1β stimulated VEGF production in mesothelial cells 
and OC cell lines in vitro, and the levels of IL-1β and VEGF 
were significantly related to both inflammatory and OC effu-
sions [216]. Elevated levels of soluble IL-2Rα were found in 
86/86 (100%) ascites specimens and 67/85 (79%) serum 
samples from OC patients, compared to 12/25 (48%) benign 
ascites specimens and 1/88 (1%) serum samples from con-
trols [217]. In agreement with this observation, soluble 
IL-2Rα ascites levels by ELISA were higher in OC than in 
normal females and were additionally elevated compared to 
patient-matched serum samples for the 23 OC patients [218].

The clinical role of IL-6 and other cytokines in OC has 
been the subject of several studies. Analysis of the clinical 
role of IL-6 polymorphisms at position 174 showed signifi-
cant association between the presence of the GG genotype 
and longer OS. However, the presence of this genotype was 
unrelated to IL-6 ascites or serum levels [219]. Higher levels 
of IL-6 were measured in sera and ascites specimens from 
patients with stage III–IV compared to stage I–II OC [220]. 
OC IL-6 and TNF-α ascites levels were significantly higher 
than in control specimens [221]. In analysis of 70 patients, 
IL-6 levels in ascites correlated significantly with ascites vol-
ume and marginally with primary tumor size but were unre-
lated to clinical parameters, including survival [222].

IL-13 and IL-15 levels by ELISA were reported to be 
higher in OC effusions compared to benign specimens [223]. 
Zeimet et al. analyzed the expression of multiple cytokines 
in serum and ascites from 76 OC patients. IL-10 and IL-12 
were found in all ascites specimens, whereas IL-4 was 
detected in 43%. The majority of cytokines were more highly 
expressed in ascites than in serum samples, and high levels 
of neopterin, TNF-α, and IL-12 were associated with shorter 
disease-free and overall survival, a finding that retained its 
significance for IL-12  in multivariate analysis [224]. In 
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another study, lower ascitic levels of IL-1 RA, an anti- 
inflammatory cytokine that competes with IL-1α and IL-1β 
on binding IL-1 receptor, but has no intrinsic activity, were 
associated with better PFS and OS, including in multivariate 
analysis [225]. Higher levels of osteoprotegerin, IL-10, and 
leptin in OC ascites were associated with shorter PFS in 
analysis of ten specimens [226]. In a study of 70 patients, 
higher IL-6 and TNF-α levels in ascites were significantly 
related to shorter PFS [227]. Ascites from OC patients was 
shown to increase the release of IL-6, IL-1β, and the chemo-
kines CCL2 and CXCL8 (see below) in peripheral blood 
mononuclear cells from healthy volunteers. It additionally 
increased the release of the anti-inflammatory cytokine IL-10 
and inhibited the production of interferon-γ and IL-12 [228].

Chemokines are a family of small secreted proteins that 
regulate the immune response and are produced by multiple 
cell classes in the tumor microenvironment, including cancer 
and stromal cells, endothelial cells, macrophages, and neu-
trophils. They are divided into four classes, C-C, C-X-C, C, 
and C-X3-C, depending on the location of the first two cyste-
ines in their sequence. Chemokines exert their biological role 
through 18 G-protein-coupled chemokine receptors 
expressed on tumor cells, creating an autocrine loop that 
mediates proliferation, regulates angiogenesis and cancer 
stemlike cell properties, and promotes invasion and metasta-
sis [229, 230].

OC cells in ascites expressed the chemokine receptor 
CXCR4 using FCM and its ligand CXCL12 was found in 
the ascites fluid [231]. OC cells isolated from ascites pro-
duced TNF-α in response to CXCL12 [232]. In an additional 
study, several CC chemokines were found in ascites fluid in 
analysis of 66 OC effusions using ELISA, and cells express-
ing chemokine protein and mRNA were detected in these 
specimens using FCM and RT-PCR, respectively. The che-
mokine receptors CCR1, CCR2, and CCR5 were detected 
on macrophages in the majority of specimens, whereas lym-
phocyte expression was more variable and differed between 
CD4+ and CD8+ cells. Cellular chemokine expression was 
not significantly related to the secreted levels of these pro-
teins [233].

Analysis of 73 OC effusions using FCM showed expres-
sion of CXCR4 and CCR7 on lymphocytes in all specimens, 
with less frequent expression of CXCR1, CCR2, and CCR5. 
Monocytes were frequently positive for CXCR1, CXCR4, 
CCR2, and CCR5, with only rare expression of CCR7. 
Carcinoma cells only rarely expressed chemokine receptors, 
with one to three specimens positive for each of the five 
receptors (Fig. 9.14a–c) [234].

In an additional study, CCL2, CCL3, CCL18, and CXCL8 
were found in OC effusions, with lower levels of CCL7 and 
CCL20. CCL18 and CXCL8 levels were higher in OC 

 effusions compared to specimens obtained from patients 
with other malignancies or with benign conditions [235].

The nature of the leukocyte cell classes in OC effusions 
and their clinical relevance have been the focus of several 
studies. The presence of CD4+/CD25+ regulatory cells, 
CD3+/CD56+ NK cells, and HLA-DR-expressing T cells 
was higher in OC effusions compared to blood from OC 
patients or effusions from patients with cirrhosis, and 
changes in the blood-to-ascites ratio in the former two 
parameters were related to histological grade and platinum 
resistance [236]. Another study by the same group showed 
inverse correlation between the presence of CD4+/CD25+ 
regulatory and CD3+/CD56+ NK cells and levels of TNF-α 
and VEGF, respectively. Lower VEGF and higher TNF-α 
levels were associated with platinum sensitivity and 
improved survival [237]. Intraperitoneal tumor-infiltrating 
CD3+ lymphocytes were shown to express the co- stimulatory 
molecules CD80 and CD86, as well as their receptors CD28 
and CTLA-4, in OC ascites, and the numbers of these cells 
were higher than in the peripheral blood [238].

Comparative analysis of patient-matched blood and asci-
tes specimens from 17 patients, the majority with HGSC, 
showed accumulation of CD8+ cytotoxic T cells and regula-
tory T cells (Tregs) in ascites compared to peripheral blood, 
with a skewing toward the CD45RA-effector/memory cells. 
Regulatory T cells in ascites were more activated and pro-
liferated more than their counterparts in the blood, and their 
number was positively related to that of the tumor cells [239].

B cells were previously reported to be absent from the 
peritoneal cavity, based on analysis of peritoneal specimens 
from ten OC patients and eight controls, where the presence 
of occasional cells was attributed to contamination with 
peripheral blood [240]. However, the author’s group observed 
consistent presence of these cells in analysis of 73 speci-
mens. Furthermore, the presence of B cells and NK cells in 
OC effusions was associated with poor survival [234].

Macrophages have been receiving growing attention as 
tumor-promoting cells in recent years [241, 242] and are 
present in large numbers in effusions, often underappreci-
ated due to confusion with RMC [243]. It was recently 
reported that monocytes/macrophages stimulated by coagu-
lation factor XII upregulate several transcription factors, 
including AP-1 and Stat family members, and that OC cells 
have increased invasive capability in their presence [244].

Analysis of macrophage populations and cytokine pro-
files in OC ascites showed association between alternatively 
activated (M2) macrophages expressing CD163, measured 
in 20 patients, and IL-6 and IL-10 levels, and these parame-
ters were significantly related to shorter relapse-free survival 
[245]. This population was shown to be characterized by 
interferon signaling in a subsequent study [246].
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 Intracellular Signaling and Transcriptional 
Regulation

As discussed above, many of the molecules that were already 
presented in this chapter mediate cell signaling, affecting 
transcription and synthesis of cancer-associated molecules 
and through it major aspects of tumor cell biology, such as 
cell survival, apoptosis, proliferation, invasion, and metasta-
sis. This section deals in more detail with the intracellular 
part of these signaling pathways.

 The MAPK Signaling Pathway

The MAPK pathway is a four-level cascade, in which each 
kinase activates the following kinase substrate through a 
complex network, enabling the cell to maintain diversity and 
specificity while responding to various extracellular cues. 
MAPK double phosphorylation at tyrosine and threonine 
residues at the final level of the cascade occurs in an enzyme- 
specific manner by the MEK family of MAPK kinases. Two 
MAPK family members, c-jun amino-terminal kinase (JNK) 
and the high osmolarity glycerol response kinase (p38), are 
activated by stress-related stimuli, whereas the extracellular- 
regulated kinase (ERK) is largely activated by growth factor 
signals. MAPK activation leads to phosphorylation of a vari-
ety of cytosolic substrates, and to their own translocation to 
the nucleus, where they activate a large number of transcrip-
tion factors, including AP-1 and Ets-1. p38 and JNK activa-
tion may result in apoptosis or cell survival, depending on 
the nature of the signal, as well as in proliferation, differen-
tiation, and inflammation, while ERK promotes differentia-
tion, proliferation, and migration. MAPK activity is 
negatively regulated by dual-specificity phosphatases 
(DUSP) that deactivate the enzymes [247, 248]. Activation 
of the RAS/RAF/MEK/ERK cascade is involved in chemo-
resistance [249].

WB analysis of 64 fresh-frozen OC effusions showed fre-
quent expression and activation of ERK, JNK, and p38 
(Fig. 9.15) [250]. Surprisingly, expression of all three family 
members was associated with clinicopathologic parameters 
related to less aggressive clinical course and/or longer sur-
vival. Higher levels of p-p38 and total (pan-)JNK were sig-
nificantly associated with younger age and lower histological 
grade, respectively, and higher level of pan-ERK, p-ERK, 
and pan-JNK correlated with longer OS. The finding for pan- 
ERK and pan-JNK retained its prognostic role in Cox multi-
variate analysis.

In agreement with this finding, higher mRNA expression 
of PAC1, member of the DUSP family, in OC effusions was 
associated with poor survival [251].

In an additional study using proteomics, significantly 
higher p-ERK levels were found in OC effusions compared to 
benign effusions [252]. Notably, in this study, higher p38 and 
p-JNK levels were related to poor survival in separate analy-
ses of pre- and post-chemotherapy specimens, respectively.

The Ras oncogene is part of the ERK signaling pathway. 
Frequent mutations in KRAS were found in analysis of 47 
peritoneal effusions and washings from OC patients using 
PCR restriction fragment length polymorphism (RFLP) 
analysis, whereas NRAS and HRAS mutations were infre-
quent [253].

 The PI3K/AKT/mTOR Signaling Pathway

Dysregulation of the PI3K/AKT/mTOR signaling pathway 
is a central event in cancer. Following activation by receptor 
tyrosine kinases, PI3K converts phosphatidylinositol (4,5) 
bisphosphate (PIP2) to phosphatidylinositol (3,4,5) triphos-
phate (PIP3) which then acts as a second messenger acti-
vating downstream pathways involving AKT, mTOR, and 
other proteins. The tumor suppressor phosphatase and tensin 
homology (PTEN) negatively regulates PI3K activity and 
is mutated or deleted in multiple cancer types. The serine/
threonine kinase AKT comprises three homologous family 
members (AKT1, AKT2, and AKT3) and is activated by dou-
ble phosphorylation at Thr308 and Ser473. PI3K signaling 
promotes cell growth, protein translation, and cell survival, 
antagonizes cell cycle arrest, impacts metabolism, modulates 
the immune response, and regulates angiogenesis and inva-
sion. A major target in the downstream cascade of AKT activ-
ity is mTOR, a protein residing in two  functionally  distinct 

p-ERK

pan-ERK

p-JNK

pan-JNK

p-p38

pan-p38

Fig. 9.15 Western blotting for the MAPK members ERK, JNK, and 
p38, showing total expression (pan) and activation (p-MAPK) in 
effusions
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complexes, mTORC1 and mTORC2. mTORC1 phosphory-
lates 4E-BP1 (eukaryotic initiation factor 4E-binding protein 
1) and p70S6K (ribosomal p70S6 kinase), both regulators 
of mRNA translation and cell growth, as well as the PI3K/
AKT pathway itself. Research directed at identifying PI3K/
AKT/mTOR signaling pathway inhibitors has received much 
focus in recent years [254, 255].

Proteomics analysis showed significantly higher AKT 
levels in OC effusions compared to benign effusions, as well 
as a trend for shorter survival for patients with disease recur-
rence post-chemotherapy effusions with high AKT activation 
level [252], though the latter association was not reproduced 
in a subsequent study using the same methodology [22].

In another study [256], the expression of PTEN and its 
inhibitor DJ-1, an oncogene overexpressed in different can-
cers [257], was analyzed. DJ-1 mRNA was frequently 
expressed in OC and was positively associated with that of 
its transcriptional regulators Sp1 and Sp3. DJ-1 expression 
was significantly higher in post- compared to pre- 
chemotherapy effusions and predicted shorter PFS in uni-
variate analysis for patients with post-chemotherapy 
effusions. PTEN protein expression by IHC was low and was 
unrelated to DJ-1 levels or patient survival.

In a follow-up study, protein expression of AKT, mTOR, 
and DJ-1  in OC was studied (Fig. 9.16a, b) [258]. p-AKT 
expression in effusions by IHC was highest in high-grade 
tumors, and high p-mTOR protein expression in effusions 
was associated with poor PFS for patients with post- 
chemotherapy effusions in univariate and multivariate analy-
sis. FCM analysis showed significant co-expression of AKT, 
mTOR, and DJ-1 in effusions. Higher p-AKT Thr308/pan- 
AKT ratio by WB was associated with more advanced FIGO 
stage and a trend for poor response to chemotherapy at first 
disease recurrence.

 NF-κB

The NF-κB family consists of five proteins, named RelA 
(p65), RelB, c-Rel, p50/p105 (NF-κB1), and p52/p100 (NF- 
κB2), that form homodimers or heterodimers. NF-κB is 
localized in the cytoplasm in complex with inhibitors of 
NF-κB (IκBs). Cell stimulation results in IκB phosphoryla-
tion in a site-specific manner by activated IκB kinase (IKK) 
complexes, of which the most common contain IKKα, IKKβ, 
and a regulatory IKKγ subunit.

The “canonical” NF-κB pathway is activated by TNF-α, 
IL-1, and other stimuli and involves IκBα phosphorylation at 
ser32 and ser36 predominantly by IKKβ. IκBα is subse-
quently ubiquitinated and degraded in the 26S proteasome, 
thereby releasing the NF-κB p65/p50 heterodimer to translo-

cate into the nucleus. Other NF-κB activation pathways have 
been described. In the nucleus, NF-κB may induce or repress 
the expression of numerous genes, affecting cell prolifera-
tion and survival, inflammation, the immune response, and 
apoptosis [259–261].

NF-κB p65 and IκBα protein expression was recently 
studied in OC effusions, primary carcinomas, and solid 
metastases [174]. A significantly higher percentage of cells 
expressed both proteins in solid lesions compared to effu-
sions, although nuclear NF-κB p65 expression, indicating 
NF-κB activation, was observed in the majority of tumors 
irrespective of anatomic site (Fig. 9.17a). NF-κB p65 phos-
phorylation at Ser536 was found in 94% of 75 OC effusions 
using WB (Fig.  9.17b). In effusions, nuclear NF-κB p65 
expression was significantly associated with larger volume 
of residual disease and poor response to chemotherapy at 
disease recurrence, as well as with poor PFS in univariate 
and Cox multivariate analysis.

a

b

Fig. 9.16 PI3K pathway. Immunostaining for p-mTOR (a) and p-AKT 
(b) in effusions
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 Ets Transcription Factors

The Ets family of transcriptional factors consists of 28 mem-
bers in humans and is highly conserved across different spe-
cies. All family members contain an 85-amino-acid 
DNA-binding domain (the Ets domain) that confers the abil-
ity to bind to DNA sequences having the core motif GGAA/T 
(Ets-binding site, EBS). Another conserved area that is pres-
ent in 11 members is the pointed (PNT) domain, which 
mediates protein-protein interactions and oligomerization. 
Ets factors have 200 known target genes, including proteases 
(MMP-1, MMP-3, and MMP-9, cathepsin) and their inhibi-
tors (TIMP-1), cell cycle molecules (cyclin D1, p21), apop-
tosis promoters and inhibitors (Fas, PARP, Bcl-2, Bcl-XL), 
adhesion molecules (E-cadherin, integrins), immune 
response mediators (interleukins, immunoglobulins), and 
angiogenesis mediators (the VEGF receptors Flt-1 and flk-1, 
Tie-1 and Tie-2). In these multiple target genes, ETS factors 
can mediate transcriptional activation or repression accord-
ing to the binding factor and the DNA sequence involved 
[262–264]. Ets members are aberrantly expressed in a range 
of solid tumors through gene amplification, overexpression 
of gene products, or creation of fusion genes with multiple 
partners [265].

Four members of the Ets family – Ets-1, Ets-2, Erg, and 
PEA3 – have been shown to be expressed in OC effusions at 
the mRNA levels using ISH, and the presence of Ets-1 and 

PEA3, studied in a large number of specimens, was associ-
ated with poor survival. Ets members were significantly co- 
expressed with their target genes or regulators, including 
integrins, MMP, and angiogenic molecules [266, 267].

mRNA expression, a fifth member of this family, EHF, 
previously found to be overexpressed in OC compared to 
DMPM by gene expression array analysis [48], was studied 
using qPCR. EHF levels were significantly higher in OC 
effusions and primary carcinomas compared to MM effu-
sions, and higher levels in pre-chemotherapy effusions were 
associated with poor PFS in univariate and multivariate anal-
ysis [268].

 The Peroxisome Proliferator-Activated 
Receptor (PPAR) Family and Lipid Signaling

PPARs, consisting of PPAR-α, PPAR-β/δ, and PPAR-γ, are 
transcription factors belonging to the nuclear hormone recep-
tor (NHR) superfamily, together with the steroid, thyroid 
hormone, vitamin D, and retinoid receptors. PPAR-α and 
PPAR-β/δ are widely expressed in normal tissues, whereas 
PPAR-γ has more limited distribution, mainly in adipose tis-
sue. PPARs function as heterodimers bound to the retinoid 
receptor (RXR) and are activated by polyunsaturated fatty 
acids (e.g., arachidonic and linoleic acid) and their deriva-
tives, generated through the action of the lipoxygenase and 
cyclooxygenase (COX) pathways. PPAR-α activation has an 
anti-inflammatory effect, whereas all PPARs have been 
shown to have tumor-inhibitory effects, probably through 
suppression of proliferation and induction of differentiation 
and apoptosis. PPAR-γ is highly expressed in multiple  cancer 
types but has been most often associated with improved sur-
vival [269, 270].

PPAR-α, PPAR-β, and PPAR-γ mRNA was frequently 
expressed in OC using RT-PCR, with significantly higher 
PPAR-α and PPAR-β levels in effusions compared to pri-
mary carcinomas and solid metastases. PPAR-γ mRNA and 
protein were detected in carcinoma cells using ISH and IHC, 
respectively (Fig.  9.18a). Higher effusion mRNA levels of 
all PPARs were associated with less favorable response to 
chemotherapy at diagnosis, as well as poor PFS and OS in 
univariate, though not in multivariate survival analysis [271].

In a related study, expression of members of the phospho-
lipase A2 family, which hydrolyze arachidonic acid from 
phospholipids at the cell membrane, in OC effusions was 
found to be related to patient survival [272]. Other investiga-
tors found higher levels of prostaglandin E2, which is syn-
thesized by COX enzymes, in ascites from OC patients 
compared to specimens from patients with other cancers or 
cirrhosis [273].

a

b
NFkB p65

beta-actin

Fig. 9.17 NF-κB. (a) Immunostaining for NF-κB p65, (b) Western 
blotting for the activated form, NF-κB p-p65 (Ser536)
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In the context of lipid-mediated signaling in OC, it is 
essential to mention lysophosphatidic acid (LPA), a phos-
pholipid with growth factor properties. LPA was detected in 
the effusion fluid in analysis of 62 malignant specimens from 

patients with various cancers, and levels were highest in the 
13 OC effusions in this series [274]. Lysophospholipids, 
including LPA, were similarly shown to be present at higher 
levels in OC effusions compared to benign effusions by mass 

a b

c

e

d

Fig. 9.18 Stem cell and transcription-related markers. (a) mRNA in situ hybridization for PPAR-γ (NBT-BCIP as chromogen). (b–e) 
Immunostaining for Rsf-1 (b), Nestin (c), class III β-tubulin (d), and XPA (e)
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spectrometry [275]. Recently, OC ascites was shown to be a 
stronger mediator of migration of adipose tissue-derived 
stem cells in vitro, an effect mediated by LPA [276].

Recently, mRNA expression of the phospholipase D 
(PLD) isoforms PLD1 and PLD2 by qPCR was studied in 
125 HGSC specimens (73 effusions, 28 ovarian tumors, 24 
solid metastases). PLD1 and PLD2 isoforms were found in 
most specimens at all anatomic sites, but PLD2 mRNA lev-
els were significantly higher in effusions compared with both 
carcinomas in the ovary and solid metastases. Higher levels 
of both isoforms were associated with higher CA 125 levels 
at diagnosis, and higher PLD2 mRNA levels in effusions 
were associated with unfavorable response to chemotherapy, 
though not to survival [277].

 Activating Protein 2γ (AP-2γ)

AP-2γ, member of a family of DNA-binding transcription fac-
tors, is encoded by the TFAP2C gene located on chromosome 
20q13.2  in humans. AP-2 family members are required for 
normal growth and morphogenesis during mammalian devel-
opment but regulate at the transcriptional level molecules 
known to be dysregulated in cancer, including those involved 
in proliferation (HER-2/neu), cell cycle regulation (p21WAF1/

CIP1), hormonal regulation (ER), inhibition of apoptosis (c-kit, 
Bcl-2), adhesion (MCAM/MUC18 and E-cadherin), and 
invasion/angiogenesis (MMP-2 and MMP- 9, PAI-1, VEGF, 
and the thrombin receptor PAR-1) [278, 279].

Nuclear AP-2γ expression by IHC was detected in tumor 
cells in 28/75 (37%) borderline tumors, 13/22 (59%) FIGO 
stage I OC, and 255/306 (83%) advanced-stage OC, the lat-
ter including 202 effusions, a difference that was statistically 
significant. WB showed AP-2γ expression in 59/61 effu-
sions. AP-2γ expression did not correlate with clinicopatho-
logic parameters or survival [280].

 Rsf-1

Genetic material in human cells is stored in the form of chro-
matin, which consists of nucleoprotein complexes contain-
ing DNA and protein. DNA is wrapped around an octamer 
core of histones whose position and density are regulated 
through chromatin remodeling complexes, consisting in 
eukaryotes of the SWI/SNF2, ISWI, CHD, and INO80 fami-
lies. Among these families, mSWI/SNF2, consisting of BAF 
(BRG1- or BRM-associated factors) and PBAF (polybromo- 
associated BAF), is the most commonly associated with dis-
ease, and 20% of cancers harbor mutations in genes belonging 
to this family [281].

RSF is a chromatin-remodeling complex that is composed 
of two subunits, hSNF2H and p325 (Rsf-1), and is involved 

in the formation of RNA polymerase II complexes. A trun-
cated form of RSF-p325 encodes for the hepatitis B virus 
transcription repressor HBXAP. Amplification at the 11q13.5 
chromosome region and overexpression of Rsf-1 were found 
in HGSC using digital karyotyping. Analysis of Rsf-1 ampli-
fication using FISH in primary tumors and of Rsf-1 mRNA 
levels in effusions using quantitative real-time PCR showed 
that its amplification and overexpression are associated with 
poor survival in two OC cohorts [282].

Tumor cell Rsf-1 protein expression by IHC was found in 
157/168 (93%) OC effusions (Fig.  9.18b) and was signifi-
cantly associated with more advanced disease (FIGO stage 
IV). Rsf-1 expression level was significantly lower in pri-
mary OC and in solid metastases. Higher Rsf-1 staining in 
effusions from patients tapped at disease recurrence was sig-
nificantly associated with shorter OS in univariate and Cox 
multivariate survival analysis [283].

 NAC1

The BTB/POZ (bric-a-brac tramtrack broad complex/poxvi-
rus and zinc domain) family consists of a large number of 
genes that are conserved among species from yeast to human 
and encode for zinc finger family transcription factors or 
actin-binding proteins. BTB/POZ proteins participate in a 
variety of cellular events that affect transcriptional regula-
tion, protein ubiquitination and degradation, cytoskeletal 
regulation, and ion channel function [284, 285].

The BTB/POZ family member NAC1 was first discovered 
in the nucleus accumbens in the brain of rats, where it was 
shown to be upregulated following chronic cocaine adminis-
tration [286]. Serial analysis of gene expression (SAGE) 
analysis showed overexpression of the NAC1 gene in OC 
compared to benign ovarian epithelium, and NAC1 protein 
was shown to be sufficient for induction of the oncogenic 
phenotype and essential for tumor cell growth and survival in 
an experimental model [287].

Analysis of 176 OC effusions and 197 patient-matched 
primary tumors and solid metastases using IHC showed 
NAC1 expression in >90% of tumors, with significantly 
higher staining intensity and extent in effusions compared to 
solid tumors. NAC1 expression intensity was additionally 
significantly higher in specimens obtained after the adminis-
tration of chemotherapy and correlated with shorter PFS for 
patients with post-chemotherapy effusions in univariate sur-
vival analysis [288].

Comparative proteomics analysis of SKOV-3 OC cells 
with and without a dominant negative NAC1 construct 
showed negative association between NAC1 silencing and 
levels of the FASN gene, encoding for FAS, a protein involved 
in fatty acid synthesis. In agreement with this, FAS and NAC1 
were significantly co-expressed in OC effusions [289].
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 Notch3

Notch proteins are evolutionarily conserved membrane 
receptors involved in embryogenesis and tissue homeostasis, 
affecting cellular differentiation, proliferation, survival, and 
apoptosis. The canonical Notch signaling pathway includes 
DSL ligands, having a Delta, Serrate, and Lag2 domain, 
Notch receptors, and nuclear effectors. In mammals, these 
constitute four receptors, Notch1–4, and five ligands, includ-
ing Jagged1–2 and Delta-like 1, 3, and 4. Interaction between 
a ligand and the N-terminal EGF-repeat region of the Notch 
extracellular domain (ECD) initiates a conformational change 
in the receptor, triggering two sequential proteolytic cleavages 
by the ADAM family of metalloproteases and γ-secretase. 
The end result of the protease cleavages is the release of the 
Notch intracellular domain (NICD), which is then translo-
cated into the nucleus where it cooperates with the DNA-
binding protein CSL and its co-activator Mastermind (Mam) 
to activate transcription of Notch downstream effectors [290, 
291]. Notch signaling is dysregulated in different cancers 
[292] and is under active investigation for its role in cancer 
stem cell biology and as a therapeutic target [293]. However, 
the Notch pathway also has tumor suppressor activities [294].

Notch3 gene amplification at chromosome 19p13.12 was 
found in 19.5% of HGSC using digital karyotyping and SNP 
array analysis, and Notch3 DNA copy number was positively 
associated with Notch3 protein expression based on parallel 
IHC and FISH analysis of solid specimens and effusions. 
Functional inactivation of Notch3 resulted in suppression of 
cell proliferation and induction of apoptosis in cell lines 
overexpressing this molecule [295].

In a subsequent study, Jagged-1 was shown to be expressed 
on peritoneal mesothelial cells, and Jagged-1 knockdown 
resulted in reduced adhesion and proliferation in OC cells 
[296]. High Notch3 in post-chemotherapy disease recurrence 
OC effusions by qPCR was recently shown to be associated 
with poor OS and PFS. Ectopic expression of Notch3 resulted 
in upregulation of several stem cell markers, including 
Nanog, OCT4, Rex1, RIF1, and SALL4 [297].

 Spheroid and CSC-Related Studies

Though not directly related to signaling and transcription, 
these aspects of OC biology may certainly be briefly dis-
cussed here, as the natural continuation of the above para-
graph dealing with Notch3 signaling. Both the spheroid and 
stem cell aspects of OC biology have been under research in 
recent years, not least due to their postulated role in mediat-
ing chemoresistance.

Tumor cell spheroids from ascites of patients with 
advanced-stage OC were shown to adhere to the ECM pro-
teins fibronectin and type I collagen, as well as to hyaluronan 

and to mesothelial cells, in part via β1 integrin, supporting 
that they mediate dissemination of OC cells within the peri-
toneal cavity. Invasion of the mesothelial layer was seen in 
some tumors [298, 299].

