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1The Pleura
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Mylene T. Truong, and Cesar A. Moran

�Introduction

Pleural disease is often a mirror of intrathoracic and systemic 
diseases caused by an extensive list of neoplastic and nonneo-
plastic conditions. Both neoplastic and nonneoplastic pleural 
diseases can present with similar clinical features. Nonneoplas-
tic disorders of the pleura may result from a variety of infec-
tious as well as drug- and trauma-related causes. Many of these 
conditions when persistent or severe, may lead to encasement of 
the lung by a thick fibrous layer, known as fibrous pleuritis. The 
management and prognoses of these diverse conditions vary 
greatly. Thus, accurate diagnosis of pleural diseases is critical.

Primary pleural disease owing to a myriad of inflamma-
tory and neoplastic pleural disorders is less common, but 
nonetheless relevant due to its potential to cause devastat-

ing respiratory compromise. Moreover, many of the benign 
tumors of the pleura closely mimic malignant disease in their 
radiographic and histologic appearance. Thus, early recogni-
tion and management are critical components to the success-
ful outcomes of primary pleural disorders. In this chapter, we 
will discuss the clinical, radiographic, and pathologic cor-
relates of the spectrum of primary and secondary diseases of 
the pleura. The intent of this multidisciplinary approach is 
to provide a detailed overview and update of diseases of the 
pleura that can be directly applied to clinical practice and to 
stimulate basic research investigations in areas where there 
are unanswered questions. We begin with a brief discussion 
of pleural anatomy and radiology concepts as critical back-
ground information to understanding pleural disease. This is 
followed by detailed descriptions of benign and malignant 
neoplastic and inflammatory disorders affecting the pleura. 
Pleural effusions are often the first manifestation of many of 
the diseases affecting the pleura and we end the chapter with 
a discussion of the pathogenesis, diagnosis, and management 
of pleural effusions, which will hopefully provide the reader 
with a more complete understanding of this complex disease.

�Pleural Anatomy

During early embryogenesis, the coelomic cavity is parti-
tioned into three distinct spaces (pleura, pericardial, and peri-
toneal). Lung buds invaginate the coelomic cavity, which folds 
on itself to form the visceral and parietal pleura. In humans, 
the visceral and parietal pleura merge at the left and right hila, 
separating the thorax into two noncontiguous spaces. The sur-
face of the pleural membranes is composed of a monolayer 
of mesothelial cells. The visceral pleura lines the lungs and 
interlobar fissures while the parietal pleura covers the tho-
racic wall and diaphragm and is subdivided into the costal, 
diaphragmatic, mediastinal, and cervical pleura [1, 2]. Under 
normal conditions, the visceral and parietal pleurae are sepa-
rated by 10–20 mL of a lubricating, glycoprotein-rich pleural 
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fluid, which is secreted by the mesothelial lining cells [3]. This 
fluid reduces friction by lubricating the pleural space, thereby 
facilitating normal lung movements during respiration. Pro-
duction and absorption of pleural fluid primarily occurs at the 
level of the parietal pleura. Fluid homeostasis reflects a bal-
ance of hydrostatic and oncotic pressure differences between 
the systemic and pulmonary circulations and the pleural space.

The pleural space is equipped with an extensive network 
of lymphatic vessels that line the parietal pleura and play 
a critical role in pleural fluid homeostasis. This lymphatic 
network supplies the costal, diaphragmatic, and mediasti-
nal surfaces of the parietal pleura and is lined by special-
ized openings between mesothelial cells known as stomata. 
Excess fluid derived from the lung via the visceral pleura is 
absorbed through the parietal stomata into underlying lym-
phatic lacunae, which ultimately empty into larger lymphatic 
vessels. Lymphatic drainage along with oncotic and hydro-
static pressures maintain the delicate balance of fluid within 
the pleural space; disturbances in any one of these systems 
can lead to abnormal accumulation of pleural fluid [4]. Thus, 
excess production, diminished resorption, or a combination 
of these two factors substantially overwhelms the ability of 
lymphatic vessels to resorb fluid resulting in clinically sig-
nificant effusions [5]. The pleural fluid is bland, with a low 
protein content of approximately 1.5  g/dL and comprised 
predominantly of mesothelial cells, macrophages, and lym-
phocytes. The visceral pleura receives innervation from the 
pulmonary plexus, which is a network of nerves that origi-
nate from the sympathetic trunk and vagus nerve. As such it 
can detect stretch, but is insensitive to pain, temperature, and 
touch. The parietal pleura is innervated by sensory fibers of 

the phrenic nerve at its diaphragmatic portion and the inter-
costal nerves elsewhere. The vascular supply of the visceral 
pleura is provided by pulmonary and bronchial arteries, 
while the parietal pleura receives its vascular supply from 
the systemic circulation [1, 4].

Histologically, distinction between visceral and parietal 
pleura is not possible, as both of these serosal surfaces are 
lined by similar type of epithelium. The mesothelial lining 
is composed of low cuboidal type of epithelium. However 
examination of large sections of tissue may permit visual-
ization of visceral pleura overlying the lung parenchym 
(Fig. 1.1a, b), while histological sections from the parietal 
pleura will demonstrate epithelium (mesothelium) lining 
adipose tissue (Fig. 1.2).

Both neoplastic and nonneoplastic pleural diseases can 
present with similar clinical features. Nonneoplastic disorders 
of the pleura may result from a variety of infectious as well 
as drug- and trauma-related causes. Many of these conditions 
when persistent or severe, may lead to encasement of the 
lung by a thick fibrous layer, known as fibrous pleuritis. The 
management and prognoses of these diverse conditions vary 
greatly. So, accurate diagnosis of pleural diseases is critical.

�General Radiology Concepts

Imaging plays a crucial role in the diagnosis and manage-
ment of patients with pleural diseases. Modalities of imag-
ing include chest radiography, computed tomography (CT), 
magnetic resonance imaging (MRI), ultrasound (US), and 
F-18 fluorodeoxyglucose (FDG) positron emission tomog-

a b

Fig. 1.1  (a) Low power view of a section from the visceral pleura, note the presence of fibroadipose tissue lined by epithelium; (b) closer view of 
the epithelium composed of low cuboidal cells
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raphy/computed tomography (PET/CT). Chest radiography 
remains the initial imaging modality for the evaluation of 
pleural diseases but it may be normal or may not be able 
to differentiate benign from malignant conditions. Various 

cross-sectional imaging modalities are available for further 
evaluation and characterization of pleural diseases. Thoracic 
ultrasound is easily available and widely used for detection 
and characterization of pleural fluid and guidance of thora-
centesis and pleural biopsies. CT is the mainstay imaging 
modality for primary assessment of pleural diseases and 
exhibits high sensitivity for identification of pleural dis-
eases and in differentiating benign and malignant pleural 
processes. MRI and PET/CT play important roles in further 
evaluation and can provide additional staging and prognostic 
information.

Cancer cells show on FDG-PET/CT, increased uptake of 
glucose due to an overexpression of glucose transporter pro-
teins and increased rate of glycolysis. A glucose analogue, 
F-18 fluorodeoxyglucose (FDG) undergoes the same uptake 
as glucose. However, following phosphorylation by hexoki-
nase, FDG is unable to enter intracellular glycolytic pathways 
due to a downregulation of phosphatase and is sequestered in 
cancer cells. The most common semiquantitative method of 
evaluating malignancies using FDG-PET is the standardized 
uptake value (SUV) calculated as a ratio of tissue radiotracer 
concentration (mCi/ml) and injected dose (mCi) at the time 
of data acquisition divided by body weight (g). It should be 
noted that inflammatory conditions, such as talc pleurodesis, 
can also cause FDG activity in the pleural space (Fig. 1.3a, b).

Imaging features to differentiate pleural lesions from 
peripheral pulmonary and extrapleural tumors are important. 

Fig. 1.2  Histological sections showing visceral pleura overlying the 
lung parenchyma

a b

Fig. 1.3  (a) Non-contrast axial CT shows high attenuation material in the posterior right pleural space (arrow) consistent with talc pleurodesis. 
(b) axial PET/CT shows increased radiotracer uptake in the talc deposits

1  The Pleura
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Tumors arising within the periphery of the lungs form acute 
angles with the chest wall, are centered within the lungs, and 
are perfused by pulmonary vessels (Fig. 1.4). Pleural tumors 
have more obtuse angles with the chest wall and displace 
the pulmonary parenchyma and vessels inward and the extra-
pleural fat outward (Fig. 1.5a–c). Typically pleural tumors 
do not cause adjacent osseous erosive change. Additionally, 
pleural tumors often demonstrate an “incomplete border 
sign” on radiographs where only one margin of the tumor 
(the margin abutting the pulmonary parenchyma) is radio-
graphically identified. Extrapleural tumors arise from the 
extrapleural fat, muscles, ribs, or neurovascular bundles and 
will displace extrapleural fat inward [1].

Imaging in general cannot absolutely distinguish 
between benign and malignant pleural processes; however, 
there are certain characteristics that favor a malignant eti-
ology. On chest radiographs, nodular or circumferential 
pleural thickening, especially if greater than 1 cm in thick-
ness, involvement of the mediastinal pleura, and larger 
effusions suggest malignancy. CT and MRI findings that 
suggest malignancy include pleural nodularity, pleural 
rind, involvement of the mediastinal pleura, and invasion 
of adjacent structures (Fig. 1.6a, b). FDG uptake in areas 
of pleural thickening or nodularity, hypermetabolic pleu-
ral effusions, hypermetabolic adenopathy, and evidence of 
hypermetabolic distant metastasis on PET/CT are highly 
suggestive of malignancy [6–11].

Fig. 1.4  Contrast-enhanced axial CT shows the left lower lobe mass 
abuts the posterior pleura and forms acute angles (black arrows) with 
the chest wall. The angles that a lesion forms with the chest wall are 
useful to differentiate lung lesions (acute angles) from pleural lesions 
(obtuse angles)

a b

Fig. 1.5  (a) Frontal chest radiograph shows the right pleural metasta-
sis forms obtuse angles (arrow) with the chest wall. In contrast, lung 
lesions that abut the pleura form acute angles with the chest wall; (b) 
contrast-enhanced axial CT shows the right pleural metastasis forms 
obtuse angles with the chest wall (long white arrow) and is associated 

with erosive and sclerotic changes in the adjacent rib (black arrow). 
Note small right axillary nodal metastasis (short white arrow); (c) 
contrast-enhanced axial CT shows the right pleural metastasis displaces 
the lung parenchyma and bronchopulmonary vessels inward (arrow)

C. D. Strange et al.
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c

Fig. 1.5  (continued)

a b

Fig. 1.6  (a) Frontal chest radiograph shows the features of malignant 
pleural disease, with a right nodular pleural rind of tumor encasing the 
right lung (white arrows). There is involvement of the minor fissure 

(black arrow); (b) contrast-enhanced axial CT shows nodular configu-
ration, circumferential distribution (white arrows) with extension into 
the major fissure (black arrow), and pleural thickness greater than 1 cm

1  The Pleura
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�Nonneoplastic

�Fibrous and Fibrinous Pleuritis

Fibrous pleuritis, also referred to as pleural fibrosis, fibrotho-
rax, fibrous pleurisy, fibrosing pleuritis, and dry pleurisy, is 
an uncommon disorder. The physiologic mechanisms under-
lying the development of fibrous pleuritis are not well under-
stood; however, disordered fibrin turnover associated with 
pleural injury and repair are central events in its pathogenesis. 
Fibrous pleuritis most commonly occurs as a complication of 
hemothorax or empyema caused by bacterial, mycobacterial, 
or fungal processes (Fig. 1.7a–c). However, a variety of other 
inflammatory and infiltrative pleural processes may under-
lie the development of this disorder (Table 1.1). Metastatic 
disease and other infiltrative immunologic disorders, such 
as rheumatoid arthritis or sarcoidosis, may produce pleural 

effusions with varying degrees of pleural fibrosis. Underly-
ing thoracic conditions, such as pneumothorax, improperly 
drained hemothorax, chest trauma, uremia, lung transplan-
tation, and prior coronary artery bypass surgery also pre-
dispose to fibrous pleuritis. Drug-induced pleural effusions 
have been well described; however, medication-associated 
fibrous pleuritis is less commonly observed. Other causes 
include systemic fibrosing diseases that involve the pleura, 
such as nephrogenic systemic fibrosis and immunoglobulin 
G4 (IgG-4)-related sclerosing disease [12]. Idiopathic and 
isolated familial cases of pleural fibrosis have been reported 
[13].

The integrity of the mesothelial cell and its response to 
any one of these inciting events dictate whether normal heal-
ing or pleural fibrosis occurs after injury. Mesothelial cells 
initiate and orchestrate inflammatory and exudative reac-
tions via the release of cytokines, chemokines, oxidants, and 

a b

c

Fig. 1.7  (a) Contrast-enhanced axial CT shows left lower lobe mass-
like consolidation (arrow); (b) axial FDG-PET/CT shows increased 
FDG uptake in the consolidation suspicious for malignancy (arrow); (c) 

contrast-enhanced axial CT 2  months later shows persistence of the 
organizing pneumonia (P) and moderate left pleural effusion with pleu-
ral thickening consistent with empyema (arrow)

C. D. Strange et al.
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Table 1.1  Common causes of fibrous pleuritis

Diffuse pleural thickening with/without calcification
 �� Pleural infections
 �� �  Bacterial (Staphylococcus aureus, Streptococcus pneumonia, 

Tuberculosis, enteric gram-negative bacilli, Actinomycetes, 
Nocardia)

 ��   Fungal (pneumocystis jirovecii, Coccidioides, histoplasma)
 �� Mineral dust exposure
 ��   Asbestos
 ��   Silica
 �� Drug reactions
 �� �  Ergot derivatives, methysergide, ergoline, bromocriptine, 

pergolide, cabergoline nicergoline)
 ��   Antibiotics (tetracycline, nitrofurantoin)
 ��   Anti-arrhythmics (amiodarone)
 �� �  Chemotherapeutic agents (cyclophosphamide, bleomycin, 

procarbazine)
 �� Uremia
 �� Hemothorax
 ��   Trauma-related
 ��   Iatrogenic
 �� �  Tumor-related (primary pleural tumors, primary bronchogenic 

carcinoma, metastatic pleural disease)
 �� Connective tissue diseases
 ��   Rheumatoid arthritis
 ��   Systemic lupus erythematosus
 ��   Wegener’s granulomatosis
 �� IgG4-related
 �� Trauma
Localized pleural thickening
 �� Pleural plaques
 ��   Apical pleural plaques
 ��   Mineral dust related (Asbestos, silica)
 ��   Hemothorax
 ��   Organized empyema
 �� Cardiac surgery (coronary artery bypass graft)
 �� Connective tissue diseases
 ��   Rheumatoid arthritis
 ��   Systemic lupus erythematosus
 ��   Wegener’s granulomatosis
 �� Drug-induced
 �� �  Ergot derivatives, methysergide, ergoline, bromocriptine, 

pergolide, cabergoline nicergoline)
 ��   Antibiotics (tetracycline, nitrofurantoin)
 ��   Anti-arrhythmics (amiodarone)
 �� �  Chemotherapeutic agents (cyclophosphamide, bleomycin, 

procarbazine)
 �� IgG4-related
 �� Pleuroparenchymal fibroelastosis

proteases [14]. With persistent and/or severe inflammatory 
injury, the pleural space may become focally or diffusely 
obliterated due to the formation of dense fibrous adhesions. 
Acute fibrinous pleuritis is potentially reversible. With con-
tinued fibrin deposition, irreversible fibrous pleuritis associ-
ated with trapped lung may ensue. The propensity for some 
insults to the pleura to cause irreversible pleural fibrosis 
while others trigger reversible fibrinous pleuritis with com-
plete resolution is not well understood.

Fibrothorax represents the most severe form of fibrous 
pleuritis in which progressive fibrosis of the visceral and 
parietal pleural surfaces leads to pleural adhesion. The dense 
pleural peel disallows lung expansion, resulting in trapped 
lung. Trapped lung implies chronicity of a remote inciting 
inflammatory event, unassociated with active disease and 
resulting in restrictive physiology that is usually irreversible. 
Associated pleural effusions are commonly small to moder-
ate in size and transudative. Lung entrapment is also associ-
ated with a restrictive defect; however, entrapment typically 
arises from an active inflammatory process or malignancy 
and is potentially reversible. Pleural effusions in this setting 
are usually exudates. Therapeutic pleural drainage in either 
case results in a post-procedure pneumothorax, also known 
as pneumothorax ex-vacuo, which signifies the inability of 
the lung to reexpand into the evacuated pleural space. Dis-
tinguishing pneumothorax ex-vacuo from pneumothorax 
due to breach of the pleural membrane is crucial in direct-
ing appropriate therapy. Pleural manometry during pleural 
drainage procedures may be helpful in assessing abnormal 
lung expansion. Abnormal lung expansion is signified by a 
sharp decline in pleural pressure with minimal fluid drainage 
and may be accompanied by pleuritic chest pain [15–18]. 
Fibrothorax may be associated with mild to moderate restric-
tive pattern on pulmonary function testing. With extensive 
disease, particularly in cases of bilateral fibrothorax, hyper-
capnic respiratory failure associated with a severe restrictive 
defect may develop and necessitate noninvasive ventilation.

�Histological Features
Histologically, one can separate fibrous pleuritis from fibrin-
ous pleuritis, as the former lacks the presence of a fibrinous 
exudate. Clinical correlation is paramount to determine the 
etiology of the histologic findings.

•	 Fibrous pleuritis/pleurisy: The histological hallmark of 
this process is the presence of a thickened pleura with 
minimal inflammatory and conspicuous fibroblastic com-
ponents (Fig.  1.8a, b). In focal areas, the spindle cell 
fibroblastic component appears to dissect sections of hya-
linized pleura. However, it is important to highlight that 
such process although may present as thickened pleura, 
does not invade adjacent adipose tissue or skeletal mus-
cle. Those latter features are commonly associated with 
mesothelioma, which with these particular features would 
make it suspicious for desmoplastic mesothelioma (see 
below discussion on mesothelioma). In some other cases, 
the process may show more cellular component in the 
form of prominent spindle cell fibroblastic proliferation 
admixed with vascular structures and minimal inflamma-
tory cells, namely, lymphocytes and plasma cells 
(Fig. 1.9a, b). Very likely due to the inflammatory insult, 
the cellular proliferation may become more reactive 

1  The Pleura
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a b

Fig. 1.8  (a) Low power view of fibrous pleuritis, note the presence of uninvolved adipose tissue, (b) higher magnification showing only focal 
areas of spindle cellular proliferation

a b

Fig. 1.9  (a) Dense fibrocollagen admixed with vessels and fibroblastic cells, (b) fibrous pleuritis showing more cellularity admixed with dilated 
vessels and minimal inflammatory response

C. D. Strange et al.
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a b

Fig. 1.10  (a) Cellular fibrous pleuritis with minimal inflammatory response, (b) fibrous pleuritis with cellular atypia

owing to inflammation, which results in atypical meso-
thelial proliferation showing larger cells with round to 
oval nuclei and in some cells with prominent nucleoli 
(Fig. 1.10a, b). In some cases, mitotic figures may also be 
present. The use of immunohistochemical studies in these 
cases has limited value, as reactive mesothelial cells will 
show positive staining for the common markers used for 
mesothelioma, such as keratin, keratin 5/6, and/or cal-
retinin. In unusual cases in which the biopsy specimen is 
limited, the use of molecular studies such as p16 by fluo-
rescence in situ hybridization (FISH) may aid in the diag-
nosis as the presence of a homozygous deletion will be 
more compatible with mesothelioma (see discussion of 
mesothelioma below).

•	 Fibrinous pleuritis: As the term implies, the presence of 
fibrinous exudates that may be admixed with acute and 
chronic inflammatory cells are the hallmark for this pro-
cess (Figs. 1.11a–c). Frequently, the use of histochemical 
stains (AFB and GMS) to rule out the possibility of 
microorganisms is commonly requested. However, the 
use of tissue cultures is also helpful in identifying 
organisms.

•	 Xanthomatous pleuritis: The inflammatory component in 
this process is based on the marked presence of foamy 
histiocytes (Fig.  1.12a, b) with minimal inflammatory 
reaction and the absence of fibrinous exudates. Commonly, 
this type of process occurs as a reaction to drug therapy or 
radiation [19].

•	 Eosinophilic pleuritis: This process has been linked to 
pneumothorax, infections, and adverse drug reactions 
[20–22]. It is more commonly seen in adult individuals. 
Eosinophilic pleuritis is characterized histologically by 
the presence of sheets of eosinophils admixed with other 
inflammatory cells and occasionally giant cells 
(Fig. 1.13a–c).

�Pleural Infections

The prevalence of fibrous pleuritis varies broadly with the 
specific inciting organism. The gamut of infectious processes 
that can seed the pleural surface is vast and theoretically any 
organism, whether bacterial or fungal, can be the leading 
cause of the infection. Bacterial or tuberculous pneumonia is 
the most common infectious cause of fibrous pleuritis, which 
typically occurs as a sequela of empyema, lung abscess, or 
aspiration. Staphylococcus aureus, streptococcus pneu-
moniae, and enteric gram-negative bacilli are the principal 
organisms implicated in the general population, while infec-
tions caused by Actinomycetes and Nocardia are primarily 
implicated in the setting of aspiration and immunocompro-
mised states, respectively [23, 24]. Tuberculous pleuritis is 
the most common extrapulmonary manifestation of tuber-
culosis, with sequelae of residual pleural fibrosis occurring 
in 20–50% of patients [25–28]. Most of these patients have 
mild disease. Associated dyspnea and functional restric-

1  The Pleura



12

a b

c

Fig. 1.11  (a) Low power view of fibrinous pleuritis. Note the presence of fibrinous exudate, (b) fibrinous exudate with areas of acute and chronic 
inflammation, (c) closer view of fibrinous pleuritis showing the fibrinous exudate and hyperplastic mesothelial cells

tive physiology are seen in only 10% [21–24, 29–32]. The 
development of post tuberculous pleural fibrosis does not 
appear to correlate with clinical symptoms, or with the size 
and microbiologic characteristics of the preceding pleural 
fluid [31]. Neither early drainage of the pleural effusion nor 
systemic corticosteroids has been shown to be of definitive 

clinical benefit in limiting the subsequent development of 
pleural fibrosis [26, 33–35]. Tuberculous pleuritis may clini-
cally and radiographically mimic pleural neoplasms [28, 36].