The above-discussed adhesion molecule CD44 is a pos-
tulated stem cell marker expressed in OC.  Comparison of 
CD44-positive and CD44-negative cells isolated from pri-
mary and metastatic OC, including ascites, showed expres-
sion of β-catenin and co-expression of Toll-like receptor 4 
(TLR4) and myeloid differentiation factor 88, which acti-
vate NF-κB signaling in CD44-positive tumors. These cells 
had constitutive NF-κB activation, were chemoresistant, and 
formed spheroids [300]. CD24, a membrane-linked glycopro-
tein expressed in multiple cancer types and another stem cell 
marker, was found in OC exosomes in ascites specimens [301] 
and was recently reported to be frequently overexpressed in 
OC cells in effusions compared to solid lesions [302].

A CD44+/CD24- fraction >25% was associated with higher 
risk of recurrence and significantly shorter PFS in a study of 
19 serous OC ascites specimens [303], and the presence of a 
higher (>15%) fraction of ALDH-positive cells was related to 
shorter PFS in analysis of 15 ascites specimens [304].

Serous OC cells isolated from effusions from patients 
with chemoresistant tumors have higher mRNA expression 
of E-cadherin, EpCAM, and the CSC markers Oct4 and 
Stat3 compared to specimens from chemosensitive tumors 
[305]. Activation of JAK2 and Stat3 was observed in serous 
OC cells isolated from ascites following treatment with 
paclitaxel [306].

OC ascites was shown to contain CSC-like side popula-
tions (SP) that express the ABC transporter ABCB1 (encod-
ing P-glycoprotein) and the histone methyltransferase EZH2, 
and this cell population increased after chemotherapy in 
patient-matched sequential specimens [307].

Nestin is an intermediate filament expressed in proliferat-
ing cells during developmental stages in a variety of embry-
onic and fetal tissues and shown to be a CSC marker in several 
cancers, including OC [308, 309]. Analysis of nestin protein 
expression in 217 OC effusions using IHC documented its 
expression in tumor cells in 95.6% of specimens (Fig. 9.18c). 
However, no association was found between the percentage 
of cells expressing this protein and clinicopathologic param-
eters, including chemotherapy response and survival [310].

 Other Molecules

A myriad of other molecules have been investigated with 
respect to their expression, biological role, and clinical rele-
vance in OC effusions. Many of these are directly or indi-
rectly related to the above-described cancer-related cellular 
pathways. They are nevertheless discussed separately, as 
they do not belong to these pathways.
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Folate (vitamin B9) is involved in one-carbon transfer 
reactions that are essential for RNA and DNA synthesis. 
Folate is also involved in the remethylation of homocysteine 
to methionine, an important step in the biosynthesis of 
S-adenosylmethionine, which provides methyl groups for 
methylation of DNA, RNA, proteins, and phospholipids. 
Cellular folate uptake is mediated by several molecules, 
including the folate receptor (FR) family, which consists of 
four family members, termed FR-α, FR-β, FR-γ, and FR-δ. 
The genes coding for FR, FOLR1-4, are located on the long 
arm of chromosome 11 and have about 70% sequence homol-
ogy. FOLR1 and FOLR2 encode for membrane-bound glyco-
proteins, whereas FOLR3 encodes for a secreted protein, 
FR-γ or FR-γ’, the latter of which is a mutated form. The 
protein product of FOLR4 has not been identified to date.

FR members are differentially expressed in normal and 
tumor tissues. FR-α, the most extensively studied family 
member, is expressed in urogenital organs, the female genital 
tract, salivary and bronchial glands, the choroid plexus, reti-
nal pigment cells, and the placenta. High FR-α levels have 
been detected in genital and non-genital carcinomas. FR-β is 
expressed by hematopoietic cells and the placenta, as well as 
by leukemia and lymphoma cells. FR-γ has been detected in 
normal and malignant hematopoietic cells, as well as in geni-
tal carcinomas [311, 312].

FR-α has been investigated for its potential role as a target 
for molecular therapy, as modulator of the immune system, 
and as a diagnostic marker in imaging [311]. Therapeutic 
approaches for blocking FR-α in cancer include the use of 
antibodies or folic acid conjugates and vaccines targeting 
this protein. Many of these approaches are applied in clinical 
studies of OC [313].

FR-α was detected in 60% of OC ascites using an immu-
noradiometric assay with the MOv18/MOv19 antibodies 
[314]. Reduced intracellular folate availability was hypothe-
sized to induce folate receptor expression in OC, and this 
parameter was therefore compared between OC ascites/cyst 
fluid and ascites from patients with other malignancies or 
benign conditions by measuring extracellular homocysteine 
levels. Normal folate levels were found in OC specimens. 
However, higher homocysteine levels in ascites/cyst fluid 
compared to patient-matched serum were observed in OC, 
postulated to result from impaired remethylation of homo-
cysteine to methionine [315]. Forster et  al. established an 
FCM assay for measuring FR-α in OC effusions, applying 
Ber-EP4 and CD45 as epithelial and leukocyte markers, 
respectively, in which tumor cells in all 25 studied ascites 
specimens expressed FR-α [316].

FOLR1 and FOLR3 were identified as genes that are over-
expressed in OC/PPC compared to DMPM effusions [48]. In 
a validation study, FOLR1and FOLR3 gene expression and 
FR-α protein expression were analyzed in a large effusion 
series using qPCR and FCM, respectively. FOLR1 and 

FOLR3 mRNA and FR-α protein levels were significantly 
higher in OC compared to MM and breast carcinoma effu-
sions. FOLR1 and FOLR3 levels were directly interrelated in 
OC effusions. However, FOLR1 and FOLR3 mRNA and 
FR-α protein expression in OC effusions was unrelated to 
clinical parameters or survival [317].

Microtubules are involved in a diverse range of cellular 
functions, including mitosis. Paclitaxel, a chemotherapeutic 
agent used in first-line chemotherapy in OC, blocks cell divi-
sion by inhibition of the mitotic spindle, causing cell death. 
Resistance toward paclitaxel is thought to be multifactorial 
and involves regulation by tubulin isotypes, as well as over-
expression of the multidrug transporter P-glycoprotein 
(P-gp), altered metabolism of the drug, decreased sensitivity 
to death-inducing stimuli, altered microtubule dynamics, and 
altered binding of paclitaxel to the microtubule [318, 319].

OC cells in four ascites specimens had significantly 
higher levels of class I, III, and IVa β-tubulin compared to 
seven untreated primary carcinomas [320]. Class III β-tubulin 
was found in 98.6% of 217 OC effusions using IHC in 
another study (Fig. 9.18d), with comparable staining extent 
in pre- and post-chemotherapy effusions. High class III beta- 
tubulin expression in pre-chemotherapy effusions was sig-
nificantly associated with primary chemoresistance and with 
poor OS in univariate survival analysis, though not in Cox 
multivariate analysis [310].

P-gp, product of the MDR1 gene, was found in 7/10 
malignant effusions from OC and breast cancer patients 
[321]. P-gp protein and MDR1 mRNA were found in only 14 
and 19 of 75 studied OC effusions, respectively, in another 
study [72]. Higher expression of lung resistance-related pro-
tein (LRP) and higher degree of resistance to carboplatin in 
serous OC ascites compared to patient-matched omental 
metastases were found in analysis of 25 cases, and LRP 
expression predicted recurrence at 1 year. P-glycoprotein 
and canalicular multispecific organic anion transporter 
(MRP2) were absent at both anatomic sites in this study 
[322]. Eleven differentially expressed proteins were found in 
comparative analysis of ascites specimens from 12 chemo-
sensitive and 7 intrinsically resistant serous OC using two- 
dimensional gel electrophoresis and mass spectrometry. 
Ceruloplasmin was shown to be differentially expressed 
using ELISA in a validation series [323].

Glutathione S-transferase-π, another protein related to 
chemoresistance, was expressed in 63% of 87 surgical OC 
specimens, including 25/28 (89%) of tumors that were resis-
tant to cisplatin. Expression in OC cells in effusions (n = 24) 
was similar to that in the surgical specimen in the majority of 
cases [324].

Cellular response to DNA damage is a complex and rap-
idly expanding area of research, and alterations in expression 
and structure of molecules related to these pathways impacts 
on the response to radiotherapy and chemotherapy. Targeting 
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of molecules involved in DNA repair is currently in clinical 
use or under clinical investigation in many cancers [325].

Hypermethylation of at least some of six analyzed genes, 
including the DNA repair gene BRCA1, mutated in heredi-
tary OC, was found in tumor specimens, serum, and perito-
neal fluids from OC patients [326].

Comparative analysis of the expression of hMSH2 and 
C-terminal-binding protein (CTBP) in 11 OC effusions and 
9 solid tumors showed higher expression of the former in 
solid lesions, with comparable CTBP expression. hMSH2 
expression was directly associated with better response to 
chemotherapy [327].

The nucleotide excision repair protein XPA was detected 
in OC cells in 136/142 (96%) analyzed effusions (Fig. 9.18e), 
and expression was significantly higher in specimens from 
patients who had complete response to chemotherapy com-
pared to those with partial or no response. XPA expression in 
>25% of tumor cells in post-chemotherapy disease recur-
rence effusions was associated with longer PFS and OS in 
univariate analysis, and XPA was an independent predictor 
of PFS in multivariate analysis [328].

Several additional molecules which do not distinctly 
belong in one of the abovementioned pathways have been 
studied in OC effusions. Telomerase, the enzyme that synthe-
sizes telomeric DNA and contributes to the ability of cancer 
cells to avoid aging and replicate endlessly, was shown to be 
expressed in OC cells in ascites and was absent in the non-
tumor fraction from these specimens [329]. In another study, 
the presence of telomerase, as measured by the telomeric 
repeat amplification protocol (TRAP), was found in 27/27 
peritoneal washing specimens containing OC cells, compared 
to 2/20 benign specimens, performing slightly better than 
morphology in diagnosing these specimens [330]. In analysis 
of 19 ascites and peritoneal washing specimens from patients 
with gynecological malignancies, including 10 OC, using the 
TRAP assay, telomerase activity was found in 5 of 6 speci-
mens with positive cytology, 1 of 4 samples with suspicious 
cytology, and 1 of 9 samples with negative cytology [331].

α1-Acid glycoprotein, a 42–44-kD serum protein synthe-
sized in the liver, was isolated from OC ascites and shown to 
negatively modulate the immune response in vitro [332]. The 
same group analyzed the association between the levels of 
haptoglobin, an acute-phase protein, in 21 ascites specimens 
and the presence of tumor at second-look laparotomy. No 
association was found between these two parameters. 
However, the group with negative findings consisted of only 
four patients [333].

Transthyretin, previously called prealbumin, is part of a 
family of proteins involved in thyroid hormone transport and 
additionally participates in vitamin A metabolism. Its levels 
are reduced in the serum of OC patients compared to con-
trols and, although found in its full and truncated form in 
ascites, does not appear to originate from OC cells [334]. In 

a related study, the levels of carotenoids, α-tocopherol, and 
retinol were found to be lower in plasma from OC patients 
compared to controls, and these micronutrients were detected 
in ascites from these OC patients at levels comparable to 
their plasma levels [335].

Periostin,  an ECM protein shown to be produced by 
osteoclasts and mediate adhesion and binding to heparin in 
these cells, is synthesized by OC cells, was shown to be pres-
ent in 20/21 OC ascites specimens by WB, and promoted 
integrin-mediated adhesion of OC cells [336].

Expression of mRNA of the so-called tumor rejection 
proteins MAGE, BAGE, and GAGE was found in 7–63% of 
27 OC peritoneal specimens (ascites or washings), most fre-
quently for BAGE. With the exception of one BAGE-positive 
specimen, 17 benign effusions were negative for these mol-
ecules [337].

Glycodelin A, a glycoprotein produced by endometrial 
and decidual cells, was shown to be expressed by OC cells in 
solid lesions and was isolated from five OC ascites speci-
mens. It was further shown to inhibit proliferation of blood 
mononuclear leukocytes in vitro [338].

Analysis of the expression of cell surface aminopepti-
dases, involved in small peptide degradation, showed 
 dipeptidyl peptidase IV levels in benign mesothelial cells to 
be the highest among four family members studied. Enzyme 
activity was increased following exposure to OC, but not 
benign ascites [339].

OC cells in ascites bound Müllerian-inhibiting substance 
(MIS) in 15/27 specimens analyzed and mRNA of its type II 
receptor was detected in 8/9 tested specimens. Inhibition of 
colony formation was observed in 9/11 cases in which MIS- 
responsive OC cells grew on soft agarose [340].

The membrane protein B7-H4 was found to be overex-
pressed at the gene level in OC and breast carcinoma com-
pared to normal tissues, and its protein product was 
subsequently shown to be more highly expressed in OC 
specimens, including ascites, compared to normal tissue 
using WB and ELISA. Serum levels by ELISA were higher 
in OC patients compared to controls or patients with benign 
gynecological disease, and the combination of B7-H4 with 
CA 125 resulted in increased sensitivity in detecting OC 
compared to CA 125 alone [341].

Nitric oxide (NO) synthesis by NO synthase (NOS) was 
found in 14/38 (37%) ovarian tumors, including both solid 
lesions and ascites specimens, of which the majority were 
carcinomas. Analysis of ten patient-matched cases with both 
solid lesion and ascites showed similar NOS activity, evi-
denced by conversion of l-arginine to citrulline, measured 
radioactively [342].

The presence of incompletely degraded soluble prod-
ucts of fibrin that possess anti-angiogenic activity was 
recently demonstrated in ascites specimens [343]. The 
levels of thrombomodulin, a cell surface receptor for the 

B. Davidson



221

serine  protease thrombin, were shown to be higher in asci-
tes from advanced-stage OC patients compared to benign 
exudates [344].

Apolipoprotein E (ApoE),  a molecule involved in lipid 
transport and identified as overexpressed in OC by SAGE 
analysis [345], was studied in OC cell lines and clinical 
specimens. ApoE mediated cell proliferation and survival 
in  vitro, and its expression in OC cell nuclei in primary 
diagnosis effusions (Fig. 9.19a) was associated with longer 
OS [346].

Membralin, a gene localized to chromosome 19p13.3, 
was shown to be highly expressed in serous OC, with tumor 
cells in effusions having higher expression levels than their 
counterparts in solid lesions [347].

Homozygous deletion of the MKK4 gene, encoding 
for the tumor suppressor MAPK kinase-4, was found in 
high- grade serous OC, and qPCR showed reduced level 
of MKK4 mRNA in OC compared to benign ovarian tis-
sue [348].

Endothelin-converting enzyme-1 (ECE-1) , an enzyme 
mediating the cleavage of endothelin-1, an OC growth factor, 
into its active form, is significantly more highly expressed in 
solid OC lesions (primary and metastatic) compared to effu-
sions, and its silencing in OC cells in vitro results in reduced 
signaling via the MAPK ERK1/2, reduced invasiveness, and 
increased E-cadherin expression and adhesion to the basement 
membrane proteins laminin-1 and collagen type IV [349].

S100A4, a small acidic Ca2+-binding protein that has 
been shown to promote metastasis, was widely expressed 
in advanced-stage OC (Fig. 9.19b), and significantly higher 
expression was found in tumor cell nuclei in primary OC 
and solid metastases compared to effusions. The presence 
of S100A4 in primary carcinomas was associated with poor 
OS [350].

Osteopontin (OPN), a soluble protein present in all body 
fluids, is involved in signaling pathways related to adhesion 
and extracellular matrix interactions, affecting multiple cel-
lular functions, including inflammation, angiogenesis, and 

a b

c d

Fig. 9.19 Various cancer-associated markers. Immunostaining for APO-E (a), S100A4 (b), HMGA2 (c), and HuR (d) in ovarian serous carcinoma 
effusions
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tumor metastasis. OPN was detected in 126/170 (74%) OC 
effusions, but unexpectedly, its expression in primary diag-
nosis specimens was associated with longer PFS in univari-
ate analysis [351].

Expression of members of the protein of regenerating 
liver (PRL) phosphatase family was analyzed in 186 OC 
specimens, including primary carcinomas, effusions, and 
solid metastases. PRL1-3 mRNA was expressed in the major-
ity of tumors, but PRL-1 mRNA levels were highest in effu-
sions. Higher PRL-1 and PRL-2 mRNA expression in 
effusions was associated with longer OS, whereas PRL-3 
mRNA and PRL-3 protein expression was unrelated to dis-
ease outcome [352].

Pregnancy-associated plasma protein A (PAPP-A), which 
promotes the IGF pathway, was reported to be highly 
expressed in OC ascites specimens (n = 33). Combination of 
chemotherapy with a neutralizing monoclonal PAPP-A anti-
body in a mouse model sensitized OC cells to platinum and 
reduced ascites formation [353].

Equilibrative and concentrative nucleoside transporters 
(ENTs and CNTs) mediate the cellular uptake of nucleosides 
used in anticancer therapy. The expression of 4 of these pro-
teins—ENT1, ENT2, ENT4, and CNT3—was quantitatively 
studied in 66 OC effusions using FCM.  Expression of all 
four molecules was detected in practically all specimens, but 
was unrelated to chemotherapy response or survival [354].

Calreticulin is a multifunctional Ca2+-binding chaperone 
of the endoplasmic reticulum mediating cell adhesion, tran-
scriptional regulation of steroid and other receptors, and 
nuclear export of glucocorticoid receptors. Calreticulin has 
been shown to be involved in embryogenesis, wound heal-
ing, Alzheimer’s disease, and cancer. Analysis of calreticulin 
mRNA and protein expression in HGSC, as well as measure-
ment of its levels in HGSC effusions supernatants, showed 
anatomic site-related differences between effusions, solid 
metastases, and primary carcinomas, with overexpression in 
solid lesions, as well as between peritoneal and pleural effu-
sions. Higher protein expression in effusions was associated 
with better response to chemotherapy at diagnosis, but not to 
survival [355].

Microsomal glutathione transferase 1 (MGST1), member 
of the MAPEG (membrane-associated proteins in eicosanoid 
and glutathione metabolism) family, is a membrane protein of 
the endoplasmic reticulum and the outer mitochondrial mem-
brane that protects cells from oxidative stress. As calreticulin, 
MGST1 mRNA was shown to be overexpressed in solid OC 
specimens compared to effusions. No association with clini-
copathologic parameters or survival was found [356].

HMGA2, a high-mobility group AT hook (HMGA) pro-
tein, is a nonhistone nuclear protein involved in chromatin 
remodeling and gene transcription, which is involved in 
embryogenesis and cancer, mediating EMT in tumor cells. 
Analysis of HMGA2 protein expression by IHC in 199 effu-

sions and in 50 patient-matched primary tumors and solid 
metastases showed frequent expression of this molecule 
(Fig. 9.19c) but failed to show significant association with 
anatomic site or disease outcome [357].

Expression of the RNA-binding protein Hu antigen R 
(HuR), aka ELAV (embryonic lethal, abnormal vision, 
Drosophila)-like protein 1 (ELAVL1), member of the ELAV/
Hu family, was recently studied in HGSC. Higher HuR mRNA 
expression in effusions (Fig. 9.19d) was significantly related 
to poor OS in both the entire cohort and in patients with pre-
chemotherapy effusions tapped at diagnosis, a finding that was 
reproduced in Cox multivariate survival analysis [358].

Ezrin and p130Cas are cytoplasmic structural proteins 
modulating signaling pathways affecting the cytoskeleton 
and regulating cell motility and proliferation. Ezrin overex-
pression was found in OC cells cultured in vitro as spheroids 
mimicking effusion morphology compared to cells cultured 
on alginate scaffold and in clinical effusion specimens com-
pared to solid tumors. Expression of neither of the two pro-
teins was not associated with survival [359].

 Genetics and High-Throughput  
Analyses

Studies focusing on a single molecule, a family of molecules, 
or one signaling pathway may yield invaluable data that pro-
motes our understanding of the biologically and clinically 
relevant events in OC effusions. Nevertheless, the possibility 
to obtain a larger volume of data applying high-throughput 
technology is an attractive approach that has been exten-
sively utilized in studies of all cancers, including OC, in 
recent years. In the context of OC effusions, such studies 
may be informative in several respects:

 1. Expanding our knowledge regarding molecular differ-
ences between various cancers affecting the serosal cavi-
ties or between tumor cells and benign cells

 2. Analyses of anatomic site-related expression profiles, by 
comparing effusions to solid specimens

 3. Analyses of OC effusions with the aim of identifying 
genes or proteins related to tumor biology, treatment 
response, and/or patient survival

Several studies based on high-throughput technology, 
including SAGE, digital karyotyping, and proteomics, have 
been described in previous sections of this chapter. This sec-
tion details data regarding additional studies in this field.

Ioakim-Liossi and co-workers applied cytogenetics to 
short-term cultures of OC effusions, breast carcinoma effu-
sions, and benign effusions from patients with different con-
ditions. No genetic aberrations were found in benign 
effusions, whereas OC and breast carcinoma cells were fre-
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quently aneuploid and displayed an array of numerical and 
structural chromosomal anomalies, most frequently affect-
ing chromosomes 1, 3, 6, 7, 8, 9, 11, 12, and 17 [360]. 
Frequent aneuploidy was additionally observed in a com-
parative study of primary serous OC and patient-matched 
OC effusions (Fig. 9.20) [146].

Chang et al. compared the allelic status of 20 malignant 
effusions, the majority from OC patients, and 20 benign effu-
sions using digital single nucleotide polymorphism (SNP) 
analysis. Allelic imbalance in at least 1 of 7 studied markers 
was observed in 19/20 malignant effusions compared to 1/20 
benign specimens [361]. In another study, loss of heterozy-
gosity at chromosome 3p was investigated at 16 loci in a large 
series of OC, borderline tumors, and benign tumors, the for-
mer including 19 ascites specimens. LOH for at least 1 of the 
markers was observed in 21/58 malignant specimens [362].

Nagel et al. applied comparative genomic hybridization to 
15 malignant cytological specimens, of which 11 were effu-
sions and 8 were OC, and found 14 of them to be informa-
tive. Gains of genetic material were generally more frequently 
observed than losses, and OC specimens had most frequently 
gain of part or the entire long arm of chromosomes 8, 20, and 
3. High amplification sites were found at 8q, at 20q, or in 
both 17q and 20p [363]. Although the latter study did not 
address the diagnostic relevance of CGH applied to effu-
sions, it did demonstrate that these specimens are optimal for 
high-throughput analyses.

The ability of gene expression array analysis to differ-
entiate cancers affecting the serosal cavities was investi-
gated in two studies. The first one, in which serous OC 
specimens were compared to DMPM, has already been 
referred to in this chapter [48], and some of the follow-up 
studies validating molecules that are overexpressed in OC/
PPC have been discussed earlier in this chapter [49, 50, 67, 
112, 153, 268, 302, 317]. mRNA and protein expression of 

PRAME (preferentially expressed antigen of melanoma), 
repressor of retinoic acid receptor signaling, were simi-
larly confirmed to be higher in OC compared to MM, using 
qPCR and WB, respectively [364]. Rab25, an epithelial-
specific member of the Rab family of small GTPases, was 
similarly confirmed to be overexpressed in OC compared 
to MM at the mRNA and protein level using qPCR and 
IHC, respectively [365]. MMP- 7, the protein product of 
another gene shown to be overexpressed in OC in the gene 
expression analysis, was recently shown to effectively dif-
ferentiate OC from MM and RMC [366]. In two additional 
studies, the TNXB and PINCH2 genes, encoding for the 
ECM protein Tenascin-X and the adhesion molecule 
PINCH-2, were shown to be overexpressed in MM com-
pared to OC, a finding that was also observed at the protein 
level for Tenascin-X [367, 368].

In a subsequent study using the same platform, the gene 
expression profiles of serous OC and breast carcinoma of the 
infiltrating ductal type (currently termed infiltrating carci-
noma of no special type, NST) were compared, and 288 
unique probes were found to be significantly differentially 
expressed in the two cancers [369]. Four validation studies of 
these findings were performed [370–373], of which three 
focused on genes overexpressed in serous OC.

mRNA levels by qPCR of scavenger receptor class A, 
member 3 (SCARA3), a molecule protecting cells by scav-
enging reactive oxygen species, were significantly higher in 
OC compared to both MM and breast carcinoma. In OC, 
SCARA3 mRNA levels were significantly higher in post- 
compared to pre-chemotherapy effusions, but no association 
with survival was found [370].

GPX3, encoding the antioxidant enzyme glutathione per-
oxidase 3, and APO1A, encoding apolipoprotein A–I, com-
ponent of high-density lipoprotein (HDL), which also has 
anti-inflammatory and antioxidant properties, are two addi-
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tional genes validated as overexpressed in OC compared to 
breast carcinoma. Additionally, higher APOA1 mRNA levels 
in primary diagnosis pre-chemotherapy effusions were sig-
nificantly related to longer OS in both univariate and Cox 
multivariate survival analysis [371].

HOXB5 and HOXB8, members of the homeobox tran-
scription factor family, are two additional genes found to be 
overexpressed in OC compared to breast carcinoma effu-
sions. Analysis of HOXB5 and HOXB8 protein expression 
by IHC in 286 serous OC effusions and 76 patient-matched 
solid lesions (27 primary carcinomas, 49 metastases) showed 
anatomic site-related differences in the expression of both 
proteins. HOXB5 expression was significantly higher in 
post-chemotherapy compared to pre-chemotherapy effu-
sions. In univariate survival analysis of the effusion cohort, 
cytoplasmic HOXB8 expression was associated with signifi-
cantly shorter PFS, whereas nuclear HOXB8 expression was 
associated with significantly shorter OS in patients with 
post-chemotherapy effusions [372].

Gene expression array analysis was also used for com-
paring OC cells in effusions and the ovarian tumors. Analysis 
of 38 effusions (28 peritoneal, 10 pleural) and 8 patient-
matched primary OC revealed 112 unique genes of known 
function that were differentially expressed between effu-
sions (all specimens) and primary carcinomas. Genes over-
expressed in effusions included CLD7, KRT7, and KRT19, 
whereas IGFBP7, SPARC, and APOD were among the 
genes overexpressed in primary OC. Peritoneal and pleural 
effusions were remarkably similar, with only 19 genes that 
were significantly differentially expressed at these 2 ana-
tomic sites [374].

MicroRNAs (miRNAs), small noncoding RNAs that exert 
a regulatory effect posttranscriptionally by binding target 
mRNAs and inhibiting gene translation, are deregulated in 
cancer. Analysis of 13 OC effusions and 8 primary carcino-
mas using miRNA array platforms identified 3 sets of miR-
NAs—overexpressed in primary carcinomas, overexpressed 
in effusions, and highly expressed in both groups. qPCR was 
applied in analysis of a validation series consisting of 30 
effusions and 15 primary OC. Reduced miR-145 and miR- 
214 and elevated let-7f, miR-182, miR-210, miR-200c, miR- 
222, and miR-23a levels were found in effusions in both sets. 
In silico target prediction programs identified potential target 
genes for some of the differentially expressed miRNAs. 
Expression of ZEB1 and c-Myc, targets of miR-200c, as well 
as of PAK1 and PTEN, predicted targets of miR-222, was 
analyzed. Inverse correlations between expression levels of 
the indicated miRNAs and of the predicted target genes were 
found. In addition, higher expression of the miRNA- 
processing molecules Ago1, Ago2, and Dicer was observed 
in effusions compared to primary carcinomas [375].

Expanded analysis of the mRNA expression of the latter 3 
molecules, as well as Drosha, another miRNA-processing 

molecule, was subsequently performed in 144 specimens, 
including effusions, primary tumors, and solid metastases. 
Dicer, Ago1, and Ago2 protein levels were analyzed by 
WB. Ago1, Ago2, and Drosha mRNA levels were highest in 
effusions, whereas Ago1 protein expression was highest in 
solid metastases. Higher Ago2 protein levels in pre- 
chemotherapy effusions were related to shorter PFS in uni-
variate and multivariate survival analysis [376].

Recently, the clinical role of 9 miRNAs found to be over-
expressed in effusions in the abovementioned study [375] 
was analyzed in a series of 148 HGSC effusions. miR-29a 
levels were inversely related to protein expression by WB of 
its target DNA methyltransferase 3A (DNMT3A). Higher 
miR-29a levels were significantly associated with longer OS, 
whereas higher DNMT3A expression was significantly 
related to poor OS in univariate and Cox multivariate sur-
vival analysis [377].

Exosomes, 30–100  nm lipoprotein vesicles that are 
secreted from cells and present in most body fluids, contain 
proteins, mRNAs, and miRNAs. Exosomes have been gain-
ing increasing attention as carriers of tumor messages pro-
moting angiogenesis, tumor growth, drug resistance, and 
metastasis and have relevance within the biological, diagnos-
tic, and prognostic aspects of liquid biopsies [378–380].

miRNA profiling identified 99 highly expressed miRNAs 
in exosomes isolated from serous OC effusion supernatants. 
High levels of miRNA-21, miRNA-23b, and miRNA-29a 
were associated with poor PFS, whereas high expression of 
miRNA-21 was significantly related with poor OS, the latter 
also in Cox multivariate analysis. LP9 mesothelial cells and 
ES2 OC cells exposed to effusion-derived exosomes had 
reduced tumor spheroid expansion and reduced mesothelial 
clearance area. SCID mice treated with OC exosomes had 
larger OC tumor load, more infiltrative tumors, and shorter 
survival [381].

Cappellesso and co-workers assessed the association 
between the tumor suppressor programmed cell death 4 
(PDCD4) and its regulator miR-21 in normal ovaries, serous 
cystadenomas, ovarian serous OC, and cells and exosomes 
from benign and OC effusions using IHC, ISH, and 
qPCR.  Gradual loss of PDCD4 and gain of miR-21 were 
observed from normal ovaries to OC. This inverse relation-
ship between PDCD4 and miR-21 was also observed in cells 
and exosomes from effusion specimens, where benign speci-
mens had high expression of PDCD4 and low miR-21 levels, 
whereas the opposite was true for OC specimens [382].

Recently, the expression and clinical role of molecules 
involved in exosome synthesis and secretion, including 
ARF6, nSMase2, TSAP6, Rab27a, and Rab27b, were ana-
lyzed in HGSC effusions and solid specimens by qPCR and 
WB. Secreted ARF6, nSMase2, and Rab27a protein levels in 
exosomes from effusion supernatants were additionally stud-
ied. nSMase2 and TSAP6 mRNA was overexpressed in effu-
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sions compared to solid specimens, whereas the opposite 
was true for ARF6, nSMase2, TSAP6, and Rab27a protein 
levels. Exosomes from effusion supernatants contained 
ARF6, nSMase2, and Rab27a. Higher TSAP6 protein levels 
in HGSC cells in effusions were associated with shorter OS, 
whereas higher levels of exosomal Rab27a protein were sig-
nificantly related to longer OS [383].

As OC cells in effusions are chemoresistant and have 
CSC characteristics, there is a clear rationale in identifying 
molecules involved in chemoresistance in this cancer. 
Analysis of 32 serous OC effusions for a 380 MDR-linked 
gene signature using TaqMan-based qRT-PCR assay identi-
fied gene signatures predicting OS and PFS [384]. A subse-
quent qPCR validation analysis including 150 advanced-stage 
serous OC effusions focused on 14 genes shown to be asso-
ciated with chemotherapy response and/or PFS in the 
TaqMan- based qRT-PCR assay, including AKR1C1, ABCA4, 
ABCA13, ABCB10, BIRC6, CASP9, CIAPIN1, FAS, MGMT, 
MUTYH, POLH, SRC, TBRKB, and XPA. Higher ABCA4 
and POLH mRNA expression was significantly related to 
better (complete) chemotherapy response at diagnosis. 
Higher mRNA expression of the anti-apoptotic molecule 
CIAPIN1 was significantly related to shorter OS and PFS in 
univariate survival analysis for patients with pre-chemother-
apy effusions, whereas ABCA13 mRNA expression was sig-
nificantly related to shorter OS. The findings for CIAPIN1 
remained an independent marker in Cox multivariate analy-
sis of OS [385].

Several analyses of the OC effusion proteome have been 
performed, in addition to the analyses previously described 
in this chapter [22, 252].

Gortzak-Uzan et al. combined proteomics and web-based 
microarray data to analysis of ascites specimens with the aim 
of identifying robustly expressed OC-specific proteins. 
Eighty candidate biomarkers were identified, including pro-
teins present in urine and plasma in addition to ascites, pro-
teins present only in ascites, and proteins involved in 
protein-protein interactions, providing a basis for further 
research into the role of these molecules [386].

In an additional study, autoantibody signatures of OC 
cells were studied using high-density protein arrays. 
Comparative analysis of 30 OC effusions and 30 benign 
effusions identified 15 tumor-associated antigens, of which 
nine had a known cellular function [387].

Puiffe and co-workers applied ascites from 54 patients to 
OV-90 OC cells and observed inhibitory or stimulatory effects 
on different cellular parameters, including invasion, prolifera-
tion, and spheroid formation. The gene expression profiles of 
OV-90 cells exposed to invasion-inhibitory and invasion-
stimulatory ascites were compared, revealing 243 probe sets 
that were significantly differentially expressed [388].

Differences in the proteomes of patient-matched primary 
diagnosis pre-chemotherapy and disease recurrence post- 

chemotherapy serous OC effusions were recently studied 
using liquid chromatography coupled with mass spectrome-
try. Analysis of nine paired specimens showed upregulation 
of several proteins, including CP, FN1, SYK, CD97, AIF1, 
WNK1, SERPINA3, APOD, URP2, STAT5B, and RELA 
(NF-κB p65), and data were validated by quantitative 
RT-PCR. In vitro analysis of OC cells using different assays 
showed association between RELA and STAT5B expression 
and reduced response to carboplatin [389].

Another STAT family member, STAT3, was recently 
shown to be constitutively activated in OC cells in ascites 
specimens. pSTAT3 expression was associated with large 
primary tumor and widespread peritoneal metastases in a 
mouse model. Treatment with the STAT3 inhibitor HO-3867 
suppressed tumor growth, angiogenesis, and metastasis 
in  vivo and had cytotoxic activity in ex  vivo cultures of 
human OC, including in chemoresistant tumors [390].

Metabolomics is another method that has been applied to 
OC effusion research. Analysis of 115 effusion supernatants 
by high-resolution magnetic resonance (MR) spectroscopy 
showed that OC specimens (n = 95) had elevated levels of 
ketones and lactate compared to MM (n  =  10) and breast 
carcinomas (n = 10), whereas the latter had higher levels of 
glucose, alanine, and pyruvate. Analysis of eight pairs of 
patient-matched pre- and post-chemotherapy OC effusions 
showed a significant increase in glucose and lipid levels in 
the latter [391].

A recent MR analysis of 48 benign and 44 malignant effu-
sions, the latter including five OC, identified increased sig-
nals related to lipids, branched amino acids, and lactate in 
the malignant specimens [392].

 Future Perspectives

OC remains a highly lethal disease due to late detection and 
primary or acquired chemoresistance. The key to improving 
the dismal outcome of patients with this cancer is early 
detection. However, as this approach is yet to be proven cost- 
effective, efforts must be made in parallel to improve the 
treatment of OC patients, especially through the addition of 
targeted therapy to aggressive surgery and optimized 
chemotherapy.

The body of data presented in this chapter provides evi-
dence regarding the complexity of protein and gene expres-
sion patterns in OC cells in effusions. While this complexity 
characterizes all cancers, it is fairly safe to state that the com-
mon predilection of OC, especially of the serous type, to the 
unique microenvironment of the serosal cavities, is respon-
sible for biological patterns that are shared by no other 
malignancy. As evident from many of the studies presented 
in this chapter, cancer-associated molecules are additionally 
often differentially expressed in primary OC, effusions, and 
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solid metastases. Furthermore, pre- and post-chemotherapy 
effusions have different expression patterns, and a given 
molecule may have a different predictive and prognostic role 
at diagnosis vs. disease recurrence.

Designing new therapeutic strategies against cancer 
requires understanding of the biological mechanisms which 
sustain and promote tumor cell proliferation and survival. In 
particular, our understanding of the cellular mechanisms 
mediating resistance to chemotherapy is crucial for over-
coming this major obstacle in treating cancer patients. While 
precious knowledge has been and is currently gained through 
in vitro and animal studies, studies of patient material from 
large and well-characterized cohorts are the ultimate test of 
relevance and are the ones to decide the clinical role of new 
molecules considered as possible candidates for targeted 
therapy. In OC, such studies must include effusion speci-
mens, both at diagnosis and at each disease recurrence, as 
these are present in the majority of patients with advanced 
disease, and contribute significantly to the morbidity and 
mortality from this disease. Indeed, this fact has been gain-
ing the attention of many research groups in recent years. 
Culturing of OC cells from effusions in the objective of test-
ing current or novel therapeutics can yield important infor-
mation directing therapy [393]. The use of cutting-edge 
genomic approaches, including NGS, in analysis of disease 
heterogeneity and progression, either in analyses focused on 
effusions or in analyses of multiple anatomic sites in which 
some effusion specimens have been included, has been 
increasingly evident [394–398]. It is to be hoped that these 
technological advances will result in better understanding 
and treatment of this cancer.
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Breast Cancer

Ben Davidson and Fernando Schmitt

 Introduction

Breast cancer is the most commonly diagnosed malignancy in 
women in the majority of countries, with an estimated 1.7 mil-
lion new cases and 521,900 deaths in 2012, with highest inci-
dence in developed countries [1]. As discussed in Chap. 4, 
despite the relatively small percentage of patients diagnosed 
with distant metastasis, involvement of the serosal cavities, 
particularly the pleural space, is not a rare condition [2–9].

Malignant pleural effusion may occur at diagnosis, occa-
sionally as the presenting sign of breast carcinoma, or at dis-
ease recurrence, alone or in the presence of metastasis to 
other organs [3, 4, 10, 11]. The time interval from diagnosis 
to the development of effusion for breast carcinoma patients 
is longer than in other malignancies affecting the serosal 
cavities, such as carcinoma of the lung and ovary [12].

The prognosis of breast cancer is relatively good, with 
5-year relative survival at 90% for all stages in the United 
States [1]. However, the presence of pleural effusion is asso-
ciated with poor prognosis, with median survival of 
5–13 months reported in four series [3, 4, 13, 14]. A study of 
233 patients with advanced recurrent breast cancer did not 
show association between the presence of malignant effusion 
and survival in this patient group, while liver metastasis was 
associated with shorter survival in univariate analysis [15]. 
The formation of spheroids by breast carcinoma cells in 
pleural effusions was reported to be associated with less 

atypia, lower mitotic activity, and longer survival compared 
to other morphological patterns [13].

In a more recent study of 49 patients, van Galen and co- 
workers found significant association between survival and 
HER2 status, presence of metastases at other sites, anti- 
hormonal therapy, and the interval from diagnosis to devel-
opment of malignant effusion (cutoff at 5 years). Median and 
mean survival were 9.3 and 19 months, respectively [16].

Bielsa et al. measured the levels of the tumor markers car-
cinoembryonic antigen (CEA), CA 15–3, cytokeratin frag-
ment 19 (CYFRA 21-1), and CA 125 by immunoassay in 
224 malignant effusions, including 63 breast carcinoma 
metastases, and found that CA 125 and CYFRA 21-1 levels 
of ≥1000 U/mL and ≥100 ng/mL, respectively, were associ-
ated with significantly shorter patient survival [17]. 
Measurement of cancer antigens in supernatants and sedi-
ments of malignant (n = 103) and benign (n = 32) pleural 
effusions, the former including 37 breast carcinoma effu-
sions, showed higher levels of CEA and CA 15–3 in breast 
carcinoma effusions compared to benign specimens [18].

In view of the dismal clinical outcome of breast carcinoma 
patients with effusions, there is an urgent need to study the 
molecular profile of tumor cells in the serosal cavities in order to 
design effective therapeutic approaches to extend survival and 
improve their life quality. To date, the extensive research effort 
focusing on primary breast carcinoma and metastases to solid 
organs, primarily to lymph nodes, has not been matched by 
similar efforts toward understanding the biology of breast carci-
noma cells in effusions. Nevertheless, some data that have 
emerged in recent years expand our understanding of the molec-
ular characteristics of breast carcinoma cells at this unique ana-
tomic site. The following paragraphs detail these studies.

 Cytogenetics

Several studies have investigated genetic events in breast car-
cinoma effusions. Comparative analysis of three serial effu-
sions from a single patient showed mutation of the KRAS 
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gene and a loss of heterozygosity at the HRAS locus only in 
the last specimen, providing molecular evidence of tumor 
progression in this case [19].

Driouch et  al. analyzed 122 primary breast carcinomas 
and 62 distant metastases, the latter consisting of 44 pleural 
effusions and 18 solid metastases, for amplification of the 
MYC, ERBB2, INT2/FGF3, and CCND1 genes using restric-
tion fragment length polymorphism (RFLP) [20]. MYC and 
ERBB2 gene amplification was less frequent in metastases 
compared to primary carcinomas, significantly so for the for-
mer gene, with no differences observed for INT2/FGF3 and 
CCND1. However, amplification of all four genes was more 
frequently found in effusions compared to solid metastases, 
significantly so for INT2/FGF3 and CCND1 at the 11q13 
chromosome band. The percentage of effusions with MYC, 
ERBB2 and INT2/FGF3-CCND1 gene amplifications was 
9.1%, 11.8%, and 25%, respectively.

Roka and co-workers analyzed 86 specimens from breast 
carcinoma patients, including 30 primary carcinomas, 5 
lymph node metastases, and 51 pleural (n = 36) and perito-
neal (n = 15) effusions, of which 40 were malignant and 11 
reactive, for chromosome 8 status using FISH [21]. 
Aneuploidy with gain of chromosome 8 was found in 30/40 
(75%) malignant effusions. One specimen had chromosome 
8 monosomy. Ten of 11 benign effusions did not show aneu-
somy, whereas 1 specimen had few positive cells and was 
suspected of being malignant. The authors suggested that 
this assay may be used as a diagnostic assay for the identifi-
cation of small populations of malignant cells in effusions.

A subsequent study by the same group applied interphase 
cytogenetics using FISH with chromosome 11 and 17 probes 
to a series of 55 breast carcinoma and 39 non-small cell lung 
carcinoma effusions [22]. Aneuploidy for chromosome 11 
and/or 17 was found in 47 breast carcinoma and 35 lung car-
cinoma effusions. The overall chromosome number did not 
predict survival in the two patient groups. However, absence 
of aneuploidy at chromosome 11 was associated with shorter 
overall survival for breast carcinoma patients.

An additional cytogenetic study of 15 pleural effusions 
from 11 breast carcinoma patients, as well as 27 peritoneal 
effusions from 16 ovarian carcinoma patients, showed fre-
quent tumor aneuploidy. Near-triploid DNA content was 
found in breast carcinomas, with 52–72 chromosomes in the 
major clone. Ovarian and breast carcinoma cells had frequent 
alteration of chromosomes 1, 3, 6, 7, 8, 9, 11, 12, and 17 [23].

De Matos Granja studied 41 effusions from patients pre-
viously diagnosed with breast carcinoma for loss of hetero-
zygosity (LOH) at 1p32, 7q31, and 17q21 [24]. Effusions 
consisted of 24 specimens diagnosed as malignant by mor-
phology, 14 diagnosed as suspicious, and 3 that were mor-
phologically benign. LOH at chromosomes 1, 7, and 17 was 
found in 22%, 27%, and 32% of informative cases, respec-
tively. LOH was found in 38% and 36% of the morphologi-
cally malignant and suspicious specimens, respectively, and 

was absent in the benign effusions, suggesting that this assay 
may be a useful adjunct to morphology in the diagnosis of 
breast carcinoma effusions.

 Cytokines, Growth Factors, and Growth 
Factor Receptors

The proliferative and survival-promoting capacity of cancer 
cells is dependent of their ability to activate and utilize mul-
tiple pathways mediating these actions. Studies of breast car-
cinoma effusions have consequently focused on this aspect 
of cell biology from the very beginning of molecular research 
in this area. As analysis of HER2 status is part of the routine 
diagnostic and clinical management of breast cancer, this 
issue is briefly discussed in Chap. 4.

 Transforming Growth Factors (TGFs)

TGFs consist of two proteins, TGF-α and TGF-β. TGF-α, 
member of the epidermal growth factor (EGF) family, is syn-
thesized as pro-TGF-α and is cleaved to its mature form by 
the protease TGF-α-converting enzyme (TACE), forming a 
5–20-kDa protein, variation being due to different glycosyl-
ation. It is produced by a variety of normal tissues, the major-
ity of which are epithelia, and has a role in embryogenesis, 
wound healing, and bone reabsorption. TGF-α is addition-
ally produced by different cancers, including breast carci-
noma, and its binding to the EGF receptor (EGFR) mediates 
cell proliferation and survival [25].

Arteaga et al. measured the levels of TGF-α in 130 malig-
nant effusions, including 34 breast carcinomas, using radioim-
munoassay. TGF-α was detected in 38% of breast carcinoma 
effusions, as well as 50% and 42% of lung and ovarian carci-
noma effusions, respectively. In breast carcinoma, it was more 
frequently found in hormone receptor- negative cases. The 
presence of TGF-α was associated with larger tumor burden, 
as evaluated by the number of metastatic sites, as well as with 
poor survival in univariate and multivariate analysis [26].

In another study, TGF-α levels were measured in 100 effu-
sions, comprising 63 malignant and 37 benign specimens, 
including 13 breast carcinomas, applying the same method. 
Levels ranged from 0.2 to 26 ng/mL in both specimen types, 
but were significantly higher in malignant effusions, with par-
ticularly high levels in breast carcinoma effusions [27].

Endoglin (CD105) is a transmembrane glycoprotein com-
posed of two 95-kDa subunits that form a homodimeric 180- 
kDa protein and is an auxiliary receptor for several TGF-β 
family proteins. There are two splice isoforms of the protein, 
termed short (S)-endoglin and long (L)-endoglin based on dif-
ferences in its cytoplasmic part. In addition, a soluble form of 
the protein (sEng) is probably formed by proteolytic shedding. 
Endoglin is primarily expressed on endothelial cells but has 
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been detected in mesenchymal and hematopoietic cells, as well 
as in different cancers. TGF-β binding results in activin-like 
kinase (ALK) recruitment and signaling propagation to the 
nucleus via Smad proteins that act as transcription repressors or 
activators. Mutations in endoglin or ALK-1 are the molecular 
cause for hereditary hemorrhagic telangiectasia (Osler-Weber-
Rendu disease), a condition that is characterized by vascular 
malformations and severe bleeding episodes [28, 29]. Its 
involvement in multiple pathologic conditions related to altered 
angiogenesis led to its identification as a potential therapeutic 
target of a range of diseases, including cancer [30].

Endoglin was detected in 36/36 breast carcinoma effusion 
supernatants by ELISA and was shown to be expressed by 
both carcinoma cells and reactive mesothelium using immu-
nohistochemistry. Tumor cell expression was significantly 
higher in effusions compared to patient-matched primary 
carcinoma (Fig. 10.1), as well as in post-chemotherapy com-
pared to pre-chemotherapy effusions. Higher tumor endoglin 
expression was associated with poor overall and disease-free 
survival in univariate and multivariate survival analysis, sug-
gesting that endoglin may be an important therapeutic target 
in metastatic breast cancer [31].

 Vascular Endothelial Growth Factor (VEGF)

Malignant tumors are highly dependent on the formation of 
new vessels (angiogenesis), a process in which VEGF plays a 
central role. The VEGF family comprises seven secreted glyco-
proteins: VEGF-A, VEGF-B, VEGF-C, VEGF-D, and VEGF-E 
and placenta growth factors (PlGFs) PlGF-1 and PlGF-2. 
VEGF family members bind several receptors, including 
VEGFR-1 (fms-like tyrosine kinase-1, Flt-1), VEGFR-2 
(kinase insert domain-containing receptor, KDR), and VEGFR-
3, the latter expressed in endothelial cells of lymphatic vessels. 

Two additional VEGF receptors, neuropilin 1 (NRP-1) and 
neuropilin 2 (NRP-2), are coreceptors of VEGFRs, increasing 
the binding of VEGF to its receptors [32]. In addition to its role 
in angiogenesis, VEGF has autocrine tumor effects on survival, 
migration, and invasion and mediates immunosuppression and 
homing of bone marrow progenitors to prepare an organ for 
subsequent metastasis. In the context of the serosal cavities, 
VEGF (previously also termed vascular permeability factor) 
increases vessel permeability, thereby contributing to the accu-
mulation of effusions [33, 34]. The therapeutic role of bevaci-
zumab (Avastin), a monoclonal antibody against VEGF, as 
well as other anti- angiogenic drugs, has been investigated in 
several clinical trials of patients with breast cancer, including 
those with metastatic disease, in recent years [35].

VEGF levels were previously measured in 445 serum 
samples and 56 effusions, the latter including 12 breast car-
cinomas, by sandwich enzyme-linked immunoadsorbent 
assay. Serum VEGF levels were not significantly higher in 
breast carcinoma patients compared to controls. However, 
serum levels were higher in patients with metastatic com-
pared to localized disease. Effusion VEGF levels were higher 
in malignant compared to reactive effusions and were up to 
tenfold higher than in the malignant effusions compared to 
serum samples [36]. VEGF was similarly shown to be ele-
vated in 39 malignant effusions, including 7 breast carcino-
mas, compared to controls consisting of 4 effusions from 
patients with cirrhosis and serum from healthy subjects, a 
difference that was significant also in analysis of breast car-
cinoma effusions alone vs. controls. Levels of two other 
angiogenic factors, interleukin-8 (IL-8) and angiogenin, did 
not differ between malignant effusions and controls [37].

Angiogenic molecule expression was studied in effusions 
(n  =  49) and patient-matched solid primary and metastatic 
tumors (n = 68) [38]. mRNA in situ hybridization (ISH) showed 
the presence of VEGF, IL-8, and FGF2 (encoding basic fibro-
blast growth factor, bFGF) mRNA in the majority of speci-
mens, irrespective of anatomic site (Fig. 10.2a–c), and KDR 
mRNA was detected in 6/22 effusions using RT-PCR. However, 
whereas VEGF protein expression by immunohistochemistry 
was comparable at all anatomic sites, IL-8 and bFGF protein 
expression was significantly lower in effusions compared to 
primary tumors. The difference in bFGF expression was addi-
tionally seen in comparative analysis of effusions and lymph 
node metastases. IL-8 and VEGF mRNA in tumor cells in effu-
sions was co-expressed with mRNA of the ETS family tran-
scription factors ETS1 and PEA3, which regulate angiogenesis 
(see below). bFGF protein expression in effusions predicted 
shorter disease-free survival in univariate survival analysis.

 Nerve Growth Factor (NGF) and Its Receptors

Nerve growth factor (NGF) is the prototype molecule of the 
neurotrophin family, which in addition comprises brain- derived 

Fig. 10.1 Endoglin (CD105) membrane expression in breast carci-
noma cells in effusion
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neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) and 
NT-4/NT-5. NGF binds to the tyrosine kinase high-affinity 
receptor TrkA, resulting in activation of the mitogen-activated 
protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K) 
signaling pathways. p75, an additional neurotrophin receptor, 
belongs to the tumor necrosis receptor family, has a different 
structure from TrkA, lacks intrinsic catalytic activity, and is 
able to bind all neurotrophins [39, 40]. Rearrangement or muta-
tion of the TrkA gene, resulting in constitutive activation of the 
receptor, has been reported in papillary thyroid carcinomas and 
in acute myeloid leukemia, and the receptor is expressed in 
various neural and nonneural cancers [41, 42].

The expression of activated TrkA (phospho-TrkA, 
p-TrkA) was studied in 42 breast carcinoma effusions and 
65 patient- matched solid tumors [43]. The majority of 
lesions were additionally studied for NGF and p75 expres-
sion. p-TrkA was found in 93% and 92% of effusions 
(Fig. 10.3) and locoregional recurrences, respectively, val-

a

c

b

Fig. 10.2 (a–c) Angiogenic molecules; (a) in situ hybridization for FGF2 mRNA in effusion; (b) in situ hybridization for IL-8 mRNA in a local 
recurrence; (c) VEGF protein in a primary carcinoma; (a, b) NBT-BCIP as chromogen, nuclear fast red as counterstain

Fig. 10.3 Expression of the activated nerve growth factor receptor 
p-TrkA at the membrane in breast carcinoma cells in effusion
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ues that were significantly higher than in primary carcino-
mas (41%) and lymph node metastases (44%). In contrast, 
p75 expression was less frequent in effusions compared to 
both primary tumors and lymph node metastases. NGF was 
expressed at all anatomic sites, but its presence in tumor 
cells in effusions was observed exclusively in specimens 
from patients who developed effusions within 5 years from 
primary operation. These data document upregulation of 
p-TrkA during the progression from primary tumor and 
lymph node metastasis to effusion in breast carcinoma. The 
co-expression of TrkA and NGF suggests the presence of 
an autocrine NGF-TrkA signaling pathway in this cancer.

 The Insulin-Like Growth Factor (IGF) System

The IGF system consists of the peptide hormones insulin, 
IGF-I and IGF-II; the cell surface insulin receptor (IR), 
IGF-1R, IGF-2R, and hybrid IGF-1R/IR receptors; and a 
family of circulating high-affinity IGF-binding proteins 
(IGFBP). IGF-I and IGF-II are 7.6-kDa and 7.5-kDa pep-
tides that share about 50% homology with proinsulin and 
62% among themselves. These three ligands bind with dif-
ferent affinity to IGF system receptors, of which all except 
IGF-2R possess tyrosine kinase activity. Activation of IGF 
receptors leads to phosphorylation of adaptor proteins of the 
IRS family or SHC, with subsequent activation of several 
signaling pathways regulating cell proliferation and survival, 
differentiation, metabolism, adhesion, migration, and metas-
tasis, as well as epithelial-to-mesenchymal transition (EMT) 
[44–47]. Inhibitors of the IGF system are under investigation 
for their potential as targeted therapy in different cancer 
types, including breast cancer, though results have to date 
been disappointing [47].

A previous study of IGF-1R protein expression in 90 
breast carcinoma effusions and 36 benign effusions using 
immunohistochemistry showed that expression of this recep-
tor is limited to carcinoma cells, with a sensitivity of 91.1% 
[48]. In an additional study, the diagnostic and clinical role of 
IGF-II and IGFBP3 was immunohistochemically analyzed in 
327 effusions, including 48 breast carcinomas. IGFBP3 and 
IGF-II expression was significantly higher in carcinomas, 
including those of breast origin (Fig. 10.4a, b), compared to 
malignant mesothelioma. However, breast carcinomas 
expressed these two proteins less frequently than tumors of 
the lower genital tract (ovary, endometrium, and cervix), with 
predominantly focal expression of IGFBP3 [49].

 Adhesion and Other Cell Membrane 
Molecules

One of the biological properties enabling cancer cells to 
invade and metastasize is the ability to undergo dynamic 
changes in their adhesive phenotype. Several important fam-
ilies, including cadherins, integrins, and claudins, and the 
immunoglobulin superfamily, among others, are involved in 
these processes.

 Integrins

Integrins are a family of heterodimeric glycoproteins com-
posed of α and β subunits. Eighteen α and 8 β subunits are 
known to date, forming at least 24 different receptors. 
Intracellular signaling through integrins affects proliferation, 
apoptosis, and synthesis of cancer-associated molecules in 
response to cues originating from other cells (e.g., stromal 

a b

Fig. 10.4 IGF system. Breast carcinoma cells in effusion express IGFBP3 (a) and IGF-II (b)
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myofibroblasts) or from ECM proteins, including laminin, 
fibronectin, collagen, vitronectin, entactin, tenascin, and 
fibrinogen [50]. Other binding partners of integrins include 
matrix metalloproteinases (MMPs) and their inhibitor 
TIMP2, urokinase-type plasminogen activator (uPA), osteo-
pontin, IRS1, thrombospondin-1, integrin-linked kinase 
(ILK), von Willebrand factor, and the cytoskeletal proteins 
talin, actinin, and tensin [51]. Integrins have been shown to 
regulate multiple critical cellular processes involved in can-
cer, including cell proliferation, survival, migration, invasion 
and metastasis, stemness, and drug resistance [52].