The prevalence of fibrous pleuritis owing to fungal empy-
emas varies with geographic distribution and immunocom-
promised states. For example, the ubiquitous environmental 

C. D. Strange et al.
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a b

Fig. 1.12  (a) Low power view of Xanthomatous pleuritis, note the diffuse presence of histiocytes with minimal inflammatory response, (b) higher 
magnification showing foamy histiocytes admixed with mesothelial cells

fungi, Pneumocystis jirovecii, may contribute to fibrous pleu-
ritis among immunocompromised patients with empyema 
while patients residing in endemic areas for coccidioidomy-
cosis (Southwestern United States) or histoplasmosis (Ohio 
River Valley) may develop fibrinous pleuritis as a sequela of 
empyema associated with these specific infectious organisms.

�Histopathological Features
Evaluation of pleural fluid cultures may potentially provide 
invaluable information and guide specific treatment. Pleu-
ral biopsies may offer additional information. The basic 
histochemical stains used will depend largely on the his-
tological features present in the biopsy. Light microscopic 
examination typically demonstrates an acute inflamma-
tory reaction in which inflammatory cells are embedded 
in a fibrinous exudate (Fig.  1.14a–d). The predominant 
cells are polymorphonuclear cells admixed with plasma 
cells and lymphocytes. Bacterial cultures and histochemi-
cal stains, such as Gram’s may be of aid in attempting to 
demonstrate the presence of bacterial organisms. In addi-
tion to an inflammatory exudate, granulomatous inflam-
mation, characterized by the presence of slightly nodular 
architecture with the presence of numerous multinucle-
ated giant cells admixed with other inflammatory cells, 

predominantly histiocytes can be found (Fig.  1.14a–d). 
Other inflammatory cells that may be present include lym-
phocytes, plasma cells, and eosinophils. In such cases the 
use of silver stains such as Gomori Methenamine Silver 
(GMS) can identify fungal organisms (Fig.  1.14e). The 
use of histochemical stains for acid fast bacteria (AFB) is 
important to properly exclude the possibility of mycobac-
terial infection [36].

�Uremia

Pleural abnormalities of uremia, including fibrinous pleuritis 
have been observed in up to 20% of patients at autopsy [37]. 
The mechanism of uremic fibrous pleuritis has not been estab-
lished, however, abnormal filtration forces and lymphatic 
absorption across subpleural surfaces have been implicated 
[38]. Pleural disease in this setting ranges from subclinical 
pleural thickening to severe dyspnea associated with pleural 
deposition of a gelatinous material and formation of a thick 
pleural peel. Uremic fibrosing pleuritis typically develops 
several years after initiation of dialysis. Pleural thickening 
may initially respond to dialysis, or wax and wane sponta-
neously [39]. Optimal therapies, including the therapeutic 

1  The Pleura
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a b

c

Fig. 1.13  (a) Low power view of strip of pleura with inflammatory cells, (b) higher magnification shows sheets of eosinophils, (c) eosinophilic 
pleuritis with areas of mesothelial hyperplasia

C. D. Strange et al.
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Fig. 1.14  (a) Low power view of acute pleuritis; (b) higher magnifica-
tion showing the presence of an inflammatory reaction composed pre-
dominantly of histiocytes; (c) predominantly fibrinous exudate in 

fibrinous pleruritis; (d) pleuritis showing numerous multinucleated 
giant cells with inflammatory reaction; (e) GMS stain showing numer-
ous fungal organisms

a b

c d
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benefit of systemic corticosteroids, are not well defined. As 
pleural deposition progresses, irreversible restrictive physiol-
ogy requiring surgical decortication may occur.

�Hemothorax

Hemothorax, or the accumulation of blood into the pleural 
space, has been reported most frequently after trauma to the 
chest or in association with iatrogenic causes (Fig. 1.15a, b). 
Primary or metastatic pleural tumors, bleeding diatheses, 
anticoagulation, pleural endometriosis, arteriovenous mal-
formations, and vascular rupture are other attributable causes. 
Fibrothorax associated with trapped lung is a rare late compli-
cation of hemothorax. Early and complete chest tube drainage 
of the hemothorax is generally recommended to mitigate the 
complications of fibrothorax. Operative therapies, including 
video-assisted thoracoscopic surgery (VATS), are generally 
reserved for hemodynamically unstable patients with more 
than 1000 ml of blood drainage from the initial thoracotomy 
or brisk ongoing blood losses of more than 100–200 ml/h 
[40, 41]. Decortication may alleviate fibrothorax and trapped 
lung; however, operative risk is substantial.

e

Fig. 1.14  (continued)

a b

Fig. 1.15  (a) Frontal chest radiograph shows complete opacification of the right hemithorax; (b) contrast-enhanced axial CT shows heteroge-
neous attenuation in the right pleural fluid in the pneumonectomy space consistent with blood products (arrow)

C. D. Strange et al.
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�Coronary Artery Bypass Surgery
Pleural effusions occur throughout the perioperative and 
postoperative period following a variety of cardiac surgeries, 
including coronary artery bypass grafting (CABG). Diag-
nostic thoracentesis should be performed for patients with 
large symptomatic pleural effusions or fever after CABG 
surgery. Early effusions may spontaneously resolve, while 
late effusions may persist 6 or more months after the sur-
gery. Many of the early pleural effusions post CABG may be 
directly attributable to pleural injury during surgery. Persis-
tent late effusions, however, have been ascribed to lymphatic 
damage, and/or immune mechanisms [42–44]. Over time, 
these lymphocyte-predominant exudates are replaced with 
fibrin deposition and subsequent trapped lung. In patients 
with advanced disease, significant dyspnea associated with 
a severe restrictive defect often requires surgical decortica-
tion [45].

�Apical Pleural Plaques

Localized visceral pleural plaques may exist as apical caps 
or nodular histiocytic hyperplasia. Apical caps exist morpho-
logically as unilateral or bilateral fibroelastic scars involving 
the lung apex. These benign lesions are typically identified 
as asymptomatic findings on chest radiographs. Bilateral 
lesions may be asymmetric. The pathogenesis of apical caps 
is not completely understood. The apical segments of the 
upper and lower lobes are subject to intrinsic physiologic 

under-perfusion, causing chronic low-grade local ischemia. 
This ischemia coupled with chronic low-grade inflamma-
tion is the proposed mechanism, although the pathogen-
esis remains unproven. The scars typically remain stable, 
although minimal enlargement occurring over years has been 
reported. The prevalence of apical caps increase with age, 
occurring in 64% of patients over the age of 66 years in one 
study [46]. There is no sex predilection and no predilection 
for either side.

On light microscopy, apical caps are characterized by 
the presence of subpleural fibroelastosis or fibrosis with 
or without the presence of entrapped alveoli and scattered 
inflammatory cells (Fig.  1.16a, b). Occasionally, alveolar 
entrapment may have features that are similar histologically 
to adenocarcinoma.

�Pneumoconiosis

Pneumoconiosis caused by significant exposure to asbestos 
and silica are well known causes of pleural fibrosis. Asbestos-
related pleural fibrosis may exist as pleural plaques or diffuse 
pleural fibrosis. These two clinically distinct entities may over-
lap; however, the presence of pleural plaques does not imply 
or predict the development of asbestosis. Pleural plaques arise 
along the parietal surface of the pleura and are most com-
monly distributed along the lateral and posterior walls of the 
lower half of the thorax, sparing the costophrenic angles. Dia-
phragmatic, mediastinal, pericardial distribution is also seen. 

a b

Fig. 1.16  (a) Low power view of an apical cap showing subpleural fibroelastotic changes, (b) higher magnification showing low cellularity and 
dilated vessels
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Fig. 1.17  (a) Frontal chest radiograph shows bilateral curvilinear 
areas of calcification consistent with pleural plaques due to asbestos 
exposure. A moderate left pleural effusion is present; (b) contrast-
enhanced axial CT chest shows the left upper lobe lung cancer (T) and 

bilateral calcified pleural plaques (arrows) with a left pleural effusion; 
(c) axial FDG-PET/CT shows the left upper lobe primary tumor is 
hypermetabolic. Calcified pleural plaques (arrows) due to prior expo-
sure to asbestos are not FDG avid on PET

Calcified bilateral lesions are virtually pathognomonic of sig-
nificant prior asbestos exposure (Fig. 1.17a–c). Pleural plaques 
typically develop 20–30 years after initial asbestos exposure 
and are frequently incidental findings on chest radiographs 
in asymptomatic patients [46–48]. The mechanism of pleural 
plaque formation has not been definitively elucidated, how-
ever penetration of inhaled asbestos fibers through the visceral 
pleura, which incites an inflammatory reaction along the pari-
etal pleura has been proposed. In contrast to asbestos-related 
pleural plaques, asbestos-associated diffuse pleural thickening 
involves the visceral pleura, frequently distributes over the cos-
tophrenic angles, and may be accompanied by fibrotic paren-
chymal disease. Patients typically present with dyspnea on 
exertion associated with a restrictive physiology and reduced 
diffusing capacity on lung function testing [49–51].

The presence of hyalinzed fibroconnective tissue with 
minimal inflammatory reaction is a hallmark of asbestos-
related pleural plaques (Fig.  1.18a–c). Despite significant 

asbestos exposure, ferruginous bodies on pleural sections 
are rare findings, which more often occur in alveolated lung 
parenchyma.

Treatment options for asbestos-related diffuse pleural dis-
ease are very limited. In the absence of significant pulmonary 
fibrosis, decortication may be considered, although surgical 
outcomes have been mixed.

Silica-associated fibrous pleuritis occurs in 18–58% 
of exposed persons. In addition to the traditional mining 
industry, occupational exposure to silica has been reported 
in a variety of workplaces, including sandblasting, stone 
masonry, semiprecious stone manufacturing, electrical cable 
industries, hydraulic fracturing industries, and construc-
tion. Acute, accelerated, and chronic forms of silicosis exist, 
occurring within weeks to 5 years, less than 10 years, and 
more than 10 years after significant silica exposure, respec-
tively. Patients commonly present with progressive dyspnea 
and dry cough in association with recalcitrant, diffuse pleu-

C. D. Strange et al.



19

a b

c

Fig. 1.18  (a) Low power view of a thick pleural surface overlying lung parenchyma; (b) higher magnification of the pleura showing extensive 
hyalinization with minimal inflammation; (c) alveolated lung parenchyma showing numerous ferruginous bodies

ral fibrosis and upper-lobe predominant fibrotic parenchymal 
disease, known as progressive massive fibrosis (PMF) [52, 
53]. The diagnostic workup relies on chest CT imaging and 
pulmonary function testing coupled with a compatible his-
tory of silica dust exposure.

Mixed inflammatory reaction composed of histiocytes 
and lymphocytes with fibrosis and the presence of dust-like 
dark silica particles are noted on histological sections of the 
pleura (Fig. 1.19a, b). Silica particles are best detected with 
polarized light or by X-ray diffraction analysis.

Superimposed bacterial infection, in particular, mycobac-
terial disease, is a well-known complication of silicosis with 
PMF and should be suspected in patients with fever and other 
constitutional symptoms, worsening respiratory impairment, 
hemoptysis, and cavitation in regions of PMF on chest imaging 
studies. Chronic necrotizing aspergillosis, chronic bronchitis, 
autoimmune diseases, and lung cancer are other associated 
conditions [54]. Treatment is primarily supportive. Avoidance 
of further exposure to respirable silica and tobacco products 
may help to slow disease progression. A role for glucocorti-
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Fig. 1.19  (a) Low power view of a hyalinized nodule in the pleural surface associated with mixed inflammatory reaction; (b) higher magnification 
of the inflammatory reaction showing the presence of histiocytes and dark particles (silica), which is best visualized by polarizing microscopy

a b

Fig. 1.20  (a) Non-contrast axial CT shows left posterior pleural thickening (arrow); (b) axial FDG-PET/CT shows intense FDG avidity of the left 
pleural thickening (arrow)

coids in the management of acute and chronic forms of silicosis 
has not been fully established. Successful lung transplantation 
has been reported in patients with advanced disease [54–56].

�Connective Tissue Diseases

Pleural pathologic findings associated with systemic con-
nective tissue diseases (CTD), such as rheumatoid arthri-
tis, systemic lupus erythematosus, and granulomatosis 

with polyangiitis, may vary from small fibrous plaques to 
extensive reactive fibrosis. Fibrous pleuritis may presage 
the clinical diagnosis of primary CTDs or, alternatively, 
develop in the context of established disease [57, 58]. 
Among the CTDs, pleural involvement in association with 
rheumatoid arthritis is most common, occurring in up to 
50% of patients (Fig.  1.20a, b). Concomitant interstitial 
lung disease is reported in 30% of patients. Significant 
pleural fibrosis may lead to restrictive lung physiology and 
trapped lung. Systemic and intrapleural steroids have been 
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used with variable success. The effect of disease modify-
ing antirheumatic drugs in mitigating rheumatoid fibrous 
pleuritis is unknown.

�Drug-Induced Fibrous Pleuritis

Drug reactions are common causes of pleural effusions; how-
ever drug-induced pleural thickening and pleural fibrosis are 
less commonly observed. Ergot-derived dopamine agonists 
used to treat migraine headaches, including methylsergide 
and ergoline were among the earliest reports of drug-related 
pleural fibrosis. Other ergots such as bromocriptine, per-
golide, cabergoline, and nicergoline, which are used in the 
treatment of Parkinson’s disease, have also been implicated. 
Fibrous pleuritis has been reported in 2–4% of ergot-treated 
patients and may occur in isolation or accompanied by fibrosis 
of other organ systems, including the mediastinum, pericar-
dium, retroperitoneum, and cardiac valves [59–64]. Pleural 
disease typically develops within the first 6 months following 
initiation of the drug and is signaled by dyspnea and pleuritic 
pain associated with bilateral pleural thickening along the lat-
eral and bibasilar aspects of the thorax. Late fibrosis, occur-
ring many years after drug exposure, has also been described. 
Thus vigilance throughout the treatment period must be 
maintained. Cessation of the drug halts disease progression in 
most cases, though complete resolution is rare.

Other classes of drugs that have been implicated in the 
development of fibrous pleuritis include antibiotics (tetra-
cycline, nitrofurantoin), anti-arrhythmics (amiodarone), and 
chemotherapeutic agents (cyclophosphamide, bleomycin, 
procarbazine) [65–69]. Antecedent pleural effusions with or 

without associated parenchymal disease is reported in most 
cases, however isolated fibrous pleuritis may also occur, par-
ticularly following amiodarone exposure [67].

�IgG4-Related Fibrous Pleuritis

Tissue infiltration by immunoglobulin G4 positive plasma 
cells is known to cause systemic fibroinflammatory injury to 
diverse tissues, including the pleura. This multisystem dis-
order most often occurs in middle-aged men. Pleural mani-
festations of IgG4-related disease include fibrous pleuritis, 
pleural mass, and effusions (Fig. 1.21a, b). Fibrous pleuritis 
typically occurs in the context of other organ system disease, 
such as pancreatitis, sialadenitis, or hepatitis, but has been 
increasingly identified without other organ involvement. The 
diagnosis should be made in the context of clinical, radio-
logical, and histological correlations.

Histologically, sections of the pleura show areas of pleural 
thickening with fibrosis admixed with an inflammatory reac-
tion composed predominantly of plasma cells (Fig. 1.22a, b).

Immunohistochemical stains to determine the presence of 
IgG4 will light up most of the plasma cells present with the 
inflammatory reaction. The presence of more than 10 IgG4-
positive plasma cells per high-power field and an IgG4/IgG-
positive plasma cell ratio of more than 40% is suggestive of 
IgG4-related pleural disease. Close monitoring is reasonable 
in asymptomatic patients with isolated pleural effusions. 
Systemic corticosteroids are recommended for patients 
with multi-organ disease and/or fibrous pleuritis. Treatment 
delays may result in irreversible pleural fibrosis and other 
organ dysfunction [70–72].

a b

Fig. 1.21  (a) Contrast-enhanced axial CT shows right pleural thickening with a small right pleural effusion; (b) contrast-enhanced axial CT shows 
interlobular septal thickening and an irregular 2 cm right upper lobe solid nodule (N)
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Fig. 1.22  (a) Low power view showing a thickened pleural surface with inflammatory reaction; (b) higher magnification shows the presence of 
discrete areas of fibrosis admixed with numerous plasma cells

�Pleuroparenchymal Fibroelastosis

Pleuroparenchymal fibroelastosis (PPFE) is a rare type 
of interstitial pneumonia in which there is upper-lobe pre-
dominant fibrosis involving the visceral pleura and elastin-
rich fibroelastotic changes that are most conspicuous in the 
subpleural lung parenchyma of the upper lobes (Fig. 1.23a, 
b). Most cases are considered idiopathic, although second-
ary forms of PPFE associated with autoimmunity (sclero-
derma, rheumatoid arthritis, inflammatory bowel disease), 
infections (Aspergillus, nontuberculous mycobacteria), and 
hematopoietic stem cell transplantation have been described 
[73, 74]. Patients typically present between 40 and 70 years 
of age. Dyspnea, dry cough, weight loss, and recurrent infec-
tions associated with worsening volume loss of the upper 
lobes typically progress slowly over years. Rarely, PPFE 
may take an inexorably progressive course that culminates 
in platythorax and irreversible respiratory failure with early 
death [75, 76] The diagnosis is predicated on the exclusion 
of competing conditions associated with upper lobe disease, 
including sarcoidosis, hypersensitivity pneumonitis, atypical 
nontuberculous mycobacterial infection, pneumoconiosis, 
malignancy, apical pleural cap, and post–lung injury remod-
eling. Coexisting usual interstitial pneumonia (UIP) and 
idiopathic pulmonary fibrosis (IPF) have been reported in 
some cases [77, 78]. The diagnosis is suggested by CT find-
ings of intense upper-lobe predominant pleural fibrosis, pro-
nounced parenchymal fibroelastosis, and sparing of the lung 
away from the pleura. These observations help to distinguish 
PPFE from other interstitial lung diseases.

On imaging, fibrous and fibrinous pleuritis are usually 
seen as diffuse pleural thickening. Benign pleural thick-
ening typically manifests as a continuous process more 
than 5  cm wide, 8  cm in craniocaudal extent, and 3 mm 
thick, all of which are best measured on CT [79]. The cos-
tal and paravertebral regions are most commonly involved; 
the mediastinal pleura are rarely affected. The appearance 
of benign pleural thickening is similar regardless of the 
cause. However, certain associated features on CT may 
give clues as to the etiology. Pleural calcification, vol-
ume loss, thickened extra-pleural fat layer, and associated 
parenchymal abnormality may favor prior empyema (par-
ticularly tuberculosis), whereas pleural calcification with 
rib deformity and normal lung parenchyma would indi-
cate previous traumatic hemothorax (Fig.  1.24a–c). Talc 
pleurodesis on CT typically demonstrates high attenuation 
talc material in the pleura and increased soft tissue visceral 
pleural thickening [80].

�Mesothelial Hyperplasia

Mesothelial hyperplasia, also referred to as benign reac-
tive mesothelial hyperplasia (RMH), may cause pleural 
effusions and pleural thickening and occurs in a variety of 
clinical settings [81]. Histologically, the hallmark of this 
benign condition is a dense proliferation of mesothelial cells, 
which must be distinguished from malignant mesothelioma. 
Patients with mesothelial hyperplasia are typically asymp-
tomatic and no specific treatment is required.
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Fig. 1.23  (a) Non-contrast axial CT shows the right pleural thickening (arrows) in the upper thorax; (b) non-contrast coronal CT shows reticulo-
nodular lung fibrosis in the subpleural distribution (arrows) typical of PPFE. Note lung emphysematous changes

A critical difficulty lies in differentiating benign RMH 
from malignant disease, which is fraught with a spectrum of 
diagnostic challenges. The diagnostic gold standard is based 
on the histopatholgical assessment of the lesion. Biopsy 
specimens should be large enough to permit examination of 
mesothelial cell proliferation as well as assessment of adja-
cent tissue landmarks, such as skeletal muscle and adipose 
tissue. Infiltration of mesothelial cells into adipose tissue or 
the skeletal muscle is a key criterium for the diagnosis of 
mesothelioma. Tissue biopsies of 1 mm in size or less may 
not include key landmarks that allow definitive diagnosis of 
malignant pleural mesothelioma (MPM). Florid mesothelial 
proliferation without infiltration into adipose tissue and/or 
muscle is indicative of mesothelial hyperplasia rather than 
malignant mesothelioma. Common immunohistochemical 
markers such as keratin 5/6 and calretinin are positive in 
reactive as well as in malignant mesothelial proliferations. 
Thus, immunohistochemical stains are of minimal benefit 
in distinguishing malignant versus hyperplastic pleural pro-
liferation. The tumor suppressors, p16 (cyclin-dependent 
kinase 2A, CNDK2A) and breast cancer-1-associated pro-
tein (BAP-1) are two of the most frequently mutated genes 

in MPM pathogenesis and have been identified as potentially 
useful molecular markers in distinguishing benign reactive 
hyperplasia from malignant disease. However, a small per-
centage of true malignant mesotheliomas may not demon-
strate homozygous deletion of p16 as assessed by fluorescent 
in situ hybridization (FISH). Retention of BAP1 expres-
sion on immunohistochemistry suggests reactive changes, 
whileloss of BAP1 staining, may suggest the possibility of 
mesothelioma in situ [82–87].