Expression of the αV integrin subunit was previously 
studied as part of the above-discussed analysis of angiogenic 
molecule expression, in view of the role of this integrin sub-
unit in cell migration, invasion, and angiogenesis. Breast car-
cinoma cells in effusions had significantly higher expression 
of αV integrin compared to both primary tumors and lymph 
node metastases, suggesting that this molecule is involved in 
metastasis and disease progression in breast carcinoma 
(Fig. 10.5a) [38]. A subsequent study of 55 malignant and 12 
reactive effusions, including 7 breast carcinomas, using flow 
cytometry demonstrated frequent expression of the αV, α6, 
and β1 subunits, with no expression of the β3 integrin sub-
unit. The proteoglycan syndecan-1 (CD138) was addition-
ally detected (Fig. 10.5b–d) [53].

These three subunits form the αvβ1 fibronectin receptor 
and the α6β1 laminin receptor. Fibronectin was shown to be 
an important migratory protein for tumor cells in effusions in 
analysis of cancer cells of various origins, including breast 
carcinoma [54].

The interaction with laminin, the major component of all 
basement membranes, was further analyzed in another study, 
in which expression of the non-integrin 67-kDa laminin 
receptor (67-kDa LR) was studied. This protein has a highly 
conserved mRNA sequence with a predicted product size of 
37 kDa, and its expression has been shown to be upregulated 
by cytokines, inflammatory agents, and ECM proteins such 
as laminin and fibronectin. The receptor has been postulated 
to be co-regulated and co-expressed with the α6β4 integrin, 
another laminin receptor, in vitro. It is expressed in a wide 
range of malignancies, including in breast carcinoma, in 
many of which its presence has been shown to correlate with 
poor differentiation, disease progression, and poor survival 
[55, 56].

The expression of the 67-kDa LR was immunohistochem-
ically studied in 86 effusions, consisting of 24 ovarian and 38 
breast carcinomas, as well as 24 malignant mesotheliomas 
[57]. The 67-kDa LR was detected in 15/38 (39%) breast 
carcinomas, compared to 79% and 8% of ovarian carcinomas 
and malignant mesotheliomas, respectively. Nine benign 
effusions that were additionally studied were uniformly neg-
ative, as were all reactive mesothelial cells in malignant effu-
sions. This suggested a biological difference in the expression 

of laminin receptors between cells of epithelial and mesothe-
lial origin, which may additionally have a potential diagnos-
tic role in their differential diagnosis.

 E-Cadherin and Its Regulators

The biological role of cadherins is discussed in detail in 
Chap. 9. These membrane glycoproteins mediate homo-
philic cell-cell adhesion and are involved in differentiation 
during embryogenesis and in maintaining tissue structure in 
the mature organism. E-cadherin, expressed in epithelia, is 
an invasion inhibitor and tumor suppressor that is inacti-
vated or downregulated through genetic (mutations) and 
epigenetic (CpG promoter hypermethylation, transcrip-
tional regulation, and posttranslational modification) mech-
anisms, resulting in tumor progression in several cancers. Its 
loss may occur concomitantly to the upregulation of pro-
invasive mesenchymal markers, including N-cadherin, 
vimentin, and collagens, resulting in EMT.  During EMT, 
E-cadherin is epigenetically silenced by its negative tran-
scriptional regulators Snail and Slug, members of the Snail 
superfamily, as well as Twist, Zeb, and Smad interacting 
protein 1 (Sip1), member of the crystallin enhancer binding 
factor 1 family. Several of the mechanisms that negatively 
regulate E-cadherin expression have been shown to operate 
in breast carcinoma [58–60].

mRNA expression of Snail, Slug, SIP1, and E-cadherin 
was studied in 78 ovarian and 23 breast carcinoma effusions 
using RT-PCR.  Lower E-cadherin mRNA expression was 
found in breast carcinomas compared to ovarian carcinomas, 
while Snail expression was higher, as were the 
Snail/E-cadherin and Sip1/E-cadherin ratios. High Snail 
mRNA expression in breast carcinoma effusions was associ-
ated with shorter effusion-free, disease-free, and overall 
 survival, suggesting that further analysis of EMT mediators 
in this tumor may be of clinical and therapeutic value [61].

 Claudins

Claudins are a family of 24 transmembrane tight junction 
proteins. Tight junctions are located in the apical aspect of 
epithelial or endothelial cells, where they maintain cell 
polarity and regulate the paracellular transport of solutes and 
the diffusion of proteins and lipids. Claudins contain intra-
cellular amino and carboxyl termini, four transmembrane 
domains, and two extracellular loops mediating intercellular 
interactions between claudins. The second extracellular loop 
serves as a binding site for Clostridium perfringens entero-
toxin in claudin-3 and claudin-4. Claudins have been associ-
ated with metastasis, disease progression, and poor survival 
in a range of cancers [62].
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Fig. 10.5 Membrane receptors. Breast carcinoma cells express the αV integrin chain by immunohistochemistry (a); co-expression of Ber-EP4 
and αV integrin (b), α6 and β1 integrin (c), and Ber-EP4 and CD138 (syndecan-1, d) by flow cytometry is shown
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Analysis of breast carcinoma effusions showed expres-
sion of claudins 1, 3 and 7 in 51%, 82% and 69% of cases 
(Fig. 10.6a), with significantly lower expression of claudin-1 
and claudin-7 compared to ovarian carcinomas. Claudin-3 
and claudin-7 were rarely expressed on cells of mesothelial 
origin, suggesting a diagnostic role for these proteins in effu-
sions [63]. In an additional study, claudin-4 expression was 
shown to be upregulated in breast carcinoma effusions com-
pared to non-matched primary carcinomas by gene expres-
sion array analysis, and this finding was validated in 
immunohistochemistry analysis of patient-matched primary 
carcinomas and effusions (Fig. 10.6b, see below) [64].

 Others

Chondroitin sulfate proteoglycan-4 (CSPG4), a cell surface 
proteoglycan overexpressed in tumor cells in different can-
cers, has been implicated in tumor progression and metasta-
sis and is consequently under consideration as therapeutic 
target [65]. Its expression has been documented in both pri-
mary breast carcinoma and malignant effusions in this dis-
ease [66].

 Proteases

Invasion and metastasis are critical events during tumor pro-
gression. They occur as a multistep process requiring degra-
dation of the subepithelial and subendothelial basement 
membranes, ECM modification, the ability to enter and exit 
the circulation, and establishment of metastases in distant 
organs. Several protease families mediate these events, the 

most important of which are the MMPs, zinc- and calcium- 
dependent enzymes that degrade a large variety of basement 
membrane and ECM components. Twenty-three MMPs 
have been identified in humans, with no functional redun-
dancy among them. MMPs have been shown to have an 
important role in normal tissue homeostasis, as well as in a 
range of pathological conditions, including cancer. Their 
role in invasion, metastasis, and angiogenesis is now supple-
mented by data documenting their participation in other 
processes, such as regulation of cytokines and chemokines, 
intracellular signaling, and transcriptional regulation. 
Although attempts to target MMPs therapeutically have 
been disappointing to date, efforts in this direction are still 
being made [67, 68].

MMP-2 (gelatinase A, 72  kD type IV collagenase) and 
MMP-9 (gelatinase B, 92 kD type IV collagenase), the only 
enzymes with a gelatin-binding domain, are crucial for tumor 
metastasis due to their ability to degrade collagen type IV, a 
component of all basement membranes. MMP-2 and MMP-9 
gelatinolytic activity was studied in 32 malignant and 10 
benign effusions (5 from patients with pleurisy, 5 cirrhosis 
cases), the former including 20 breast carcinomas, using 
zymography. MMP-2 activity was more pronounced com-
pared to MMP-9 and was higher in benign compared to 
malignant effusions. MMP-9 similarly showed higher activ-
ity in five pleurisy specimens compared to malignant speci-
mens [69]. TIMP2 was reported to be expressed in 23/30 
malignant effusions, including 1/3 breast carcinomas [70].

Analysis of MMP expression in 49 effusions and 68 
patient-matched solid primary and metastatic lesions showed 
MMP-2 protein expression in 48/49 effusions by immuno-
histochemistry, with significantly higher expression at this 
anatomic site compared to both primary carcinomas and 

a b

Fig. 10.6 Claudins in breast carcinoma effusions. (a) claudin-3, (b) claudin-4
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lymph node metastases (Fig.  10.7a). MMP-1 and MMP-9 
were less frequently expressed. MMP2 mRNA was localized 
to carcinoma cells using in situ hybridization in both effu-
sions (n  =  33) and patient-matched primary carcinomas 
(n = 20; Fig. 10.7b), but as for MMP-2 protein, expression 
was significantly higher in effusions compared to primary 
carcinomas. This assay also detected TIMP2 mRNA in 27/33 
effusions. Zymography documented gelatinolytic activity of 
MMP-2 and MMP-9 in the majority of effusions, with sig-
nificant correlation between MMP-2 protein expression and 
activity. MMP-1 expression in effusions was associated with 
shorter time to progression [71].

MMP-7 was recently reported to be selectively expressed 
in adenocarcinoma cells in effusion while absent in benign 
and malignant mesothelial cells. However, expression was 
more frequent in ovarian carcinoma, with only 9/55 breast 
carcinoma effusions staining for this marker [72].

EMMPRIN (extracellular matrix metalloproteinase 
inducer; CD147), a glycoprotein adhesion molecule 
belonging to the immunoglobulin superfamily, positively 
regulates the expression and secretion of several MMP 
members, including MMP-1, MMP-2, MMP-3, and MMP-
9. It additionally interacts with other surface molecules, 
including integrins and monocarboxylate transporters, 
and is implicated in chemoresistance. EMMPRIN has 
been associated with aggressive clinical course in several 
cancers [73].

As MMP-2, EMMPRIN protein is upregulated in breast car-
cinoma effusions compared to primary carcinomas (Fig. 10.7c) 
and is co-expressed with MMP-9, and EMMPRIN mRNA is 
co-expressed with both MMP2 and MMP9 mRNA [72].

Few additional studies have focused on proteases and 
their activation pathways in breast carcinoma effusions. 
Gieseler et al. studied 136 effusions, of which 21.3% were 
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Fig. 10.7 Proteases and related molecules. (a) MMP-2 protein expres-
sion in breast carcinoma cells in effusion; (b) In situ hybridization for 
MMP2 mRNA in a primary carcinoma; (c) EMMPRIN protein in a pri-

mary carcinoma. (b) NBT-BCIP as chromogen, nuclear fast red as 
counterstain
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breast carcinomas, for expression of proteins that form part 
of the tissue factor-induced thrombin activation pathway. 
Activity of factors II, V, VII, and X, as well as tissue factor 
and antithrombin, was found, though with lower levels than 
in normal plasma [74].

Human tissue kallikreins are a family of serine proteases, 
currently consisting of 15 different members, all encoded by 
a single gene cluster located at chromosome region 19q13.4. 
Their biological roles include regulation of blood pressure, 
seminal fluid liquefaction, skin desquamation, and synaptic 
neuronal plasticity. Kallikreins have been shown to be dereg-
ulated in several cancers [75]. Analysis of kallikrein-4 
expression in 21 effusions and 44 solid primary and meta-
static lesions detected this protease in 91% of solid lesions 
compared to 71% of effusions, a difference that was statisti-
cally significant. Comparative analysis of different tumor 
affecting the serosal cavities demonstrated higher kallikrein-
 4 expression in ovarian and breast adenocarcinoma com-
pared to malignant mesothelioma [76].

The lysyl oxidase (LOX) family consists of 5 copper- 
binding secreted enzymes, LOX and LOX-like (LOXL)1-4. 
LOX is required the synthesis of elastin and collagen. 
Expression of LOX family members has been reported in 
multiple cancers [77]. The author’s group studied the expres-
sion of LOXL2, LOXL3 and LOXL4  in breast carcinoma, 
ovarian carcinoma and malignant mesothelioma using 
RT-PCR. Two new alternative splice variants of LOXL4 were 
found, of which one was expressed only in effusions and 
absent from solid lesions. In breast carcinoma, LOXL4 was 
expressed only in effusions and these specimens additionally 
had significantly higher LOXL2 and lower LOXL3 expres-
sion compared to primary carcinomas, suggesting changes in 
the LOX profile of effusions compared to solid tumors [78].

 The Immune System

The immune system and its modulation in cancer have been 
assuming an increasing role in management of this disease in 
recent years. Data regarding the role of this system in the 
context of breast cancer effusions is nevertheless limited to 
date.

Kan et al. reported a retrospective series of 67 breast can-
cer patients with cytologically confirmed malignant pleural 
effusion who received intrapleural therapy. Twenty-nine 
patients underwent intrapleural administration of the strepto-
coccal preparation OK-432, followed by transfer of autolo-
gous pleural effusion lymphocytes cultured with IL-2. The 
remaining patients, with the exception of one, were treated 
by OK-432 alone, chemotherapy alone, or a combination of 
OK-432 and chemotherapy. Patients treated with OK-432 
plus cultured effusion lymphocytes had significantly higher 

response rate compared to those who received other treat-
ments (26/29 vs. 15/38) and had median survival of 
12 months and 5-year survival at 36%, compared to 3 months 
and 0% in the other group. In multivariate analysis, treatment 
(adoptive immunotherapy) was the most significant prognos-
tic factor for survival [79].

The therapeutic benefit and toxicity of IL-2 were ana-
lyzed in an additional series of 100 patients with malignant 
effusions, including 26 breast carcinomas [80]. Complete or 
partial response of 1–11 months (median = 5) was observed 
in 27 and 45 cases, respectively, with little toxicity. Response 
rate was particularly high in breast carcinoma and mesothe-
lioma. Patients with peritoneal disease responded less than 
those with pleural or pericardial disease.

Spyridonidis et  al. studied the potential role of ex  vivo 
expansion of CD34(+) blood progenitor cells in eliminating 
tumor cells from autografts [81]. Breast carcinoma cells 
were identified in 6/11 pleural and peritoneal effusions and 
cultured in the presence of stem cell factor (SCF), 
interleukin-1β (IL-1β), IL-3, IL-6, and erythropoietin (EPO), 
cytokines that facilitate ex vivo expansion of CD34(+) blood 
progenitor cells. Hematopoietic growth factors had no effect 
on breast carcinoma cells in the presence of serum, although 
addition of TGF-β1 resulted in reduced tumor cell prolifera-
tion and suppressed clonogenic tumor growth. In contrast, 
culture under serum-free conditions resulted in death of the 
majority of tumor cells even in the presence of hematopoietic 
growth factors. The authors therefore recommended ex vivo 
expansion of CD34+ blood progenitor cells in serum-free 
medium, which may favor the elimination of carcinoma 
cells, when autologous progenitor cell transplantation is a 
therapeutic option.

Large numbers of lymphocytes and other leukocyte classes 
are frequently observed in breast carcinoma effusions, but 
their presence does not translate to longer survival, implying 
ineffective immune response in this disease. One of the cel-
lular mechanisms that may be responsible for this failure is 
tumor cell evasion of the immune response by downregula-
tion of classic HLA antigens, normally found on all cells, or 
by expression of non-classic antigens such as HLA-G and 
HLA-E. Natural killer (NK)- and T-cell- mediated lysis of tar-
get cells is inhibited by HLA-G through interaction with the 
inhibitory receptors immunoglobulin- like transcript (ILT)2 
and ILT4, and the differential expression of inhibitory and 
activating NK receptors, such as NKG2 family members, 
may decide the effectiveness of the immune response in cer-
tain conditions. Two other receptors HLA-G interacts with 
are KIR2DL4 on NK cells and CD160 on T lymphocytes, NK 
cells, and endothelial cells. HLA-G is present as a membrane-
bound or a soluble form, and its expression in normal tissues 
is limited to trophoblastic cells, where it is postulated to 
mediate immune tolerance during pregnancy. However, 
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HLA-G is expressed in multiple tumor types, comprising car-
cinomas of different origin, including breast carcinoma, as 
well as lymphoma and melanoma [82, 83].

Analysis of 46 breast carcinoma effusions and 39 corre-
sponding solid tumors using immunohistochemistry showed 
predominantly focal HLA-G expression in 12/46 (26%) 
breast carcinoma effusions and 16/39 (41%) solid lesions 
(Fig. 10.8a, b) [84]. Immunoblotting analysis showed some 
HLA-G expression in breast carcinoma effusions, and 
RT-PCR demonstrated the presence of HLA-G mRNA in 
tumor cells. Patients with HLA-G-positive tumor cells had 
shorter disease-free survival, though not significantly. These 
data suggest that minor populations of breast carcinoma cells 
express HLA-G and may use it as a means to escape the 
immune system. However, this does not appear to be a cen-
tral biological mechanism in this disease.

Chemokines are a family of small secreted proteins that 
regulate the immune response and are produced by multiple 
cell classes in the tumor microenvironment, including cancer 
and stromal cells, endothelial cells,  macrophages, and neu-
trophils. They are divided into four classes, C-C, C-X-C, C, 
and C-X3-C, depending on the location of the first two cyste-
ines in their sequence. Chemokines exert their biologic role 
through 18 G protein-coupled chemokine receptors expressed 
on tumor cells, creating an autocrine loop that mediates pro-
liferation, regulates angiogenesis and cancer stemlike cell 
properties, and promotes invasion and metastasis [85, 86].

Thomachot et al. studied dendritic cell characteristics in 
breast carcinoma [87]. CCL20/MIP3α, a chemokine that 
attracts immature dendritic cells, was detected in breast carci-
noma effusions using ELISA, and its levels were higher than 
those in other malignant or reactive effusions. Effusion fluid 
containing CCL20/MIP3α attracted immature dendritic cells, 
but not mature ones in vitro. Irradiated breast carcinoma cell 

lines and their conditioned media promoted CD34+ cell dif-
ferentiation into CD1a+ Langerhans cells and immature den-
dritic cells that failed to maturate in response to sCD40L or 
lipopolysaccharide (LPS) and had a reduced T-cell stimula-
tory capacity. The absolute number of CD4+ or CD8+ cells 
was also reduced, and T cells had lower CD25 and produced 
less IFNγ. These results show that breast carcinoma cells pro-
duce soluble factors, which may attract DC and their precur-
sors in vivo, and promote the differentiation of the latter into 
LC and immature DC with altered functional capacities. The 
infiltration of breast cancer by these altered DC may contrib-
ute to the impaired immune response against the tumor.

Further insight regarding the role of chemokines in breast 
carcinoma is gained by the study of Soria et  al., in which 
expression of the chemokines RANTES (CCL5) and MCP-1 
(CCL2) was analyzed in tumor specimens, including eight 
pleural effusions [88]. RANTES and MCP-1 were minimally 
expressed in normal duct epithelium, but were frequently 
detected in DCIS and invasive ductal carcinoma, as well as in 
solid metastases and effusions, and their presence was asso-
ciated with advanced stage. MCP-1 promoted the release of 
RANTES from endogenous premade vesicles, in breast car-
cinoma cell lines in vitro. These data show that breast carci-
noma cells produce chemokines and suggest their role in 
tumor progression.

In an additional study, the presence of chemokine recep-
tors in tumor cells and leukocytes in 21 breast carcinoma 
effusions was investigated using flow cytometry [89]. Breast 
carcinoma cells expressed CXCR4  in 7/21 effusions, with 
less frequent or absent expression of other receptors 
(CXCR1, CCR5, CCR7, CXCR2, and CCR2) (Fig.  10.9a, 
b). Lymphocytes frequently expressed CXCR4, CCR5, and 
CCR7; macrophages expressed all six receptors. Higher 
numbers of CD8-positive lymphocytes and higher CCR7 

a b

Fig. 10.8 HLA-G. Combined membrane and cytoplasmic expression in effusion (a) and lymph node metastasis (b)
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monocyte expression were associated with a trend for shorter 
disease-free survival. The presence of CXCR4 in breast car-
cinoma cells in effusions is in agreement with previous 
observations in solid lesions and in vitro data, in which this 
receptor and its ligand CXCL12 were co-expressed, docu-
menting the presence of an autocrine tumor-promoting loop. 

The prognostic role of CCR7 expression in monocytes and 
CD8 counts in breast carcinoma effusions remains to be 
explored in a larger cohort.

Two additional studies focused on the leukocyte cell pop-
ulations and cytokine content in breast carcinoma effusions. 
DeLong et  al. analyzed 44 effusions, including 26 breast 
carcinoma specimens, and found high numbers of function-
ally suppressive CD4+/CD25+ T cells in breast carcinoma 
effusions. The effusions additionally contained the immu-
nosuppressive cytokine TGF-β, though at lower concentra-
tions than those found in mesothelioma effusions [90]. 
Desfrançois and co-workers found higher levels of double-
positive CD4+/CD8+ lymphocytes in breast carcinoma 
pleural effusions (n  =  16) compared to tumor specimens 
from other anatomic sites, and these cells produced higher 
levels of IL-5 and IL-13 compared to CD4(+) or CD8(+) 
cells. The significance of this observation is uncertain at 
present [91].

 Intracellular Signaling and Transcriptional 
Regulation

The signaling pathways activated in breast carcinoma cells in 
effusions and their clinical relevance are largely unknown. 
Among the two major intracellular signaling pathways, the 
MAPK and PI3K pathways, only the former was studied to 
date [92].

The MAPK pathway is a four-level cascade, in which 
each kinase activates the following kinase substrate through 
a complex network, enabling the cell to maintain diversity 
and specificity while responding to various extracellular 
cues. MAPK double phosphorylation at tyrosine and threo-
nine residues at the final level of the cascade occurs in an 
enzyme-specific manner by the MEK family of MAPK 
kinases. Two MAPK family members, c-Jun amino-terminal 
kinase (JNK) and the high osmolarity glycerol response 
kinase (p38), are activated by stress-related stimuli, whereas 
the extracellular-regulated kinase (ERK) is largely activated 
by growth factor signals. MAPK activation leads to phos-
phorylation of a variety of cytosolic substrates, and to their 
own translocation to the nucleus, where they activate a large 
number of transcription factors, including AP-1 and ETS1. 
p38 and JNK activation may result in apoptosis or cell sur-
vival, depending on the nature of the signal, as well as in 
proliferation, differentiation, and inflammation, while ERK 
promotes differentiation, proliferation, and migration. 
MAPK activity is negatively regulated by dual specificity 
phosphatases (DUSP) that deactivate the enzymes [93, 94]. 
Activation of the RAS/RAF/MEK/ERK cascade is involved 
in chemoresistance [95].
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Expression of the activated phosphorylated MAPK mem-
bers p-ERK, p-JNK, and p-p38 was studied in 42 breast car-
cinoma effusions and 51 patient-matched solid tumors (23 
primary carcinomas, 28 metastases) using immunohisto-
chemistry [92]. Quantitative analysis of MAPK levels using 
immunoblotting was performed in 19 effusions. Nuclear 
expression of p-p38 and p-JNK was found in 32 and 40 effu-
sions, respectively, and was significantly higher than in pri-
mary carcinomas and lymph node metastases. p-ERK 
expression, found in 41 effusions (Fig. 10.10), was similar at 
all anatomic sites. Immunoblotting similarly showed MAPK 
expression and activation in the majority of effusions. 
Apoptosis, as measured using a p85-PARP fragment anti-
body, was minimal, whereas proliferation (by Ki-67 score) 
was high, exceeding 25% of cells in 14 effusions. MAPK 
expression by immunohistochemistry did not correlate with 
survival. However, higher p38 activation ratio (p-p38/total 
p38) correlated with shorter overall survival. The p38 and 
JNK upregulation in breast carcinoma effusions suggests a 
biological role in promoting tumor cell survival at this ana-
tomic site.

The ETS family of transcriptional factors consists of 28 
members in humans and is highly conserved across differ-
ent species. All family members contain an 85 amino acid 
DNA- binding domain (the ETS domain) that confers the 
ability to bind to DNA sequences having the core motif 
GGAA/T (ETS-binding site, EBS). Another conserved 
area that is present in 11 members is the pointed (PNT) 
domain, which mediates protein-protein interactions and 
oligomerization. ETS factors have 200 known target genes, 
including proteases (MMP-1, MMP-3, and MMP-9, 
cathepsin) and their inhibitors (TIMP1), cell cycle mole-

cules (cyclin D1, p21), apoptosis promoters and inhibitors 
(Fas, PARP, Bcl-2, Bcl-xL), adhesion molecules 
(E-cadherin, integrins), immune response mediators (inter-
leukins, immunoglobulins), and angiogenesis mediators 
(the VEGF receptors Flt-1 and flk-1, Tie-1 and Tie-2). In 
these multiple target genes, ETS factors can mediate tran-
scriptional activation or repression according to the bind-
ing factor and the DNA sequence involved [96–98]. ETS 
members are aberrantly expressed in a range of solid 
tumors, including breast cancer, through gene amplifica-
tion, overexpression of gene products, or creation of fusion 
genes with multiple partners [99].

Breast carcinoma cells in effusions frequently express 
ETS1 and PEA3 mRNA using in situ hybridization (22/33 
and 24/33 specimens, respectively) (Fig.  10.11a, b), and 
PEA3 is significantly upregulated compared to patient- 
matched primary carcinomas. They additionally express 
mRNA for AP-2, another transcription factor known to regu-
late MMP synthesis, by RT-PCR [71]. The coordinated 
upregulation of MMP-2, EMMPRIN and PEA3  in breast 
carcinoma effusions compared to primary carcinomas sug-
gests that Ets transcription factors may regulate MMP 
expression at this site.

Genetic material in human cells is stored in the form of 
chromatin, which consists of nucleoprotein complexes con-
taining DNA and protein. DNA is wrapped around an 
octamer core of histones whose position and density are 
regulated through chromatin remodeling complexes, consist-
ing in eukaryotes of the SWI/SNF2, ISWI, CHD, and INO80 
families. Among these families, mSWI/SNF2, consisting of 
BAF (BRG1 or BRM-associated factors) and PBAF 
(Polybromo-associated BAF), is the most commonly associ-
ated with disease, and 20% of cancers harbor mutations in 
genes belonging to this family [100].

RSF is a chromatin-remodeling complex that is composed 
of two subunits, hSNF2H and p325 (Rsf-1), and is involved 
in the formation of RNA polymerase II complexes. A trun-
cated form of RSF-p325 codes for the hepatitis B virus tran-
scription repressor HBXAP.  Rsf-1 is amplified in ovarian 
carcinoma, and its protein expression in ovarian carcinoma 
effusions is associated with poor survival [101, 102].

Rsf-1 protein expression was found in tumor cells in 
34/47 breast carcinoma effusions, significantly less than in 
patient-matched primary carcinomas and metastases (24/30 
and 24/26 positive specimens, respectively). Rsf-1 immuno-
reactivity in effusions showed no association with HER2 or 
hormone receptor status or with patient survival. The obser-
vation that Rsf-1 expression is downregulated in breast car-
cinoma cells in effusions and has no prognostic role at this 
anatomic site suggests it has no major biological role in this 
context [103].

Fig. 10.10 Signaling molecules. Expression of p-ERK in the nuclei of 
breast carcinoma cells in effusion
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 High-Throughput Analyses

Only a few studies analyzing the genomic profile of breast 
carcinoma cells have been published to date.

Dupont et al. analyzed the gene expression signature of 
19 effusions and compared them to 4 primary carcinomas, 
eight cell lines, and four specimens consisting of benign 
breast tissue. Cells in effusions were purified using EpCAM- 
coated beads. Based on the array analysis, effusions could be 
differentiated into two categories, one resembling cell lines 
and expressing CD24, CD44, and cytokeratins 8, 18, and 19 
and the other expressing metastasis-associated genes, such 
as S100A4, uPA receptor, vimentin, and CXCR4 [104].

The role of cancer stem cell markers in this context was 
assessed in two other studies. Grimshaw et  al. studied the 
presence of breast cancer stem cells in pleural effusions 
based on their expression of CD24 and CD44. The majority 
(20/27) of effusions tested contained cells capable of form-
ing mammospheres that could be passaged, and differenti-
ated upon plating, as determined by the increased expression 
of cytokeratins and MUC1. Surface expression of CD24 and 
CD44 was found in some, but not all, uncultured effusions 
and did not correlate with the ability to form mammospheres 
or with their size. In contrast, the ability to form tumors in 
severe combined immunodeficiency disease (SCID) mice 
correlated with the ability to produce the larger mammo-
spheres, but not with CD24 and CD44 expression [105].

Deng et al. recently investigated the role of the tamoxifen 
analog N,N-diethyl-2-[4-(phenylmethyl)phenoxy]ethana-
mine (DPPE, tesmilifene) in targeting breast tumor-initiating 
cells (TICs) [106]. Analysis of TICs from ten pleural effu-
sions, identified as having a CD44+/CD24−/low phenotype 
by flow cytometry and the ability to form nonadherent 

spheres in culture, showed that treatment with DPPE reduced 
spheroid formation and the viability of CD44+/CD24−/low 
breast cancer cells. In combination with doxorubicin, DPPE 
aided in completely eradicating tumorigenic cells, suggest-
ing that combination of these drugs may be beneficial for 
targeting metastatic breast carcinoma.

The gene array signatures of breast carcinoma cells in 
primary carcinomas and effusions were compared in an 
additional study [64]. Array analysis identified 255 signifi-
cantly downregulated and 96 upregulated genes in the effu-
sions compared to primary carcinomas, the majority of 
which consisted of genes that are part of pathways involved 
in focal adhesion, extracellular matrix-cell interaction, and 
the regulation of actin cytoskeleton. Genes that were upreg-
ulated in effusions included KRT8, BCAR1, CLDN4, and 
VIL2, while DCN, CLDN19, ITGA7, and ITGA5 were down-
regulated at this anatomic site. PCR, Western blotting, and 
immunohistochemistry confirmed the array findings for 
BCAR1, CLDN4, VIL2, and DCN (Figs. 10.6b and 10.12a, 
b). The differential expression of the NTN4 gene product 
Netrin-4 at these two anatomic sites was confirmed in a sep-
arate study (Fig. 10.12c) [107].

The role of gene expression arrays in differentiating car-
cinomas affecting the serosal cavities was investigated in a 
comparative analysis of ovarian/primary peritoneal serous 
carcinoma (n =  10) and breast infiltrating duct carcinoma 
(n = 8) [108]. Unsupervised hierarchical clustering separated 
ovarian from breast carcinomas. A total of 288 unique probes 
were significantly differentially expressed in the 2 cancers, 
of which 81 and 207 were overexpressed in breast and ovar-
ian/peritoneal carcinoma, respectively. Genes overexpressed 
in breast carcinoma included TFF1, TFF3, FOXA1, CA12, 
GATA3, SDC1, PITX1, TH, EHFD1, EFEMP1, TOB1, and 

a b

Fig. 10.11 ETS transcription factors. In situ hybridization for ETS1 (a) and PEA3 (b) mRNA in a breast carcinoma effusion, showing  
co- expression of these two mRNAs. NBT-BCIP as chromogen, nuclear fast red as counterstain
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KLF2. Genes overexpressed in ovarian/peritoneal carcinoma 
included SPON1, RBP1, MFGE8, TM4SF12, MMP7, 
KLK5/6/7, FOLR1/3, PAX8, APOL2, and NRCAM. Results 
for 14 genes and 5 proteins were validated by quantitative 
real-time PCR and immunohistochemistry, respectively 
(Fig. 10.13a–d).

Three of the genes that were overexpressed in breast car-
cinoma effusions, consisting of ANPEP, AZGP1, and 
SPDEF, were studied in a follow-up study [109], in which 83 
breast carcinomas (57 primary carcinomas and 26 effusions) 
and 40 ovarian carcinomas (20 primary carcinomas and 20 
effusions) were analyzed using qPCR.  ANPEP protein 
expression was additionally studied using immunohisto-
chemistry. AZGP1 and SPDEF mRNA was overexpressed in 
breast compared to ovarian carcinoma, whereas ANPEP pro-
tein was overexpressed in breast carcinoma effusions com-
pared to primary tumors and lymph node metastases 
(Fig. 10.14). None of these molecules were informative of 
disease outcome based on expression in effusions. In another 

follow-up study based on the same gene expression array 
analysis, scavenger receptor class A member 3 (SCARA3) 
was confirmed to be overexpressed in ovarian compared to 
breast carcinoma effusions [110].

The same array platform used for comparing breast and 
ovarian/peritoneal serous carcinoma was applied to com-
parative analysis of breast and lung carcinoma effusions 
[111]. A total of 289 unique probes were significantly dif-
ferentially expressed in the 2 cancers, of which 65 and 224 
were overexpressed in breast and lung adenocarcinoma, 
respectively. Genes overexpressed in breast adenocarci-
noma included TFF1, TFF3, FOXA1, CA12, PITX1, 
RARRES1, CITED4, MYC, TFAP2A, EFHD1, TOB1, 
SPDEF, FASN, and TH. Genes overexpressed in lung ade-
nocarcinoma included TITF1, SFTPG, MMP7, EVA1, 
GPR116, HOP, SCGB3A2, and MET. Results for 15 genes 
and 8 gene products were validated by quantitative real-time 
PCR and immunohistochemistry, respectively, with good 
agreement.

a b

c

Fig. 10.12 Validation of gene expression array analysis comparing primary breast carcinoma and effusions from this cancer. Tumor cells in  
effusion express p130Cas (a), p-ezrin (b), and Netrin-4 (c)
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 Future Directions

Breast carcinoma is one of few cancer types in which tar-
geted therapy has an undisputed therapeutic role, as evi-
denced by the use of hormone receptor and HER2 inhibitors. 
Nevertheless, breast carcinoma metastasis to the serosal 
cavities constitutes a significant medical problem to which 
no effective cure exists to date. As with many cancers, 
 resistance to apoptosis is a major impediment to successful 
therapy. One of the molecular mechanisms behind this resis-
tance may be the high expression of members of the inhibi-
tors of apoptosis (IAP) family members XIAP and survivin 
[112], but there is little doubt that multiple molecules are 
involved in breast carcinoma chemoresistance in effusions.

New therapeutic approaches to this clinical condition 
should focus on targeting proteins that are essential for the 

a b

c d

Fig. 10.13 Validation of gene expression array analysis comparing ovarian/peritoneal serous carcinoma and infiltrating duct carcinoma of the 
breast in effusions. Breast carcinoma cells in effusion express FOXA1 (a), TFF1 (b), TFF3 (c), and CA12 (d)

Fig. 10.14 ANPEP protein expression in a breast carcinoma effusion
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survival of breast carcinoma cells. Two previous studies 
focused on the use of antibodies MT110 and catumaxomab 
against the cell surface protein EpCAM ex vivo [113] and in a 
phase 1–2 trial [114]. In the latter study, clinical response was 
observed in 5/7 patients, but serious side effects in two patients 
caused the investigators to question whether this treatment is 
indicated for patients with malignant effusions [114]. 
Molecular research and assessment of experimental therapy 
focused on breast carcinoma effusions have nevertheless been 
sparse in recent years, with ovarian and lung cancer, as well as 
mesothelioma, receiving considerably more attention (see rel-
evant chapters). Designing ways to optimize the diagnosis of 
breast carcinoma in effusions, understanding the biological 
pathways that mediate the aggressive behavior of tumor cells 
at this anatomic site, and segregating patients into prognostic 
groups based on molecular markers are important tasks that 
are critically needed in order to attempt improving the out-
come of patients suffering from this grievous condition.
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Malignant Mesothelioma

Katalin Dobra and Anders Hjerpe

 Introduction

Malignant mesothelioma (MM) is the primary tumor of the 
serous cavities caused by exposure to fibrous minerals such 
as asbestos and erionite [1, 2]. The most frequent location for 
MM is the pleura, followed by the peritoneum, pericardium, 
and tunica vaginalis testis. Environmental factors, genetic 
predisposition, and various cofactors alone or together con-
tribute the development of MM [3].

The development of MM occurs after a long latency 
period, typically 20–40 years from the time of initial asbestos 
exposure to diagnosis, suggesting that multiple genetic 
events are required for tumorigenic conversion of mesothelial 
cells. Malignant mesotheliomas are characteristically highly 
heterogeneous in terms of differentiation, which is also 
mirrored in variable biological behavior and prognosis. 
Median survival ranges from 4 to 12 months, but there is a 
changing trend as current studies report better survival than 
historical controls, particularly in the peritoneal subtype [4]. 
Survival time also depends on the tumor stage at diagnosis 
and on the histological subtype [3, 5]. The typical clinical 
manifestations of MM are dyspnea, chest pain, and a pleural 
effusion, which often is the first material available for 
diagnosis.

 Histogenesis

MM arises from the mesothelial cells lining the serosal cavi-
ties. The mesothelium is of mesodermal origin and consists 
of a single layer of flat mesothelial cells resting on a base-
ment membrane and a sub-mesothelial layer of connective 
tissue of variable thickness. Mesothelial cells play a dynamic 
role in the homeostasis and immunoregulation of the serosal 
membranes. They synthesize hyaluronan, various growth 

factors, matrix proteins, proteoglycans, and cytokines that 
are essential to restore the integrity and the normal function 
of the serosal membrane after injury [6–10]. The renewal of 
surface mesothelium following injury is intriguing and com-
prises at least two different mechanisms, depending on 
whether the basement membrane is injured or not. Electron 
microscopic studies of the healing of the mesothelium 
showed that the mesothelial cells can be replaced by the sub-
serosal mesenchymal cells [11] but also through reattach-
ment of desquamated mesothelial cells to the denuded 
surfaces [12–14]. Mesothelial cells possess unique charac-
teristics and may be regarded as pluripotential cells. 
Mesothelial progenitor cells are able to switch between dif-
ferent cell phenotypes depending on the local environment 
and may achieve endothelial-, myocyte-, osteoblast-, and 
adipocyte-like cell characteristics [15–18]. This plasticity of 
mesothelial cells has opened new perspectives in tissue engi-
neering and regenerative medicine [15, 17] and may at least 
partly explain the characteristic heterogeneity of MM.

Poorly differentiated tumor components gradually lose 
their epithelial characteristics in a process termed epithelial- 
mesenchymal transition (EMT). Loss of specific differentia-
tion markers, adoption of a spindle-like morphology, invasive 
growth, and progressive replacement of the cytokeratin net-
work by vimentin intermediate filaments characterize this 
transition. This switch from epithelial markers (E-cadherin, 
β-catenin, and cytokeratins 5/6) to mesenchymal markers 
(N-cadherin, vimentin, α-smooth muscle actin, Snail, Slug, 
Twist, ZEB1, ZEB2, S100A4, MMP2, and MMP9) between 
epithelioid, biphasic, and sarcomatoid histotypes was demon-
strated in 109 mesothelioma specimens [19].

Mesothelioma cells show a remarkable capacity to trans-
differentiate in both directions along the mesenchymal- 
epithelial axis also in vitro. This can be seen in mesothelioma 
cells obtained from a pleural effusion, which show diverging 
differentiation potential and inducible growth pattern. 
Similar to the in vivo situation, they possess a characteristic 
biphasic growth potential and can be induced by serum 
growth factors to differentiate into stable epithelioid or fibro-
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blast-like phenotypes [20]. Similarly, epithelioid cells of 
mesothelial origin undergo a reversible morphological tran-
sition after exposure to several growth factors. This EMT 
involves transient cytoskeleton remodeling, and it is 
accompanied by changes in the adhesive status of these cells. 
In this way, the unique properties of mesothelioma cells 
provide an excellent model for identifying the critical 
changes in the regulation of cell differentiation and tumor 
cell progression, and they may also serve as valuable instru-
ments for drug sensitivity testing.

 Etiology and Pathogenesis

 Asbestos Exposure

Epidemiological studies have established exposure to asbes-
tos or asbestos-like mineral fibers as a main primary cause of 
MM [1, 21]. Malignant mesothelioma is frequently associ-
ated with occupational exposure, but there are also nonoccu-
pational, domestic cases and geographic areas with 
environmental exposure [22–28]. Despite a ban on asbestos 
use in Western countries, MM is still of great international 
concern due to the long latency period between asbestos 
exposure and diagnosis. Moreover, asbestos is still used in 
developing countries, and therefore the incidence of mesothe-
lioma is expected to further increase during the next decades 
[29, 30]. Experimental studies suggest that the carcinogenic-
ity of asbestos fibers is related to its fibrous structure rather 
than to chemical characteristics. Furthermore, differences in 
the structure of various types of asbestos fibers may explain 
the variability in their carcinogenicity. The curly white asbes-
tos is therefore considered less oncogenic than other types of 
fibers, and fibers less than 0.25 μm in diameter and more than 
8 μm in length are more potent than shorter, thicker ones.

Erionite, a naturally occurring volcanic mineral, is caus-
ing extremely high incidence of mesothelioma in Cappadocia 
region in Turkey, and it is more potent than asbestos in caus-
ing mesothelioma [2, 23].

 Asbestos-Induced Molecular Alterations

Two different oncogenic mechanisms have been proposed. 
Firstly, asbestos fibers deform the cytoskeleton in mesothe-
lial cells more efficiently than in airway epithelial cells [31]. 
In tissue culture, asbestos physically interacts with the 
mitotic spindle apparatus [32] and can interfere with normal 
chromosome segregation, leading to aneuploidy [33]. 
Secondly, asbestos fibers have been shown to induce chronic 
inflammation and the enzymatic activity of the mammalian 
DNA repair enzyme, apurinic/apyrimidinic (AP)-

endonuclease, suggesting that the release of reactive oxygen 
species (ROS) generated by asbestos can damage DNA dou-
ble strands [34, 35]. AKT, ERK, AP-1, and NF-κB are fre-
quently activated by the oxidative stress elicited by asbestos 
fibers in mesothelial cells [35, 36]. In addition, the hypoxic 
microenvironment of mesotheliomas [37] may alter the DNA 
damage repair pathways [38] and reprogram the metabolism 
by switching from oxidative phosphorylation to anaerobic 
glycolysis [39].

 Chromosomal Damage Induced by Asbestos

A hallmark of mesotheliomas is the large number of nonran-
dom cytogenic alterations [22, 27–33]. These include mono-
somy or frequent deletions at specific sites within 
chromosomes 1p, 3p, 4q, 6q, 9p, 10p, 13q, 14q, 15q, 18q, 19, 
and 22q, trisomy, polysomy, or gains of specific regions on 
chromosomes 1q, 5p, 7p, 8q, 11, 12, 20p, and 22. Chromosome 
losses are more common, and the most frequent recurrent 
changes involve chromosomes 3, 9, and 22. This array of non-
random chromosome deletions in human mesotheliomas con-
tributes to alterations in several tumor suppressor genes 
(TSGs) and oncogenes including P16/CDKN2A, BAP1, NF2, 
P15 (INK4b), p14ARF, TP53, WT1 [40], RASSF1, CTNNB1, 
and MAP3K3, respectively [41, 42].

Karyotypic studies show multiple clonal chromosomal 
abnormalities in most human MM specimens [43–48]. 
Deletions of specific chromosomal sites in the short (p) arms 
of chromosomes 1, 3, and 9 and long (q) arm of chromosome 
6 occur frequently, and loss of a copy of chromosome 22 was 
the single most consistent numerical cytogenetic change 
[48]. It is noteworthy that most of the changes described 
above occur in combination in a given MM. Comparative 
genomic hybridization (CGH) and array CGH also reveals 
multiple genomic imbalances [41]. In accord with previous 
karyotypic data, chromosomal losses were more frequent 
than gains with this approach.

 Inactivation of Tumor Suppressor Genes (TSGs)

The major feature of malignant mesothelioma is the loss of 
tumor suppressor genes. They are inactivated due to 
chromosomal deletions and mutations or epigenetic changes 
such as CpG methylation that result in loss of function. The 
accumulated loss and/or inactivation of multiple TSGs at 
chromosomes 1p, 3p, 6q, 9p, and 22q appear to play a critical 
role in the pathogenesis of MM. TSGs within these regions, 
i.e., p16INK4A-p14ARF at 9p21, NF2 at 22q12, CTNNB1 at 
3p22.1, RASSF1A at 3p21.3, and BAP1 at 3p21.31-p21.2, are 
frequently altered in MM.
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 P16 (INK4a)
The gene coding for p16 (INK4a) was identified as the 9p21 
putative TSG [49–51]. It is particularly interesting because of 
its location in the region that is often deleted in MM.  The 
protein encoded by p16 (INK4a) binds to the cyclin- dependent 
kinase CDK4 and thereby inhibits the catalytic activity of the 
CDK4/cyclin D enzymes. Abnormal p16 protein levels were 
observed in most, if not all, MM and MM-derived cell lines 
[52]. The product of the p16 (INK4a) gene induces a G1 cell 
cycle arrest by inhibiting the phosphorylation of the retino-
blastoma protein, pRb. Thus, homozygous loss of p16 
(INK4a) and p14ARF would together affect both Rb- and 
p53-dependent growth regulatory pathways. Homozygous 
deletion of p16/CDKN2A is found in a majority of mesothe-
liomas (>80%), and it is one of the most common genetic 
alterations in MM [41]. Loss of p16/CDKN2A is associated 
with more aggressive clinical behavior and non-epithelioid 
differentiation [53], and it may also serve as an independent 
adverse prognostic factor [54–57].

 BAP1
BAP1 (BRCA1-associated protein 1) is located at chromo-
some 3p21.1, and it acts as a tumor suppressor gene that 
encodes for a nuclear deubiquitinase involved in regulation 
of gene transcription, control of G1/S phase transition of 
the cell cycle, cellular differentiation, and DNA damage 
response and repair [58]. BAP1 is frequently lost by chro-
mosomal deletion in several tumors and predisposes to 
development of malignant mesothelioma and uveal mela-
noma [59–61], often being part of a cancer syndrome. In 
addition to deletions, the spectrum of alterations in BAP1 
gene comprises inactivating mutations, including inser-
tions, deletions, frameshift, and nonsense and missense 
mutations [62]. The tumor suppressor effect of BAP1 
requires both its deubiquitinating activity and its nuclear 
translocation, functions that can be lost by missense and 
truncated mutations [62], leading to cytoplasmic sequestra-
tion and inactivation.

Familial occurrence of mesothelioma has been described 
in the literature since long [63, 64]. Clustering of MM in 
families suggested that genetic susceptibility could be a con-
tributory factor [65], and there was also an inherited compo-
nent described in the development of mesothelioma in 
erionite-exposed Turkish patients in the Cappadocia region 
[66]. BAP1 has early been associated in this context with 
tumor predisposition syndrome and malignant mesotheli-
oma; for review, see [67].

Various studies describe different frequencies for BAP1 
mutations, germline mutations being rather infrequent, 
ranging between 1 and 2%, leading to familial accumula-
tion of mesothelioma and being associated with certain 
geographic areas [66]. The germline mutation of BAP1 is 

inherited in an autosomal dominant way and renders 
affected individuals an earlier onset of mesothelioma, also 
when exposed to lower level of asbestos fibers [59]. Somatic 
mutations and losses of BAP1 are more frequent; deletions, 
somatic mutations, or other alterations have been reported 
in up to 60% of sporadic mesothelioma cases [68, 69]. 
BAP1 mutations are associated with female gender, earlier 
onset, epithelioid differentiation, and a less aggressive dis-
ease with longer survival [70, 71]. Germline mutation car-
riers have slightly more frequently peritoneal localization 
of mesothelioma [72], a localization which per se has a par-
ticular biology and in general better survival. A recent 
report underscores the importance of matching germline 
and tumor DNA for correct assessment and interpretation 
of somatic versus germline mutations and highlights the 
risk of overreporting somatic mutations and underestimat-
ing the frequency of germline mutations if only tumors are 
tested [73]. Genetic testing for BAP1 of high-risk individu-
als with family history of malignant mesothelioma might 
be beneficial for prevention, early detection, and treatment 
purposes.

In addition to BAP1 mutations, asbestos-exposed individu-
als harboring germline mutations in DNA repair genes are 
highly predisposed to malignant mesothelioma as shown in a 
next-generation sequencing-based study on a cohort of 93 
mesothelioma patients [74]. Among 94 germline pathogenic 
truncating variants tested, ten genes, predominantly involved 
in homologous recombination DNA repair (i.e., PALB2, 
BRCA1, FANC1, ATM, SLX4, BRCA2; FANCC, FANCF, 
PMS1, and XPC), were associated with asbestos exposure.

 NF2
The neurofibromatosis type 2 (NF2), autosomal dominant 
tumor suppressor gene, resides on chromosome 22q12 and is 
frequently altered in malignant mesothelioma. Approximately 
30–50% of mesothelioma patients show mutation and/or 
allelic loss of NF2, suggesting that inactivation of this gene 
occurs via a two-hit mechanism [75]. Loss of chromosome 
22q is more frequently associated with epithelioid differen-
tiation [53] than to other histological subtypes.

NF2 codes for a protein called merlin, which plays a role 
in cell surface dynamics and structure by linking the cyto-
skeleton to the plasma membrane [76] and interacts with 
many downstream proteins and signaling pathways. Merlin 
exerts its tumor suppressor and negative growth regulatory 
functions through a plethora of signaling pathways 
comprising phosphatidylinositol 3-kinase (PI3K)-AKT, 
RAS-ERK, and mTOR.  The Hippo pathway is also a 
downstream target of merlin, and several elements of this 
pathway have been shown to be altered or lost in MM, 
including the serine/threonine kinase large tumor suppressor 
homolog 2 (LATS2) [77] and (LATS1) genes [78], the latter 
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being fused to presenilin-1 (PSEN1) forming a fusion tran-
script (LATS1-PSEN1) leading to lost tumor suppressor 
function and lack of kinase activity. The loss of tumor 
suppression function liberates downstream growth- 
promoting factors or putative oncogenes such as the Yes- 
associated protein (YAP) [79] that translocates to the nucleus 
and co-activates various transcription factors. Merlin 
negatively regulates YAP by initiating its phosphorylation 
and thereby hampering its nuclear translocation and activity.

 Activation of Proto-Oncogenes

The nonrandom rearrangements and polysomy of chromo-
somes 1, 7, and 22 may generate growth-promoting onco-
genes. Oncogenes often cause inappropriate expression of 
growth factors (GFs), growth factor receptors, and other 
compounds involved in the signaling mechanisms. In 
consequence, normal growth control mechanisms are 
abrogated. It has also been suggested that autocrine 
production of the platelet-derived growth factor-B (PDGF-B) 
chain may stimulate autoreplication of tumor cells, also 
when there are no or low levels of β receptors [80–82].

Asbestos can also induce the proto-oncogenes c-fos and 
c-jun, which encode transcription factors that activate vari-
ous genes critical in the initiation of DNA synthesis [83]. 
The induction of these transcription activators may enhance 
cellular proliferation and could render cells more susceptible 
to subsequent mutations. Several investigators found JUN 
located at chromosome 1p32 to be amplified [41, 42, 84]. 
JUN is a transcription factor that has role in cell division. 
Such activation of proto-oncogenes, together with 
inactivation of tumor suppressor genes, may cooperate in a 
multistep series of critical events in the development of MM.

Taken together, MM results from the accumulation of 
numerous acquired genetic events, mainly chromosome 
deletions, indicating a multistep cascade involving the inac-
tivation of multiple TSGs. Future targeted therapeutic 
approaches have to take this into account and target down-
stream molecules or concomitantly several different signal-
ing pathways.

 The Molecular Signature of MM by Next-
Generation Sequencing

New techniques,  such as next-generation DNA sequencing, 
have enabled more precise definition of the cancer genome 
and identified tumor-specific rearrangements and mutations 
related to asbestos exposure. Exome sequencing revealed 
novel asbestos-related mutations in BAP1 and a frameshift 
mutation in NF2, along with MRPL1 (a gene encoding for 
mitochondrial ribosome), SDK1 (an adhesion molecule 

activated by reactive oxygen species), and COPG1 (a subunit 
of a protein complex involved in vesicular protein transport) 
[85]. This method also identified novel rearrangements; 
point mutations; large-scale, inter- and intra-chromosomal 
deletions; inversions; and translocations, disrupting gene- 
encoding regions, including kinases, transcription factors, 
and growth factors [86].

Extensive efforts of massively parallel sequencing and 
genome-wide screening comprising whole genome, exome 
[85, 87, 88], and transcriptome sequencing [89, 90] verified 
the earlier identified genetic alterations [87, 91] but also 
added novel mutations to the spectrum of mesothelioma- 
associated molecular signature such as cullin 1 (CUL1), an 
essential component of the ubiquitin ligase complex. 
Recurrent mutations have been seen at lower frequency in 
SF3B1 and TRAF7 in approximately 2% of the studied 216 
MPMs along with recurrent fusions and splice alterations in 
NF2, BAP1, PTEN, and 8 other genes. Although MM tumors 
showed a low protein-altering mutation rate compared to 
other cancer types, integrated bioinformatic approach 
identified several signaling pathway alterations including the 
Hippo pathway, mTOR, histone methylation, RNA helicase, 
and p53 [91].

The involvement of the Hippo pathway, TP53/DNA, and 
cell cycle regulators such as CDKN2A was repeatedly 
described. New elements of the MAPK pathway, including 
KIT and kinase insert domain receptor gene (KDR); several 
members of the PI3K-AKT pathway comprising PIK3CA/B, 
AKT, and mTOR; microRNA 31 (MIR31); semaphorin 5B 
gene (SEMA5); and serine/threonine kinase 11 gene (STK11) 
were all affected. For a comprehensive review, see [92].

Genetic variations of advanced-stage MM revealed two 
major pathways involving the p53/DNA repair and the PI3K- 
AKT pathways. Several elements of these pathways offer 
diagnostic, therapeutic, and prognostic information [93].

Genomic profiling of peritoneal mesotheliomas revealed 
recurrent alterations in BAP1, SETD2, and DDX3X [94]. The 
mutational spectrum of peritoneal mesothelioma is very sim-
ilar to the pleural one, but it occurs at different frequencies 
and is associated with prognosis [94, 95]. For instance, BAP1 
alterations are present in 85% of peritoneal and 20–30% of 
pleural tumors [94], whereas alterations in CDKN2A and 
NF2 are less frequent [96]. Homozygous deletion of 
CDKN2A and heterozygous loss of NF2 correlated with  
shorter progression-free and overall survival, and alterations 
in both had a cumulative effect [97]. In multicystic mesothe-
lioma, two fusion genes were identified by RNA sequencing 
corresponding to translocation t(7;17)(p12;q23) TNS3-MAP 
3K3 and t(8;11)(q23;p13) ZFPM2-ELF5, respectively [98].

Many of the molecular alterations detected in MM can 
also be found in other cancers, but their clustering and 
arrangement in distinct pathways with several perturbations 
in the same or parallel pathway delineate a complex pattern 
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of alterations that could at least partly explain why MM is 
such a therapy-refractory malignancy.

As the genomic landscape of MM is emerging, simultane-
ous occurrence of loss of several tumor suppressor genes and 
other genetic aberrations is obvious. Kato et al. found 116 dif-
ferent aberrations in 42 mesothelioma patients of which in 
median 3 (range 1–5) potentially actionable alterations were 
identified in each patient [99]. Moreover, the authors postu-
late that 96.6% of the studied individuals harbored at least 
one potentially targetable molecular alteration where an 
FDA-approved drug or therapies included in clinical trials 
were available. In mesothelioma no single driver mutation 
has been found, and many alterations cluster together; the 
variations are almost infinite, so each individual has a unique 
setting of alterations, motivating an individualized choice of 
treatment matched to the unique setup of genetic alterations 
for each patient.

Understanding of the molecular landscape of mesotheli-
oma and recognition of co-activation of several receptor 
tyrosine kinases such as epidermal growth factor (EGFR) 
and MET in a subgroup of mesothelioma patients [100] 
imply simultaneous targeting of several pathways that might 
render more effective treatments in the future. This also 
underscores the need for diagnostic molecular testing and 
biomarker-guided clinical studies and personalized treat-
ment strategies.

 Gene Expression Profiling
A significant number of studies have used gene microarrays to 
examine the gene expression profile of MM, comprising both 
mesothelioma-derived cell lines and patient samples, in the 
purpose of finding molecular fingerprints connected to differ-
entiation, diagnosis, prediction of treatment response, or prog-
nostication. Major pathways and molecular signatures were 
identified in this way, involving DNA damage, cell cycle regu-
lation, cytoskeletal organization, extracellular matrix compo-
nents, the ubiquitin-proteasome system [101, 102], redox 
regulation [103, 104], and regulation of apoptosis [105, 106].