�Pleural Endometriosis

Ectopic endometrial tissue, or endometriosis, is believed 
to affect 6–10% of reproductive-age women. Nearly 50% 
of these women are infertile [88]. Endometriosis of non-
reproductive organs most often occurs within the thoracic 
cavity where it may involve the lung parenchyma, dia-
phragm, and pleural surfaces. Intrathoracic endometriosis 
produces a range of clinical and radiological manifestations, 
collectively referred to as thoracic endometriosis syndrome 
(TES) that includes catamenial pneumothorax, hemothorax, 
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Fig. 1.24  (a, b) Frontal and lateral chest radiographs show coarse cal-
cifications are seen in the right pleural space in the lower thorax 
(arrows); (c) contrast-enhanced axial CT shows densely calcified pleu-

ral rind along the posterior and lateral aspect (arrows) with volume loss 
in the right hemithorax due to prior history of tuberculous empyema

hemoptysis, and pulmonary nodules, catamenial chest pain, 
endometriosis-related pleural effusion, and diaphragmatic 
hernia (Fig. 1.25a, b). Catamenial pneumothorax and cata-
menial hemothorax are the most common manifestations 
of pleural TES, occurring in 74% and 14% of all patients, 
respectively [89–91]. Catamenial hemoptysis occurs in 7% 
of patients, and is usually mild. Pulmonary nodules may be 
seen in 6% of patients and have no predilection for lateral-
ity [92]. Although TES may occur in isolation, 50–84% of 
patients have extensive pelvic disease, which may predate 
TES by 5–7  years [93]. Thus, the absence of an associa-

tion with pelvic endometriosis does not exclude TES. The 
pathogenesis of TES is not completely understood. Retro-
grade movement of endometrial cells into the peritoneum 
with subsequent implantation of cells on the lung, diaphrag-
matic, and pleural surface is the most widely held theory. 
Other hypotheses include coelomic metaplasia, lymphatic 
or hematogenous embolization [94]. The constellation of 
symptoms appears to be temporally related to menstruation 
and largely correlates with the anatomic location of endome-
trial cells. For example, presenting symptoms of pleural TES 
include catamenial pneumothorax, pleuritic chest pain, chest 
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Fig. 1.25  (a) Contrast-enhanced axial CT 7  years previously shows 
large left pneumothorax with mass effect compressing the left lung 
(arrow); (b) contrast-enhanced axial CT shows large left pleural effu-

sion. The two foci of heterogeneous attenuation (arrows) within the left 
pleural effusion are consistent with blood clots

and shoulder pain, or referred pain to the periscapular region 
or neck. Signs and symptoms are predominantly right-sided, 
although rare cases of left-sided and bilateral disease have 
been reported [95]. Patients with catamenial pneumotho-
rax or catamenial hemothorax typically present with cough, 
shortness of breath, and pleuritic chest pain within 48–72 h 
of the onset of menstruation, however, a temporal associa-
tion with menstruation is not always recognized [91]. Thus, 
a high level of clinical suspicion is essential to ensure a 
timely diagnosis. TES should be considered in any ovulat-
ing woman with spontaneous pneumothorax or hemothorax.

Imaging findings are usually nonspecific but may be help-
ful to rule out other diagnoses and to map the endometrial 
lesions for surgery, if feasible. Chest radiographs may reveal 
pleural effusion, pneumothorax, or pleural nodules, but they 
are often normal [96]. Ultrasound of the chest may show 
echogenic nodules on the pleural surface with pleural effu-
sion or hemothorax. On CT, small soft-tissue pleural nodules 
representing endometrial implants may be seen along with 
pneumothorax and hemothorax. These nodules tend to dem-
onstrate homogeneous enhancement after administration of 
intravenous contrast. MR imaging is said to be more accurate 
than CT in the detection of pleural endometriosis. Similar to 
pelvic endometriosis, pleural endometriosis may show dif-
ferent signal intensities on T1 and T2 images, depending on 
the stage of the lesion. However, a pleural lesion exhibiting 
homogeneous high signal intensity on T1- and T2-weighted 
images is highly suggestive of pleural endometriosis. Tho-
racic CT or MR imaging in patients suspected of thoracic 
endometriosis should be performed during menstruation to 
maximize diagnostic sensitivity [96, 97]. Video-assisted tho-
racoscopy is the method of choice for direct demonstration of 
nodular or plaque-like endometrial deposits that are usually 
<1  cm in size. More than 60% of affected patients require 

thoracoscopy or thoracotomy as part of diagnostic evaluation 
of suspected thoracic endometriosis, and these procedures are 
frequently needed to establish the correct diagnosis [98].

Well-documented cases of either ectopic endometrial 
tissue, endometriomas, or endometriosis and deciduosis 
of the pleura and lung have been recorded in the literature 
[99–102]. In cases in which endometriosis presents as a pul-
monary mass, the lesion may show cystic and hemorrhagic 
areas and measured up to 3 cm in size. Histologically, pleu-
ropulmonary endometriosis is characterized by the presence 
of endometrial glands lined by cuboidal, columnar, or pseu-
dostratified epithelium with round to oval nuclei and incon-
spicuous nucleoli, scant cytoplasm, which could be light 
eosinophilic or clear. Mitotic activity is present. The glan-
dular proliferation is embedded in a fibrocollagenous stroma 
containing abundant inflammatory cells, mainly plasma cells 
(Fig. 1.26a–i). A proliferation of small arterioles may also be 
present. In some cases, the histological features are those of 
a prominent decidual reaction characterized by a light eosin-
ophilic glassy stroma containing elongated cells with small 
nuclei and absent nucleoli (Fig. 1.27a–c).

By immunohistochemistry, the glandular proliferation 
may show positive staining for keratin, keratin 7, CEA, 
and Her-2neu, while the stromal cells will show positive 
staining for estrogen and progesterone receptors and WT-1 
(Fig. 1.26g–i).

Chest tube drainage and hormonal therapies are the main-
stay of treatments for catamenial pneumothorax and hemo-
thorax. Surgical management of catamenial hemothorax, 
including video-assisted thoracoscopic surgery remains con-
troversial. The indications for surgical resection are failure 
of hormonal therapy, intolerable adverse effects from medi-
cation, or symptom recurrence after cessation of medical 
treatment.
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Fig. 1.26  (a) Low power view of a pleural endometriosis. Note the 
presence of uninvolved lung parenchyma; (b) closer view of the glandu-
lar proliferation showing glands of different sizes; (c) pleural endome-
triosis with cystic changes; (d) endometriosis showing glands with 
mitotic activity; (e) glandular proliferation embedded in an edematous 
stroma with small vessels proliferation; (f) Pleural endometriosis show-

ing elongated gland embedded in a cellular stroma; (g) immunohisto-
chemical stain for estrogen receptor showing strong nuclear staining in 
stromal cells; (h) immunohistochemical stain for WT-1 showing strong 
nuclear staining in stromal cells; (i) immunohistochemical stain for 
keratin outlines the glandular epithelial component
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Fig. 1.26  (continued)
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�Adenomatoid Tumor

Adenomatoid tumors are benign solitary lesions of mesothe-
lial origin. These rare tumors typically present as nonspe-
cific nodules ranging from 0.5 to 2.5 cm on CT imaging and 
are most often found incidentally during surgery [103]. The 
tumors predominantly localize to the male and female geni-
tal tract. Extragenital presentations have been reported in the 
heart, adrenal glands, mesentery, lymph nodes, and pleura 
[104]. Adenomatoid tumors of the pleura may affect the vis-
ceral or parietal layers and mimic malignant pleural lesions 
[105]. The epidemiology and risk factors of these lesions are 
unknown. Correlation of the clinical, diagnostic imaging, 
and pathology findings leads to a correct diagnosis.

Adenomatoid tumors are usually small nodules ranging 
from 0.5 to 2.5 cm incidentally found during surgery [103]. 
Radiology is nonspecific and adenomatoid tumors present as 
a pleural nodule on chest radiograph or CT.

Histologically, the cellular proliferation is arranged in 
sheets or cords of medium size cells dissecting fibroconnec-
tive tissue. The cells are of medium size with eosinophilic 
cytoplasm, round to oval nuclei, and inconspicuous nucleoli. 
In some areas the cells may exhibit a signet-ring cell like 
appearance. Mitotic activity is not present and areas of necro-
sis and hemorrhage are generally absent (Fig. 1.28a–d). By 
immunohistochemistry [106] adenomatoid tumors may share 
similar immunophenotype as mesotheliomas. Both tumors 
may share positive staining for keratin, calretinin, and keratin 
5/6. Also, both tumors show negative staining with carcino-
matous epitopes including CEA, CD15, B72.3, and TTF-1. 

In addition, it is important to highlight that some mesothe-
liomas have also been described as having an “adenomatoid 
growth pattern” [106]. Thus, it is essential that the diagnosis 
of mesothelioma is correlated with the imaging. In difficult 
cases where the imaging is not available and the histology 
and immunohistochemistry is not definitive, molecular stud-
ies may be attempted, as adenomatoid tumors are negative 
for homozygous deletion using p16 FISH [107–115].

Neoplastic

�Malignant Mesothelioma

Malignant mesothelioma (MM) is a neoplasm that arises from 
mesothelial cells lining body cavities, including the pleura, 
pericardium, peritoneum, and tunica vaginalis [116]. Malig-
nant pleural mesothelioma (MPM) is the most common form, 
occurring in 70–90% of all malignant mesotheliomas. MPMs 
are most often attributable to asbestos exposure, however the 
relationship between asbestos and MPM varies greatly with 
gender, asbestos fiber type, occupation, and industry. The fre-
quency of asbestos fiber subtypes varies with specific geo-
graphic and occupational environments. Mesothelioma risk 
is highest following exposure to the more harmful crocidolite 
asbestos fibers. However, chrysotile is more widely commer-
cially used, and thus, accounts for the majority of cases of 
asbestos-induced mesothelioma. Occupational exposure to 
asbestos accounts for 85–90% of all MPMs in men in North 
America and Europe. By contrast, direct occupational expo-
sure to asbestos accounts for only 40% of all female MPMs, 
which are more often attributed to para-occupational and 
domestic asbestos exposures as well as spontaneous causes 
[117]. Induction of MPM has also been reported following 
exposure to non-asbestos fibers, including fluoro-edenite and 
erionite [118–121]. Convincing evidence links the develop-
ment of MPM to radiation exposure from multiple sources, 
including therapeutic thoracic radiation, radioactive thorium 
dioxide contrast medium (thorotrast), and atomic energy/
nuclear industries [122–125]. An inherited predisposition 
for MPM has been recently linked to germline alterations in 
BRCA-associated protein 1 gene (BAP-1) expression [126].

The overall incidence of MPM is approximately 1  in 
100,000 in the United States and 1–3 in 100,000 in the major-
ity of European countries. Although a trend toward leveling 
off of the incidence of asbestos-related MPM has been noted 
in recent years in Western countries, in developing countries 
where restrictions on the industrial use of asbestos are much 
more relaxed, the incidence continues to climb. Due to the 
long latency period of approximately 20–40 years between 
asbestos exposure and disease, patients are typically older at 
presentation, with a median age of 63 years. The incidence 
of MPM is three to fourfold higher in men, reflecting the his-

i

Fig. 1.26  (continued)
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Fig. 1.27  (a) Low power view of pleural deciduosis, note the presence of a pleural nodule; (b) small pleural nodule composed of decidualized 
cells; (c) higher magnification showing decidualized stroma and scant elongated cells without atypia or mitotic activity

torical male preponderance in at-risk occupations [127, 128]. 
Gradually, progressive symptoms of dyspnea, chest wall 
pain, and/or pleurisy herald the onset of disease [129, 130]. 
Most patients have a high burden of disease at the time of 
presentation due to late-onset symptom development. Occa-
sionally, asymptomatic patients are diagnosed at an earlier 
stage on chest imaging performed for other purposes. The 
disease is typically confined to the ipsilateral pleura. How-
ever, patients may infrequently present with distant metasta-
ses to spleen, liver, thyroid, or brain [131].

A detailed occupational history coupled with imaging and 
tissue acquisition is the mainstay of the diagnostic workup. 
Plain chest radiography is not sufficiently sensitive for defini-
tive diagnosis and staging, which requires computed tomog-
raphy with contrast enhancement. PET/CT imaging may help 
to direct biopsies by identifying FDG-avid sites [132, 133]. 
Adequate tissue is essential for definitive histological analy-
sis. Immunohistochemical investigations of tumor biomark-
ers can also be performed on tissue samples, which may help 
to distinguish malignant mesothelioma from other malignant 
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Fig. 1.28  (a) Low power of an adenomatoid tumor of the pleura, (b) tumor cells forming small nests, (c) adenomatoid tumor showing cords of 
tumor cells, (d) adenomatoid tumor with areas of inflammatory reaction

processes, such as metastatic diseases to the pleura and from 
benign, reactive mesothelial proliferations. Tissue obtained 
from blind core needle biopsies is often insufficient to estab-
lish the diagnosis. Surgical biopsies obtained from thoracos-
copy or video-assisted thoracic surgery (VATs) are preferred 
modalities for tissue acquisition. Disease stage according to 
the tumor-node-metastases (TNM) staging system has been 
validated by the International Mesothelioma Interest Group 
(IMIG). This staging system is an important MPM prognos-
ticator and preferred system for mesothelioma staging [129, 
134, 135].

Tumor stage and histology are the most important 
prognosticators, with advanced stage, sarcomatoid, and 
biphasic MPM histologies conferring a worse prognosis. 
In addition to tumor stage, male gender, poor performance 
status, older age, pure sarcomatoid histology, elevated 
white count above 15,000/μL, and platelet count greater 
than 400,000/μL are unfavorable prognostic factors [112–
115]. These prognosticators have been incorporated into 
scoring systems which not only inform treatment out-
comes, but also facilitate personalized management strate-
gies [136, 137].
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In untreated patients with advanced-stage disease, the 
overall prognosis remains poor with a median survival 
of 4–13  months. Surgery, radiation therapy, and systemic 
chemotherapy, given as a single therapeutic modality or in 
combination, have only shown marginal survival benefit 
(6–18 months) regardless of the therapeutic approach [110].

Treatment planning requires a multidisciplinary team of 
experts in medical oncology, radiation oncology, and surgery 
after histologic diagnosis, determination of histologic sub-
type and mediastinal staging have been established. Opera-
tive management, including extrapleural pneumonectomy 
(EPP) or pleurectomy with decortication (P/D) is reserved 
for patients with good performance status, no medical con-
traindications to surgery, and anatomically resectable tumors. 
EPP entails en bloc resection of the ipsilateral visceral and 
parietal pleurae, pericardium, lung, and diaphragm. P/D only 
involves parietal and visceral pleurectomy, sparing resection 
of the diaphragmatic muscle and lungs. Although no ran-
domized trials exist, P/D has been associated with less peri-
operative morbidity and mortality, with a comparable overall 
survival to EPP in retrospective analyses [138]. The goals 
of surgery are to achieve macroscopic complete resection 
(MCR) with curative intent in selected patients or palliative 
surgical cytoreduction in others when MCR is not deemed 
to be feasible [111]. Significant differences in overall sur-
vival rates have been demonstrated among patients under-
going surgery for curative versus palliative intent (median 
survival 18 versus 12 months) and with treatment plans that 
included curative-intent surgery combined with nonsurgical 
modalities such as chemotherapy, radiation therapy, or both 
(median survival 20 versus 11 months) [111, 139].

Nonsurgical candidates may be eligible for symptom-
directed therapy and/or chemotherapy. Standard chemo-
therapy is typically given as a platinum-based doublet plus 
pemetrexed with or without a vascular endothelial growth 
factor (VEGF) inhibitor. Chemotherapy may be given in the 
neoadjuvant setting or following definitive surgery. Knowl-
edge that the tumor microenvironment in MPM may be 
modulated to promote antitumor response has fueled ongo-
ing investigations of immunotherapy as a component of mul-
timodality therapy for MPM [110, 114, 140]. Dyspnea and 
pain associated with tumor burden or large pleural effusions 
are common sequelae of MPM. Thoracentesis as an initial 
approach may provide significant symptom palliation; how-
ever, these effusions are often rapidly recurrent and require 
more definitive strategies, such as placement of a tunneled 
intrapleural catheter or attempted pleurodesis. The latter 
requires complete drainage of the pleural effusion by tube 
thoracostomy or video thoracoscopy. If lung reexpansion 
is confirmed, an intrapleural sclerosing agent (most com-
monly asbestos-free talc) may be administered, which is 
either insufflated as a powder or instilled via chest tube as 
a slurry [141, 142]. The presence of a thick pleural rind or 
bulky tumor in the pleural space may limit lung reexpan-

sion, thereby precluding successful pleurodesis. MPM has 
a tendency to travel along biopsy and catheter tracts [143]. 
Considerations for radiation to the chest wall to prevent 
tumor seeding at the site of instrumentation (chest drains, 
thoracoscopy, video-assisted thoracoscopic surgery biopsies, 
and open surgical biopsies) are a source of considerable con-
troversy and generally not recommended. This guideline is 
based on a summation of data that suggested no significant 
difference with or without prophylactic radiation [144–147].

�Radiography
Chest radiographs are often the initial imaging modality to 
suggest MPM. Unilateral pleural effusions are the most com-
mon finding, seen in 30–80% of patients. Pleural thicken-
ing is seen in 60% of patients followed by pleural masses 
in 45–60% [148]. Intrathoracic adenopathy is suggested by 
abnormal mediastinal or hilar contours and abnormal thick-
ening of lines and stripes. Foci of calcification or ossification 
can be seen if there is cartilaginous or osseous differentiation. 
Finally, if there is encasement of the lung and/or invasion 
of the chest wall, radiographs may demonstrate hemithorax 
volume loss, elevation of the diaphragm, narrowing of inter-
costal spaces, and ipsilateral mediastinal shift [149].

�Computed Tomography
Tumor characteristics, such as extent of the primary tumor, 
presence of intrathoracic adenopathy, local invasion of the 
mediastinum, diaphragm or chest wall, and the presence of 
extrathoracic spread can be discerned with chest computed 
tomography CT), which is the imaging modality of choice 
for the evaluation of MPM.  Unilateral pleural effusions 
(74%) and nodular pleural thickening (92%) are the most 
common CT findings in MPM (Figs.  1.29 and 1.30a, b) 

Fig. 1.29  Contrast-enhanced axial CT, which demonstrates a small 
right pleural effusion (E), a common presenting finding in malignant 
pleural mesothelioma
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Fig. 1.30  (a) Contrast-enhanced axial CT demonstrates a moderate 
left pleural effusion (E) with a small area of nodular pleural thickening 
(arrow) adjacent to the descending thoracic aorta; (b) axial FDG-PET/

CT performed after thoracentesis demonstrates increased FDG uptake 
in the pleural nodule (arrow)

[150]. In particular, when the pleura is greater than 1 cm 
in thickness, nodular, and circumferential, MPM should be 
considered [151]. Classically, MPM demonstrates circum-
ferential nodular pleural thickening, which encases the 
lung, creating the often described “rind-like” appearance 
with extension along the diaphragmatic surface and into 
the fissures (Fig. 1.31a, b) [135]. Although calcification is 
unusual, punctate or large calcifications can be seen in the 
setting of cartilaginous or osseous differentiation. This is 
to be distinguished from more linear areas of calcification 
that are commonly associated with benign pleural plaques 
in the setting of benign asbestos-related pleural disease 
[152].

CT is often adequate to determine areas of local tumor 
invasion in MPM, which commonly include the chest wall, 
mediastinum, pericardium, and the diaphragm (Fig.  1.32a, 
b). Chest wall invasion manifests as loss of the normal 
extrapleural fat plane, invasion of intercostal muscles, rib 
displacement, and osseous destructive changes. Mediastinal 
involvement is suggested when normal fat and tissue planes 
are lost and the trachea or esophagus is encased by more than 
50% [153]. Pericardial invasion can result in pericardial effu-
sion, pericardial thickening, and pericardial nodularity or 
masses. While difficult to differentiate, pericardial involve-
ment can be transmural or nontransmural. The preservation 
of epicardial fat suggests nontransmural involvement while 
tumor extension to the inner surface of the pericardium or 
into the myocardium suggests transmural invasion. Simi-

larly, evaluation of transdiaphragmatic extension with CT is 
difficult. Generally, if a fat plane is preserved between the 
undersurface of the diaphragm and the adjacent abdominal 
organ, disease confined to the thoracic cavity is considered 
[149]. Laparoscopy and peritoneal lavage are used to evalu-
ate for peritoneal spread and can identify implants along the 
undersurface of the diaphragm and in the peritoneal cavity 
that are undetected on imaging [143].

CT is the primary imaging method to evaluate intrathoracic 
nodal involvement. CT with intravenous contrast administra-
tion can detect enlarged thoracic lymph nodes. Mediastinal 
(subcarinal, paraesophageal, and paraaortic) and hilar nodes 
are considered abnormal with a short axis CT measurement 
of 1 cm or larger. While internal mammary chain, extrapleu-
ral, and retrocrural lymph nodes have no set upper limit size 
criteria, their presence is generally considered abnormal. 
Knowledge of lymphatic drainage patterns of diseases involv-
ing the diaphragm and pleura are helpful in the detection of 
nodal metastases. The anterior and lateral diaphragms are 
drained by the internal mammary chain and anterior peridia-
phragmatic nodes while the posterior diaphragm is drained by 
the paraaortic and posterior mediastinal nodes. The visceral 
pleural lymphatics follow the same drainage pattern as the 
lungs. The parietal pleural lymphatic drainage system is dif-
ferent. The anterior parietal pleura is drained by the internal 
mammary chain and peridiaphragmatic nodes while the pos-
terior parietal pleura is drained by the extrapleural/intercostal 
lymph nodes. The anterior and lateral chest wall is drained by 
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Fig. 1.31  (a) Contrast-enhanced axial CT demonstrates circumferen-
tial “rind-like” pleural thickening and nodularity (*) in the right hemi-
thorax, (b) axial FDG PET/CT shows increased FDG uptake (*) in the 

right circumferential nodular pleural thickening consistent with malig-
nant pleural mesothelioma

a b

Fig. 1.32  (a) Contrast-enhanced axial CT demonstrates a pleural mass (M) in the right upper thorax invading the chest wall (arrowheads), (b) 
Axial FDG PET/CT shows marked FDG uptake on PET/CT

1  The Pleura



34

the anterior or pectoral nodes, while the posterior chest wall 
is drained by the axillary nodes [154, 155].

Finally, CT often will demonstrate intrathoracic and 
extrathoracic metastatic disease such as ipsilateral or contra-
lateral pulmonary nodules and masses, lymphangitic spread 
of tumor, and distant metastatic sites including solid organs 
and osseous structures.

�Magnetic Resonance Imaging
CT is generally adequate for evaluation of local invasion, 
lymphadenopathy, and metastatic disease; however, in cer-
tain situations, MRI adds value. MRI is superior to CT for 
the detection of chest wall, mediastinal, and diaphragmatic 
invasion, particularly when post contrast T1 sequences with 
fat suppression are utilized.

Additional advantages of MRI exist. MRI avoids the use 
of ionizing radiation. Given the superior soft tissue con-
trast of MRI as compared to CT, nonenhanced studies can 
well demonstrate pleural pathology in patients who can-
not tolerate intravenous contrast due to allergy or dimin-
ished renal function. MRI has been shown to be superior 
to CT for the evaluation of pleural fluid using T2-weighted 
imaging sequences [156]. MRI shows better interobserver 
agreement in assessing pleural effusion and pleural thick-
ening in MPM [157]. Tumor neovascularization has been 
documented in MPM. Parametric images based on dynamic 
contrast-enhanced MRI demonstrate not only the extent of 
pleural lesions but also the heterogeneity of tumoral vascu-
larization. It is suggested that pharmacokinetic parameters 
of pleural enhancement may predict therapeutic response 
[158]. Finally, there are certain clinical scenarios where the 
greater contrast and spatial resolution of MRI can more pre-
cisely detect early invasion of the endothoracic fascia, chest 
wall (Fig. 1.33) mediastinum, pericardium, and diaphragm, 
which aids in determining surgical resectability.