Data from several experimental setups are converging and 
highlight the involvement of RARRES1, thioredoxin, and 
several members of the insulin growth factor (IGF) family in 
the development and differentiation of MM [101, 104, 107]. 
Retinoic acid receptor responder 1 (RARRES1) is a retinoid- 
regulated gene, frequently downregulated through DNA 
hypermethylation in several types of malignant tissues. 
Several reports have implicated RARRES1 as a putative 
tumor suppressor gene. Studies involving the re-expression 
of RARRES1 have also pointed to its tumor suppressive 
function, as it decreased the growth and greatly reduced the 
in vitro invasiveness of cancer cells [108].

Various elements of the redox system are differentially 
deregulated in MM, comprising the thioredoxin system and 
superoxide dismutase. Thioredoxin (trx) is a small ubiqui-

tous redox-active protein [109] originally discovered as a 
hydrogen donor to ribonucleotide reductase, an enzyme 
essential for DNA synthesis. This protein, present in human 
plasma, is secreted by normal and neoplastic cells via a lead-
erless secretory pathway [110]. It operates with the FAD-
selenoenzyme thioredoxin reductase (TR) and NADPH (the 
Trx-system) as an efficient general protein disulfide reduc-
tase system [109]. Mammalian TR is a homodimeric flavo-
enzyme with a selenocysteine, a FAD, and a functional 
dithiol/disulfide in each subunit [111, 112]. Trx binds to a 
variety of proteins and selectively activates the DNA binding 
of certain transcription factors, such as NF-κB and AP-1 
[113]. Trx stimulates cell growth and is an inhibitor of apop-
tosis. An increase in thioredoxin levels seen in many human 
primary cancers, unlike in normal tissues, appears to contrib-
ute to an increase in cancer cell growth and resistance to 
chemotherapy.

Distinct expression pattern signatures characterize the 
epithelioid and sarcomatoid tumor subtypes [101]. 
Sarcomatoid tumors contain elevated levels of growth factor 
receptors and associated binding proteins such as PDGF 
receptor β (PDGFRβ), fibroblast growth factor receptor 1 
(FGFR1), and transforming growth factor β1 (TGFβ1), 
whereas epithelioid mesothelioma cells overexpress tumor- 
promoting factors involved in differentiation, metabolism, 
and proteasome activation. Overall, the expression profile of 
the epithelioid cell line reflects a more differentiated tumor. 
The fibroblast-like cell line had a profile more commonly 
associated with growth factors and genes that may contribute 
to the particularly unfavorable prognosis of sarcomatoid 
tumors. These factors are present at significant levels also in 
patient samples and pleural effusions [114, 115].

 Epigenetic Alterations
Gene silencing by DNA methylation at CpG dinucleotides in 
promoter regions is a well-recognized mechanism of gene 
inactivation. Epidermal growth factor receptor (EGFR) and 
c-Met are often epigenetically modulated in mesothelioma 
[116, 117]. A characteristic epigenetic profile characterizes 
MM, corresponding to 387 (6.3%) hypermethylated genes. 
An integrated evaluation of epigenetic and genetic alterations 
revealed that 11% of heterozygously deleted genes were 
affected by DNA methylation in MM [118]. Others argue for 
a strong association between global genetic and global 
epigenetic deregulation in mesothelioma, rather than local 
correlation of gene inactivation [119].

 Classification and Morphology

MM may be restricted to a small area as a localized tumor, 
or it may involve the serosal membrane multifocally or 
grow in a diffuse manner. Four main morphological differ-
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entiation patterns are recognized: epithelial (tubulopapil-
lary and nonglandular or epithelioid), sarcomatous 
(including desmoplastic), biphasic (mixed), and poorly dif-
ferentiated (or undifferentiated). It has been stated that 50% 
of pleural and 75% of peritoneal diffuse malignant meso-
theliomas are of epithelial type [120]; 25% and 15%, 
respectively, are of biphasic or sarcomatous type; and the 
remaining cases are poorly differentiated or unclassifiable. 
Sufficient sampling, however, often shows both epithelial 
and fibroblastic components. Consequently, the proportion 
of mixed type increases with the amount of tissue available 
for diagnosis [121].

The clinical outcome of patients depends largely on the 
phenotype of the tumor. In pleural effusions, which are often 
the first diagnostic material, sarcomatoid tumor components 
are not recognized, and it has been debated if a correct 
diagnosis can be based on cytology alone. Modern diagnostic 
approaches, however, will make the accurate diagnosis 
possible in the majority of epithelioid and mixed-type MMs, 
involving a spectrum of adjuvant methods. The positive 
predictive value of such a cytological diagnosis is as high as 
of one obtained by histology [122] and therefore provides a 
sufficient basis for initiation of treatment. As described in 
published international guidelines [123, 124], the diagnosis 
cannot be based on routine morphology only and necessitates 
the use of ancillary techniques.

 Adjuvant Diagnostic Methods

The major diagnostic challenges for cytopathologists are the 
distinction between reactive mesothelium—so-called meso-
theliosis—and malignancy on one hand and between pleural 
epithelioid mesothelioma and metastatic adenocarcinoma 
involving the pleura on the other hand. The diagnostic accu-
racy can be improved by the use of a number of ancillary 
methods, including optimized immunocytochemical panels 
[125–128], electron microscopy (EM) [129, 130], molecular 
biology [48, 50, 83], and chemical analyses of soluble bio-
markers such as hyaluronan (HA) [131] and mesothelin [132].

 Immunocytochemistry

Immunocytochemistry (ICC) is the most established adju-
vant technique used to expand the diagnostic value of effu-
sion cytology. The vast number of different epitopes claimed 
to be more or less specific merely reflects the need for sup-
porting diagnostic adjuvant methods. Although ICC has been 
in use for more than two decades, new antibodies still add to 
the available reagent arsenal. Although different in different 
centers, the use of ICC in effusion cytology is well estab-
lished. Different antibodies/epitopes useful for these diag-

nostic situations have been thoroughly reviewed [126] and 
will be described elsewhere in this book.

Since most of the antibodies recommended for the dis-
tinction of MM from an adenocarcinoma are not completely 
specific for or against any of the diagnostic alternatives, the 
risk of an aberrant outcome of a single reaction necessitates 
further diagnostic support and the use of additional reac-
tions, which has developed into the use of variously sized 
immunocytochemical batteries. However, the risk for at least 
one reaction to be aberrant, and therefore confusing, 
increases with the number of reactions performed. This 
problem can be resolved on two principally different ways: 
when the case is analyzed with a larger number of ICC reac-
tions; the diagnosis can be based on a dominating reaction 
pattern. A more precise way is to use optimized batteries, 
where a limited number of defined antibodies have been 
evaluated and an interpretation algorithm defined. The statis-
tical power during such optimization of batteries is, however, 
limited by the size of the material. Thus, a histological mate-
rial containing 119 mesotheliomas and 57 adenocarcinomas 
allowed the calculation of a battery of 8 parameters [127]. A 
similar study based on effusions, including 36 mesothelio-
mas and 53 adenocarcinomas, allowed a similar battery of 3 
antibodies to be calculated [133]. The sensitivity of these 
batteries is limited; the latter based on ICC of effusions iden-
tifies around 50% of the mesotheliomas only. Combination 
of ICC with independent parameters, such as the concentra-
tion of soluble biomarkers, can be more successful. Thus, the 
addition of hyaluronan analysis to effusion ICC increased 
the sensitivity for MM to almost 80% [134]. This sensitivity 
is, however, not validated externally, and the true sensitivity 
when routinely used is probably somewhat lower.

ICC is a useful adjunct to the diagnosis of a MM, and a 
multitude of diagnostic markers may be helpful [135, 136]. 
There are, however, no sufficiently specific individual anti-
bodies that always will distinguish malignant from benign 
mesothelial cells. A common event when the mesothelial cell 
turns malignant is that it loses its expression of desmin, and 
loss of reactivity to this epitope is a sensitive marker for MM 
[137, 138]. Desmin is, however, since long known to be sensi-
tive to formalin fixation [139], and the use of this marker 
necessitates titrated antibody concentration and positive con-
trols. More recently, BAP1 immunocytochemistry combined 
with homozygous deletion of p16 by FISH analysis has been 
recommended as an alternative, yielding high specificity but 
low sensitivity [140–144].

Expression of EMA with membrane accentuation is use-
ful to differentiate MM from reactive mesothelium [137, 
138, 145, 146]. Such expressions can, however, occasion-
ally be seen in scattered reactive mesothelial cells. Other 
markers described to distinguish malignant from reactive 
mesothelium are IMP3, CD146, and Glut1 [147]. In case 
ICC will remain inconclusive as to the problem of malig-
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nancy, this can often be solved by ploidy analysis using 
FISH ([56, 148] see below).

 Electron Microscopy

The ultrastructural examination of cells recovered from effu-
sions adds diagnostic information to the distinction of MM. It 
is indeed a most reliable diagnostic tool and is sometimes 
considered the gold standard for this diagnosis [90]. The cri-
teria for malignancy and mesothelial origin of cells are well-
defined for epithelioid mesothelioma cells [81, 91]. Purely 
sarcomatoid and fibroblast-like tumor cells cannot be recog-
nized in the effusion, either due to lack of their exfoliation or 
because they lose their characteristic morphology and take a 
rounded epithelioid shape when in suspension. EM is errone-
ously considered to be a too expensive diagnostic tool. In 
fact, the cost is in the same order as a moderately sized set of 
immunocytochemical reactions. The preparation of the mate-
rial, however, is time- consuming, and the examination often 
takes 2–3 weeks with standard preparation procedures.

To make this analysis a useful diagnostic tool, it is neces-
sary to have the cells adequately fixed. Therefore, to have the 
possibility to use electron microscopy on demand, material 
should be taken care of already when the fresh effusion is 
centrifuged to prepare routine smears. One aliquot of the cell 
pellet is then directly transferred to a glutaraldehyde- based 
EM fixative and kept at 4oC until further processing. Because 
of the time needed, the ultrastructural examination is best 
performed as an adjuvant analysis, when routine morphol-
ogy and immunocytochemistry raise the suspicion of meso-
thelioma without allowing a definite diagnosis.

 Criteria Indicating Malignancy
It is important first to establish that there is a malignant con-
dition, i.e., that the examined cells are neoplastic and not 
reactive. Ultrastructural criteria for malignancy include those 
in effusion cytology (as seen in light microscopy of the 
semithin sections), together with some entirely ultrastructural 
ones. Thus, ultrathin sections of MM often show cells with 
nuclei that are highly irregular and carry large nucleoli 
(Figs. 11.1 and 11.2), changes that sometimes can be seen 
already in the glutaraldehyde-fixed and plastic-embedded 
semithin sections stained with toluidine blue. These nuclear 
irregularities are more pronounced than can be seen in 
routine Giemsa- or Papanicolaou-stained smears, and they 
are even more apparent in the ultrathin sections, with deep 
indentions of the nuclear envelope.

The ultrastructural criteria for malignancy, analyzing an 
effusion cell pellet from a mesothelioma, are mainly based 
on the presence of cell groups. One of the major criteria for 
malignancy is the finding of neolumina (Fig. 11.3). A neolu-
men is a vesicular structure formed by an apical cell mem-

brane (best characterized by presence of microvilli). These 
can be found in basolateral location, limited by two adjacent 
cells, or as an intracellular vesicle. In both cases, it repre-
sents a disordered organization of the cytoplasmic mem-
brane, and this is considered a specific sign of malignancy, as 
long as oblique sectioning of tumor tissue surface can be 
excluded. The irregular occurrence of basement membrane-
like material within the group is a similar indication of dis-
turbed organization in a malignant tumor.

Fig. 11.1 Light microscopy of a plastic embedded papillary mesothe-
lioma fragment from an effusion. The irregular cell nuclei contain mac-
ronucleoli. Note also the villi surrounding the cells, here merely seen as 
a haze

Fig. 11.2 Groups of malignant mesothelioma cells, showing highly 
irregular nuclei, some of which contain large nucleoli
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The ultrastructural examination sometimes also reveals 
the presence of specific markers for epithelial tumors, such 
as secretory granules in adenocarcinoma cells. Such findings 
definitely indicate malignancy, and at the same time, they 
exclude that this is a malignant mesothelioma.

An ultrastructural diagnosis of malignancy can be diffi-
cult when the tumor cells are dissociated without presence of 
cell groups. The diagnosis must then be obtained in other 
ways, ploidy analysis by FISH (see below) often being an 
accurate way to solve this diagnostic dilemma.

 Criteria Indicating Mesothelial Origin  
of Tumor Cells
The ultrastructure of the MM cell has been known for 
decades [129, 149]. One problem, however, is that an acti-
vated benign mesothelial cell may develop similar character-
istics, although most often not to the same extent. In the 
individual case, this may cause considerable interpretation 
problems, and it is therefore important that the malignant 
nature of examined cells is beyond any doubt.

Already in semithin sections, light microscopy of these 
well-fixed tumor cells can show a broad zone of microvilli at 
the cell membrane (Figs.  11.1 and 11.4), indicating their 
mesothelial origin. Furthermore, common cytological 
criteria such as raspberry-like and poorly coherent tumor cell 
groups indicate that the tumor is a mesothelioma.

The groups of epithelioid mesothelioma cells show  
desmosomes between adjacent cells, excluding artificial cell 

cohesion (Fig. 11.5). The tumor cell cytoplasm often contains 
glycogen deposits (Fig.  11.6), and microtubule typically 
surrounds the nucleus like a scarf (Fig.  11.7). The most 
important diagnostic findings are associated with the cell 
membrane. The typical microvilli of a mesothelioma cell are 
numerous and slender (Fig.  11.4). They lack core rootlets 
and have an appearance of long jelly snakes rather than stiff 
rods, the latter being more typical of an adenocarcinoma. 
Particularly, when these slender villi are packed between two 
adjacent cells (Fig.  11.3), this indicates a neolumen 
diagnostic of MM.

It is important also to look for the presence of the glyco-
calyx at the cell membrane. Presence of this is diagnostic 
for an adenocarcinoma (Fig.  11.8), whereas a malignant 
mesothelioma cell should have a smooth “denuded” 
surface.

When using electron microscopy as an adjuvant to incon-
clusive effusion cytology, we could correctly suggest a 
malignant diagnosis in 77 (53%) out of 146 malignant cases 
with no false positives (Table  11.1), while the remaining 
47% remained inconclusive, mainly because of the lack of 
preserved diagnostic cells. A correct distinction between 
mesothelioma and adenocarcinoma could be possible in all 
cases with diagnostic material.

For further reading, see [150, 151].

 Molecular Biology

One way to establish a malignant condition in an effusion 
cell pellet is the determination of ploidy by fluorescence in 
situ hybridization (FISH). A commercially available kit, 
Urovysion® (Abbott), contains three centromeric probes 
specific for chromosomes number 3, 7, and 17 and one probe 
labelling the 9p21 band, containing the locus for p16. The kit 
vas originally presented as a tool to diagnose urothelial can-
cers. When applied to effusion cytology [148] and with the 
interpretation algorithm presented by the manufacturer (at 
least four cells with gains of at least two chromosomes or 
homozygous deletion of the 9p21  in at least 12 cells), this 
could correctly identify 49 out of 50 cancers as aneuploid 
with no false-positive reaction (Fig. 11.9).

Two interpretation problems can appear when using this 
test in clinical routine. The first is when the signals from 
one probe appear as a group of dots. This is most likely a 
“signal split” from a single target sequence due to degen-
eration and should not be taken as an indication of chromo-
somal gain. A second problem relates to tri- and 
tetraploidization during the S and G2 phases of the cell 
cycle. Reactive mesothelium is characterized by an 
increased number of proliferating cells, i.e., cells duplicat-
ing their chromosomes. These cells are hyperchromatic 

Fig. 11.3 Neolumina containing slender microvilli in a papillary 
mesothelioma fragment

K. Dobra and A. Hjerpe



267

with the DAPI stain and are often selected for counting of 
signals. A general finding of 3–4 signals from all three cen-
tromeric probes and from the 9p21 probe most likely repre-
sents a reactive condition. Cautious interpretation, with the 
possibility of reactive tetraploidization in mind, will, how-
ever, solve many of these cases.

The second criterion for malignancy, homozygous dele-
tion of the 9p21 band, is easier to define when present. Of 

interest in this context is that 12 out of 21 MM presented 
with homozygous deletions of 9p21, while this only was 
seen in 2 out of 29 cancers of other origin (Fig. 11.10). This 

Fig. 11.4 Mesothelioma cells (left) have long slender microvilli, while those in adenocarcinoma (right) are fewer and more rigidly straight

Fig. 11.5 One typical finding in mesothelioma fragments recovered 
from an effusion is the presence of desmosomes, joining the tumor cells

Fig. 11.6 Raspberry-like papillary group of mesothelioma cells rich in 
electron-dense glycogen deposits
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is in line with previous studies by Knuutila S and coworkers 
[41]. In fact, their results indicate that deletions in this region 
are even more common in mesothelioma. The minimal size 
of the deletions may, however, be much less than the 200 kB 
covered by the commercial probe.

 Soluble Biomarkers for Mesothelioma

MM represents a group of tumors that is unique in many 
aspects. The biology of the mesothelium, with its intermedi-
ate differentiation pattern in between epithelial and mesen-
chymal phenotypes, is also reflected immunocytochemically 
and biochemically (see the above paragraph on 
immunocytochemistry).

Several attempts have been made to use possible chemical 
fingerprints of these tumors to establish the diagnosis, pre-
dict prognosis and sensitivity to drugs, and follow effects of 
a given treatment. In clinical practice, only a few such bio-
chemical markers have been established for diagnostic use, 
while attempts to predict drug sensitivity are still under 
development. The diagnostic biomarker analyses have been 
performed either on sera/plasma or on effusions, as an adju-
vant to cytology.

The most natural way for biomarkers to enter the effusion is 
by secretion directly from the tumor cell, by disintegration of 
tumor cells, or indirectly as a result of paracrine stimulation of 
the tumor stroma. Biomarkers may be secreted directly to the 
bloodstream, and those present in the effusion will also reach 

the blood via the pleural stomata, which drain the effusion 
fluid to the lymphatic system. The concentration of biomarkers 
in the two kinds of fluids depends on both the rate of synthesis 
and the rate of elimination. Generally, the concentration of 
such a biomarker is 10–100 times higher in the effusion than in 
serum, indicating that the transport via pleural stomata is more 
important than direct secretion into tumor blood vessels.

Case studies and genome-wide screenings have identified 
several biomarkers associated with MPM. Some of the more 
scrutinized to date are hyaluronan (HA), mesothelin, and 
osteopontin (OPN). The first diagnostic marker shown to 
have importance for the diagnosis of MM was HA (previ-
ously named “hyaluronic acid”). Several authors have 
described high HA concentrations in effusions associated 
with MM [152, 153]. HA is a linear glycosaminoglycan com-
posed of repeated N-acetyl glucosamine-glucuronic acid 
disaccharides, and it interacts with various extracellular and 
intracellular components. The chain is synthesized in the cell 
membrane by any of three HA synthases. The released mac-
romolecule is water soluble, which makes it difficult to dem-
onstrate by immunocytochemistry.

It has been discussed whether the elevated levels seen in 
mesothelioma effusions relate to synthesis by the tumor cells 
themselves or if there is paracrine stimulation by PDGF, 
increasing HA synthesis by tumor stromal fibroblasts. 
Staining with alcian blue before and after treatment with 
Streptomyces hyaluronidase definitely indicates synthesis by 
the tumor cells, but both alternatives are possible and may 
work side by side [154, 155].

In effusions, HA is best demonstrated by biochemical 
means. The analysis became available for routine analysis 
with the use of a simple ion suppression HPLC separation 
following enzymatic digestion of precipitated glycosamino-
glycans [131, 156]. The sensitivity of this analysis allows 
accurate determinations based on HA in effusions, while the 
concentration of this compound in serum often is too low. 
Later techniques, employing HA-binding proteins [157], 
have improved the sensitivity to enable also analysis of blood 
samples. These reagents are now commercially available. A 
limitation of using this latter method for the analysis of effu-
sions is, however, that the reagents in few cases may cross-
react with some bacterial sugars, particularly in connection 
to bacterial pleuritis, causing false-positive results. When the 
analysis is combined with simultaneous measurement of 
mesothelin, acting as a marker of malignancy, the combina-
tion of these two biomarkers yields high specificity [158].

Since completely dry HA standards are difficult to pre-
pare, the concentration is sometimes expressed as HA-derived 
uronic acid per volume. Such value in an effusion exceeding 
75 μg/mL, corresponding to 150 μg/mL of “dry” HA (with-
out crystal water), is a strong argument in favor of a MM 
[131]. The standards provided in the commercial kits are 
given as concentration of “wet” HA, corresponding to a cut-
off around 230 μg/mL. Such diagnostic values are seen in 

Fig. 11.7 The perinuclear area of mesothelioma cells contains micro-
filaments, oriented parallel to the nuclear envelope
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50–60% of MM. In case the thoracocentesis is repeated, HA 
concentrations tend to be lower in the second sample when 
this is obtained within a few weeks. It seems as if the fluid 
and HA enter the pleural cavity at different rates.

Attempts have also been made to trace HA in serum. The 
diagnostic utility, however, seems to be less. This can be 
related to two circumstances. First, HA can enter the blood-
stream in other conditions, such as inflammation [159] or 
liver cirrhosis [160]. Secondly, the turnover of HA in the 
serum is fast, half of the amount being eliminated within a 
few minutes [161]. Despite this, results have indicated that 
the serum concentration reflects the tumor burden, when fol-
lowed over time, and it has been suggested that serum HA 

content can be used to follow the effects of treatment given 
[162].

Mesothelin/ERC is a membrane-bound precursor protein 
that more recently has been presented as a possible marker 
for MM [132]. The newly synthesized mesothelin/ERC is 
transported to the cell membrane, where it sheds a 31  kD 
fragment (N-ERC, also called megakaryocyte potentiating 
factor, MPF), the remaining 40 kD C-ERC fragment persist-
ing in the cell membrane, where it normally is involved in 
cell signaling and cell adhesion and responsible for binding 
to the cancer antigen CA 125 [163]. In addition, mesothelin 
also presents as various splice variants, including soluble 
mesothelin-related protein (SMRP).

Fig. 11.8 The cell membrane on adenocarcinoma cells (right) is often covered with glycocalyx, while that of mesothelioma cells (left) is smooth, 
devoid of such precipitates

Table 11.1 Outcome of electron microscopy (EM) diagnosis on effusion cell pellets in 295 cases with inconclusive routine cytology

EM diagnosis
Benign or inconclusive MM ADCA Total

Final diagnosis Benign 149 0 0 149
MM 31 38 0 69
ADCA 38 0 39 77
Total 218 38 39 295
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Both ERC fragments have been proposed as biomarkers, 
although their occurrence in the effusion may be of different 
diagnostic value, and they are both commercially available 
as ELISA tests. While HA seems to be specific for MM, 
some other cancers, such as ovarian and pancreatic carcino-
mas, also produce mesothelin. The first available set of 
reagents “Mesomark” will label the C-ERC fragment and 
perhaps also SMRP. Other necessary concerns when using 
ERC as biomarker is the risk for elevated values in patients 

with renal failure [164]. Thorough studies showed that levels 
exceeding those in benign effusions are found in 84% of 
patients with mesothelioma [132]. The positive predictive 
value is high, but ERC is expressed also in some other can-
cers, and the same study reports high values in 2% of patients 
with other malignancies. When the test was performed on 
blood samples preceding the mesothelioma diagnosis, the 
average level was somewhat elevated, although only 15% of 
the samples showed diagnostically high values [165].

ELISA reagents demonstrating the shed N-ERC peptide 
are now also commercially available. As a diagnostic bio-
marker for mesothelioma, the N-ERC fragment performs 
similar to C-ERC [166], both when analyzing effusions and 
serum. As can be anticipated, these two reactions correlate 
closely when analyzing effusions (Fig. 11.11), with a margin-
ally better performance of the N-ERC peptide [158]. There is, 
however, a principal difference in the mechanism for how the 
two ERC fragments reach the effusion, and their respective 
diagnostic importance may differ when analyzing effusions 
and sera. Analysis of the mesothelin peptides have also been 
recommended as a way of following changes in the tumor 
burden, i.e., as a tool to monitor the effects of given therapy.

Osteopontin (OPN) is a phosphoglycoprotein that is nor-
mally expressed by different cell types. It facilitates cell- 
matrix interactions by binding the HA receptor CD44 and 
various integrins. As a biomarker, OPN has not only been 
associated with MM, as well as carcinomas in the breast, 
lung, colon and prostate, but has also been shown to be 
upregulated in other diseases, such as psoriasis. OPN has 
been recommended as a biomarker to diagnose mesotheli-
oma. The sensitivity for detecting mesothelioma or moni-
toring tumor burden over time varies in different reports 
[167, 168].

Other suggested biomarkers for the diagnosis of mesothe-
lioma include calretinin [169], WT1 [170], trx1, syndecan-1 
[170–172] and syndecan-2 [173], intelectin-1 [174], and 
high mobility group box protein-1 (HMGB-1) [175]. The 
TXN gene, which codes for the 12 kDa  redox- enzyme Trx1, 
is upregulated in mesothelioma cell lines, and the protein is 
readily stained in sections from this tumor [176]. The 
Syndecans constitute a four-member family of transmem-
brane proteoglycan co-receptors, associated with a multitude 
of functions such as differentiation, adhesion, migration, and 
proliferation. Syndecan-1 (CD138) is more abundant in dif-
ferent cancers, especially in epithelial tumors, while syn-
decan-2 seems to dominate in mesotheliomas. The 
concentration of these proteoglycans also depends on the 
rate of secretion, which is the result of enzymatic shedding 
of the extracellular domain. The shed syndecan-1 ectodo-
main differentiates malignant conditions in effusion fluid 
from reactive hyperplasia and inflammation, and it carries 
also prognostic information [177].

At present, there are a few established biomarkers for 
MM. Particularly, HA and mesothelin seem to be diagnos-

Fig. 11.9 Highly aneuploid cells in effusion shown by the Urovysion® 
FISH test (Red = chromosome 3 centromere, green = chromosome 7 
centromere, blue = chromosome 17 centromere, yellow = 9p21 band)

Fig. 11.10 Mesothelioma cells lacking both yellow signals, indicating 
homozygous deletion of the 9p21 band (Urovysion® FISH test)
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tically most useful. To incorporate the information from 
multiple markers is a strategy to improve diagnostic sensi-
tivity. The levels of these two markers however seem to 
correlate, and their combination will only give a minor 
improvement in sensitivity compared to the respective 
single analyses. The specificity will, however, be 
improved, more or less eliminating the problems with 
cross-reactivity that is sometimes seen in bacterial pleuri-
tis [158].

The development of additional biomarkers could be one 
way toward obtaining the mesothelioma diagnosis at a stage 
early enough to change its poor prognosis. Broad screening 
strategies, studying gene expression and proteomics pat-
terns, can be one way to find new possible markers. Based on 
proteomic screening galectin 1, aldo-keto reductase 1B10, 
and apolipoprotein C-I were identified as potential prognos-
tic biomarkers for MM [178]. Another promising example is 
Tenascin-X, which is overexpressed in mesotheliomas [179]. 
The diagnostic value of such compounds awaits biochemical 
validation in effusions or serum.

When these analyses are used to screen effusions, it will, 
together with routine cytology and other ancillary analyses, 
quite often allow an accurate mesothelioma diagnosis 
already with the first effusion. Still the number of cases rep-
resenting early disease remains highly limited, indicating 
that an effusion, in fact, is a sign of a more advanced dis-
ease. The detection of a mesothelioma early enough to 
improve the chance for curative treatment would need the 
screening of blood samples, employing new biomarkers, yet 
to be defined.

 How to Combine These Adjuncts 
in Diagnostic Cytopathology

This paragraph describes one way to handle the material to 
optimize the possibilities for reaching a conclusive 
mesothelioma diagnosis.

If possible, the effusions should be sent without fixatives 
to the laboratory. In most cases, viable cells can be grown out 
in cell cultures and are suitable for drug sensitivity testing. 
Thus, handling of effusion without fixatives can be 
recommended when transport to the laboratory takes less 
than 48 h. It is then important that the fluid is particularly 
labeled when the patient has infectious disease such as 
hepatitis or HIV.