On MRI, MPM can present as a unilateral pleural effu-
sion that is hyperintense on T2-weighted images with mixed 
signal intensity seen in more complex or hemorrhagic effu-
sions. Areas of pleural thickening and nodularity are typi-
cally isointense to mildly hyperintense compared to adjacent 
muscle on T1-weighted images and moderately hyperintense 
compared to muscle on T2-weighted images [149]. Areas of 
pleural nodularity and thickening demonstrate heterogeneous 
to avid enhancement after the administration of gadolinium-
based contrast agents.

There are additional roles for MRI beyond anatomic 
imaging. MRI studies have shown that the apparent diffusion 
coefficient (ADC) of epithelioid subtype of MPM is higher 
than the ADC of the sarcomatoid subtype, suggesting that 
MRI can be used as a surrogate biomarker for MPM [159]. 
Another study has described a new sign in diffusion-weighted 
imaging called “pleural pointillism” that is potentially useful 
in diagnosis and guidance for pleural biopsies [160].

�PET/CT
FDG PET/CT plays an important role in the diagnosis 
and staging of MPM because it combines the metabolic 
information obtained by the uptake of the radiopharma-
ceutical F-18 fluorodeoxyglucose with the anatomic infor-
mation provided by CT. FDG uptake, as measured by the 
standardized uptake value (SUV), can help distinguish 
between common benign pleural thickening and MPM. As 
expected, FDG uptake in MPM is significantly higher than 
benign pleural disease [161]. Pleural thickening, pleural 
nodularity, malignant pleural effusions, malignant lymph-
adenopathy, and metastasis associated with MPM dem-
onstrate markedly elevated SUV. FDG PET/CT can often 
better demonstrate more subtle malignant intrathoracic 
and extrathoracic lymphadenopathy as well as metastatic 
disease compared to CT and other imaging modalities 
(Fig. 1.34). Overall, PET/CT is the modality of choice to 
detect occult metastasis when other imaging modalities are 
negative.

Fig. 1.33  Contrast-enhanced axial T1 fat saturation MRI image with 
nodular enhancing pleural thickening (*) and a malignant pleural effu-
sion (E). Areas of abnormal enhancing soft tissue extend into the chest 
wall (arrowheads) consistent with chest wall invasion of malignant 
pleural mesothelioma. MRI is superior to CT in the evaluation of chest 
wall invasion
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Fig. 1.34  Axial image from a staging FDG PET/CT demonstrates 
focal increased FDG uptake in the right rectus abdominis musculature 
(*) consistent with a soft tissue metastasis from malignant pleural 
mesothelioma. This metastatic lesion was not detected on CT, demon-
strating the strength of PET/CT in the detection of distant metastasis in 
the staging of MPM

There are additional benefits of PET/CT compared to CT 
and MRI. PET/CT has been shown to be more accurate than 
CT, MRI, and PET alone in the staging of MPM. For stage 
II and III disease, PET/CT accuracy is 1.0, compared with 
0.77 in stage II and 0.75 in stage III for CT and 0.86 in stage 
II and 0.83 in stage III for MRI [162].

PET/CT can be used for image-guided and surgical biopsy 
planning by helping to target the most metabolically active 
and most anatomically accessible locations for tumor sam-
pling. Additionally, the degree of FDG uptake, as measured 
by SUV, has been associated with time to tumor progression 
and survival. Finally, the metabolic information provided by 
PET/CT is beneficial in evaluating response to treatment and 
detection of recurrent disease.

�Ultrasound
While the role of ultrasound in the anatomic evaluation of 
MPM is limited due to technical difficulties related to artifact 
from the ribs, it can be used in the setting of image-guided 
thoracentesis for cytological evaluation as well as for image-
guided biopsies of the pleura.

�Limitations of Routine Imaging
There are several limitations when imaging MPM. Given the 
unusual growth pattern of MPM along the pleural and fis-
sural surfaces, determining the longest measurement of the 
tumor is often quite difficult for all imaging modalities. CT is 
particularly limited given the pleural tumor, chest wall mus-
culature, and associated complex pleural fluid collections 
often have very similar attenuation coefficients, precluding 
differentiation and delineation of the tumor. Other limita-

tions of CT are the use of ionizing radiation and the neces-
sity of intravenous contrast agents, which are problematic 
in patients with iodinated contrast allergies and diminished 
renal function. Limitations to MRI generally relate to cost, 
availability, and long scan times. Limitations of PET/CT are 
most notable when patients have had prior pleurodesis as this 
can result in false positive pleural findings. While some of 
these issues can be partially overcome, it remains that clini-
cal or radiologic staging often does not accurately predict 
pathologic stage or prognosis [163]. In regard to these limita-
tions, there is well-documented high interobserver variabil-
ity [129].

�Therapy Response Assessment
There has been a steady evolution of the criteria for evaluat-
ing response to therapy in MPM over the last two decades. 
The original Response Evaluation Criteria in Solid Tumors 
(RECIST) guidelines were released in 2000 [164]. Up to ten 
total lesions, with no more than five in a single organ, were 
measured in longest unidimensional diameter in the original 
RECIST criteria. It was soon recognized, however, that these 
criteria were not suitable in MPM due to the parietal growth 
pattern of ill-defined pleural thickening and the absence of 
a well circumscribed measurable mass [165]. This led to the 
advent of the modified RECIST (mRECIST) criteria that 
were specifically formulated for MPM [135]. In the mRE-
CIST, tumor thickness perpendicular to the chest wall is uti-
lized instead of the longest unidimensional diameter as this 
is difficult to measure and reproduce in MPM. These per-
pendicular measurements are obtained in two positions at 
three separate levels with the sum of these six measurements 
defining the pleural unidimensional measurements. In 2009 
RECIST was updated to version 1.1 with the revised modi-
fied RECIST (mRECIST 1.1) for MPM following in 2018 
[166]. RECIST 1.1 decreased the total number of summed 
lesions to five, with no more than two per organ and added 
lymph nodes into the measurements. Since growth patterns 
of MPM limit evaluation of distinct single anatomic lesions, 
the mRECIST 1.1 focuses on selecting specific measur-
able sites that can be reliably and reproducibly measured 
irrespective of how many distinct anatomic lesions these 
measurement sites represent. The mRECIST 1.1 addition-
ally defines numerous technical issues about measurable 
disease, including which lesions are measurable, measure-
ment sites, non-pleural disease, measurable lymph nodes, 
and accommodation for bilateral pleural disease [167]. 
The mRECIST 1.1 is used to determine complete response 
(the disappearance of all pleural and non-pleural disease), 
partial response (decrease of at least 30% in summed mea-
surements), progressive disease (increase of at least 20% in 
summed measurements), or stable disease (between partial 
response and progression of disease) [167].
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�Volumetric and Future Imaging of MPM
In view of these limitations, there has been greater focus on 
new imaging paradigms in MPM.  In particular, the focus 
has been on quantitative tumor measurements, most notably 
tumor volume analysis. As early as 1998, Pass et al. demon-
strated correlation of MPM tumor volume manually derived 
from CT with T stage, N stage, prognosis, and time to recur-
rence [168]. Over the next several years, numerous studies 
evaluated different aspects of MPM tumor volume analysis. 
In 2011, Frauenfelder et al. found that tumor volume more 
reliably measured response to chemotherapy than RECIST 
[169]. In the largest single center study to date in 2012, Gill 
et al. reported that preoperative tumor volumes were related 
to survival and went so far as to recommend tumor volume 
analysis in patients undergoing extrapleural pneumonectomy 
[170]. A follow-up prospective multicenter feasibility study 
by Gill et al. in 2016 again demonstrated that tumor volume 
analysis in MPM correlated with T stage, N stage, and sur-
vival and, due to improvements in segmentation software 
was technically feasible in routine practice [171]. In addition 
to CT-derived tumor volumes, PET/CT can be used to cal-
culate the volume of metabolically active tumor, which has 
also been strongly associated with survival [172, 173]. Taken 
together, tumor volume analysis in MPM has been shown 
to be superior to TNM, RECIST, and mRECIST for staging 
and assessment of therapy response and is now technically 
feasible with available software programs.

�Staging
The 8th edition of the Tumor, Node, Metastasis staging clas-
sification (TNM 8), the most recent staging guidelines for 
MPM, was released in 2018, with only minor changes from 
the 7th edition (Tables 1.2 and 1.3) [174]. Because of the 
unconventional growth pattern of MPM along pleural and 
fissural surfaces, assessment of tumor size is difficult and is 
not part of the staging classification. MPM generally pres-
ents as pleural nodules that coalesce rather than the more 
conventional concentrically enlarging tumor. The tumor (T) 
descriptor is, therefore, based on location and degree of inva-
sion, not on tumor size. It should be noted, however, that the 
gold standard for evaluation of invasion is pathologic, not 
radiologic. The most recent TNM classification for MPM is 
given below:

T descriptors: progressive degrees of soft tissue invasion:

•	 T1 tumors involve the ipsilateral parietal pleura (includ-
ing mediastinal and diaphragmatic) with or without 
involvement of the visceral pleura.

•	 T2 tumors involve each of the ipsilateral pleura (pari-
etal, mediastinal, diaphragmatic, and visceral) with 
involvement of at least one of the following: confluent 

Table 1.2  TNM 8th edition staging system for malignant pleural 
mesothelioma

T—Primary tumor
T1
 �� Tumor involving ipsilateral parietal pleura (including mediastinal 

and diaphragmatic pleura) with or without involvement of visceral 
pleura

T2
 �� Tumor involving each ipsilateral pleural surfaces (parietal, 

mediastinal, diaphragmatic, and visceral pleura) with at least one 
of the following features:

 ��   • Involvement of diaphragmatic muscle
 ��   • Confluent visceral pleural tumor (including fissures)
 ��   • Invasion of lung parenchyma
T3
 �� Tumor involving all of ipsilateral pleural surfaces with at least one 

of the following:
 ��   • Invasion of endothoracic fascia
 ��   • Extension into mediastinal fat
 ��   • �Solitary, completely resectable focus invading soft tissues of 

chest wall
 ��   • Nontransmural involvement of pericardium
T4
 �� Tumor involving all of ipsilateral pleural surfaces with at least one 

of the following:
 ��   • Diffuse or multifocal invasion of soft tissues of the chest wall
 ��   • Any rib involvement
 ��   • Invasion of the peritoneum through the diaphragm
 ��   • Direct extension to contralateral pleura
 ��   • Invasion of any mediastinal organ
 ��   • Invasion of spine or brachial plexus
 ��   • �Transmural invasion of pericardium (with or without 

pericardial effusion), or myocardium invasion
N—Lymph nodes
 �� NX regional lymph nodes not assessable
 �� N0 no regional lymph node metastases
 �� N1 metastases in ipsilateral bronchopulmonary or hilar or 

mediastinal lymph nodes (including internal mammary, 
peridiaphragmatic, pericardial, or intercostal lymph nodes)

 �� N2 metastases in contralateral bronchopulmonary, hilar, or 
mediastinal lymph nodes, or ipsilateral or contralateral 
supraclavicular lymph nodes

M—Metastases
 �� MX distant metastases not assessable
 �� M0 no distant metastases
 �� M1 evidence of distant metastases

Table 1.3  Stage grouping of malignant pleural mesothelioma by TNM 
8th edition

Stage Description
1A T1 N0 M0

T2–T3 N0 M0
II T1–T2 N1 M0
IIIA T3 N1 M0
IIIB T1–T3 N2 M0

T4 N0–N2 M0
IV Any T any N M1
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visceral tumor including fissures, involvement of the 
diaphragmatic muscle, or invasion of the lung 
parenchyma.

•	 T3 tumors involve all of the ipsilateral pleural surfaces 
with at least one of the following: invasion of the endo-
thoracic fascia, extension into the mediastinal fat, solitary 
resectable focus of invasion in the chest wall, or non-
transmural involvement of the pericardium.

•	 T4 tumors involve all of the ipsilateral pleural surfaces 
with at least one of the following: diffuse or multifocal 
invasion of soft tissues of the chest wall, any rib involve-
ment, invasion of the peritoneum through the diaphragm, 
invasion of any mediastinal organ, direct extension to the 
contralateral pleura, invasion of the spine or brachial 
plexus, or transmural pericardium (with or without peri-
cardial effusion) or myocardial involvement.

N descriptor: Nodal metastases

•	 N1 nodes include ipsilateral bronchopulmonary, hilar, or 
mediastinal lymph nodes as well as internal mammary, 
peridiaphragmatic, pericardial, or intercostal lymph 
nodes.

•	 N2 nodes include contralateral bronchopulmonary, hilar, 
or mediastinal nodes as well as ipsilateral or contralateral 
supraclavicular nodes.

M descriptor: metastatic disease

•	 M0 denotes the absence of metastatic disease.
•	 M1 signifies distant metastasis.

�Pathological Features
Evaluation of pleural tissue is essential for the diagno-
sis of mesothelioma, the sample of a few millimeters of 
tissue may not show the entire growth pattern that one 
can observe in resected specimens, mainly those obtained 
by extrapleural pneumonectomy (EPP). In a review of 56 
cases treated by EPP, Arrossi et  al. correlated the histo-
pathologic classification of the initial biopsy and the EPP 
[175]. The authors identified that there is significant dis-
agreement between those two modalities that can be as 
high as 45%. Therefore, even though it is highly impor-
tant to obtain tissue for final diagnosis, the histological 
classification of these tumors may vary depending on the 
available material. In addition, mesothelioma is one of the 
tumors, which historically has undergone extensive scru-
tiny by different means, ranging from morphology, his-
tochemistry, electron microscopy, immunohistochemistry, 
and currently molecular analysis [176]. Therefore, we 
consider that the appropriate approach to the diagnosis 

of mesothelioma requires strict global interpretation of 
clinical-radiological-pathological features, which can be 
summarized as follows:

•	 Clinical information—Mainly that of asbestos exposure, 
or other more relevant clinical information that can be 
correlated.

•	 Radiological information—As has been stated above.
•	 Tissue interpretation—Preferably a biopsy that contains 

points of references such as the presence of adipose tissue 
or skeletal muscle.
–– Histopathological interpretation.
–– Immunohistochemical phenotype.
–– Molecular analysis—(if needed).

�Macroscopic Features
EPP as a surgical option in cases of mesothelioma has pro-
vided a wealth of knowledge regarding the different histo-
pathological growth patterns that can be seen in these tumors. 
More importantly, it provides information in terms of the 
extent of disease as one can macroscopically determine the 
extent of pleural involvement, pleural thickening, diaphrag-
matic, pericardial, or pulmonary invasion. In essence, EPP 
constitutes a pneumonectomy specimen containing parietal 
and visceral pleura, pericardium, and diaphragm, as well as 
hilar lymph nodes. The depiction of an EPP is presented in 
Fig. 1.35a–e. However, it is also important to highlight that 
even though the vast majority of mesotheliomas involved 
the pleura in a diffuse manner, cases of “localized” meso-
theliomas have been presented in the literature [177].

�Microscopic Features
Even though mesotheliomas have been traditionally sepa-
rated in three different categories—Epitheioid, Sarcomatoid, 
and Bipahsic (epethilioid/sarcomatoid), the wealth of differ-
ent histological growth patterns that can be seen in mesothe-
liomas is extensive. However, before addressing the different 
growth pattern of mesothelioma, it is important to start with 
the concept of “malignant mesothelioma in situ.”

�Malignant Mesothelioma In Situ

The concept of mesothelioma in situ dates back a couple 
of decades ago. In 1998, Henderson et  al. reviewed more 
than 1500 cases of mesothelioma from different institutions 
in Australia and outline criteria for the distinction between 
reactive hyperplasia and malignant mesothelioma including 
the in situ tumor [84]. However, it is important to note that 
such presentation was done at the time in which immuno-
histochemistry was not as developed as it is today and also 
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the molecular diagnosis on mesothelioma were not available. 
Nevertheless, several important parameters were presented 
as criteria in the diagnosis of mesothelioma in situ.

•	 Mesothelioma in situ should be considered only when 
unequivocal invasion is identified.

•	 The diagnosis of pure mesothelioma in situ should not be 
made in patients not exposed to asbestos.

Even though the concept had been presented in the litera-
ture, in practice the concept became more an academic exer-
cise due to the criteria exposed. In 2018, Churg et al. alluding 
to the “lack” of morphological criteria for the diagnosis of 
in situ mesothelioma, presented two cases that the authors 
conceptualized as “true” in situ mesotheliomas [178]. In one 
patient the biopsy was from the pleura while in the second 
patient the biopsy was from the peritoneum. In both cases 
BRCA-1 associated protein 1 (BAP1) was lost (negative 
nuclear staining by immunohistochemistry) while CDKN2A 
(p16) FISH analysis showed homozygous deletion in 3.8% 
of cells in one case and 10% in the second case. Based on 
those results, the authors concluded that the cases presented 
correspond to mesothelioma in situ. More recently, Churg 
et  al. presented a study of ten cases (nine pleural and one 

peritoneal) in which the authors further stated the concept 
of mesothelioma in situ by showing biopsies in which the 
surface mesothelial lining was composed of a single layer 
of cells with loss of BAP1 (negative nuclear staining by 
immunohistochemistry) [87]. Interestingly CDKN2A was 
deleted in only one of eight cases analyzed. In addition, 
seven patients developed invasive mesothelioma in a period 
of time ranging from 12 to 92 months while in three other 
patients invasive disease had not developed after 12, 57, and 
120  months. The authors further recommended perform-
ing BAP1 on any case with history of recurrent effusions, 
regardless of the histological features of the surface meso-
thelium. Essentially, based on those studies, the diagnosis of 
mesothelioma in situ has been relegated to the use of BAP1 
(negative nuclear staining) by immunohistochemistry in the 
context of the clinical setting.

�Invasive Malignant Mesothelioma

Different studies of mesotheliomas have provided impor-
tant information not only from the morphological aspects 
of the tumor but also from the immunohistochemical 
profiles that these tumors may show. Often the studies 

Fig. 1.35  (a) Extrapleural pneumonectomy specimen (EPP), (b) EPP 
showing important anatomical structures—lung, pleura, pericardium, 
and diaphragm, (c) EPP showing thickening of the pleura, (d) closer 
view of thickened pleura, which in addition shows small nodules, (e) 

cross-section of the EPP showing invasion of the tumor into both pleu-
ras, pulmonary fissure, pericardium, and superficial invasion of the 
diaphragm

a b
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Fig. 1.35  (continued)
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are comparative studies to separate pleural involvement 
by adenocarcinoma from mesothelioma, which on mor-
phological ground may show somewhat similar features, 
while in other reports the emphasis has been on specific 
morphological features that may be unusual in these 
tumors [179–191].

However, traditionally mesotheliomas have been divided 
into three specific groups with several distinct subgroups:

•	 Epithelioid.
–– Tubulopapillary: This may represent the most com-

mon growth pattern, which characteristically show the 
presence of papillae and tubular structures formed by 
medium size cells with eosinophilic cytoplasm, round 
to oval nuclei, and conspicuous nucleoli. The tumor is 
fairly uniform and does not show marked nuclear 
atypia or mitotic activity (Fig. 1.36a–f).

Fig. 1.36  (a) Malignant mesothelioma showing tubular structures; (b) 
combined tubular and papillary structures; (c) malignant cells dissect-
ing fibroconnective tissue; (d) higher magnification shows lack of 

nuclear atypia and mitotic activity in tumor cells; (e) low power view of 
a predominantly papillary mesothelioma; (f) higher magnification of 
the pseudopapillary structures are lined by mesothelium

a b

c d
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–– Adenomatoid: As its name implies the features are 
similar to those seen in adenomatoid tumors, namely, 
the presence of cords or nest of medium size cells with 
bland histological appearance, in some areas with 
signet-ring-cell-like areas but lacking cytological 
atypia and mitotic activity (Fig. 1.37a–d).

–– Deciduoid: The tumor shows sheets of medium size 
neoplastic cells with eosinophilic cytoplasm and show-
ing features similar to those seen in deciduoid cyclic 
endometrial changes with deciduoid reaction 
(Fig. 1.38a–c).

–– Clear cell: As its name implies and contrary to the 
other growth pattern of mesothelioma, this tumor 
shows sheets of malignant cells with clear cyto-
plasm, oval nuclei, and conspicuous nucleoli with a 
discrete vascular network. The tumor does not show 
marked nuclear atypia or mitotic activity 
(Fig. 1.39a–d).

–– Glandular: This growth pattern is the one that most 
closely resembles adenocarcinoma. The tumor shows 
well-formed glandular structures; however, marked 
cytologic atypia and increased mitotic activity is not 
commonly seen in this glandular proliferation 
(Fig. 1.40a–c).

–– Myxoid/mucoid: In this growth pattern the neoplastic 
cells are embedded in pools of mucoid material 
(Fig. 1.41a–c).

–– Rhabdoid: The neoplastic cells in these cases have 
ample cytoplasm and nuclei displaced toward the 
periphery of the cells, which imparts a “rhabdoid” 
appearance (Fig. 1.42a, b).

–– Cartilaginous and osseous differentiation: These 
tumors may pose significant problem in the interpreta-
tion, mainly in small biopsies due to the presence of 
bone or cartilage (Fig. 1.43a–c).

•	 Sarcomatoid: This pattern is less common and represents 
no more than 20% of all mesotheliomas. There appear to 
be two distinct subgroups of this particular variant:
–– Fibrosarcoma or MFH-like: The growth pattern shows 

similar features as the fibrosarcoma of soft tissues, 
characteristically showing spindle cell proliferation 
with subtle herringbone pattern with scant or moderate 
amounts of eosinophilic cytoplasm, elongated nuclei, 
and inconspicuous nucleoli. In other cases, the tumor 
shows spindle to oval cells with more eosinophiic cyto-
plasm imparting a more “histiocytic” appearance. 
Cellular atypia and mitotic activity are easily identifi-
able in these tumors (Fig. 1.44a–f).

fe

Fig. 1.36  (continued)
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Fig. 1.37  (a) Low power view of a malignant mesothelioma with ade-
nomatoid features, (b) adenomatoid mesothelioma showing nest and 
small glandular structures, mitotic activity is present, (c) adenomatoid 

mesothelioma showing cystic and solid areas; (d) higher magnification 
showing cords and nest of neoplastic cells
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Fig. 1.38  (a) Low power view of a deciduoid mesothelioma showing a 
subtle alveolar pattern admixed with sheets of tumor cells, (b) tumor 
cell showing decidualized features, (c) high power view showing cells 

with moderate amounts of eosinophiic cytoplasm, round to oval nuclei, 
and prominent nucleoli
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Fig. 1.39  (a) Low power view of a clear cell mesothelioma showing 
tumor cells infiltrating adipose tissue, (b) tumor cells with distinct clear 
cytoplasm. (c) focal areas of necrosis, (d) sheets of neoplastic cells with 

clear cytoplasm and mild nuclear atypical with absence of mitotic 
activity
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Fig. 1.40  (a) Malignant mesothelioma showing more glandular pattern, (b) closer magnification showing small glandular structures, mitotic 
activity is present, (c) poorly defined glands dissecting fibroconnective tissue
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Fig. 1.41  (a) Low power view of a mesothelioma showing extensive mucoid component, (b) neoplastic mesothelial cells floating in mucoid mate-
rial, (c) closer magnification showing neoplastic cells admixed with mucoid material
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Fig. 1.42  (a) Malignant mesothelioma with prominent rhabdoid features, (b) closer view of the tumor showing cells with ample eosinophilic 
cytoplasm and nuclei displaced toward the periphery imparting a “rhabdoid” appearance

–– Desmoplastic: Characteristically the tumor shows 
marked areas of collagenization with a discrete bland 
spindle cell proliferation dissecting the bundles of 
fibrocollagen (Fig. 1.45a, b). Due to the bland appear-
ance of the tumor, specific criteria have been devel-
oped for its diagnosis [192, 193]:

Invasion of chest wall.
Foci of bland necrosis.
Frank sarcomatoid foci.
Distant metastasis.

–– Lymphohistiocytoid: The tumor shows sheets of epi-
thelioid cells ranging from oval to spindle associated 
with a prominent lymphoid-histiocytic component 
(Fig. 1.46a–d).

•	 Biphasic (epithelioid/sarcomatoid): As its name implies, 
the tumor is characterized by an admixture of epithelioid 
and sarcomatoid components (Fig. 1.47a, b).

�Immunohistochemical Features
Over the years, mesothelioma is one tumor that has been 
extensively studied by immunohistochemical means. How-
ever, in practice, the use of immunohistochemical stains 
often depends on the growth pattern that the tumor may 
show. Therefore, tumors with spindle cell morphology are 
likely to be evaluated with a panel of immunohistochemistry 
to rule out a true sarcoma, while those with an epithelioid 

growth pattern will be analyzed with a panel of immunohis-
tochemical stains that may also include other epitopes more 
specific for different tumors. Therefore, if the tumor shows 
epithelioid morphology, the panels may include the follow-
ing:

•	 Positive markers.
–– Keratin 5/6, calretinin, D2–40 (Fig.  1.48a–d), and 

BAP-1 (negative nuclear staining).
–– Other markers that may show positive staining but are 

not specific include: GATA3, BerEp4, EMA, keratin 
cocktail, WT1, thrombomodulin. MOC-31 may show 
focal positive staining in a few cases (Fig. 1.49a–e).

•	 Negative markers (Carcinomatous epitopes):
–– CEA, B72.3, CD-15 (Leu M1), TTF-1, Napsin A, 

MOC-31.

In cases of sarcomatoid growth pattern, the panel of 
immunohistochemistry may change to include markers that 
are specific for spindle cell sarcoma.

�Molecular Analysis
The use of FISH analysis, namely, CDKN2A is commonly 
used in the diagnosis of mesotheliomas and coupled with 
BAP1 immunohistochemistry, plays an important role in the 
diagnosis of these tumors [194–204]. However, it is impor-
tant to highlight the variation in detection rates and sensi-
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Fig. 1.43  (a) Low power view of a mesothelioma showing focal areas of cartilaginous differentiation, (b) mesothelioma with areas of cartilagi-
nous change merging with epithelioid cells, (c) mesothelioma showing cartilaginous and osseous differentiation
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Fig. 1.44  (a) Sarcomatoid mesothelioma showing characteristic spin-
dle cell proliferation—fibrosarcoma-like, (b) closer magnification 
showing spindle cell with elongated nuclei and inconspicuous nucleoli, 
(c) tumor infiltrating lung parenchyma with associated asbestos bodies 

in the lung parenchyma, (d) higher magnification of a ferruginous body, 
(e) sarcomatoid mesothelioma with MFH-like areas, necrosis, and 
mitotic activity, (f) closer magnification showing marked cellular atypia
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Fig. 1.44  (continued)
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Fig. 1.45  (a) Desmoplastic mesothelioma showing spindle cells dissecting fibrocollagen; (b) higher magnification showing bland spindle cell 
proliferation

C. D. Strange et al.



51

a b

Fig. 1.46  (a) Low power view of a lymphohistiocytoid mesothelioma 
showing a mixed population of lymphocytes and epithelioid cells, (b) 
neoplastic cells with more ample cytoplasm and histiocytoid appear-
ance, (c) dual population of inflammatory cell (lymphocytes) and neo-

plastic epithelioid cells, (d) higher magnification showing cell with 
moderate amounts of eosinophilic cytoplasm, oval nuclei, and nucleoli 
admixed with lymphocytes

c d
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Fig. 1.47  (a) Biphasic mesothelioma showing spindle cell and epithelioid cell components, (b) higher magnification showing both components

tivities that have been reported using this methodology. In 
addition, the detection of the homozygous deletion that 
commonly correlates with mesothelioma also varies, based 
on the morphology, which in cases of sarcomatoid meso-
thelioma has been reported as 90% or 100%. In addition, 
the reported cut-off of cell showing homozygous deletion 
varies from different studies and ranges from 10% to 20% 
deletion. In our experience with sarcomatoid mesotheliomas 
[205, 206], we determined our cut-off at 2.7% and analyzed 
53 cases of such tumor identifying that 41 out of 53 cases 
showed homozygous deletion, while only 49 of 53 cases 
show BAP1 loss. When BAP1 and p16 FISH results were 
compared, only 29 of 53 cases showed BAP1 loss and p16 
homozygous deletion. Based on the results published in the 
literature and in our own experience, we consider that the 
final diagnosis of mesothelioma needs to be seen in a global 
interpretation of the clinical, radiological, morphological, 
immunohistochemical, and, molecular findings.

�Pseudomesotheliomatous Adenocarcinoma

Pseudomesotheliomatous carcinoma (PMC) of the lung 
was first reported approximately 50 years ago. These rare 
manifestations of adenocarcinoma represent a unique 
subtype of epithelial neoplasm involving the pleura with 

clinical, radiologic, and histologic features that mimic 
MPM [207, 208]. Diffuse thickening of the visceral and/
or parietal pleural with minimal lung invasion are hall-
marks of the disease. Most frequently, PMC has been 
reported as variants of peripheral bronchogenic carcino-
mas, although a variety of cancers of non-bronchogenic 
origin, including primary pleural sarcomas, thymic epi-
thelial tumors and lymphomas, and metastatic diseases 
arising from renal cell carcinomas and pancreatic carci-
nomas have also been described. A role for asbestos as 
a driver in PMC has been suggested, but remains uncer-
tain. PMC is primarily a disease of male smokers [209]. 
Patients typically present with progressive cough, chest 
pain, and weight loss in the sixth decade of life. Diffuse 
pleural thickening, pleural effusion, and pleural plaques 
with inconspicuous lung involvement, similar to MPM, 
may be seen on CT or MRI imaging of the chest. The 
pleural lesions are FDG-avid on PET/CT. Tissue analysis 
is required in all cases to establish the diagnosis and dis-
tinguish PMC from MPM. Although the reported progno-
sis is poor, with a median survival of only 8 months [207, 
210–216], targeted therapy and molecular genotyping in 
PMC have shown encouraging results.

As expected, imaging findings of PMC closely mimic 
findings in MPM. On routine radiographs, predominantly 
unilateral pleural effusions with or without pleural thicken-
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Fig. 1.48  (a) Malignant mesothelioma, epithelioid type (H&E stained 
section), (b) immunohistochemical stain for Calretinin showing posi-
tive nuclear and cytoplasmic stain in tumor cells, (c) immunohisto-

chemical stain for keratin 5/6 showing positive staining in tumor cells, 
(d) immunohistochemical stain showing positive staining for D2–40 in 
tumor cells

ing or pleural nodularity can be seen. Contrast-enhanced 
CT demonstrates simple or complex pleural effusions 
as well as enhancing pleural thickening or nodularity 
(Fig. 1.50a, b). In the limited reports available, malignant 
effusions and nodularity associated with PMC are FDG avid 

on PET/CT. PMC is known to metastasize to thoracic and 
extrathoracic regions, such as mediastinal and hilar lymph 
nodes, pericardium, chest wall, liver, adrenals, spleen, and 
vertebra. Spread to the brain, kidneys, and peritoneum is 
reported less commonly [214].
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Fig. 1.49  (a) Immunohistochemical stain for WT-1 showing positive 
nuclear staining in tumor cells, (b) immunohistochemical stain for p40 
showing numerous cells with positive nuclear staining, (c) immunohis-
tochemical stain for GATA3 showing positive nuclear staining in tumor 

cells, (d) immunohistochemical stain for broad spectrum kertatin show-
ing positive staining in tumor cells, and (e) immunohistochemical stain 
for keratin-7 showing strong positive staining in tumor cells

a b

c d
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�Pathological Features
As its name implies, this entity represents an adenocarci-
noma with diffuse pleural thickening in a manner similar to 
pleural mesothelioma.

Macroscopic Features
The tumor characteristically shows diffuse pleural thicken-
ing (Fig.  1.51) and often it is possible to observe a small 
tumor nodule in the periphery of the lung parenchyma.

Microscopic Features
The tumor characteristically shows a glandular proliferation 
embedded in fibroconnective tissue (Fig. 1.52a–d). The gland 
may show the presence of mucin production while in some 
other cases the tumor may be of the non-mucinous type. The 
glands are arranged in a haphazard pattern containing cells 
with nuclear atypia and mitotic activity. Essentially, the fea-
tures of this tumor are those of an adenocarcinoma that may 
range from a well to a poorly differentiated tumor.

Immunohistochemical Features
Because the majority of these neoplasms are of the adenocar-
cinoma type of lung origin, the use of pneumocytic immuno-

e

Fig. 1.49  (continued)

a b

Fig. 1.50  (a) Contrast-enhanced axial CT with left circumferential nodular pleural thickening (*), similar to that seen in mesothelioma, (b) axial 
FDG PET/CT demonstrates increased FDG uptake in the pleural tumor (arrowheads)
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Fig. 1.51  Pseudomesotheliomatous adenocarcinoma showing diffuse 
pleural thickening mimicing mesothelioma

histochemical markers is commonly used. Markers such as 
TTF-1 and Napsin (Fig. 1.53) will provide good information 
as to the origin of the tumor, while other more generic markers 
such as CEA (Carcinoembryonic antigen), CD-15 (LeuM1), 
B72.3, are carcinomatous epitopes that are commonly seen 
positive in adenocarcinomas without specific origin.

�Pleural Thymoma

Thymomas are epithelial neoplasms of the thymic gland. Dur-
ing embryonic development, the thymus originates from the 
third and fourth pharyngeal pouches and gradually moves to 
the anterior mediastinum. Therefore, 96% of the thymic epithe-
lial tumors occur in the anterior mediastinum [217]. Thymo-
mas occurring outside the anterior mediastinum are considered 
ectopic. Ectopic thymoma is rare, accounting for only 2–4% 
of total thymomas [218]. Ectopic thymoma is thought to origi-
nate from thymic tissue displaced during embryologic devel-
opment. Another hypothesis suggests that ectopic thymoma 
derives from stem cells [219]. Ectopic thymoma has been 
reported in the neck, lung, pleura, thyroid, pericardium, and 
posterior mediastinum. The lungs and pleura are the second 
most common sites for ectopic thymoma after the neck [218, 
219]. Thymomas originating from the pleura are extremely 
rare, and very few cases are described in the literature; in con-
tradistinction thymomas originating from the mediastinum and 
spreading along the pleura are more common. A testament to 
the unusual occurrence of pleural thymomas is that the largest 
series reported is of only eight such cases [220].

Both ectopic thymomas and primary pleural thymomas 
show a female predominance. Myasthenia gravis has been 
reported in approximately one-third of cases of primary 
pleural thymoma, but is a very rare complication of ectopic 
thymomas [221]. Presenting symptoms of ectopic thymomas 
are often nonspecific and can include dyspnea, fever, and 
weight loss. The mean age at diagnosis is 55  years. Most 
cases present as diffuse pleural tumors encasing the lungs, 
clinically and radiologically mimicing malignant mesothe-
lioma or metastatic pleural disease [220]. Occasionally, the 

tumors may be well-circumscribed pleural lesions and dif-
ficult to differentiate from solitary fibrous tumor on imaging 
[219, 222].

The diagnosis of ectopic thymomas can be extremely chal-
lenging due to their nonspecific clinical and radiological pre-
sentation. Fine needle aspiration and core needle biopsy are 
minimally invasive techniques commonly employed in the 
initial diagnostic workup of these lesions. Small tissue sam-
ples and histopathological heterogeneity of thymomas are 
common sources for confusion with more common neoplastic 
or nonneoplastic processes. Therefore, larger tissue samples 
provided by surgical resection are often required for accurate 
diagnosis [220]. Complete surgical resection is the treatment 
of choice for ectopic thymomas. Surgery should be attempted 
in all patients who are deemed operable irrespective of tumor 
site. Radiation and/or chemotherapy are treatment options in 
cases that are considered inoperable, show invasion of local 
structures, or are incompletely resected [220, 222].

�Pathological Features

Macroscopic Features
For tumors in which there is diffuse pleural involvement, the 
tumor may show the features that are commonly associated 
with pleural mesothelioma—pleural thickening. However, 
when the tumor is localized, the tumor may present as a 
pleural-based mass. In those cases, the tumor may vary in 
size but rarely more than 10 cm in greatest diameter. Rarely 
the tumor will show areas of hemorrhage or necrosis.

Histological Features
The histological features of pleural thymomas are similar to 
thymomas when they occur in the mediastinal compartment. 
The tumor may show either a spindle cell proliferation with 
sprinkle lymphocytes (spindle cell thymoma) or the tumor 
may show variable amount of lymphocytes and epithelial cells 
(Fig. 1.54a, b). The tumor grows along the pleural surface in 
a manner mimicking mesothelioma. However, it is important 
to highlight that the diagnosis of pleural thymoma rests on 
the specific criteria that the patients must not have an anterior 
mediastinal tumor. Otherwise, the tumor would be interpreted 
as an invasive thymoma with pleural dissemination.

Immunohistochemmical Features
The use of immunohistochemical markers in the diagnosis 
of thymoma is rather limited. In cases of spindle cell thy-
moma, the tumor will show positive staining for broad-spec-
trum keratin, keratin 5/6, p63, and p40 while negative for 
EMA (epithelial membrane antigen). Sporadic cases may 
show positive staining for TTF1, calretinin, and Bcl-2. On 
the other hand, those tumors with lymphocytic component 
in addition to the epithelial markers previously mentioned 
in spindle cell thymomas may also show positive staining 
for CD45 (lymphoid marker) and for CD3 and TdT (T-cell 
markers).
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Fig. 1.52  (a) Pseudomesotheliomatous adenocarcinoma showing the 
conventional glandular proliferation, (b) higher magnification of the 
malignant glands embedded in fibrocollagenous stroma, (c) 
Pseudomesotheliomatous adenocarcinoma in which the tumor shows 

mucinous changes; note the distribution of the tumor along pleural sur-
face and the rim of uninvolved peripheral lung parenchyma, (d) higher 
magnification of the mucinous adenocarcinoma

�Primary Salivary Gland Type Tumors 
of the Pleura

These neoplasms have ubiquitous distribution and although 
they are more common in the head and neck area, similar 
tumors have been described in the mediastinum and as pri-
mary intrapulmonary neoplasms. However, the occurrence 
of these tumors in the pleura is rare and of this family of 

tumors, only two of these tumors have been described as 
presenting as pleural tumors. These tumors are: Mucoepi-
dermoid carcinoma and Epithelial-Myoepithelial carcinoma. 
Needless to say, the interpretation of those tumors as primary 
pleural neoplasms, requires that the patients do not have a 
previous history of head and neck surgery, history of salivary 
gland type tumor in any other anatomical area, and that the 
tumors does not have an intrapulmonary component.
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Mucoepidermoid Carcinoma (MEC)
In the cases reported of MEC, the tumor appears to pres-
ent as a pleural-based tumor on diagnostic imaging with-
out involvement of the lung parenchyma [223]. Clinically, 
patients may present with chest pain and dyspnea. The his-
topathological features of these tumors are similar to those 
described in the salivary glands. The tumor shows the pres-
ence of an epidermoid component composed of medium size 
cells with eosinophilic cytoplasm, round to oval nuclei and 
nucleoli. The tumor characteristically does not show areas 
of keratinization. Admixed with this epidermoid component, 
there is the presence of mucous producing cells the so-called 
mucocytes [224] (Fig. 1.55a–c). In the cases described, the 
tumors have been of the low grade type of malignancy, thus, 
increased mitotic activity, necrosis, and hemorrhage have not 
been part of the tumor. By immunohistochemistry, the tumor 
cells may show positive staining for p63, p40, keratin 5/6, 
broad-spectrum keratin, and epithelial membrane antigen. 
Currently, the use of molecular studies such as MAML may 
help in difficult cases in which the histology may not be rep-
resentative. Due to the limited number of cases reported, it 
is very difficult to determine the outcome of these patients; 
however, since the tumors described have been of the low 
grade, it is possible that surgical resection is the treatment 

Fig. 1.53  Dual immunohistochemical stain for TTF1/Napsin, where 
the nuclear positive staining is TTF-1 while the cytoplasmic stain is 
Napsin; both stains are commonly seen positive in adenocarcinomas of 
lung origin

a b

Fig. 1.54  (a) Low power view of a pleural-based thymoma, (b) higher magnification showing the conventional biphasic cellular proliferation of 
epithelial cells admixed with lymphocytes
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Fig. 1.55  (a) Low power view of a pleural MEC infiltrating adipose tissue, (b) pleural MEC with epidermoid component, (c) pleural MEC show-
ing the epidermoid component admixed with mucous secreting cells

of choice and that the clinical follow-up be similar to those 
tumors in the lung or salivary glands.

Epithelial-Myoepithelial Carcinoma
Similar to MEC, this tumor is more common in the salivary 
glands but it has also been described in the mediastinum and 
in the lung. The occurrence of this tumor as a pleural-based 
neoplasm is rare [225]. The symptomatology of these patients 
is nonspecific and by diagnostic imaging the tumor presents 
as a pleural-based neoplasm. Histologically, the tumor shows 

similar features as their counterparts in the lung or salivary 
glands. Essentially, the tumor is composed of a glandular 
proliferation in the form of ducts or tubules that shows two 
layers of cells—inner layer (epithelial) and an outer layer 
with clear cells features (myoepithelial) (Fig. 1.56a, b). By 
immunohistochemistry, the tumor will show myoepithelial 
differentiation that can be highlighted by positive staining 
for keratin, S-100 protein, and smooth muscle actin. Similar 
to pleural MEC, the number of cases reported is too small to 
provide meaningful clinical outcome.
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Fig. 1.56  (a) Low power view of a pleural epithelial-myoepithelial carcinoma showing a cellular proliferation with clear cytoplasmic features, 
(b) closer view at the glandular component showing clear cell (myoepithelial) cells

�Solitary Fibrous Tumor

Solitary fibrous tumors (SFTs) are neoplasms of fibroblas-
tic mesenchymal origin that were historically recognized as 
pleural tumors, but are now known to occur at every ana-
tomical site, albeit with a peculiar predilection for body 
cavities, including the pleura [226]. Although SFTs are clas-
sified as benign, they may be locally aggressive and exhibit 
potential for malignant transformation [227]. A variety of 
names have been used to describe these tumors, including 
hemangiopericytoma, benign mesothelioma, solitary fibrous 
mesothelioma, and pleural fibroma. With the evolution of 
our understanding of the histopathologic characteristics of 
these tumors, the different names have been subsumed under 
the term “SFT.” SFTs arising from the pleura account for 
less than 5% of primary pleural tumors, with an estimated 
frequency of 2.8 per 100,000 individuals [228–231].

SFTs are most common in the fifth to seventh decades 
but may occur at any age. Men and women are affected with 
equal frequency [232, 233]. There is no known association 
with environmental exposure to radiation, tobacco, asbestos, 
or other toxicants, and no known inherited predisposing risk 
factors [232]. Approximately 40–60% of patients have non-
specific pulmonary symptoms of cough, shortness of breath, 
or chest pain caused by mass effect on adjacent intrathoracic 
structures [229, 234]. A sensation of a mass moving within 
the chest has also been described [235, 236]. Alternatively, 
the lesions may present with an indolent course associated 

with slowly enlarging painless masses in asymptomatic indi-
viduals [226]. Rarely, hemoptysis and obstructive pneumo-
nitis may occur as a result of airway obstruction. Metastases 
can cause a wide variety of extrathoracic manifestations 
[229]. As many as 20% of pleuropulmonary SFTs may be 
associated with paraneoplastic syndromes. Doege-Potter 
syndrome has been described, characterized by intractable 
paraneoplastic hypoglycemia due to tumor secretion of 
insulin-like growth factor 2 [236, 237]. Secondary hyper-
trophic osteoarthropathy may also occur and is signaled by 
a triad of digital clubbing, hypertrophic skin changes, and 
periosteal bone changes [229, 237–240].

Large amounts of tissue obtained from complete resec-
tion of the lesion are required for adequate histopathologic 
evaluation. Fine needle aspiration biopsies are often insuf-
ficiently cellular and are not recommended for diagnosis. In 
most cases, core biopsy provides adequate material to estab-
lish a diagnosis of SFT, but the limited sampling provided 
by this diagnostic technique may not accurately demonstrate 
the histologic evidence indicative of high-risk aggressive 
behavior.