In the laboratory, the material should be taken care of 
without delay. In cases with the abovementioned biohazards, 
formalin fixation for 24 h at 4°C will inactivate possible viral 
contents. Such fixation will, however, interfere with some 
ancillary analyses. In case the sample is bloody, one aliquot 
is hemolyzed, preparing both this and non-hemolyzed cell 
pellets for subsequent morphology. Routine preparations can 
then be made by any of the commercial liquid-based 
techniques or just as a conventional smear of a cell pellet. In 
all cases an aliquot of the fresh cell pellet is directly 
transferred to a glutaraldehyde fixative to allow electron 
microscopy if needed. When there is a clinical suspicion of 
mesothelioma, it can be wise to analyze the effusion 
supernatant for biomarkers. In case the material has been 
fixed in formalin, its HA content can still be analyzed, 
providing the ethanol precipitate is carefully washed to 
remove free aldehydes.

When cell morphology indicates a malignancy that could 
be a mesothelioma, a limited ICC battery (calretinin, Ber-Ep4 
or MOC31, EMA, desmin or BAP1, and monoclonal CEA or 
WT1) will distinguish most mesotheliomas from secondary 
cancers. When four of the five ICC reactions and the 
biomarker analysis are in favor of a mesothelioma, then a 
mesothelioma is the most probable diagnosis. Including 
epitopes such as TTF-1 and PAX8 can, of course, expand the 
limited ICC battery mentioned here. In case the ICC is 
inconclusive, the analysis of soluble biomarkers such as HA 
and mesothelin [158] can be helpful.

In malignant cases where the tumor type still is equivocal, 
the true diagnosis can in many cases be reached by electron 
microscopy of the cell pellet. When the routine cytology is 
inconclusive regarding malignancy, then a FISH analysis 
will in most cases be helpful. The above battery of ancillary 
techniques can then be used to specify tumor type.

This diagnostic approach will allow the diagnosis of a 
mesothelioma in most cases, based on effusion material. The 
sensitivity is in these cases mainly limited by the 
cytopathologist’s awareness for the possibility of a 
mesothelioma. Therefore, sensitivity will be further improved 
if the analysis of HA concentrations is performed on all 
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Fig. 11.11 Hyaluronan and N-ERC concentrations in effusions corre-
late, i.e., to a large extent, they detect the same mesothelioma cases. 
Their combination in a battery will improve the test to a limited extent

11 Malignant Mesothelioma



272

effusions. In those few cases where the diagnosis is still 
inconclusive after immunocytochemistry, FISH, and 
biomarker analyses, the material taken for electron 
microscopy may provide the necessary basis for diagnosis.

These ancillary analyses will not allow a specific diagno-
sis in every case, and biopsies for histopathology will then 
be needed. The techniques can, however, enable a correct 
diagnosis of a MM in a majority of cases, and this is possi-
ble already with the first effusion drawn from the patient 
[180].

 Further Developments of Ancillary Analyses

 Predictive Biomarkers

A predictive biomarker will give information if a defined 
prerequisite for a therapy is at hand. Among predictive bio-
markers, supporting choice of therapy, positive immuno-
histochemical reaction for the death receptor pathway 
(PD-1/PDL1) is associated with a greater likelihood of 
response to immune checkpoint inhibitors in various can-
cer types. PD-L1 is present in up to 63% of both pleural 
and peritoneal MM (range 5–80%) [181, 182], and it asso-
ciates to higher extent to non-epithelial phenotype and poor 
prognosis [181, 183]. Moreover, the lymphocytes present 
in MM effusions induce the PD-L1 expression of tumor 
cells and render them sensitive to anti-PD-L1 antibody 
treatment [182].

Several clinical trials are ongoing [184, 185], and in a 
recent nonrandomized study (KEYNOTE-028) using 
Pembrolizumab, a PD1 inhibitor, the overall radiological 
response rate was 20% in MM according to the modified 
RECIST criteria which together with 52% stable disease 
resulted in 72% disease control [186]. An optimized com-
bined integrative strategy of different treatment modalities 
might be even more effective as sensitization of MM by radia-
tion therapy and/or chemotherapy [187, 188] may give com-
plementary immunological benefits that enhance the 
antitumor response. Radiation therapy may itself be immuno-
modulatory and maximize tumor immunity, as it upregulates 
the tumor-infiltrating lymphocytes (TILs) and low-dose irra-
diation can program macrophage differentiation and potenti-
ate T-cell-mediated immunotherapy [189]. Apart from 
effusions, in a recent study, material from fine needle aspira-
tion was also successfully used for flow cytometry to provide 
a diagnostic tool for immunophenotyping MMs with regard 
to the presence and activation of T-cell lineage and biomarker 
assessment for immunotherapy [190].

Predictive markers involved in the uptake or effect of vari-
ous drugs may offer help to further individualize therapy. 
Thus, thymidylate synthase (TS) [191], glycinamide ribonu-
cleotide formyltransferase (GARFT), and dihydrofolatreduc-
tase (DHFR) have been suggested as predictors of response to 
pemetrexed [192], although results are divergent in this 

respect. Similarly, excision repair cross complementation 
group 1 (ERCC1) and copper transporter 2 (CTR2) are sup-
posed to predict sensitivity to platinum drugs, but these are 
not yet routinely used [193]. Our recent PD-L1 testing reveals 
similar frequency of PD-L1 positivity in pleural effusions as 
previously reported for histological sections [194].

 In Vitro Analysis of Drug Sensitivity
An alternate way of individualizing therapy is to isolate 
cells from the individual tumor and test their reaction to dif-
ferent drugs in primary cultures. This is possible in most 
cases when the effusion is obtained unfixed. Such in vitro 
testing of drug sensitivity of mesothelioma cell cultures has 
indicated considerable variability from one patient to 
another [195]. The development of high-throughput systems 
for such testing is also a prerequisite for simultaneously 
testing a sufficient number of drugs to provide meaningful 
guidance for designing therapy [196–198]. One problem 
with such analyses is the varying admixture of different 
benign cells in the effusion, cells that also react to the drug 
exposure. Tumor cell-specific determination of drug sensi-
tivity is possible by FACS analysis or magnetic separation 
of these cells. Although very promising, such techniques 
need further optimization before they can be applied to clin-
ical samples.

 Genome-Wide Screening Combined 
with Biological Chemotherapy Response Profiles
Chemosensitivity testing combined with genome-wide anal-
ysis of cells derived from pleural effusions has the potential 
to improve the basis for rational selection of personalized 
treatment options. A high-throughput drug screen using a 
panel of targeted therapeutic agents was combined with 
extensive whole exome sequencing and transcriptome profil-
ing of pleural MM cell lines and primary early passage lines. 
A subgroup of mesotheliomas demonstrated high sensitivity 
to FGFR inhibition. Loss of BAP1 could be associated with 
this sensitivity, being a potential biomarker for FGFR inhibi-
tor efficacy [199].

In a recent study, a novel resistance signature to peme-
trexed/carboplatin treatment was established by microarray 
analysis [200]. In another study, the microarray data revealed 
that the mitotic spindle assembly checkpoint pathway was 
most significantly altered. This analysis was followed by cell 
viability assays to assess sensitivity to specific small mole-
cule inhibitors targeting microtubules and a nontaxane small 
molecule inhibitor, epothilone B. Targeting the microtubules 
was identified as a potential therapeutic approach [201].

The increasing number of actionable mutations and 
expanding number of experimental drugs warrant further 
improvement of response prediction. As a consequence, mul-
tiple biological pathways have to be integrated with drug 
sensitivity prediction algorithms [202, 203]. To convert these 
in vitro data to clinically reliable drug predictions requires 
accurate validation, in a prospective and randomized setting. 
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A major challenge is to find optimal drug sensitivity 
algorithms and to match therapeutic interventions to the 
individual genomic context of each patient.

 Treatment Options

Traditional strategies for the treatment of MM include sur-
gery, radiotherapy, and chemotherapy. Single modality 
therapy using traditional approaches alone has failed to 
improve patient survival compared to supportive care. 
Multimodality approaches, in particular, cytoreductive sur-
gery (pleuropneumonectomy), followed by sequential che-
motherapy and radiotherapy, are more promising [204], 
especially for patients with epithelioid histology, negative 
resection margins, and no metastases to extrapleural lymph 
nodes.

During the past two decades, much effort has been 
invested in using gene therapy in preclinical and clinical 
settings. These trials have been safe but had only intermittent 
effect. Gene transfer was achievable, but with the currently 
available vectors, only a small proportion of tumor cells 
could be affected [205–207].

Many cases of MM are diagnosed late during the disease, 
and radical surgery is only possible in about 10% of cases. 
Chemotherapy is in these cases the main therapeutic option. 
However, the advanced tumor stage makes these tumors gen-
erally highly resistant to chemotherapeutic agents [208]. 
This may be related to overexpression of detoxification pro-
teins associated with drug resistance [209, 210], yet the 
mechanisms by which resistance occurs are still poorly 
understood. Defects in apoptotic signaling also account for 
much of the therapy resistance of mesothelioma, comprising 
various members of the antiapoptotic Bcl-2 family [211] and 
inhibitors of apoptosis IAP family such as XIAP, IAP1, 
Survivin, and Livin [212–215].

About 40% of the patients can be expected to respond to 
the combination of pemetrexed and cisplatinum [216], and 
similar results can be obtained by combining liposomized 
doxorubicin, carboplatin, and gemcitabine [217]. Use of pre-
dictive markers and in  vitro testing of chemosensitivity in 
primary mesothelioma cell cultures could provide opportuni-
ties for a more individualized choice of drugs, but this has 
not yet been established in clinical routines.

 Targeted Therapy and Clinical Trials

The key regulators involved in the biology of mesotheli-
oma all contribute to a better understanding of molecular 
mechanisms, which may be used to tailor personalized tar-
geted therapies. During the past decade, several high- 
throughput analytical methods for gene expression 
profiling have been applied in the field of mesothelioma 
research to select groups of genes able to predict the prog-

nosis of the patients and their response to chemotherapy. 
Together with the analysis of specific predictive markers 
and in vitro testing of resistance patterns, these technolo-
gies provide an opportunity to refine the antineoplastic 
treatment.

A multitude of novel treatment strategies are currently in 
clinical trials for mesothelioma [218, 219], comprising 
immunotherapy, vaccines, and targeted therapy [184, 185, 
220, 221]. Among others, several angiogenesis inhibitors are 
tested as first-line or second-line treatment [222]. Targeted 
treatment options require accurate selection of patients, and 
they will be successful only for a subset of patients [223]. 
These clinical trials demonstrate the need for more effective 
treatment for mesothelioma patients and that apart from the 
standard treatment option there might be other more effective 
combinations for the individual patient. Recent studies also 
indicate that treatment outcome might be predicted by bio-
markers [224, 225].

Future treatment options are preferably based on rational 
drug combinations that target various pathways. Molecular 
fingerprints of MM provide a rationale for targeted 
interventions, some of which are already under evaluation as 
new potential therapeutic options for mesothelioma patients. 
Approaches based on inhibitors of the ubiquitin-proteasome 
pathway and of histone deacetylases share the ability to 
modulate a wide variety of pathways and are currently 
investigated for management of MM. These targeted therapy 
approaches had so far failed or had only modest effect on 
patient outcome, the most likely cause of treatment failure 
being unselected patients and high toxicity.

Growth factor receptors, ligands, and intracellular effec-
tors, in particular vascular endothelial growth factor (VEGF) 
signaling, are also intensively studied, due to the involve-
ment of this pathway both in tumor angiogenesis and auto-
crine stimulation of mesothelioma cell growth [226]. A 
recent randomized phase 3 clinical trial showed prolonged 
survival in patients treated with bevacizumab in addition to 
standard chemotherapy [227].

 Prognosis

The prognosis of MM varies greatly because of differences 
in growth potential and difficulties in obtaining an early 
diagnosis. High degree of chronic stromal inflammation 
correlates with improved prognosis and prolonged survival 
to 19 months versus 14 months [228]. Independent indica-
tors of poor prognosis include male gender, disease stage, 
non- epithelial cell type, poor performance status, anemia, 
leukocytosis [229], and increased angiogenesis, assessed by 
microvessel density [230].

Differentiation into epithelioid and sarcomatoid pheno-
types seen in routinely stained histological sections remains 
one of the best predictors of survival time. Markers of meso-
thelial phenotype such as WT1 [231]; high calretinin and 
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podoplanin (D2-40) expression [232]; elevated HA content 
in pleural effusion [233, 234]; epithelial markers comprising 
E-cadherin [19] and syndecan-1 [171]; the presence of cell 
membrane molecules such as EGFR [235], c-MET [236], 
tetraspanin (CD9) [237], CD26 [238], and CD74 [239]; high 
cytoplasmic expression of ILK and PTEN; as well as high 
nuclear expression of p21 and p27 [236, 240] are all associ-
ated with good prognosis. In contrast, mesothelin [168, 241, 
242], osteopontin [168, 243, 244], fibulin-3 [245], and cave-
olin-1 [246] indicate poor prognosis. Elevated levels of cyto-
kines and growth factors are generally associated with poor 
prognosis, comprising CD34 [247], FGF-2 [114], serum 
VEGF [248], and serum Ang-1 [249], as well as DNA repair 
and chemotherapy response-related proteins such as excision 
repair cross-complementing group 1 (ERCCC) [225], thymi-
dylate synthase (TS) [250–252], and class III β- tubulin 
[224]. For a comprehensive review of prognostic factors in 
MPM, see [253].

Apart from histological subtypes, stage, and clinicopatho-
logic characteristics, loss of tumor suppressor genes and the 
molecular signature of MM are also important and shows a 
gender-related profile. Thus, CDKN2A is more often repre-
sented in non-epithelioid MMs, particularly in men, and it 
correlates with shorter overall survival [53], whereas TP53 is 
more often mutated in women. A subgroup of patients that 
has a strikingly long survival is most often of female gender 
and has a peritoneal localization of their tumor.

Regardless of the type of therapy used, MM is almost 
invariably a fatal disease, the 5-year survival rate being esti-
mated at less than 5% [254]. However, some patients survive 
several years without treatment [255]. The average survival 
of patients with MM is, however, only modestly improved by 
today’s chemotherapy regimens, and patients responding to 
treatment have the longest survival time [256].

Interestingly, our ongoing evaluation of the mean survival 
following treatment of patients with cytologically diagnosed 
MM is longer than those with epithelioid and mixed-type 
MM diagnosed by histology [257]. The improvement is 
independent of other clinical parameters or asbestos expo-
sure, and it seems that cases detected by cytology include 
less aggressive tumors.

Survival after multimodality treatment, involving radical 
surgery, intensive postoperative radiotherapy, and chemother-
apy, is reported to be considerably longer. This is, however, 
only possible in less advanced cancers, and an improved sur-
vival is not definitely proven. Future possibilities for targeted 
and individualized therapies may fundamentally improve the 
possibility to treat mesothelioma patients, but the complex 
molecular feature and rarity of MM require multicenter stud-
ies, biomarker-based well-defined selection criteria, and joint 
efforts to gain sufficient insight and statistical power for a 
more successful therapy.
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Cancer of Other Origin

Ben Davidson

 Introduction

The previous chapters in this section discussed our current 
knowledge of the biology and clinical relevance of lung, ovar-
ian, and breast carcinoma metastasis in serous effusions, with 
similar analysis of the native cancer of the serosal cavities, 
malignant mesothelioma. As discussed in Chap. 7, a vast array 
of malignant tumors may additionally be diagnosed in serous 
effusions. The majority of these cancers are highly aggressive, 
and their detection in effusion specimens precludes any cura-
tive approach, underscoring the need to better characterize 
them with respect to the presence of potential molecular tar-
gets. However, the rarity of the majority of these entities has 
undoubtedly contributed to the scarceness of research aimed at 
better understanding their biology and improving therapy. The 
only obvious exception is cancer originating in the gastroin-
testinal (GI) tract, which has been the subject of a relatively 
large number of publications. This chapter will consequently 
focus on these tumors, followed by a brief discussion of the 
few published investigations of malignant melanoma and sar-
comas in effusions. New diagnostic markers that are useful in 
the diagnosis of these cancers by immunohistochemistry are 
discussed in Chap. 7.

 GI Cancers

The sites of origin for gastrointestinal cancers disseminating 
to effusions are the stomach, pancreas, liver, biliary tract, col-
orectum, and esophagus. With the exception of colorectal car-
cinoma, all these organs give rise to highly aggressive tumors, 
which are associated with very poor 5-year survival, often in 
the range of 5–10% [1–9]. Not unexpectedly, the detection of 

carcinoma cells from these organs in effusions marks a subset 
of patients with a still worse outcome within this patient group 
[10–22]. The epidemiology of these malignancies and their 
clinical features are briefly discussed in Chap. 7.

While cancers originating from the GI tract are biologi-
cally different, two or more types have been analyzed 
together in several studies, making it logical to discuss these 
tumors as one group, focusing on a single site of origin where 
relevant. Generally, studies of GI tract cancers have focused 
on three issues:

 1. Improving the diagnosis, especially in the differential 
diagnosis from benign effusions in conditions mimicking 
cancer (e.g., cirrhosis).

 2. Understanding aspects of tumor biology.
 3. Assessment of new therapeutic modalities.

 Diagnostic Approaches

Despite the central role of immunohistochemistry in effusion 
cytology, several other approaches have been evaluated in 
this context as an adjunct to morphology.

Cascinu et al. analyzed the levels of soluble carcinoem-
bryonic antigen (CEA), CA 19.9, CA 15.3, CA 125, mucin-
like carcinoma-associated antigen (MCA), α-fetoprotein 
(AFP), and prostate-specific antigen (PSA) in 89 effusion 
supernatants, including 30 gastric, 11 colorectal, and 6 liver 
carcinomas, as well as 5 prostate carcinomas, using an 
immunoradiometric assay. CEA, CA 19.9, and CA 125 lev-
els were above cutoff levels in all colorectal and in the major-
ity of gastric carcinomas. AFP and PSA identified all liver 
and prostate carcinomas, respectively, with high degree of 
specificity [23].

Yu and co-workers analyzed 112 effusions, consisting of 
malignant effusions, the majority of which were lung carci-
nomas, benign exudates, and cytology-negative effusions 
from cancer patients for mRNA levels of MUC1, MUC2, and 
MUC5AC. The malignant effusion group included four gas-
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tric carcinomas, whereas the cytology- negative group 
included five specimens from patients with liver carcinoma 
and one from pancreatic carcinoma. MUC1 and MUC5AC 
levels were significantly higher in malignant compared to 
benign specimens. They were additionally higher in the 
cytology-negative group compared to benign effusions, and 
in the former group, 11/23 specimens were subsequently 
found to contain tumor cells which were not detected in the 
initial morphological examination [24].

An additional study investigated the presence of KRAS 
mutations in 34 malignant and 15 benign cytological 
specimens,  including 41 effusion supernatants, using single- 
strand conformation polymorphism (SSCP) analysis. The 
majority of malignant specimens were from patients with GI 
cancers. KRAS mutations were found in 8/9 pancreatic 
carcinomas, as well as in 2 colorectal and 1 gastric carcinoma, 
and findings were similar in analysis of effusion cell pellets 
and solid lesions. The assay identified three false-negative 
specimens, including two pancreatic and one colorectal 
carcinomas [25].

Telomerase, the enzyme that synthesizes telomeric DNA 
and contributes to the ability of cancer cells to avoid aging 
and replicate endlessly, has been the subject of a large 
number of diagnostic studies, including two which focused 
on GI cancer effusions.

Analysis of telomerase expression using the telomeric 
repeat amplification protocol (TRAP) assay was performed 
on 95 ascites specimens, including 40 HCC, 31 non-HCC GI 
carcinomas (10 gastric, 10 pancreatic, 8 colon, 3 
cholangiocarcinomas), and 24 cirrhosis samples. The assay 
was positive in 16/31 (52%) and 10/40 (25%) of non-HCC 
GI carcinomas and HCC, compared to 1/24 (4%) of cirrhosis 
specimens, performing better than morphology in both 
malignant entities [26].

In an additional study, 25 malignant, including 14 GI car-
cinomas (9 HCC, 2 colon, 2 gastric, and 1 pancreatic carci-
noma), and 47 benign specimens, the majority from patients 
with cirrhosis, were analyzed using the same assay. The 
TRAP assay was positive in 6/9 HCC and 4/5 of the non- 
HCC tumors, compared to 2/47 benign specimens, 
performing better than cytology also in this series [27].

The diagnostic role of Newcastle disease virus expressing 
the enhanced green fluorescent protein (NDV-GFP) was 
studied in gastric carcinoma washings. GFP-positive cells 
were found in 6/6 cases in which laparoscopy showed the 
presence of metastatic disease, compared to 3/6 specimens 
diagnosed by cytology [28].

The diagnostic value of flow cytometry (FCM) in the 
diagnosis of serous effusions based on the presence of 
specific leukocyte populations was assessed in several 
studies. Cornfield and Gheith compared the natural killer 
(NK) and T-cell populations in 30 benign and 30 malignant 
effusions, the latter including 5 GI carcinomas [29]. CD16+/

CD56+ NK cell counts were significantly higher in malignant 
effusions, though only modestly (p = 0.04). Wang et al. found 
significantly higher numbers of CD14+/CD163+ tumor- 
infiltrating macrophages, considered tumor-promoting, in 
malignant compared to benign effusions [30]. Effector 
memory CD8+ T-cell levels were significantly higher in 
blood and pleural fluid from healthy controls compared to 
patients with malignant pleural effusion, pleural metastases, 
or benign asbestos-related lesions [31].

HCC deserves separate discussion in this context, as it 
expresses tumor markers shared by few other cancers, such 
as AFP, glypican-3, Hep-Par1, and arginase-1 [32]. In the 
last two decades, several diagnostic approaches were studied 
with the aim of differentiating HCC (or cancer in general) 
from cirrhosis.

The levels of α1-antitrypsin were reported to be higher in 
malignant ascites, including eight HCC specimens, compared 
to ascites from patients with cirrhosis, and this assay 
performed better than measurement of total protein ascitic 
concentration or the serum-ascites albumin gradient [33].

In an additional study of 149 ascites specimens, including 
46 HCC, the concentrations of fibronectin, albumin, total 
protein, lactate dehydrogenase, and CEA were shown to be 
significantly higher in malignant non-HCC compared to 
benign specimens, whereas the opposite was true for the 
serum-ascites albumin gradient. However, none of these 
parameters differentiated chronic liver disease from HCC 
[34]. In contrast, fibronectin concentration was significantly 
higher in HCC (n  =  33) compared to cirrhosis specimens 
(n = 89) in the series of Colli et al. [35].

Analysis of free fatty acid levels in 14 malignant (pre-
dominantly GI cancers, including HCC) and 19 cirrhotic 
ascites showed significantly higher levels in the former 
group. Free fatty acid and albumin levels were strongly 
interrelated [36]. Parenthetically, in situ hybridization for 
albumin mRNA using a digoxigenin-labeled oligonucle-
otide probe as complement to AFP immunohistochemistry 
was reported to be useful in HCC effusion cytology [37].

Miédougé and co-workers measured serum and ascites 
AFP in specimens from 125 patients, consisting of 31 HCC, 
14 non-HCC cancers, and 80 benign cases. AFP serum levels 
were higher than ascites levels, but in both specimen types 
AFP, levels were significantly higher in HCC compared to 
the two other diagnostic categories. A diagnostic specificity 
of 95% was associated with a sensitivity of 67.7%, which 
was not improved by calculating the ratio between AFP and 
albumin or total protein [38].

Another marker suggested as useful in differentiating 
between HCC and cirrhosis is the nucleoside pseudouri-
dine, product of RNA catabolism. In analysis of 54 cirrho-
sis and 17 HCC ascites specimens, this marker had a 
sensitivity of 88.2% and a specificity of 90.8% in diagnos-
ing HCC [39].
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The levels of vascular endothelial growth factor (VEGF) 
and the v6 isoform of the adhesion molecule CD44 (CD44v6) 
were significantly higher in malignant ascites (=23), 
including 14 GI carcinomas (6 gastric, 5 colonic, 2 HCC, 1 
pancreatic) compared to cirrhotic (n  =  26) or tuberculous 
(n = 8) ascites. There markers were consequently suggested 
as adjunct in this differential diagnosis [40]. Similar findings 
with respect to VEGF were reported in another study, in 
which 25 malignant ascites specimens, including 7 colon and 
6 gastric carcinomas, were compared to 4 effusions from 
patients with cirrhosis [41].

Kraft and co-workers measured VEGF levels in 445 sera 
samples, including 212 samples from patients with cancer, 
among which 48 were of GI origin [42]. VEGF levels in sera 
from patients with GI or ovarian carcinomas were 
significantly higher compared to normal subjects. Analysis 
of 56 effusion specimens, including 9 from GI cancer 
patients, showed considerably higher VEGF levels in this 
material compared to matched serum samples.

 Tumor Biology

The majority of studies in which biological and clinical 
aspects of GI cancers have been studied focused on gastric 
carcinoma. Many of the molecules discussed in this section 
have already been introduced in previous chapters, where 
their biological role is discussed.

 Surface Molecules

Several studies analyzed the expression of cell surface mol-
ecules in gastric carcinoma. Tamai et al. analyzed 51 gastric 
carcinoma specimens for CEA expression by FCM. Tumor 
cell expression was unrelated to serum CEA levels or to 
patient survival, the latter available for 39 patients, although 
higher CEA expression was associated with shorter survival 
in the group of 8 patients with signet ring cell carcinoma 
[43]. In another study, serum and ascites CEA levels were 
measured in 119 patients with peritoneal carcinomatosis. 
Ascites CEA levels were higher than the corresponding 
serum levels, and higher levels in ascites were associated 
with shorter survival in univariate and multivariate analysis. 
In contrast, neither serum CEA nor the findings in cytologi-
cal examination, in which 54.6% of specimens contained 
tumor cells, correlated with survival. Ascites CEA levels 
additionally correlated with treatment response in patients 
with serial measurements [44].

Analysis of the expression of the cell-cell adhesion mol-
ecule E-cadherin in 21 primary gastric carcinomas showed 
reduced or absent protein expression in poorly differentiated 
tumors with single-infiltrating cells compared to better dif-

ferentiated ones. Tumor cells from 11 malignant effusions, 
including 7 gastric, 2 pancreatic, and 2 pulmonary carcino-
mas, were E-cadherin-negative in all but one specimen by 
immunofluorescence [45].

Gastric carcinoma cells in ascites specimens (n  =  20) 
were shown to frequently express epidermal growth factor 
receptor (EGFR) and the CD44v9 isoform, with little 
expression of the v6 isoform, using FCM. The latter finding 
differed from both normal gastric mucosa and primary 
gastric carcinomas,  suggesting altered expression of this 
adhesion molecule along tumor progression in this 
malignancy [46].

Kitayama and co-workers analyzed 506 ascites and peri-
toneal washing specimens from 333 patients, of whom 300 
had gastric cancer and 33 had liver cirrhosis, for CD45 and 
CD326 (EpCAM) expression by FCM.  High tumor-to- 
leukocyte ratio using these markers was significantly 
associated with poor survival [47].

 Proteases

The expression and activity of proteases were analyzed in 
several studies, with focus on the matrix metalloproteinases 
(MMP) family (see Chap. 9). MMP-2 and MMP-9 expression 
was analyzed in the abovementioned material studied for 
VEGF expression [40] using zymography. Both enzymes 
were absent from cirrhotic or tuberculous specimens, 
whereas 20 and 18 of 23 malignant specimens were positive 
for MMP-2 and MMP-9, respectively [48]. Koyama reported 
on increased expression of MMP-2, MMP-7, MMP-9, 
membrane-type-1 MMP (MT1-MMP; MMP-14), and the 
MMP inhibitors TIMP-2 and TIMP-4 in both tumor cells and 
tumor-infiltrating lymphocytes from gastric carcinoma 
effusions (n = 20) compared to benign gastric mucosa (=20) 
and primary carcinomas (=15) using FCM [49]. A subse-
quent study by this author applying the same method docu-
mented the presence of these enzymes on α-smooth muscle 
actin-positive myofibroblasts from 20 gastric carcinoma 
effusions [50].

 The Immune Response

As in other cancers, the interaction between the host immune 
response and tumor cells has been the subject of a relatively 
large number of studies of GI cancers, with focus on gastric 
cancer. As in other tumor systems, many of these studies 
provide evidence for altered or deficient immune response in 
this setting.

Expression of Fas ligand (FasL) by FCM was found in 
benign gastric mucosa and in gastric carcinoma cells, with 
highest levels in effusions, whereas tumor cells had little Fas 
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receptor (FasR) expression and little apoptosis. Tumor- 
infiltrating lymphocytes expressed both FasL and FasR and 
underwent apoptosis, suggesting that they may be attacked 
by carcinoma cells in the tumor environment [51]. Another 
study by the same group showed high expression of TRAIL 
and its receptors DR4, DR5, and DcR2 (see Chap. 9) on gas-
tric carcinoma cells in primary carcinomas and effusions, 
with little apoptosis. Tumor-infiltrating CD3-positive T lym-
phocytes in effusions similarly expressed these molecules 
but underwent a greater degree of apoptosis [52]. The authors 
concluded that gastric carcinoma cells were resistant to 
Trail-mediated apoptosis, whereas lymphocytes were sus-
ceptible, probably through tumor-mediated attack on the 
immune system [52]. In a third paper by this author, expres-
sion of the apoptotic proteins caspase-3, caspase-8, and cas-
pase-10, the anti-apoptotic proteins cFLIP and survivin, and 
the transcription factor NF-κB in tumor- infiltrating lympho-
cytes increased from benign mucosa through primary gastric 
carcinoma to malignant effusions. Tumor cells in primary 
and metastatic carcinomas had increased levels of cFLIP, 
survivin, and NF-κB, with highest level in carcinoma cells in 
effusions, suggesting their involvement in the inhibition of 
apoptosis in this cancer [53].

Analysis of 23 ascites specimens showed association 
between transforming growth factor-β1 (TGF-β1) mRNA 
expression in tumor cells and reduced activity of NK cells 
[54]. Of note, TGF-β1 serum levels were elevated in sera 
from patients with HCC, as well as in those with cirrhosis, 
compared to normal subjects, with similar findings for the 
TGF-β family member activin and its inhibitor follistatin. 
The levels of these molecules in 16 ascites specimens showed 
no relationship with those in matched sera [55].

Sasada et al. analyzed the presence of CD4 + CD25+ reg-
ulatory T cells, which have an immunosuppressive effect, in 
sera from 149 patients with GI malignancies. The proportion 
of this cell population was higher in samples from cancer 
patients compared to controls and was associated with 
shorter survival. CD4 + CD25+ regulatory T cells were addi-
tionally found in 7 ascites specimens that consisted of 6 gas-
tric and 1 pancreatic carcinoma, with their percentage 
ranging from 30.3% to 75.9% of CD4+ T cells [56]. In 
agreement with these data, the percentage of 
CD4 + CD25 + CD127low/− regulatory T cells was higher in 
the blood of 57 gastric carcinoma patients compared with 
controls, and these cells were found in primary carcinomas, 
lymph nodes, and ascites from the studied patients [57].

Ormandy et al. found higher percentage of CD4 + CD25+ 
regulatory T cells in the blood of HCC patients compared 
with specimens from patients with cirrhosis, infection by the 
hepatitis viruses HBV and HCV, and healthy controls. Three 
analyzed ascites specimens had comparable presence of 
CD4 + CD25+ regulatory T cells. CD4 + CD25+ regulatory 
T cells were anergic toward T-cell stimulation and suppressed 

proliferation and cytokine production in co-cultured 
CD4 + CD25- T cells in vitro [58].

In two studies, modification of the immune response 
against GI cancer was used as potential therapeutic approach. 
Kono et  al. isolated tumor-associated lymphocytes from the 
effusion specimens of 11 gastric and 3 colon stage IV carci-
noma patients. Cells were co-stimulated in the presence of 
autologous tumor with IL-2 and returned to the patients’ effu-
sions. Upregulation of T-cell receptor CD3-associated signal 
transducing ζ (zeta) molecules, which are often lost along 
tumor progression, was seen in 2 of 14 patients, but was unre-
lated to the minor clinical response observed in 3 patients [59].

In another study, immunotherapy for malignant ascites in 
gastric carcinoma with the streptococcal preparation OK-432 
resulted in eight positive and four negative responses. TNF-α 
production in  vitro by cells isolated from ascites was 
significantly higher in responders compared to nonresponders, 
and this was associated with mRNA expression of the Toll- 
like receptor TLR4 and the presence of a CD11c + TLR-4+ 
cell population [60].

Chemokines, a family of cytokines that are mainly pro-
duced by and affect the function of leukocytes, promote 
tumor cell survival and tumor progression in non- 
hematological cancer (see Chap. 9). The chemokine CXCL12 
and its receptor CXCR4, which have been shown to form an 
autocrine pathway in other carcinomas (e.g., breast 
carcinoma), were studied for their biological role in gastric 
carcinoma. In vitro and in vivo experiments showed a role 
for CXCL12 and CXCR4 in migration, tumor growth, and 
ascites formation, with activation of ERK and AKT signaling. 
CXCL12 mRNA and protein were detected in mesothelial 
cells from human tissues, and high levels of CXCL12 were 
measured in 19 ascites specimens from patients with gastric 
carcinoma. Comparison of CXCR4 expression in primary 
carcinomas from stage IV patients who had peritoneal 
carcinomatosis with tumors that metastasized to other organs 
showed significantly higher CXCR4 expression in the former 
group, supporting the role of this pathway in peritoneal 
metastasis in gastric cancer [61].

 Molecular/High-Throughput Analyses

Two early studies applying traditional cytogenetics have doc-
umented multiple chromosomal aberrations in gastric carci-
noma effusions. Misawa et  al. analyzed 6 peritoneal and 1 
pleural effusions and observed changes in chromosome num-
ber and structure in 6 of 7 specimens, most frequently involv-
ing chromosomes 3, 5, 7, 13, and 17 [62]. Trigo studied 5 
pleural effusions from gastric carcinoma patients and found 
frequent trisomy of chromosomes 1, 3, 16, and 19 and mono-
somy of chromosomes 5 and 21. Structural changes were 
most frequently found in chromosomes 1, 4, 5, 9, and 17 [63].
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Zojer and co-workers studied the cytogenetic profile of 12 
primary pancreatic carcinomas and 25 effusions (22 
peritoneal, 3 pleural) from patients with metastatic pancreatic 
carcinoma using interphase fluorescence in situ hybridization 
(FISH). Cytological examination identified carcinoma cells 
in 12/25 effusions. Six of the primary carcinomas were 
hyperdiploid with no chromosomal imbalances, whereas 
imbalances, affecting mainly chromosome 8, were found in 
all effusions. Two of ten analyzed malignant effusions were 
found to have MYC mutations. FISH analysis identified 
aneuploid tumor cells in cytology-negative specimens [64].

Gene expression analysis was applied to compare the 
molecular profile of a gastric carcinoma cell line isolated 
from a primary carcinoma to that of five cell lines isolated 
from effusions. Upregulated genes in effusions included, 
among others, those encoding for proteins mediating the 
epithelial phenotype and adhesion (keratins 7, 8, and 14, 
CD44, integrin α3, occludin, desmoplakin), drug metabolism 
(aldehyde dehydrogenase, aldo-keto reductase family I), 
apoptosis (TGFβ-induced anti-apoptotic factor), and 
signaling (caveolin 3). Downregulated genes included those 
encoding death-associated protein (apoptosis), integrin β4 
(adhesion), insulin growth factor binding protein-2 (IGFBP2, 
growth and metabolism), and p27kip and histone deacetylase 
3 (signaling). The expression of three genes (KRT7, ALDH, 
and IP3R) was observed in clinical malignant effusions from 
gastric carcinoma patients and was absent in washings from 
patients with benign diseases [65].

Proteomics analysis of 3 ascites specimens from patients 
with pancreatic ductal adenocarcinoma identified 816 
proteins, of which 493 were found in all 3 specimens. Little 
overlap with ovarian carcinoma ascites was seen. Twenty 
proteins were chosen as potential tumor biomarkers, 
including known cancer-associated proteins such as MMP-2, 
stathmin, osteopontin, and neural cell adhesion molecule-1 
(NCAM1) [66].

Exosomes are 30–100  nm vesicles which contain cell- 
specific cargo, including various lipids, proteins, functional 
mRNA, microRNA (miRNA), and long noncoding RNA (see 
Chap. 9). Tokuhisa et  al. analyzed the exosomal miRNA 
profiles of gastric cancer in 6 malignant ascites specimens, 
24 peritoneal lavage samples, and culture supernatants of 2 
gastric carcinoma cell lines, in the aim of identifying 
microRNAs related to peritoneal dissemination.

miR-1225-5p, miR-320c, miR-1202, miR-1207-5p, and 
miR-4270 were overexpressed in malignant ascites, lavage 
specimens from patients with serosa-invasive tumors, and 
the highly metastatic cell line OCUM-2MD3. PCR valida-
tion of the observed differences for miR-21, miR-320c, and 
miR- 1225- 5p confirmed the findings for miR-21 and miR-
1225-5p [67].

The potential of next-generation sequencing (NGS) in 
defining the molecular profile of GI cancers in effusion 

specimens is beginning to gain research focus. Lim and 
co-workers compared normal gastric mucosa, the primary 
tumor (six diffuse-type and two intestinal-type 
adenocarcinomas), and malignant ascites from eight patients 
using whole-exome sequencing.

Analysis of base substitutions showed a mutational signa-
ture dominated by C-to-A substitutions in malignant ascites, 
whereas tumors from patients who received adjuvant chemo-
therapy had a high rate of C-to-T substitutions and hypermu-
tation in malignant ascites. Recurrent mutations linked to 
carcinogenesis were observed in COL4A6, INTS2, and 
PTPN13. Mutations in druggable genes included those in 
TEP1, PRKCD, BRAF, ERBB4, PIK3CA, HDAC9, FYN, 
FASN, BIRC2, FLT3, ROCK1, CD22, and PIK3C2B, whereas 
mutations in metastasis-associated genes were observed in 
TNFSF12, L1CAM, DIAPH3, ROCK1, TGFBR1, MYO9B, 
NR4A1, and RHOA. Pathway analysis showed enrichment of 
mutations in the Rho-ROCK signaling pathway in malignant 
ascites [68].

 Other Cancers

Little data is available regarding the biology of non-GI can-
cers in effusions, with the majority of studies focusing on 
malignant melanoma.

Savoia and co-workers studied the diagnostic role of an 
RT-PCR assay for tyrosinase mRNA in detecting melanoma 
in biological fluids. Analysis of 17 specimens, including 8 
effusions, identified tyrosinase mRNA in 12 cases, whereas 
cytology and immunocytochemistry detected tumor cells in 
7 specimens. The five patients with positive tyrosinase assay 
and negative cytology and immunocytochemistry had 
radiological evidence of tumor and died within 4  months. 
The assay was additionally more sensitive than measurement 
of tyrosinase in peripheral blood [69].

Pirker studied the cytogenetic profile of melanoma cells 
in 48 samples from 46 patients, including 5 effusion 
specimens, using comparative genomic hybridization [70]. 
The most common alterations observed were gains within 
chromosomes 20q, 7q, 7p, 20p, 6p, and 17q and losses in 9p, 
10q, 6q, 10p, 4q, and 11q. Amplification of the telomerase 
reverse transcriptase gene (hTERT) on 5p15.33 and the 
telomerase RNA component gene (hTERC) on 3q26 were 
found in 22% and 12%, respectively, and the former was 
common in effusion specimens. Chromosomes or 
chromosomal regions containing telomerase-suppressing 
activities at 3p, 4p, 6p, and 10p were frequently 
underrepresented in melanomas.

Andre analyzed 11 malignant effusions, including 2 mel-
anomas, for the presence of exosomes. Melanoma exosomes 
contained the tetraspanin family member CD81 and HLA 
class I and II molecules, as well as the melanoma antigen 
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Mart1. The possibility of immunizing patients against tumor 
antigens in exosomes was investigated [71].

Mutation of the b2m gene, encoding for a component of 
the HLA class I machinery, was identified in two cell lines 
from one melanoma patient, isolated from a lymph node 
metastasis and pleural effusion, resulting in loss of HLA 
class I antigen presentation and postulated by the authors to 
be a mechanism mediating resistance to immunotherapy 
[72].

Research focusing on metastases from sarcomas or small 
round blue cell tumors in effusions is to date limited to a few 
case reports documenting the establishment of cell lines 
from these tumors [73–77]. However, these reports provide 
an example of how such cell lines may be useful for studying 
chromosomal aberrations and other biological characteristics 
of these tumors, thereby providing a possibility to test 
potential therapy.

 Targeted Therapy and Concluding Remarks

Patients diagnosed with malignant effusions have grim out-
look, and prognosis is particularly poor for those who are 
diagnosed with one of the cancers discussed in this chapter, 
even when conventional therapy such as chemotherapy and 
radiotherapy is applied. Consequently, prolonging survival is 
critically dependent on the ability to offer more novel 
therapeutics.

Initial efforts in this direction in the context of malignant 
effusions included the use of catumaxomab, a trifunctional 
antibody that binds to EpCAM and CD3, in treating gastric 
cancer patients [78]. In an additional study, effusion 
specimens from patients with GI cancers were shown to be 
informative in identifying genes related to the metabolism of 
chemotherapy agents [79].

The feasibility of analyzing the expression of molecules 
relevant for targeted therapy in effusion specimens has been 
documented for HER2 [80, 81]. Recently, the ability to 
culture tumor cells from effusion specimens in the aim of 
testing novel therapeutics has been shown in several studies. 
Yoo et  al. studied bile duct cancer specimens from 40 
patients, of whom 20 had stage I–III and 20 had stage IV 
disease at diagnosis, using a NGS targeted sequencing kit 
including 381 genes. Ascites or pleural effusion was available 
in 24 cases. Fifteen mutations were found in primary tumor 
specimens, affecting TP53, NRAS, KRAS, ERBB2, and 
PIK3CA. Patient-derived cultures were successfully 
established from effusions in 22/24 cases [82].

Supporting the latter report, Golan et  al. succeeded in 
establishing primary cultures from 93/101 ascites speci-
mens obtained from 32 pancreatic carcinoma patients. 
Cultures were successfully assessed for invasion and migra-
tion and epithelial-mesenchymal transition (EMT) charac-

teristics, as well as for KRAS status and chemotherapy 
sensitivity [83].

Similarly, Lee and co-workers successfully established 
tumor cell cultures from 130/176 cancerous effusions, 
predominantly ascites specimens, the majority from 
patients with GI-cancers. Genomic profiling was success-
ful in 116 cases, yielding detection of 181 mutations in 50 
genes using the Ion AmpliSeq Cancer Panel v2 platform 
[84].

Although reports focusing on targeted therapy are cur-
rently limited to case studies, there is growing awareness 
that this approach is the way forward in treating these can-
cers. The benefit of targeting VEGF or of dual targeting of 
HER2 and MET was recently documented in metastatic 
gastric carcinoma [85, 86]. CDK4 amplification was iden-
tified in refractory rhabdomyosarcoma diagnosed in a 
27-year-old man, in whom metastatic tumor analyzed 
included ascites and pleural effusion specimens, suggest-
ing this molecule may be a target for patient-tailored ther-
apy [87]. A BRAF V600  K mutation was detected in a 
pleural effusion from a 74-year-old male with primary 
melanoma of the scalp in a recent report [88]. These reports 
suggest that malignant effusions may gain more relevance 
in the management of patients with metastatic cancer 
already in the near future.
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 Appendix A: 
Immunohistochemistry

The previous chapters provided an overview regarding the very 
broad differential diagnosis of serous effusions. As discussed 
elsewhere in this book, relevant clinical data may greatly facili-
tate the diagnostic work-up, especially in the event of disease 
recurrence. Age and gender should be taken into consideration 
and complement the morphological findings in establishing a 
differential. Nevertheless, even when provided with all avail-
able data, cytopathologists often need to resort to ancillary 
methods in order to provide a diagnosis. Among these meth-
ods, immunohistochemistry has absolute supremacy at present, 
reducing considerably the previously central role of electron 
microscopy and histochemistry in this setting. Flow cytometry 
has a central role in the diagnosis of hematological malignancy, 
but may be considered as complementary to immunohisto-
chemistry, as it is an antibody- based technique.

Whereas molecular biology is becoming more and more 
part of pathology practice, its diagnostic role is largely lim-
ited to diseases in which pathognomonic genomic changes 
have been defined, i.e., soft tissue tumors and hematological 
cancers. In the more common setting of metastatic carci-
noma, the role of molecular biology to date is mainly within 
the setting of predictive studies and targeted therapy.

As immunohistochemistry is used on a daily basis by 
most cytopathologists, this appendix has the aim of detail-
ing the authors’ suggested panels for the most common dif-
ferential diagnostic settings. The extent of the panel used 
and the choice of antibodies clearly depend on multiple 
factors, including the possible diagnoses considered by the 
cytopathologist, personal experience, local laboratory pref-
erences, economy, etc. In many cases, the use of three to 
four antibodies is sufficient. We nevertheless hope that 
these lists will help in directing the choice of markers in a 
judicious manner. Antibodies are graded as excellent 
(denoting near-100% sensitivity or specificity), good, or 
fair, in terms of sensitivity and specificity, whereas those 
performing poorly in our opinion are discussed in the rele-
vant chapters, but omitted here. Markers for which data is 
inconclusive are listed as such. Less frequent/rare tumors 
are discussed in the relevant chapters. Naturally, poorly dif-
ferentiated tumors, especially with single-lying nondescript 
cells, would require, as in other organs, a broader panel, 
including carcinoma, melanoma, sarcoma, and lymphoma/
leukemia markers.

Table A1 Reactive mesothelial proliferation vs. malignant mesothelioma

Marker Target cells Sensitivity Specificity Recommended
EMA Mesothelioma Excellent Excellenta Yes
Desmin Reactive mesothelium Excellent Excellentb Yes
BAP1 Reactive mesothelium Good Excellentc Yes
p53 Mesothelioma Fair Goodd Optional
Glut-1 Mesothelioma Good Undecided Pending

aWeak, usually focal cytoplasmic staining may be seen in reactive mesothelium, but is easy to distinguish from the thick brush-like membrane 
pattern in mesothelioma
bMesotheliomas stain negatively or focally (usually <5% of cells)
c25–60% of malignant mesotheliomas are reported to have loss of BAP1
dReactive mesothelial cells occasionally positive
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Table A3 Malignant mesothelioma vs. metastatic non-serous adenocarcinoma

Marker Target cells Sensitivity Specificity Recommended
Calretinin Mesothelioma Excellent Gooda Yes
WT1 Mesothelioma Excellent Goodb Yes
D2-40/Podoplanin Mesothelioma Excellent Goodc Yes
EMA Both tumorsd Excellent Goode Yes
Ber-EP4 Adenocarcinoma Excellent Goodf Yes
MOC-31 Adenocarcinoma Excellent Goodf Yesg

Claudin-4 Adenocarcinoma Excellent Excellent Yes
B72.3 Adenocarcinoma Good Excellent Yes
BG-8 Adenocarcinoma Good Good Yes
CEA Adenocarcinoma Variableh Excellent Yes
CDX-2 Adenocarcinoma Variablei Excellent Depends on differential
ER Adenocarcinoma Variablej Excellent Depends on differential

aFocal staining seen in some serous Müllerian carcinomas, but most other adenocarcinomas are negative
bNot useful for differentiating malignant mesothelioma from serous adnexal/peritoneal carcinoma, but most other adenocarcinomas are negative
cInconclusive data regarding the differentiation from serous Müllerian carcinoma; the majority of other carcinomas stain focally or negatively
dThick brush-like membrane pattern in mesothelioma vs. strong combined membrane and cytoplasmic pattern in adenocarcinoma
eThick brush-like membrane pattern mimicking mesothelioma may be infrequently seen in adenocarcinoma
fStaining is seen fairly often in epithelioid mesothelioma, but is generally focal, although exceptions do occur
gIt is generally sufficient to use either Ber-EP4 or MOC-31, and data is inconclusive as to which of these two antibodies performs better
hExcellent for gastrointestinal carcinomas, good for breast and lung adenocarcinoma, and not useful for serous ovarian/peritoneal carcinoma
iExcellent for gastrointestinal carcinomas, less relevant for the majority of other carcinomas
jPositive in many breast and female genital carcinomas, may be occasionally expressed in other adenocarcinomas

Table A2 Reactive mesothelial proliferation vs. metastatic adenocarcinoma

Marker Target cells Sensitivity Specificity Recommended
Calretinin Reactive mesothelium Excellent Gooda Yes
Desmin Reactive mesothelium Excellent Excellent Yes
WT1 Reactive mesothelium Excellent Variableb Depends on differential
D2-40/Podoplanin Reactive mesothelium Excellent Variablec Depends on differential
Ber-EP4 Adenocarcinoma Excellent Excellent Yes
MOC-31 Adenocarcinoma Excellent Excellent Yesd

B72.3 Adenocarcinoma Excellent Excellent Yes
BG-8 Adenocarcinoma Good Excellent Yes
EMA Adenocarcinoma Excellent Excellente Yes
CEA Adenocarcinoma Variablef Excellent Yes
CDX2 Adenocarcinoma Variableg Good Depends on differential
Claudin-4 Adenocarcinoma Excellent Excellent Yes

aFocal staining seen in some serous Müllerian carcinomas
bNot useful for differentiating reactive mesothelium from serous adnexal/peritoneal carcinoma
cInconclusive data regarding the differentiation from serous adnexal/peritoneal carcinoma
dIt is generally sufficient to use either Ber-EP4 or MOC-31, and data is inconclusive as to which of these two antibodies performs better
eWeak, usually focal cytoplasmic staining may be seen in reactive mesothelium, but is easy to distinguish from the strong combined membrane and 
cytoplasmic pattern in adenocarcinoma
fExcellent for gastrointestinal carcinomas, good for breast and lung adenocarcinoma, and not useful for serous adnexal/peritoneal carcinoma
gExcellent for gastrointestinal carcinomas, less relevant for the majority of other carcinomas
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Table A4 Malignant mesothelioma vs. serous adenocarcinoma (AC)

Marker Target cells Sensitivity Specificity Recommended
Calretinin Mesothelioma Excellent Gooda Yes
EMA Both tumorsb Excellent Goodc Yes
Ber-EP4 Serous AC Excellent Goodd Yes
MOC-31 Serous AC Excellent Goodd Yese

B72.3 Serous AC Excellent Excellent Yes
BG-8 Serous AC Good Good Yes
MUC4 Serous AC Excellent Excellent Yes
PAX2 Serous AC Moderate Excellent Yes
PAX8 Serous AC Excellent Excellent Yes
Claudin-4 Serous AC Excellent Excellent Yes

aFocal staining seen in some serous Müllerian carcinomas
bThick brush-like membrane pattern in mesothelioma vs. strong combined membrane and cytoplasmic pattern in adenocarcinoma
cThick brush-like membrane pattern mimicking mesothelioma may be infrequently seen in serous carcinoma
dStaining is seen fairly often in epithelioid mesothelioma, but is generally focal, although exceptions do occur
eIt is generally sufficient to use either Ber-EP4 or MOC-31, and data is inconclusive as to which of these two antibodies performs better

Table A5 Malignant mesothelioma vs. lung adenocarcinoma (AC)

Marker Target cells Sensitivity Specificity Recommended
Calretinin Mesothelioma Excellent Excellent Yes
WT1 Mesothelioma Excellent Excellent Yes
D2-40/Podoplanin Mesothelioma Excellent Excellent Yes
Cytokeratin 5/6 Mesothelioma Excellent Good Yes
EMA Both tumorsa Excellent Good Yes
Ber-EP4 Lung AC Excellent Goodb Yes
MOC-31 Lung AC Excellent Goodb Yesc

B72.3 Lung AC Good Excellent Yes
BG-8 Lung AC Good Good Yes
CEA Lung AC Good Excellent Yes
TTF-1 Lung AC Good Excellent Yes
Surfactantd Lung AC Good Excellent Yes
Napsin A Lung AC Good Excellent Yes

aThick brush-like membrane pattern in mesothelioma vs. strong combined membrane and cytoplasmic pattern in adenocarcinoma
bStaining is seen fairly often in epithelioid mesothelioma, but is generally focal, although exceptions do occur
cIt is generally sufficient to use either Ber-EP4 or MOC-31, and data is inconclusive as to which of these two antibodies performs better
dSeveral isoforms

Table A6 Malignant mesothelioma vs. pulmonary squamous cell carcinoma (Sqcc)

Marker Target cells Sensitivity Specificity Recommended
Calretinin Mesothelioma Excellent Gooda Yes
WT1 Mesothelioma Excellent Excellent Yes
Ber-EP4 Sqcc Good Goodb Yes
MOC-31 Sqcc Good Goodb Yesc

B72.3 Sqcc Good Excellent Yes
BG-8 Sqcc Good Good Yes
CEA Sqcc Good Excellent Yes
p63 Sqcc Excellent Excellent Yes
p40 Sqcc Excellent Excellent Yes

aFocal staining not infrequently observed in Sqcc
bStaining is seen fairly often in epithelioid mesothelioma, but is generally focal, although exceptions do occur
cIt is generally sufficient to use either Ber-EP4 or MOC-31, and data is inconclusive as to which of these two antibodies performs better
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Table A7 Serous Müllerian vs. pulmonary vs. breast adenocarcinoma

Marker Target cells Sensitivity Specificity Recommended
WT1 Müllerian Excellent Excellent Yes
PAX8a Müllerian Excellent Excellent Yes
PAX2a Serous AC Moderate Excellent Yes
ER Müllerian + breast Good Good Yes
GATA3 Breast Excellent Excellent Yes
GCDFP-15 Breast Fair Good Yes
Mammaglobin Breast Good Good Yes
TTF-1 Lung Good Excellent Yes
Surfactantb Lung Good Excellent Yes
Napsin A Lung Good Excellenta Yes

aReported to stain renal cell carcinoma but appears to be negative in other adenocarcinomas
bSeveral isoforms
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 Appendix B: Common Primary 
Sites for Malignant Effusions

The majority of patients with malignant serous effusions 
have a known history which helps in the differential diag-
nosis. Common primary sites for malignant effusions 
according to sex, age, and the cavity involved are shown in 
Table B1.

The leading cause of malignant effusions in adults is met-
astatic carcinoma, and adenocarcinoma is the most common 
histologic type. On the other hand, malignant effusions in 
children are almost always caused by hematopoietic malig-
nancies, followed by other small round cell tumors, such as 
Wilms tumor, neuroblastoma, rhabdomyosarcoma, and 
Ewing sarcoma. Lung carcinoma and breast carcinoma are 
the most common causes of malignant effusions in the 

 pleural and pericardial cavities. In the peritoneal cavity, 
ovarian carcinoma in females and gastrointestinal tract carci-
nomas in males are the leading causes. Lymphomas/leukemias 
commonly cause malignant effusions in all cavities also in 
adults. The incidence of mesothelioma varies and depends 
on the geographic location and the occupational history of 
the patient population [1–5].

The presence of an effusion in a cancer patient does not, 
of course, necessarily mean that the effusion is malignant. 
Besides, second primary tumors are not rare. For a correct 
diagnosis of a serous effusion, the clinical and morphologic 
features should always be evaluated together, and when 
needed, ancillary tests should be included in the work-up.

Table B1 The most common primary sites for malignant effusions according to the sex, age, and the cavity involved

Malignant effusions Pleural Peritoneal Pericardial
Male—adult Lung

Lymphoma/leukemia
Gastrointestinal tract
Pancreas
Mesotheliomaa

Gastrointestinal tract
Lymphoma/leukemia
Pancreas
Genitourinary

Lung
Lymphoma/leukemia
Gastrointestinal tract

Female—adult Breast
Lung
Ovary
Lymphoma/leukemia
Gastrointestinal tract
Pancreas

Ovary
Uterus
Breast
Gastrointestinal tract
Lymphoma/leukemia

Breast
Lung
Lymphoma/leukemia
Gastrointestinal tract

Children Lymphoma/leukemia
Other small round blue cell tumors

Lymphoma/leukemia
Other small round blue cell tumors

Lymphoma/leukemia
Other small round blue cell tumors

aThe incidence of mesothelioma varies according to the geographic location and occupational profile of the patient population
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