In light of the potential for recurrence or malignant trans-
formation, complete surgical resection is recommended 
[241]. The efficacy of radiotherapy and conventional che-
motherapeutic agents in this setting is limited. Associated 
paraneoplastic syndromes may completely resolve fol-
lowing complete surgical resection. Prognosis is generally 
favorable. Pedunculated and benign tumors are less likely 
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Fig. 1.57  (a) Frontal chest radiograph shows well-defined mass in the 
left lower hemithorax abutting the lateral pleura (arrow), (b, c) axial CT 
in soft tissue and lung windows show homogeneous soft tissue mass 

(arrow) in the left lower hemithorax along the left major fissure, (d) 
axial FDG PET/CT shows the left pleural mass is not FDG-avid

to recur; however, routine imaging surveillance with annual 
chest radiographs is recommended, as there is a high risk 
of local recurrence following resection of a malignant ses-
sile SFT [233]. For postoperative surveillance of malignant 
SFT, biannual CT follow-up has been suggested for the 
first 2 years followed by annual CT examinations thereafter 
[226–240, 242].

SFT of the pleura usually appears as well-defined, 
rounded, or oval-shaped opacities on chest radiography 
(Fig.  1.57a–d). Pedunculated tumors have been reported 

to show a change in shape with change in patient position 
[243]. CT appearance can vary depending upon the size of 
the tumor. Small tumors usually have a semilunar shape, 
form obtuse angles with the pleura, and demonstrate homo-
geneous enhancement [244]. Medium to large tumors tend to 
be more ovoid, form acute angles with the pleura, and show 
heterogeneous enhancement with central areas of low attenu-
ation that correspond to necrosis and/or myxoid degeneration. 
Prominent intratumoral blood vessels can be seen with large 
tumors (Fig. 1.58a–c) [245–247]. SFT can cause mass effect 
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Fig. 1.58  (a) Axial CT shows peripheral soft tissue mass (big arrow) in the right lower hemithorax with foci of calcification (small arrows), (b, 
c) coronal and sagittal CT reformations show prominent vessels within the mass (arrows)
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Fig. 1.59  (a) Axial CT shows homogeneous soft tissue mass in the 
posterior left upper hemithorax along the oblique fissure, (b) axial 
T1-weighted MRI shows the mass has low signal intensity, (c) sagittal 

T2-weighted MRI shows the mass has heterogeneous high signal inten-
sity, (d) contrast-enhanced axial T1-weighted MRI shows intense 
homogeneous enhancement of the tumor

on the adjacent lung parenchyma or mediastinal structures 
rather than invasion of these structures. Usually, no locore-
gional lymphadenopathy is seen. Calcification is uncommon, 
occurring in less than 10% of cases and more frequently seen 
in larger tumors. Associated pleural effusions are seen in up 
to 20% of cases [248, 249]. On MR imaging, these tumors 
demonstrate low to intermediate signal intensity on both 
T1-weighted and T2-weighted images due to the presence of 
fibrous tissue [250, 251]. Heterogeneous T2 hyperintensity 
is often present and likely due to necrosis and cystic or myx-
oid degeneration [252]. Low signal intensity internal septa-
tions can also be visualized on T2-weighted images. Intense 
homogeneous or heterogeneous enhancement is seen with 

administration of intravenous gadolinium depending upon 
the size of the tumors [249, 253] (Fig.  1.59a–d). Several 
studies have attempted to distinguish benign and malignant 
SFT on the basis of radiological appearance. The imaging 
findings that favor malignant SFT include large tumor size, 
heterogeneous density, abundant intratumoral blood vessels, 
presence of internal calcification, and ipsilateral pleural effu-
sion [254, 255]. On FDG-PET/CT, the SUV of the malig-
nant SFT is higher than that of benign SFT but relatively low 
compared to other malignancies, such as metastasis from pri-
mary lung cancer or primary pleural sarcoma (Fig. 1.60a–c). 
FDG-PET can be a valuable diagnostic tool in differentiating 
SFT from other malignant conditions [233, 241, 242, 256].
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Fig. 1.60  (a) Axial CT shows soft tissue mass in the left lower hemi-
thorax, (b) axial FDG PET/CT shows FDG avidity within the mass, (c) 
contrast-enhanced CT 1 year after resection shows new nodules along 

the left diaphragmatic pleura arrows) consistent with tumor recurrence. 
One left pleural tumor indents the lateral border of the spleen

Fig. 1.61  SFT attached to the visceral pleura with a wedge of lung 
parenchyma

�Pathological Features

Macroscopic Features
The tumors are commonly well circumscribed but not encap-
sulated (Fig.  1.61). At cut surface the tumors are usually 
light tan in color with a whorled appearance and rubbery 
consistency. If areas of hemorrhage and necrosis are present 
in these tumors, those are considered to represent features 
associated with malignancy or aggressiveness. These tumors 
may reach larger size of over 20  cm in greatest diameter. 
Generally they are solid but in rare occasions the tumor may 
also show cystic changes.

Histological Features
The versatility of growth pattern in SFT is well known and 
has been described in detail [257]. Essentially, the tumor may 
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show features similar to those described in other spindle cell 
tumors such as hemangiopericytoma, angiofibroma, synovial 
sarcoma, neural type of tumors, and fibrosarcoma, among 
others (Fig. 1.62a–i) [257]. However, one of the most com-
mon growth patterns is characterized by a bland spindle cell 
proliferation in which the tumor may show hypo and hyper 
cellular areas admixed with extensive collagenization. The 
spindle cell component appears to be dissecting fibrocollagen 

given the appearance of the so-called “ropy collage.” Also, 
an important component of these tumors is the presence of 
dilated vascular spaces alternating with the spindle cell pro-
liferation, similar to that described in vascular tumors such 
as hemagiopericytoma. In the description of 223 cases by 
England and Hochholzer [234], the authors separated these 
tumors into benign and malignant based on the presence of 
hemorrhage, necrosis, cellular pleomorphism, and mitotic 

Fig. 1.62  (a) SFT showing hypo- and hypercellular areas, (b) SFT 
showing a hemangiopericytic growth pattern; (c) SFT with solid spindle 
cell proliferation, (d) SFT with fibrosarcoma-like pattern, (e) SFT with 
solid epithelioid-like growth pattern, (f) SFT showing mitotic activity, 

(g) SFT with more subtle spindle cell proliferation and fibrocollagen 
(h) SFT with more angiofibromatous areas, (i) SFT showing the charac-
teristic ropy collagen

a b

c d
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Fig. 1.62  (continued)
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activity [234]. This latter feature was established as >4 mitotic 
figures per 10 high power fields in cases that were considered 
malignant. Of the 223 cases described 82 were classified as 
malignant. Even though there has been mentioned that size of 
the tumor is an important factor in clinical behavior of these 
tumors, the problem is that size of the tumor and histological 
features do not necessarily correlate; therefore, the histologi-
cal parameters are the ones more commonly associated with 
clinical outcome. Nevertheless, larger tumors are likely to 
invade adjacent organs and become locally aggressive.

Immunohistochemical Features
More recently the use of immunohistochemical stains has 
become an important tool in the diagnosis of SFT mainly 
in those cases that do not show the conventional features 
of the tumor. In that regard, the most reliable stain appears 
to be STAT-6 [258–260], which shows nuclear staining in 
tumor cells. This immunostain appears to consistently stain 
more than 90% of these tumors. However, it is also impor-
tant to highlight that SFT may also show positive staining for 
vimentin, Bcl-2, CD-34, and CD99 (Fig. 1.63a–d), while in 
general SFT is negative for epithelial markers such as keratin 
and EMA, even though in some cases weak focal staining 
may be present.

�Desmoid Tumor

Desmoid tumors are unusual, locally aggressive fibrous neo-
plasms that arise from fascia at any anatomical site in the body. 
Intra-abdominal sites comprise 50% of desmoid tumors. The 

most common extra-abdominal sites include the chest wall, 
shoulder girdle, inguinal region, and head and neck [261]. 
Desmoid tumors in the chest wall usually present as a palpable 
mass with occasional extension into the pleura. The estimated 
incidence of desmoid tumors in the general population is 2–4 
cases per million per year. These tumors most commonly 
occur in the third and fourth decades, but may occur at any 
age. Racial and ethnic groups are not disproportionally affected 
[262, 263]. There is no gender predilection [264]. The etiology 
of desmoid tumors is unclear but several commonly associated 
factors have been identified. There is a significant association 
with previous trauma in up to 25% of patients [265]. Desmoid 
tumor occurs frequently in patients with familial adenomatous 
polyposis, especially Gardner syndrome [266].

The majority of desmoid tumors are asymptomatic masses 
detected as incidental finding on imaging. Symptoms vary 
with the location of the tumor. Chest pain owing to nerve 
involvement, dyspnea, and pleural effusion are common pre-
senting symptoms [264].

Incisional biopsies offer larger tissue samples and are 
preferred over core needle biopsies. Wide surgical resec-
tion is the treatment of choice with radiotherapy reserved 
for patients in whom wide local excision cannot be accom-
plished or surgical resection is not feasible. Local recurrence 
despite aggressive surgical intervention occurs in 29% of 
patients. The overall prognosis is good, with a 5-year sur-
vival rate of 93% [267].

Most desmoid tumors of the thorax originate from the chest 
wall and imaging shows a soft tissue mass (Fig. 1.64a–d). True 
intrathoracic desmoid tumors originating within the pleura or 
mediastinum with minimal chest wall involvement are exceed-
ingly rare [268]. Intrapleural tumors are often significantly 
larger at the time of diagnosis due to the lack of symptoms. 
The most common intrathoracic tumors resembling desmoid 
tumors are solitary fibrous tumors. They are indistinguishable 
on preoperative radiologic imaging. Solitary fibrous tumors 
generally are not as invasive as desmoid tumors and are dif-
ferentiated on histopathologic criteria [267–269].

�Pathological Features

Macroscopic Features
These tumors have been described as white in color and 
firm consistency. Based on the cases that have been reported 
in the pleura, the tumor may involve the visceral and pari-
etal pleura and the size of the tumor may range from a few 
centimeters to more than 10 cm in greatest diameter. The 
presence of marked areas of necrosis and hemorrhage is not 
common in these tumors. The tumors are not encapsulated 
but rather show infiltrative features.

Histological Features
The same as desmoid tumors in other locations, those 
described in the pleura share similar histological features. 

i

Fig. 1.62  (continued)
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Fig. 1.63  (a) Immunohistochemical stain for STAT-6 showing positive 
nuclear staining, (b) immunohistochemical stain for Bcl-2 showing 
positive staining in tumor cells, (c) immunohistochemical stain for 

CD-34 showing positive staining in tumor cells, (d) Immunohistochemical 
stain for CD-99 showing positive staining in tumor cells

The tumor characteristically shows fascicles of spindle cells 
with tapered, wavy to elongated nuclei, embedded in finely 
fibrillary matrix with numerous vessels. Nuclear atypia and 
mitotic activity are not common in these tumors (Fig. 1.65a–
c).

Immunohistochemical Features
In cases reported in the pleura or in other locations, desmoid 
tumor may show positive staining for vimentin, desmin 
smooth muscle actin, cyclin D1, and beta-catenin, but nega-

tive for S-100 protein [269, 270]. More importantly, the use 
of STAT-6 becomes very important in separating desmoid 
tumors from SFT.

�Calcifying Fibrous Tumor

Calcifying fibrous tumors (CFT) are rare benign tumors of 
mesenchymal origin, which ubiquitously localize to the soft 
tissues, extremities and, rarely, the pleura. The stomach is 
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Fig. 1.64  Desmoid tumor. (a) Axial CT shows peripheral soft tissue 
mass in the right anterior pleura with adjacent rib erosion (arrow), (b) 
axial T1-weighted MRI shows the mass has low signal intensity, (c) 

axial T2-weighted MRI shows the mass has heterogeneous high signal 
intensity, (d) contrast-enhanced axial T1-weighted MRI shows hetero-
geneous enhancement of the tumor

the most common soft tissue site. Pleural tumors are seen in 
10% of cases [271].

There are no known etiologic factors [271]. A slight female 
predilection (ratio 1:1.27), and trimodal age distribution, with 
the first peak at 0–4 years, and a second and third peak in 
the mid second and third decades of life have been reported 
[271]. Each age distribution may reflect different pathogenic 
phenotypes, with the third spike representing a form of late 
sclerosing myofibroblastic tumor [272–274]. Genetic and/
or embryologic factors are postulated in the pathogenesis of 
childhood calcifying fibrous tumors, while trauma may under-
lie the development of early adulthood tumors [275–277].

In the majority of patients, calcifying fibrous tumors are 
identified as an incidental finding on imaging studies in 

asymptomatic patients. Occasionally, chest pain and non-
productive cough are presenting symptoms. The differen-
tial diagnosis varies with the location. An extensive list of 
benign and malignant disorders share clinical and/or mor-
phologic features with calcifying fibrous tumors and include 
fibromatosis, solitary fibrous tumor (SFT), chronic fibrous 
pleuritis, calcified granulomas, calcified pleural plaques, 
dendrocytoma, desmoplastic mesothelioma, inflammatory 
myofibroblastic tumor (IMT), intermediate fibrous histiocy-
toma, and amyloid tumor. Biopsy is needed to confirm the 
diagnosis. Surgical resection is the treatment of choice and 
is usually curative. Recurrent disease is unusual but has been 
reported in non-pleural CFT and overall prognosis is excel-
lent [271].
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Fig. 1.65  (a) Desmoid tumor of the pleura showing a spindle cell pro-
liferation embedded in a loose stroma, (b) haphazard distribution of the 
spindle cell proliferation in a fibrillary matrix, (c) higher magnification 

of the spindle cell proliferation lacking nuclear atypia and mitotic 
activity

�Pathological Features

Macroscopic Features
Up to 10% of all CFTs have been reported in the pleura 
[271]. Calcifying fibrous tumor of the pleura is generally a 
solitary nonencapsulated, well-circumscribed, solid mass but 
it may present with multiple nodules [278].

Histological Features
The hallmark of these tumors is the presence of extensive 
areas of collagenization with an associated bland spindle cell 
proliferation and the presence of scattered calcifications of 
different sizes (Fig.  1.66a–d). Inflammatory reaction com-
posed of lymphocytes and plasma cells may be seen but it is 
not marked. Nuclear atypia, increased mitotic activity, areas 
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Fig. 1.66  (a) Low power view of a pleural Calcifying Fibrous Tumor 
(CFT) showing numerous calcifications, (b) the tumor may show focal 
calcifications and inflammatory reaction, (c) focal calcifications with 

areas resembling SFT, (d) conventional areas of CFT showing collage-
nization and numerous calcifications

of necrosis and hemorrhage are generally absent in these 
tumors. In general terms, without the presence of calcifica-
tion, the histological features of this tumor mimic closely 
those of SFT. Therefore, the need for immunohistochemical 
stains properly categorized the tumor.

Immunohistochemical Features
 Because the histological features of this tumor mimic those 
of SFT, the main goal is to separate both neoplasms. In that 
regard, calcifying fibrous tumors should show negative stain-

ing for CD-34 and for STAT-6 that are commonly associated 
with SFT. In general, calcifying fibrous tumor is also nega-
tive for epithelial markers such keratin and EMA and also 
has been found negative for muscle markers such as smooth 
muscle actin, desmin, and h-caldesmon. D2–40, which is a 
vascular marker has also been reported as negative. How-
ever, it is important to highlight that the majority of these 
tumors have been reported prior to the discovery of STAT-6; 
therefore, even though one would expect negative results for 
calcifying fibrous tumor, it is uncertain at this point.
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�Vascular Neoplasms

Vascular tumors that have been most frequently identified 
as primary pleural neoplasms are epithelioid hemangioen-
dothelioma and angiosarcoma. These two neoplasms share 
similar morphohistologic and immunohistochemical phe-
notypes and are distinguished by the presence of necrosis, 
nuclear atypia, and increased mitotic activity on resected tis-
sue. Molecular tools can also aid in the final classification of 
these tumors. Because of the similarities between these two 
tumors, histology, immunohistochemistry, and molecular 
diagnosis will be presented together.

�Epithelioid Hemangioendothelioma
Epithelioid hemangioendothelioma (EHE) is a rare vascular 
tumor that may arise in soft tissue, bone, and other organs 
throughout the body. Intrathoracic tumors involving the 
lung, pleura, and mediastinum have been described. Primary 
pleural epithelioid hemangioendothelioma (PEH) appears 
to be more aggressive than EHE tumors at other locations 
(including pulmonary EHE) with poor clinical outcomes 
[279, 280]. Epidemiologic data for these rare tumors are 
limited to case reports and case series and risk factors have 
not been well defined. However, limited information sug-
gests a male predominance with an average age of 52 years 
at diagnosis. Loose associations with asbestos and radia-
tion exposure have been suggested [279, 281–284]. Non-
specific symptoms of dyspnea, chest pain, cough, and fever 
are the most common at presentation. Back pain associated 
with extensive pleural disease has also been reported. These 
tumors may be widely metastatic at diagnosis, resulting in a 
variety of clinical symptoms. The diagnosis of PEH requires 
histopathological examination of specimens derived prefer-
ably from thoracoscopic pleural biopsies. Poor prognos-
ticators include the presence of respiratory symptoms or 
pleural effusion at presentation, fibrous/fibrinous pleuritis 
with extrapleural extensive intravascular, endobronchial, or 
interstitial tumor spread, distant metastases to the liver and 
peripheral lymph nodes, and the presence of spindle cells in 
the tumor.

For the rare case of localized pleural disease, surgical 
resection is recommended, although the tumor may quickly 
recur postoperatively in up to 20% of patients. A variety of 
conventional chemotherapeutic agents as well as targeted 
therapies (mTOR kinase inhibitors), and taxane-based che-
motherapy regimens have been used. In one report, com-
bination therapy with etoposide and carboplatin resulted in 
complete remission 18  months after the diagnosis [285]. 
However, no treatment strategy has demonstrated consistent 
and durable benefit, which underscores the critical need for 
new therapeutic strategies.

Diffuse pleural thickening, associated with pleural EHE, 
is an unusual manifestation of this tumor [286]. Imaging 
characteristics of pleural EHE are nonspecific and over-
lap with other pleural pathology. Pleural effusions, pleural 
thickening, and pleural nodules are common findings on 
chest imaging studies. Pleural disease is frequently unilateral 
and right-sided. Routine radiographs generally demonstrate 
unilateral effusion that can vary from small to large, with 
complete opacification of the hemithorax. Depending on the 
degree of solid soft tissue pleural disease, pleural thicken-
ing or nodularity can sometimes be visualized. CT scans are 
superior to chest radiographs in identifying loculated effu-
sions, which are occasionally seen. Pleural thickening and 
nodularity are generally seen with variable extension into 
the hemithorax (Fig.  1.67). Mediastinal adenopathy, medi-
astinal invasion, interlobular septal thickening suggesting 
lymphangitic spread, and pulmonary metastases are variably 
demonstrated. Limited data on MRI of pleural EHE showed 
circumferential pleural thickening, nodularity, and loculated 
effusion [282]. FDG-avid lesions on PET/CT imaging help 
to distinguish PEH from benign pleural lesions and also to 
guide pleural biopsies [286, 287].

Fig. 1.67  Epithelioid Hemangioendothelioma (EHE). Contrast-
enhanced axial CT of a pleural EH, which demonstrates pleural-based 
masses (M), which extend into ill-defined lung parenchymal opacities. 
The tumor is often associated with simple and complex pleural fluid 
collections
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�Pleural Angiosarcoma
Primary pleural angiosarcoma (PPA) is a subtype of sarcoma of 
vascular origin [288]. Skin and subcutaneous soft tissues are the 
most common sites for angiosarcomas with metastasis account-
ing for the majority of angiosarcoma cases involving the lungs 
and pleura. Primary pleural angiosarcoma (PPA) is exceedingly 
rare with only a few dozen cases reported in the English litera-
ture [289]. Primary angiosarcomas of the pleura account for less 
than 1% of all soft tissue sarcomas [290]. Information derived 
from case series suggests associations with chest irradiation, 
chronic tuberculous pyothorax, anabolic steroid therapy, and 
exposure to minerals and gases, including asbestos, arsenic, and 
vinyl chloride. However, these associations are primarily anec-
dotal and have not been well studied [290–298].

The age at diagnosis ranges from 22 to 79  years, with 
peak incidence in the seventh decade of life. Men are more 
commonly affected than women [299]. Pleuritic chest pain, 
dyspnea, hemoptysis, and weight loss are the most common 
presenting symptoms. The disease is rapidly progressive in 
most cases and commonly fatal within the first few months 
of presentation [291, 295, 300]. Histological and immuno-
histochemical studies of the pleural samples are required for 
definitive diagnosis. Pleural fluid cytology is often negative. 
Exploration of the pleural cavity with VATS allows direct 
visualization and biopsies of the involved pleura and is the 
preferred diagnostic approach. Hilar lymph node dissection 
during VATS exploration has been suggested, although the 
prognostic significance of lymph node invasion remains 
uncertain, due to the small number of reported cases. Com-
plete surgical resection is often difficult due to multifocal 
disease. Chemotherapy and chemoradiation therapy combi-
nations have been attempted with variable success. No spe-
cific treatment modality has been established. The prognosis 
remains poor despite aggressive therapy.

Imaging findings are nonspecific and cannot differenti-
ate PPA from other primary or metastatic processes of the 
pleura. Routine radiographs generally demonstrate unilateral 
or bilateral pleural effusions, pleural thickening, or pleural 
mass lesions. Non-enhanced and contrast-enhanced CT can 
detect the often bloody effusions, based on elevated attenu-
ation of the fluid and/or hematocrit layer. CT additionally 
shows heterogeneous enhancing lobulated pleural masses 
with hemorrhagic cystic components (Fig.  1.68). PET/CT 
generally demonstrates FDG avid pleural nodules or thick-
ening [289]. Surgical resection is the preferred treatment 
option followed by radiotherapy.

�Histopathological Features

Epithelioid Hemangioendothelioma (EH)
P-EH shows similar histological features as its counter-
parts in the lung, liver, and soft tissues. The tumor charac-
teristically shows the cords, strands of a solid proliferation 
of medium size cells with round to oval nuclei, prominent 

nucleoli embedded in a myxoid or chondromyxoid stroma 
(Fig. 1.69a–g). In some cases, the tumor cells may show 
“rhabdoid” features. Often these epithelioid cells appear 
to be engulfing red cells or forming intracellular lumens. 
Similarly as cases of epithelioid mesothelioma, the tumor 
cells in EH may also extend into the adipose tissue. In gen-
eral, increased mitotic activity or necrosis are not part of 
EH and its presence should alert the possibility of a higher-
grade neoplasm.

Pleural Angiosarcoma
Also the tumor shares similar histological features as its coun-
terparts in soft tissues. The tumor may show sheets of neoplas-
tic cells or the tumor may show cords or strands of neoplastic 
cells embedded in a collagenous stroma. The neoplastic cells 
may show different morphological features ranging from spin-
dle to epithelioid with eosinophilic cytoplasm, and prominent 
nucleoli, more often seen in the epithelioid variant of angio-
sarcoma (Fig.  1.70a–e). Necrosis and hemorrhage are com-
mon features, while mitotic activity is easily identified.

Immunohistochemical Features
Both tumors shared similar immunohistochemical profile, 
namely, positive staining for vascular markers including 
CD-34, CD-31 (Fig. 1.71a, b), Factor VIII-related antigen, 
Erg, and in some cases D2–40. In addition, it has been stated 
that nuclear staining for CAMTA1 is a feature of epithelioid 

Fig. 1.68  Pleural angiosarcoma. Contrast-enhanced axial CT demon-
strates a heterogeneously enhancing pleural mass (M) in the medial left 
lower hemithorax and a small malignant pleural effusion (*)
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Fig. 1.69  (a) Pleural biopsy of an EHE showing an epithelioid neo-
plasm infiltrating adipose tissue, (b) wedge biopsy of lung showing an 
epithelioid neoplasm along the pleural surface, (c) epithelioid neoplasm 
infiltrating adipose tissue, (d) Strands of neoplastic cells infiltrating 

fibroconnective tissue, (e) epithelioid cells embedded in a myxoid 
stroma, (f) spindle and epithelioid components of a pleural EHE mimic-
ing biphasic mesothelioma, (g) EHE showing spindle cells engulfing 
red cells with lumen formation
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hemangioendothelioma [299]. It is also important to high-
light that these tumors may also show positive staining for 
epithelial markers, namely, keratin and CEA.

Molecular Features
The presence of reciprocal translocations t(1:3)(p36q25), 
WWTR1-CAMTA1 fusion gene, and YAP1-TFE fusion 
gene have been associated with epithelioid hemangioendo-
thelioma and may be of aid in cases in which minimal tissue 
is available for diagnosis or in difficult cases [301].

�Neuroectodermal Tumors

Primitive neuroectodermal tumors (PNET) comprise several 
subclasses of small round tumors that occur in the brain and 
peripheral sites, including bone, soft tissues, and chest wall. 
These highly malignant neoplasms must be distinguished 
from other tumors with small round cells, such as non-
Hodgkin lymphoma, neuroblastoma, rhabdomyosarcoma, 
retinoblastoma, mesenchymal chrondrosarcoma, malignant 
peripheral sheath tumor, and melanoma. Peripheral PNETs 
are histologically and molecularly similar to Ewing’s sar-
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Fig. 1.69  (continued)
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coma. Those growing outside of bone are known as extraos-
seous Ewing sarcomas and those of thoracopulmonary origin 
are designated as Askin tumors. Askin tumors are highly 
aggressive neoplasms of the chest wall or perihilar region. 
Primary pleural PNETs are extremely rare (Fig.  1.72a, b) 
[302]. These tumors are most frequently encountered in the 
pediatric population and in young adults under the age of 
35 and should be included in the differential diagnosis of 
chest wall tumors in this age group, although isolated cases 

have been described in patients of all ages. A slight male 
predominance has been observed. PNETs may develop de 
novo in association with a genomic alteration that involves 
translocation between the long arms of chromosomes 11 and 
22 (t11:22) [303]. Radiation-induced PNET has also been 
reported [304–306]. Patients may present with nonspecific 
symptoms of cough, fever, dyspnea, hemoptysis, or chest 
pain. Multimodality treatment strategies that include early 
surgical resection and chemoradiation therapy are generally 

Fig. 1.70  (a) Pleural biopsy of a primary angiosarcoma of the pleura, 
(b) angiosarcoma showing more cellular atypia and a pseudopapillary 
growth pattern, (c) strands of tumor cells dissecting fibroconnective tis-

sue, (d) epithelioid angiosarcoma with areas of necrosis; (e) easily 
identifiable mitotic figures
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recommended. This aggressive approach coupled with better 
understanding of the pathobiology of PNET/Ewing sarcoma 
has resulted in an improved 1-year survival, however, the 
5 year survival remains poor at 25% [302–309].

Primary pleural PNETs often present with nonspecific 
imaging findings, including chest wall soft tissue mass evi-
dence of rib invasion, and pleural effusions [302]. Routine 
radiographs show a pleural mass with or without associ-
ated pleural effusion. Contrast-enhanced CT demonstrates 
heterogeneously enhancing pleural masses with areas of 
central cystic change or necrosis with rare calcification 
(Fig.  1.73). Evidence of chest wall invasion and distal 
metastases, which commonly involve the lungs, bones, 
marrow, liver, and brain are best seen of CT. Tumor local-
ization and extent of chest wall invasion are better deter-
mined with MRI. Masses are hyperintense on T1-weighted 
images and intermediate to hyperintense on T2-weighted 
sequences and mild to intense avidity with intravenous con-
trast enhancement [303]. PET/CT demonstrates increased 
uptake in the region of the pleural tumor and in areas of 
chest wall invasion.

e

Fig. 1.70  (continued)
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Fig. 1.71  (a) Immunohistochemical stain for CD34 (vascular marker showing positive staining in tumor cells, (b) immunohistochemical stain for 
CD = 31 (vascular marker) showing positive staining in tumor cells
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Fig. 1.72  Primitive neuroectodermal tumor (PNET). (a) Contrast-
enhanced axial CT shows a small heterogeneously enhancing right 
paratracheal pleural nodule (M), (b) contrast-enhanced axial CT 

2 months later shows marked growth of pleural tumor (M) and interval 
development of a small malignant pleural effusion (arrow) and a meta-
static right axillary lymph node (L)

Fig. 1.73  Primitive neuroectodermal tumor (PNET). Contrast-
enhanced axial CT shows a heterogeneous mass (M) with subtle areas 
of decreased attenuation (*) consistent with cystic components and 
small pleural effusion (arrow). Rarely, calcifications can be seen

Multimodality treatment strategies that include early sur-
gical resection and chemoradiation therapy are generally 
recommended. This aggressive approach coupled with better 
understanding of the pathobiology of PNET/Ewing sarcoma 
has resulted in an improved 1-year survival, however, the 
5-year survival remains poor at 25%.

�Pathological Features

Macroscopic Features
In general these tumors may range in size from a few cen-
timeters to larger than 10 cm in greatest diameter. They are 
commonly hemorrhagic and necrotic, not encapsulated but 
with infiltrative borders.

Microscopic Features
In the original description by Angerval and Enzinger, the 
authors noted the similitude of primary tumors of the bone 
and those of the soft tissues; therefore, the original desig-
nation was extraskeletal Ewing sarcoma. However, it was 
Askin who later on reported 20 additional cases in the thorax 
and designated those tumors as small round cell tumors of 
the thoracopulmonary region (Askin tumor) [310]. Essen-
tially those tumors shared similar characteristics as those in 
the soft tissues described by Enzinger [311]. Currently, all 
those tumors have been designated under the name of PNET.
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These tumors essentially show the presence of a neoplas-
tic cellular proliferation composed of small cells with scant 
cytoplasm, round to oval nuclei and inconspicuous nucleoli, 
rosettes, increased mitotic activity, necrosis, and hemorrhage 
(Fig.  1.74a–c). However, those features may be present in 
different proportion in each tumor.

Immunohistochemical Features
By immunohistochemistry, there is not one single immunostain 
that is specific for PNET. However, these tumors are often posi-

tive for CD99 (Fig. 1.75) and NSE. Keratin, S-100 protein, and 
Synaptophysin may be seen focally positive in these tumors. 
Other stains that may be positive include NB84 and WT1 [312].

Molecular Features
Because there is not a single immunostain that is diagnos-
tic of PNET, often the use of molecular techniques aids in 
the final interpretation of these tumors. Common transloca-
tions that have been associated with PNET include: t(11;22)
(q24;q12) and t(21;22)(q22;1q12).

a b

c

Fig. 1.74  (a) Low power view of a PNET showing sheets of small cell malignant cells, (b) PNET with areas of fibrinoid necrosis and hemorrhage, 
(c) higher magnification showing cellular atypia and mitotic activity
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Fig. 1.75  Immunohistochemical stain for CD-99 positive in PNET

�Other Pleural Sarcomas

Other sarcomas arising from the pleura have been rarely 
described. Among these, smooth muscle tumors and syno-
vial sarcomas are the most commonly mentioned.

�Primary Smooth Muscle Tumors of the Pleura
Primary smooth muscle tumors of the pleura are exception-
ally rare pleural sarcomas. Information has been limited 
to case reports and case series, which describe nonspecific 
symptoms of cough and chest pain in predominantly male 
adults. Tumors of variable sizes may present as solitary 
pleural-based neoplasms or rarely, diffuse pleural thickening 
that mimics mesothelioma [313–315]. The clinical behav-
ior of smooth muscle tumors of the pleura may mimic the 
behavior of smooth muscle tumors originating in soft tissues. 
Treatment options including surgery, radiation, and chemo-
therapy are guided by the grade of tumor.

Histologically, a spectrum of behaviors have been reported, 
ranging from aggressive tumors that mimic leiomyosarcoma 
with characteristic spindle cell proliferation, cellular pleo-
morphism, necrosis, and mitotic activity (Fig.  1.76a–c) to 
tumors of uncertain malignant potential that display minimal 
cellular atypia and mitotic activity [313–315].

�Synovial Sarcoma
Primary pleuroparenchymal synovial sarcomas (PPSS) are 
rare tumors. Only a few small case series and single case 
reports have been reported [316, 317]. Originally thought 
to arise from synovial cells, these tumors are now known 
to originate from pluripotential mesenchymal cells that are 

capable of partial or aberrant epithelial differentiation [318]. 
Synovial sarcomas are most frequently seen in soft tissues 
of the extremities and head and neck regions, but have also 
been recognized in other locations, including the esopha-
gus, heart, retroperitoneum, chest wall, mediastinum, lung, 
and pleura. The median age at diagnosis is 40  years, but 
may appear at any age. A 2:1 male predominance has been 
observed [119]. Chest pain, pleural effusion, hemoptysis, and 
dyspnea are common presenting symptoms, although occa-
sionally patients are asymptomatic with incidental findings 
on chest CT. Pneumothorax is a frequent finding in patients 
with cystic variants of synovial sarcoma. In those reports, the 
age of the patients has varied from childhood to adulthood.

Surgical resection in combination with radiotherapy and/
or chemotherapy is the preferred treatment strategy. Prognos-
tic factors, including younger age, tumor size <5 cm, mitotic 
rate of <10/10 HPF, negative surgical margins, and SS18-SSX 
type (SS18-SSX2) favorably impact survival. However with a 
5-year survival rate of only 30%, the prognosis remains dismal.

On routine radiographs, PPSS generally presents as a 
peripheral pleural based mass defined by well-circumscribed 
borders with round, ovoid, or lobulated contours, which 
can contain calcifications. Contrast-enhanced CT dem-
onstrates peripheral pleural or fissural soft tissue masses 
with areas of low attenuation, possible septations, hetero-
geneous enhancement, and possible thin rim enhancement 
(Fig. 1.77a, b) [319]. MRI demonstrates heterogeneous sig-
nal on T1-weighted and T2-weighted images with fluid-fluid 
levels due to areas of hemorrhage and necrosis [303]. PET/
CT studies show increased FDG uptake within the tumor.

Only a few small series of cases or single case reports 
have been presented in the literature [316, 317]. In those 
reports, the age of the patients has varied from childhood to 
adulthood.

Surgical resection in combination with radiotherapy and/
or chemotherapy is the preferred treatment strategy. Prog-
nostic factors, including age (better in young patients), tumor 
size <5  cm, mitotic rate of <10/10 HPF, negative surgical 
margins and SS18-SSX type (SS18-SSX2) favorably impact 
survival. However with a 5-year survival rate of only 30%, 
the prognosis remains dismal.

�Pathological Features

Macrocopic Features
The tumors generally present as a pleural-based mass that can 
reach more than 10 cm in greatest dimension. These tumor 
masses are solid, light tan in color. Extensive necrosis and 
hemorrhage are usually not present.

Microscopic Features
As in synovial sarcomas of the soft tissue, the tumors may 
present a monophasic or a biphasic growth pattern. In cases 
of monophasic synovial sarcoma, the tumors show a neoplas-
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Fig. 1.76  (a) Low power of a leiomyosarcoma showing a malignant spindle cell proliferation, (b) marked nuclear atypia, (c) mitotic activity

tic cellular proliferation composed of spindle cells with elon-
gated nuclei and inconspicuous nucleoli. The tumor may show 
a fibrosarcoma-like growth pattern or a hemangiopericytic-like 
growth pattern (Fig. 1.78a, b). Nuclear atypia is present and the 
mitotic activity varies from a few mitotic figures per 10 high 
power fields to more than 10 mitoses per 10 high power fields. 
Focal areas of necrosis and hemorrhage can be present. In 
cases of biphasic synovial sarcoma, the spindle cell component 
shares similar features as those seen in the monophasic vari-
ant; however, this spindle cellular proliferation is admixed with 

a glandular component that is commonly lined by low or tall 
columnar epithelium (Fig. 1.79a, b). Mitotic activity in the glan-
dular component is not easily identifiable.

Immunohistochemical Features 
Synovial sarcomas characteristically show focal positive 
staining for keratin and for EMA. In addition, the tumor may 
also show positive staining for FLI1, TLE (Fig. 1.80a, b), Bcl-
2, and CD-99. In some case S-100 protein and calponin, cal-
retinin, and CD-117 may show positive staining in tumor cells.
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Fig. 1.77  Pleural synovial angiosarcoma. (a, b) Contrast-enhanced axial and coronal CT shows a heterogeneous mass (M) in the right lower 
hemithorax with areas demonstrating peripheral enhancement (arrowhead) and thin internal enhancing septation (arrow)

a b

Fig. 1.78  (a) Low power view of a monophasic synovial sarcoma showing a hemangiopericytic growth pattern, (b) monophasic synovial sarcoma 
composed of only a malignant spindle cell proliferation
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Fig. 1.79  (a) Biphasic synovial sarcoma showing spindle cell component and glandular component, (b) closer view at the two different compo-
nents of a biphasic synovial sarcoma. Note the presence of mitotic activity

a b

Fig. 1.80  (a) Immunohistochemical stain for TLE-1 showing positive nuclear staining in synovial sarcoma, (b) immunohistochemical stain for 
FLI-1 showing positive nuclear staining in synovial sarcoma
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Molecular Features
Synovial sarcoma is characterized by the nonrandom t(X;18)
(p11.2;q11.2) translocation involving the SS18 gene on chro-
mosome 18 and one of the SSX genes on the X chromosome. 
This translocation generates an oncogenic SS18-SSX fusion 
transcript in more than 90% of the cases [320, 321]. Identifica-
tion of this genetic abnormality coupled with consistent histol-
ogy and immunophenotype, establishes the diagnosis [321].

�Body Cavity Lymphoma

Body cavity lymphoma is a term used to describe a het-
erogeneous group of primary intracavitary non-Hodgkin’s 
lymphomas (NHL). They originate within potential spaces 
including pleural, peritoneal, or pericardial cavities that con-
tain transudative, acellular fluid and, under normal condi-
tions are devoid of lymphoid tissue. These are rare clinical 
entities and are distinct from the more common pleural dis-
eases caused by lymphomatous spread in typical NHLs. The 
two most common types of body cavity lymphomas encoun-
tered are primary effusion lymphoma (PEL) and pyothorax-
associated lymphoma (PAL) [322].

�Primary Effusion Lymphoma
Primary effusion lymphoma is a rare, large non-Hodgkin’s 
B cell lymphoma with an aggressive phenotype, which was 
first recognized as a distinct malignancy in the WHO clas-
sification of neoplasms of hematopoietic and lymphoid tis-
sues in 2001 [323]. These tumors predominantly arise in 
body cavities and occasionally in extracavitary regions. PEL 
is characterized by lymphomatous effusions on serosal sur-
faces without an identifiable solid component [324]. The dis-
ease is associated with human herpes virus 8 (HHV8) [322]. 
Epstein-Barr virus (EBV) coinfection occurs in 60–90% 
[325]. These viruses infect the B cell during its latent phase 
and stimulate oncogenesis through a variety of mechanisms.

PEL was originally described as an Acquired Immunode-
ficiency Syndrome (AIDS)-related malignancy, but it is now 
known to occur in other immunocompromised states, such as 
recipients of solid organ transplant, cirrhosis, and also in the 
elderly. This tumor constitutes 1–4% of Human Immunodefi-
ciency Virus (HIV)-related lymphomas and <1% of lympho-
mas in non-HIV populations [326]. The disease tends to occur 
much later in those without HIV, with a median age of 73 [327]. 
Specific risk factors in HIV-positive patients include low CD4, 
T cell count, male homosexuality and drug use [327].

Patients typically present with effusions involving the 
serosal surfaces of the pleura (60–90%), peritoneum (30–
60%), pericardium (up to 30%), joint spaces, and rarely the 
meninges (Fig.  1.81a, b). Symptoms result from the mass 
effect of fluid accumulation and vary by the site affected. 
Patients with pleural or pericardial disease may present with 
dyspnea. Additionally, dizziness, syncope, and hypotension 
may be prominent symptoms as pericardial fluid accumu-
lates, whereas abdominal distention and ascites are primary 
symptoms among patients with peritoneal disease. In addi-
tion to these site-specific symptoms, PEL can present with 
typical B symptoms [326]. The diagnosis requires cytologic 
examination of the malignant fluid, immunophenotypic stud-
ies, as well as molecular identification of HHV8 [327]. Other 
subtypes of non-Hodgkin lymphoma may rarely present with 
lymphomatous effusions that mimic PEL. For example, plas-
macytoid lymphoma and Burkitt lymphoma with plasmacy-
toid differentiation are two HIV-associated variants of diffuse 
large B cell lymphoma that may present as large lymphoma-
tous effusions. Anaplastic lymphoma, pyothorax-associated 
lymphoma, and plasma cell myeloma share morphologic 
features with PEL and are in the differential diagnosis. In 
addition, HHV8-associated post-transplant lymphoprolif-
erative effusions may mimic PEL. These disorders may be 
distinguished from PEL on the basis of clinical presenta-
tion, tumor morphology, and immunophenotype profiles. No 
specific treatment exists. Thoracentesis, indwelling pleural 

a b

Fig. 1.81  Primary effusion lymphoma in a patient with human herpes virus 8 infection. (a, b) Axial FDG PET/CT and non-contrast axial CT show 
a small right pleural effusion with FDG uptake similar to that of the liver with SUV of 2.6. There was no evidence of peritoneal involvement
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catheter placement and talc pleurodesis are reasonable pal-
liative approaches to decrease symptoms associated with 
accumulation of pleural fluid. Standard chemotherapy for 
other types of non-Hodgkin lymphoma is typically given; 
however, the prognosis remains poor, with a median survival 
of only 6 months [326].

Typical radiological features of primary effusion lym-
phoma are the presence of pleural effusion and liver and/
or splenic enlargement in the absence of lymphadenopathy 
[328, 329]. CT findings are nonspecific, including unilat-
eral pleural effusion that may be associated with loss of 
volume of the involved hemithorax and pleural thickening 
[326, 330].

�Pyothorax-Associated Lymphoma
Pyothorax-associated lymphoma (PAL) is a pleural-based 
Ebstein-Barr virus-associated B-cell non-Hodgkin’s lym-
phoma. Like primary effusion lymphoma, PAL presents as 
a lymphomatous effusion, but often has a local solid compo-
nent and is HHV8-negative [322]. Most of the information 
comes from Japanese reports, which suggest a male pre-
dominance with a median age of 65–70 years at presentation 
[331]. PAL has been reported in 2% of patients with a history 
of longstanding pleural inflammation [332]. The disease has 
been reported 20 or more years following artificial pneumo-
thorax for the management of pleuropulmonary tuberculo-
sis. Chest pain, dyspnea, and fever are presenting signs and 
symptoms in 50% of patients [332].

Benign complications of empyema, such as empyema 
necessitans, and malignant pleural tumors with coincident 
empyema should be excluded. Thoracostomy has been rec-
ommended for management of the pyothorax prior to and 
during chemotherapy. Chemotherapy, adjuvant radiation 

therapy, and surgery have been used to treat PAL, however, 
the overall prognosis remains poor, with a 5-year survival of 
21% [332–335].

�Pleural Manifestations of Hematologic 
Malignancy

Pleural disease in hematologic malignancy largely consists 
of pleural effusions. In contrast to primary pleural lym-
phoma, secondary pleural involvement in systemic hemato-
logic malignancies is relatively common.

Pleural involvement can be seen in 30% of patients with 
Hodgkin’s lymphoma (HL). In addition, approximately 20% 
of patients with non-Hodgkin’s have pleural involvement 
during their disease course [336]. Diffuse large B-Cell lym-
phoma (DLBCL) is the most common subtype, followed by 
follicular lymphoma [337]. Rare reports of primary pleural 
lymphoma unassociated with risk factors for PEL/PAL have 
also been described [338].

Malignant pleural effusions are uncommon in acute and 
chronic leukemias, myelodysplastic syndrome (MDS), and 
myeloproliferative neoplasms (MPN). The most common 
presentations occur in relapse states in which the pleura may 
serve as an extramedullary site of involvement. Pleural dis-
ease typically accompanies marrow involvement [339].

Myeloid sarcoma (MS) is an extramedullary infiltrating 
tumor composed of immature myeloid cells (Fig. 1.82a, b). 
MS may occur in 2–7% of patients with acute myelogenous 
leukemia (AML) and has been reported with multiple other 
hematologic malignancies, including chronic myelogenous 
leukemia, MDS, and MPN during blast transformation or 
disease relapse [340]. Malignant pleural effusions occur in 

a b

Fig. 1.82  Myeloid sarcoma in a patient with chronic myelogenous leu-
kemia. (a) Contrast-enhanced axial chest CT shows left anterior chest 
wall soft tissue infiltration (arrow). There are bilateral pleural effusions, 

(b) contrast-enhanced axial chest CT shows left posterior pleural thick-
ening (arrow)
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association with MS most often in the setting of coexisting 
medullary disease. Mediastinal or lung involvement is also 
common [340, 341].

In chronic lymphocytic leukemia, pleural involve-
ment may be associated with the development of Richter 
syndrome or synchronous secondary malignancy. Pleural 
disease is rarely associated with MPNs, such as systemic 
mastocytosis, chronic eosinophilic leukemia, myelofibro-
sis, and polycythemia vera and, when present, is often a 
manifestation of systemic disease or, rarely, extramedullary 
hematopoiesis [340].

Pleural effusions are reported in approximately 6% of 
patients with multiple myeloma. Approximately 80% of 
these effusions are associated with IgA multiple myeloma 
[342]. Effusions are typically caused by direct implantation 
of myeloma cells on the pleura or extension of myeloma from 
local sources. Mediastinal involvement with subsequent lym-
phatic obstruction is rare, occurring in <1% of cases [343]. 
Plasmacytomas occur in 6–20% of multiple myeloma cases 
and uncommonly affect the pleura [344]. Secondary extra-
medullary multiple myeloma refers to plasmacytomas found 
in association with bone marrow involvement by myeloma. 
Primary tumors presenting as solitary extramedullary plasma-
cytoma (SEP) that are unassociated with marrow involvement 
have also been rarely reported. SEP has a male predominance 
with a median age of 55 years. Less than 25% of patients with 
SEP have coexisting monoclonal gammopathy [345, 346]. 
The majority of effusions encountered in multiple myeloma 
are secondary to systemic sequelae, including renal insuffi-
ciency, nephrotic syndrome, congestive heart failure, pulmo-
nary embolus, or secondary neoplasms. Other gammopathies, 
including amyloidosis and Waldenstrom macroglobulinemia 
rarely affect the pleura [336].

Secondary pleural involvement in hematologic malignan-
cies is often due to direct disease infiltration of the pleural 
space. Widespread disease, in particular, disease that involves 
the mediastinum, may cause pleural effusions as a result of 
lymphatic or thoracic duct obstruction. Several therapeutic 
agents used in hematologic malignancies, such as dasatinib 
or gemcitabine, are known to cause pleural effusions [336].

Many patients with malignant pleural disease are asymp-
tomatic. In patients with symptoms, typical findings include 
cough, dyspnea, chest pain, and pleurisy. Pleural fluid often 
appears serous or serosanguinous and is typically exudative. 
Transudative effusions may occur as the result of manifes-
tations of systemic disease unrelated to direct malignant 
involvement. Chylous effusions are found in 19% of non-
Hodgkin’s lymphoma and 3% of Hodkin’s lymphoma [336].

Immunocompromised states are extremely common 
among patients with hematologic malignancies. Conse-
quently, approximately 50% of pleural effusions in this 
setting are unrelated to direct malignant infiltration of the 

pleura, but rather due to infection or parapneumonic eti-
ologies. Other causes include cardiomyopathy, liver dys-
function, renal insufficiency, or thrombosis. Therefore, 
thoracentesis for sampling of pleural fluid and analysis for 
microscopic, chemical, and cellular content represents the 
first step in the diagnostic workup. Chemical analysis typi-
cally suggests exudative effusions, although transudative 
pleural fluid is reported in a small percentage of patients with 
malignant effusions. Cytologic evaluation and flow cytom-
etry should be included in the initial pleural fluid assess-
ment to exclude malignancy. The diagnostic yield of pleural 
cytology is estimated at 61–75% in patients with lymphoma 
and leukemia [336]. Clinical correlation is also important, 
as pleural fluid may be contaminated with peripheral blood. 
Thoracoscopy with pleural biopsy may also be considered, 
particularly when exclusion of malignancy or diagnosis of 
a secondary process may change management. Pleural fluid 
protein electrophoresis and histologic exam of specimens 
obtained by pleural biopsy are important adjunctive tests 
for patients with suspected myelomatous pleural effusions 
[347]. In addition to bone marrow aspiration and biopsy, 
immunohistologic examination of core or surgical biopsies 
along with flow cytometry, cytogenetic, and molecular stud-
ies may assist in establishing the diagnosis of pleural effu-
sions associated with myeloid sarcoma [340].

�Pleural Metastasis

While MPM is the most common primary pleural malig-
nancy, pleural metastasis is the overall most common pleural 
tumor. Adenocarcinomas more commonly metastasize to the 
pleura than other histological subtypes [1]. Lung carcinoma 
accounts for 40% of pleural metastases (Fig. 1.83a, b), fol-
lowed by breast carcinoma at 20%, lymphoma at 10%, and 
unknown primary at 10% [348]. Invasive thymoma and ovar-
ian cancer can also metastasize to the pleura (Fig. 1.84). Of 
note, pleural metastases are second only to left heart fail-
ure as the most common cause of pleural effusions in adults 
(Fig. 1.85) [348].

Radiographic findings are nonspecific, including unilat-
eral or bilateral pleural effusions and focal or diffuse pleu-
ral thickening. Contrast-enhanced CT and MRI can better 
evaluate effusions for evidence of complex fluid, associated 
pleural thickening or nodularity, discrete soft tissue mass, 
circumferential pleural thickening, or infiltration into the 
adjacent lung parenchyma (Fig. 1.86) [348]. As expected, 
pleural metastases generally demonstrate heterogeneous 
enhancement with administration of intravenous contrast. 
PET/CT can be utilized to distinguish between benign and 
malignant pleural processes with the latter demonstrat-
ing increased FDG uptake [1].While not a part of staging 
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Fig. 1.83  Pleural metastasis from lung adenocarcinoma. (a, b) 
Contrast-enhanced axial CT in lung and soft tissue windows demon-
strates a spiculated soft tissue mass (M) in the posterior segment of the 
right upper lobe consistent with biopsy proven primary lung adenocar-

cinoma, with a small heterogeneously enhancing pleural nodule in the 
right lower hemithorax (arrow) representing a pleural metastasis. Lung 
carcinoma represents the most common primary tumor with pleural 
metastasis

Fig. 1.84  Pleural metastasis from thymoma. Contrast-enhanced axial 
CT with invasive thymoma demonstrates a lobular left pleural metasta-
sis (M) in the lower hemithorax invading the adjacent neural foramen 
(arrow)

evaluation, as previously discussed, ultrasound can aid in 
image-guided thoracentesis for fluid analysis and pleural 
biopsy.

�Pleural Effusions

�Epidemiology and Associated Conditions
Under normal circumstances, the volume of fluid within the 
pleural space is small, roughly is 0.1–0.2  mL/kg of body 
weight [3]. Substantial increases in fluid volume occur in 
disease states, which may cause complete collapse of the 
ipsilateral lung and contralateral shift of the mediastinum. 
Estimates of pleural effusions in the United States are in 
excess of 1.5 million patients per year, with most cases 
resulting from congestive heart failure, cancer, and pneu-
monia [349]. Pleural fluid accumulation does not presage 
any specific disease, but rather is a reflection of underlying 
pathology arising from a wide variety of lung, pleural, and 
systemic disorders. Thus, a thorough history and physical 
examination may glean important clues to the etiologic diag-
nosis. For example, fever and pulmonary infiltrates may sug-
gest an infective etiology. Postcardiotomy syndrome should 
be considered among patients with recent cardiac surgery 
who present with fever and pleuritic chest pain. A history of 
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Fig. 1.85  Pleural metastasis from germ cell tumor. Contrast-enhanced 
axial CT with mixed germ cell tumor of the prevascular mediastinum 
demonstrates a pleural metastasis (M) with mild rim enhancement 
(arrowheads) and a small left pleural effusion (*). Pleural metastasis is 
the second most common etiology of pleural effusion in adults after left 
heart failure

Fig. 1.86  Pleural metastasis from synovial sarcoma. Contrast-
enhanced axial CT with gluteal synovial sarcoma with multiple large 
heterogeneously enhancing pleural metastases (M) with additional fis-
sural metastasis (*)

trauma or thoracic surgery raises concerns for hemothorax or 
chylothorax. Acute pleurtic chest pain in the setting of uni-
lateral leg swelling and a right ventricular heave may imply 
pulmonary thromboembolic disease. A history of occupa-
tional exposure to asbestos or chronic exposure to specific 
prescription medications may strongly indicate asbestos-
related and drug-related pleural effusions, respectively. Find-
ings of bilateral leg swelling and/or generalized edema may 
suggest pleural effusions associated with transudates, such 
as those caused by renal, cardiac, or liver impairment. More 
specifically, distended neck veins and an S3 gallop coupled 
with peripheral edema and an elevated NTpro bone natri-
uretic peptide (NTproBNP) suggests congestive heart fail-
ure. Lymphadenopathy or hepatosplenomegaly may signal 
a malignant cause [350]. Caudal displacement of the dia-
phragm is another important factor, which places the length–
tension relationship of this muscle at a disadvantage, and 
contributes to symptoms of dyspnea and increased work of 
breathing [350, 351].

Standard chest radiographs (CXRs) and ultrasonography 
are critical components of the initial work-up that provide 
valuable information regarding effusion size, and position 
of the mediastinum and diaphragms. CXRs are the initial 

imaging of choice in the diagnosis of pleural effusions. Fluid 
volumes of 200 mL or greater are radiographically apparent 
on posteroanterior views, and blunting of the costophrenic 
angles with fluid volumes as little as 50 mL can be appre-
ciated on lateral films. Computed tomography (CT) offers 
additional information. The presence of loculations and air 
fluid levels within the pleural space and characteristics of the 
underlying lung parenchyma are better delineated by chest 
computed tomography (CT). In addition, detailed anatomical 
information provided by CT imaging, including descriptions 
of the lung parenchyma, chest wall, parietal and visceral 
pleural surfaces, and mediastinum offer important clues to 
the differential diagnosis. Point-of-care imaging with ultra-
sonography has been associated with more accurate quan-
titation of pleural fluid volume, resulting in higher rates of 
successful pleural fluid aspiration. Pleural ultrasonography 
has been shown to be superior to chest CT in detecting sep-
tations within the pleural fluid. Perhaps most importantly, 
fewer complications have been reported with pleural inter-
ventions guided by ultrasound compared to those in which 
ultrasonography is not used [352–355]. The British Thoracic 
Society, American Thoracic Society, Society of Thoracic 
Radiology, and the Society of Thoracic Surgeons now rec-
ommend ultrasound imaging to guide thoracentesis and other 
pleural interventions [355, 356]. Pleural pressure measure-
ments by manometry have been shown to facilitate larger-
volume thoracentesis and support the preliminary diagnosis 
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of trapped lung but do not lessen procedure-related discom-
fort [357]. The volume of pleural fluid that is considered safe 
for evacuation in one setting is a matter for ongoing debate. 
Consensus statements from several national and interna-
tional thoracic societies, including the American Thoracic 
Society and the European Respiratory Society suggest limit-
ing the volume of pleural fluid evacuation to 1.0–1.5 L and 
discontinuing drainage if the patient develops symptoms of 
dyspnea, cough, or chest discomfort [358]. However, in our 
experience in the absence of procedure-related symptoms 
of chest pain, cough, or dyspnea, careful removal of larger 
pleural fluid volumes may be tolerated. Moreover, we have 
observed that symptom-limited, large-volume thoracentesis 
appears to be safe in patients with ipsilateral mediastinal 
shift on preprocedure chest imaging studies [359].

Analysis of pleural fluid protein content and cellular com-
ponents may help to inform disease etiology. Thus, sampling 
of pleural fluid with thoracentesis is recommended whenever 
possible for all patients with unexplained pleural effusions. 
Free-flowing effusions that are 10 mm or more in diameter 
on untrasonography or lateral decubitus radiography are 
typically of sufficient size for thoracentesis. In patients with 
clear stigmata of congestive heart failure and bilateral pleu-
ral effusions, reassessment for the need for thoracentesis fol-
lowing a trial of diuresis is reasonable. Resolution of pleural 
effusions due to congestive heart failure typically occurs 
with 48 h after initiation of diuresis in 75% of patients [6]. 
Thus, in patients with clear clinical stigmata of congestive 
heart failure and bilateral pleural effusions, reassessment for 
the need for thoracentesis following a trial of diuresis is rea-
sonable.

Routine pleural fluid analyses typically include cytologi-
cal examination and determination of LDH, protein, glucose, 
albumin, pH, and cell count and differential. Fluid charac-
teristics are divided into exudates and transudates according 
to Light’s criteria, which were initially described in 1972 
(Table  1.3) [7, 8]. Increased lactate dehydrogenase (LDH) 
or protein in pleural fluid relative to serum is characteris-
tic of exudative effusions, which typically occur as a result 
of inflammatory or infiltrative neoplastic disorders causing 
increased vascular permeability along the pleural surface or 
adjacent lung. Specifically, effusions are considered exuda-
tive if at least one of the following criteria is present: pleural 
fluid LDH to serum LDH ratio of greater than 0.6; pleural 
fluid LDH level greater than 200 IU per liter (or >67% of the 
upper limit of the normal range for serum LDH); or a ratio 
of pleural fluid protein to serum protein higher than 0.5 [7]. 
Transudative effusions, by contrast, result from an imbalance 
in hydrostatic and oncotic pressures caused by systemic fac-
tors. Using Light’s criteria, exudative effusions are correctly 
identified in 70–80% of patients. However, approximately 
25–30% of cardiac effusions and 20% of hepatic hydrothora-
ces are misclassified as exudates. This classification error is 

most often seen among patients undergoing diuretic therapy 
[360, 361]. Calculation of the difference between serum ver-
sus pleural albumin levels of greater than 1.2 g/dL favors a 
transudative effusion, although the reliability of this observa-
tion remains uncertain. Urinothorax represents another con-
dition in which classification of the pleural fluid has not been 
clearly delineated. This rare, male-dominant disorder is sug-
gested by findings of urine in the pleural space in association 
with obstructive or traumatic uropathy [362]. Urinary fluid 
migrates into the pleural space, presumably through dia-
phragmatic lymphatics. Dyspnea in association with moder-
ate unilateral pleural effusions has been documented in case 
reports. The urine commonly maintains its color and smell 
in the pleural space. Low pleural fluid glucose (<60 mg/dL), 
acidic urine (pH < 7.30), and pleural/serum creatinine ratio 
of >1 are characteristic features of urinothorax. Both transu-
dates and exudates have been described, with the latter more 
often occurring in cases of traumatic urinothorax with asso-
ciated infection in the urine [363–365].

Although the frequency of each type of effusion varies 
with the clinical setting, cancer, heart failure, and parap-
neumonic infections are the predominant overall causes in 
most large series [9]. Congestive heart failure, cirrhosis, and 
nephrotic syndrome, which underlie most transudative effu-
sions are often considered benign conditions; however associ-
ated 1-year mortality rates of 46–50% suggest a more dismal 
prognosis [366]. In addition to transudative versus exudative 
classifications, pleural effusions may be subcategorized into 
lymphocytic versus neutrophilic, and malignant versus non-
malignant domains. This binary approach fails to recognize 
that pleural effusions may be triggered by multiple factors 
in up to 30% of patients [367]. Moreover, multiple caus-
ative factors may be interrelated, with one exacerbating the 
other (i.e., malignancy and hypoalbuminemia; infection, and 
hypoalbuminemia). Nonetheless, subtyping effusions into 
these various categories offers useful information regarding 
the predominant drivers of fluid accumulation. For example, 
the predominance of neutrophils in the cell differential sug-
gests an acute inflammatory process while a lymphocyte-
predominant effusion indicates a more chronic process, such 
as tuberculosis or malignancy. Lymphocyte subset analysis 
using flow cytometry may aid in the diagnosis of hematolog-
ical malignancies [368]. Eosinophilic effusions, defined as 
greater than 10% eosinophils in the pleural fluid commonly 
results from blood or air in the pleural cavity. However, a 
variety of conditions may drive eosinophilic effusions, 
including pulmonary infarction, malignancy, parapneumonic 
effusions, tuberculosis, parasitic disease, drug-induced pleu-
risy, benign asbestos pleural effusion, and eosinophilic gran-
ulomatosis with polyangiitis. A low pleural to serum glucose 
ratio of <0.5 may be seen in malignancy, esophageal rupture, 
systemic lupus erythematosus, tuberculosis, empyema, and 
rheumatoid arthritis. Esophageal rupture, malignancy, and 
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pancreatis are also associated with elevations in pleural fluid 
amylase [369]. Notably, pleural fluid cytology is positive for 
malignant cells in only 60% of cases. Other findings in MPE 
include low pleural fluid glucose (<60  mg/dL), and a low 
pH < 7.30.

A careful clinical evaluation coupled with clinical imag-
ing and fluid analysis yields a diagnosis in approximately 
75–80% of patients. However, 20–25% of pleural effusions 
remain of uncertain etiology despite a standard workup [370]. 
Confirmation of disease, therefore, often requires histologic 
confirmation from tissue obtained from blind-closed needle 
biopsy, image-guided needle biopsy, pleuroscopy with bio-
pies, and video-assisted thoracoscopic surgery (VATs). Tho-
racoscopy facilitates direct assessment of the tumor burden 
within the pleural cavity and allows for large biopsy samples 
with direct visual control of the pleural surfaces. With a diag-
nostic yield of 95%, and a relatively good safety profile, it is 
a preferred approach for unexplained effusions in selected 
patients.

Infectious etiologies, including empyema and parapneu-
monic effusions, are the most common cause of exudative 
effusions and are discussed elsewhere in this chapter. Malig-
nant pleural effusions (MPEs), the second leading cause of 
exudative effusions, account for more than 125,000 hospi-
talizations and a leading indication for thoracentesis [371]. 
MPEs have been reported in association with a wide variety 
of neoplasms. Lung cancers account for nearly 50% of all 
MPEs, followed by breast carcinoma and lymphoma [10]. 
The primary pathogenic mechanism of MPE is increased 
vascular permeability and direct tumor involvement of the 
pleura, often with concomitant obstruction of lymphatic 
drainage. Elevation in the local expression of vascular endo-
thelial growth factor (VEGF), a potent mediator of vascular 
permeability, has been reported in this setting [11]. Para-
malignant effusions resulting from local or systemic effects 
of the tumor rather than direct malignant pleural involve-
ment have been reported in 17% of patients with cancer. 
Obstructive pneumonitis, atelectasis, bronchial obstruc-
tion, pulmonary embolism, radiochemotherapy-induced 
toxicity, hypoalbuminemia, and trapped lung are common 
causes of paramalignant effusions. Paraneoplastic obstruc-
tion of lymphatics may result in a triglyceride-rich pleural 
effusion known as chylothorax. Pleural fluid triglycerides 
greater than 110 mg/dL and the presence of chylomicrons 
in the fluid as demonstrated by lipoprotein electrophoresis 
establishes the diagnosis. The fluid associated with chylo-
thoraces is characteristically milky in appearance, however 
serosanguinous and sanguinous have also been described 
[372]. In the absence of a trauma history, large bloody pleu-
ral effusions are highly suggestive of malignancy. Malig-
nant pleural effusions may appear grossly bloody without 
meeting the criteria for hemothorax, defined as a pleural 

fluid hematocrit that is 50% or greater than the hematocrit 
of peripheral blood. Leukemic infiltration of the pleura may 
also cause pleural effusions, however pleural fluid accu-
mulation in the setting of hematologic malignancies more 
often occurs in association with infection. MPE along with 
accompanying symptoms of malaise, anorexia, and weight 
loss signal advanced disease and portend a poor progno-
sis. Among patients with lung cancer, median survival is 
reduced regardless of effusion size compared to patients 
with lung cancer and no effusion [373, 374]. A median sur-
vival of 4–7 months has been reported among patients with 
MPE and is influenced by tumor subtype. Lung and gastric 
cancers confer the worse outcomes (2–3 months) compared 
to mesothelioma and hematologic cancers (approximately 
1 year) [375].

�Management
Rates of malignant pleural fluid reaccumulation is high 
(97%), with most effusions recurring within 1–3 days fol-
lowing fluid evacuation. Knowledge of lung re-expansion 
following large-volume thoracentesis and whether the pro-
cedure resulted in improvement in dyspnea are critical pieces 
of information in considering further palliative treatment 
strategies. If symptoms are not alleviated after large-volume 
thoracentesis, further diagnostic testing to investigate alter-
native causes of dyspnea should be pursued. Patients with 
CXR evidence of lung re-expansion and who report ame-
lioration in symptoms post thoracentesis may be candidates 
for intrapleural catheter placement, chemical pleurodesis, or 
combination procedures, whereas among individuals with a 
nonexpendable (trapped) lung, a tunneled pleural catheter 
is the treatment of choice for recurrent MPE. Tunneled or 
indwelling pleural catheter (IPC) placement is a minimally 
invasive procedure that can be performed as an outpatient. 
These small-bore flexible catheters are tunneled under the 
skin, and can be managed at home. Several randomized tri-
als and one meta-analysis suggest durable symptom pallia-
tion. Spontaneous pleurodesis occurs in 40–50% of patients 
with regular drainage, at a mean of 60  days after catheter 
insertion [355, 376, 377]. Trials have suggested that daily 
drainage and the use of sclerosing agents may promote ear-
lier pleurodesis and substantially fewer days with the cath-
eter [377–379]. Catheter infection has been reported in 5% 
of patients. In the absence of empyema, the infection may 
be treated successfully with antibiotics without the need 
for catheter removal in most cases [380]. Other reported 
complications of IPC include the formation of catheter- or 
disease-related loculations and catheter fracture. Loculations 
are frequently associated with nonreexpandable lung and 
may be amenable to fibrinolytic therapy. Retained intrapleu-
ral cathether fragments caused by catheter fracture have been 
anecdotally reported [381–383].
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Pleurodesis is a viable alternative to IPC, particularly 
among patients with rapidly recurrent MPE (within 1 month), 
evidence of lung reexpansion on a post thoracentesis CXR, 
and an anticipated survival of >2 months. Pleural symphysis 
is achieved by the introduction of a sclerosant, which trig-
gers inflammation and fibrosis within the pleural space. In 
carefully selected patients, successful outcomes with talc 
pleurodesis is much higher (70–90%) than the reported 
rates of pleurodesis achieved with IPC catheters [384, 
385]. The approach to pleurodesis broadly varies in terms 
of the sclerosing agent and formulation (insufflation versus 
slurry), pleurodesis type (chemical versus mechanical), and 
method of delivery (direct application during pleuroscopy 
versus large bore chest tube versus IPC). Specific choices 
are institution-driven and operator-dependent. Chemical 
pleurodesis using sterile talc is the most consistently pre-
ferred method of pleurodesis. Rates of symptom palliation 
appear similar in IPC versus chemical pleurodesis, however 
compared to IPC, chemical pleurodesis offers a shorter time 
to symptom palliation without the need for a long-term cath-
eter. Talc pleurodesis requires a 3–5  day hospitalization. 
Pain, transient hypoxemia, and fever are common during or 
immediately after the procedure. Rarely hypoxic respiratory 
failure associated with ARDS following talc-instillation has 
been reported and is felt to correlate with talc partical size of 
<5–10 μm [376].
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